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Abstract

Diffrartiw evwnLs in proton-positron dw*p intdatttic smttering ar*> studiert at HERA with th«
ZEUS det«:tor. Tb« »»lertion <:rit«riiiin is hawd «th«r on th« prwwnc* of a rapidity gap.

tbniugh the exchange of a pom^n>ti hetwwn th« initgoing proton HyHtem and th«
hadroui<: systttm, »r on th« Mt>ntifi<:ation of tiw diffracted pnrton by th« ZEUS

Lttadiug Pnihin Sp«:tn)nwt«r. Tb« pnint^rti«» of th« «vents art> investigatwl and
nwuts of tb« diffractiv« (TORS sw;tion and the diffractiv« structiire fnaiiion ar«
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• Tbe third chapter deRcrihes the LPS. In particiilar Hu general hardware «JutrarUristk:»,
mechanic», design, tasting and detector mudul« aawmhly are dewrihnd.

• A dtw:ription of tbe ZEUS Software and the Monte Carlo generators ns«d to Hiinulat«
diflrar-tive procemes and related hackgroiinds tu (»ntained in tbe foiirth diaptar.

• Th« fifth diapter KiimmariseH the performance of tbe LPS diiring th« data takiug perk>d
relevant to tb« present analysia. Ittt initaequent »dihration, alignment and tbe barics
of tb« track reconstniction are als» described.

• The methods of mx>nstriK:tk>n nf the event kinematJi* are disciused in tb« nxtb chapter.
The event twlettkin procednre ix disttissed at tength in tb« mwenth chapter induding
tbB Helectton criteria necettsary to improve th« atxntracy i>f th« reconstriHikin, and to
snpprem tb« varioiM hackgrotindH. The statintirs and «vent characterütkii of the final
sample are tb«n given.

• Chapter eight contains the firat determination, »sing the LPS, of the dependence of the
DIS difihtctive cross SBction on tbe four*mi>mentnm trannfer at the proton vertex.

• Withoiit the tagging of an intact pniton emerging fntm th« int«rat:tion, th« mnasurenwnt
of diffnctkm at HERA bau heen haued on the identifu^tion of a particiilar topohigy in
tb« final »täte (i.e. tb« pnwence of a large gap in paeitdo-rapidity betwe«D tb« ontgoing
proton directkm and th« remaining hadronk: final »tat«) whüJi i» n>n«iHtent with tbe
exchang« of a colonrlem ohjet-t. The mea.sun*ment of th« diflractive ntnictiue fimction
hat«d on the mtlection of the ewnt topology in discimted in t^iapter nin«, while, in th«
last chapter, the diffractiv« ntnn:tura functkm is extrairted iwing the LPS, both for the
«v«nt tagging and tb« kinmatioi reranxtnictkm. Tb« fumparimn hetweeu tbe twi>

and the improvementH intn>diK»d hy th« LPS are discnmed.

This tbesifl contain« th« firat analysw of d«ep inehwtic diflractive itcattering eventti ne-
lected with tb« LPS. Tb« data were ralfected dnring tbe 1994 nmning period. A niunher of
meaHiirementii not ptKOtihl« in thia fin* analysis, du« to the limited statistics, will he ponrnble
with the analynis of the 1995 LPS data. In 1995 tbe increafi« of the delivered linninonity and
tbe Installation nf tbe second half «f tbe itpectrometer tranalatod into a factor of ~ 6 increane
in statistioi.

Chapter l

Theoretical review

1.1 Deep Inelastic Scattering (DIS)

1.1.1 Electron-Proton elaatic scattering

Th« ITOBH sec:t!on for elasti«: «-.attering of an unpolarised point-like charged nartid«, for exam-
pl« an electron, on an extended targnt such äs a proton, can he derived hy comparison with
the cnx* section for watttering «lectrons from a pirint charge (see Fig. l.la), giwn hy (l, 2):

(1.1)

wh«re q is the tnomentum transfer hetween tbe incident elwiron heam and tbe target carried
hy th« virtnal photim, g=k/-ki, tbe siihst^ipts i aud / denote th« initial and final Rtate
««peciiwly, (l is the solid angle aroiind the oiitgoing «t«ctnm and F(q) is tbe form factor
which dem:rihes the stnictnre of tb« target1. Fbr a strnctnreless target with a static, spinlea«
liiarge distrihutiou1 Zf.p(S), the cniss »w;tion is:

\ • UL,

wherefc = |lcI| = |ky|, Ew theenergyof tbe in«»ming elei:tron,ti = fc/Eandöis them-Attering
angl« of the ele<:tron.

In the t-sum wben th« «lectron w w^attering off a proton not only is the proton'» charge
invulwd hut ab» its magnetk: mnment. Secondly, tbe pniton is nt>t stationary, hnt will recoil
ander the effect of the interactioa. Assnming that tbe proton in a point with charg« f having
a Dinu; magn«tic moment of e/2m,, then the «xpretwion for the (-ross section (»n he taten
dirwily from «]ef:tn>n-miinn wattering hy repladng th« mass of the miion with tb« maits of
tb« proton mp [1]:

-\ l **-jLg-t**L\ r E l 2 2m' 2 f '(1.3)

1For « rtatic Urgrt f(g) » «Imply tbft Poiirier trannform of thr chtiff distrihntkm.
1Normaliw>d m that p(f)<Pt = l



b)

e)

Figur« 1-1: •) Öectnm *l*itir «ÄtUring by » Coulomb pauntwl. b) Bwtroo-protoa rtwtic «tttfariiig. r)

InHasrtk- pVrtron-protoo «atttring

wb«re E m th« en«rgy of th« w:aU«r«d nfectrao, th« betör £ = i+jlf«.^ w «<l"»l to nnity
for a non recoiling target, and th« fonr momentiim fK|iiued trantiferrad in th« pnM«w in

Finally on« more ingredient w n«««ary in order to eafcnbd« tbe tnwd section for eUstic
elwrtron-protcm scattering {se« Fig. l.lh). Unlik« th« rniion, tbe proton w not a point-like
apin 1/2 partkfe, hnt an obj««:t of «xtended Struktur« carrying both «lectric charge and spin.
Tb« exprwwion for tb« «lastic f. - p »TO» section, kutiwn äs th« Ilosenbliith fbnniila [3] thiw
hecotnes: ., , . .™ „, ^

wh«r« r = jjj^ and GE, G« ar« tb« proton's «l«<:tric and magnetic form factors3. Exneri-

mentally GE and GH ara given [4] hy:

(1.5)

Kr = 2.79 w the magni-tic momwnt of th« prolon. If th« pn>t«n w«re a point-tita
iiRlMM partk:!«, th« fi>nn bcbn woiiM be GE{^) = GM(^) = 1. ThiB, th« non trivial

d«pnnden<* on (f indk»tHH that th« pn>ton i« an «xt«nd«d objwi with an «Htimated nwan
sqiiare charge radius of < rj >^ 10~'3rm. Also, for larg« q1, tb« «lastic cnwa s«:tkm falls off
rapidly, sin«* GE tt GH =» q~4-

*CE(77) »"»l GJ* (g*) «n hp trlatnl viaFoiiri« tnuiofonm to th* proton rhwgp and oiagiirtir ilis
whpn thp rpcnil of thf proton rwi br off lecWil, i.t. in thf Lorrota frwnf whw DO powp i« transfcrml to tb»
proton (ihr »o-rallcil Bmt fratw)

1.1.2 Inelaatlc Electron-Proton scatterlng

With i»T«asing Q*, the proton w mor« h'lwly to hrnak int« a miilti-part icfe system of invariant
ma«sH'1 = (g+P)3 (Fig. l.lc). The int«ractkm «A!« »hifts from th« sie« of tue proton radiiis
to reaolv« tbe inner stnicture. Tbe difTerantial i:nx« iwctk>n can b« writtaii a» th« invariant
pn>diict of two tensors:

da~Lrtt,W'"'t (Lg)

wh«re U^ dfMTiheH the lepb>n wrtex and (um h« (%lcnlat«d in tb« fnun«work of Quantum
Etectrodynamiai (QED), while W1"1 parameteri«»« th« hadronic vert«x and i-sm b« written
ad tb« moHt gwwral comblnation of tn« four monwnta of th« partirles «nt«ring thu
(q and P) and tbe metric t«nsi>r g"", c»mpatibl« with parity and el«ctromagn«ti<;
conservation:

(1.7)

Unlik« «btfltic m-Att«ring, wb«re tb« prtx«sH CAH b« dewribed by only on« angl« (or by Q*), in
th« inelastic cas« th«re are two ind«p«nd«nt variahl«8, chowtn to b« Q? and v = **• = E~ £*,
th« photon «n«rgy in the protou reut frame. Tb« in«la,stk form 6u:tors Wi_y d«p«nd only cm
Q1 and v. Th« in«lastic rnxts sectiou with r«Hp«ct to E1 and ff{(l) can b« writt«u ao:

Q1
(1.8)

Exp«rim«ntally [5] th« in«Ustic cnws s«ctk>n, for larg« valiiHH of W, W > m,, hau a mm:h
more moderat« d«p«nd«nc« on Q* than th« «Uuitic cn»w s«i:tion (whiwn form lai:toni fall
witb a (1/Q3)1 d«p«nd«nf»). Tbis sngg«stfi that tb« icattarmg takra plai» on point-liktt
r»hj«cts inmd« tb« proton, miich a« th« larg« angl« Rc.att«ring on n parti<:l«s in RutberfinxTs
«xp«rinwnte siiggHHU-d th« prwwnc« of charg«d point-likw mu;l«i insid« th« targ«t atom. Th«
puint-lik« ohJH^t« residv«d in tb« pn>ton ar« (^Jl«d "partons".

1.1.3 The parton model, Bjorken scaling

Tb« parton niod«! [6] pictnrns tb« indiisiv« K(^tt«ring at larg« Q1 a» du« to tb« in<»n«r«nt
Hiim of nlaxtir int«raf-tions h«tw««n th« «l«<;tron and th« n>iiHtitu«nt npin 1/2 partonH in th«
proton. Tb« i^nwH «w:tion for «latitü: «lentnm-parton st^ttt-ring reseinhli« tb« f. — ;i s«^tt«ring

w her« t'i,J7ii ar« th« elw;tric i:harge and th« ma»s of parton t. Sumining ovnr all partous,
th« d«lta nimiion whuJi «ufontra th« inas.s-sb«ll coudition of th« final parton l«ads t«i a
d«p«nd(>n(» of tli« form fat'U>r» (or th« more <x>minoiily us«d striitttir« fnnctinns F,,) im
w = -=^r- akm« (Bjork«u «

(1.10)

(1-11)
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DokshitEer-Grihov-Lipatov-Altarelü-Parisi wpiations (DGLAP) [13]; 6w qiiarks of flavour »:

.' '* = —- l — (qj(w, Q*)f>mm('-) + ff(l/. Q )P*t(~) l* (1-18)
dlnQ3 2ir j* y \ l/ /

aud for gluons:

wb«* ]/ = v/E and P,j are the knrest ord«r Splitting firortiims shown in Fig. 1.3. Tbe

W*»

Figur« 1.3: Tb« -^litting fimrtioM ftj(J). th»t «pnsw th* ptobabiBties of fincting « pvton i innd* pwtoo
j «ith « fnctioo * of tb« pvmt ntomnttnm.

DGLAP «qnatioiM «xpnsH tbe fort tbat a qiiark or glnou witb monumtnm frai^Kin x ixmld
have originatBd fmm a panmt partiin with momentiim fraction y with a pn>hahib'ty /^j(j).
The number of "wtft" qiiarks prodiu**! with a »mall fractkm x of th« parent parton monwntnm
(wa qiiarlm) grown with Q3, Ittading t» tbt> incTKaw of tb« parton densitira at Inw WÜIMW of x
(ÜtK glwra-glnoa diagrams prulominata in this n-gkm), On th« »ontrary, at high valimi of x,
tb« partonfl distribiitiiH» ara dwTf-as««! hwyuuw tb« partona with nn>mentnm x «AD b« resolvwd
into a parton with knmr moniKiitiini x" < x. Tb« flcaling vk>latinafl of tb« »triictiire fimttion
Fi ham btwn iiwd by N>th the HERA «xperimtnitii, ZEUS and Hl, to determin«, throiigh
QCD fits, the gliMin d«DHity xg(x). The concept of partons evoliitkin <^in he g«n«raliswi t»
inclnd« higb«r «ntfer r»rm:tkins involving mntv tban on« quark-gliton or gliH>n-gliinn vertnc.
It (-an b« shown [16] that with th« <:hoi(^ of a gang» in wbich the gluomt harn only tb« two
trawtvünw polariRatkin ntati-fl, tb« amplitud« for tb« inelaittk: prw»K» can he obtaintx) au tb«
mim of ladder diagrjuns of ixintwcntiv« glm>n emewlons (an sketch«d in Fig. 1.4). The qiiark
whuJi ahtMH'hti th« phnton «volvm fn>m the incxtming proton via glm>n «mimitm tbiw loning,
graditally, its k>ngit»dinal mom«ntiun, in «th« word» tbe fractkntK »f longitiidinal momentum
r, carrwd hy tb« laddwr'n rungs an* decrwwingly ordwwd:

whik th«

T, > ij > ... > x„_i > x„> x,

mcnn«nta of th« «initt«d glnona im:r«aHH:

fc « * < • « - < *

(1.20)

(1.21)

Th« üumiiuitiiHi of tbesf diagrains & ptrforim*) hy th« DGLAP «quatioiui in tb« lettding
approximalkrn wlit^re k\s »tn>ng)y ordw«d.

Figur« l .4: A taUler diagrun. Additioaal <li«graju« originnti- frora th« Substitution of mm* of th* gluons
linn with qiiark lintn.

1.1.5 The x - Q2 plane

The DGLAP eqiiations are applkaihle in a region of nyxlerate x, whwnt:

(1.22)

(1.23)

At low valiifwof x, the region of interwtt fi»r HERA (äs sbown in Fig. 1.5), difft-rtmt evolitticm
«quatiom and appnncimations whimld h« nsnd:

• leading log (j) approximation:

(1.24)

(1.25)

At small x and moderab; Q1 the Balitsky. Fadin, Kiirat-v, Lipatiw [15] «|iiation (BFKL)
«W h« iis«d to rwmm th« singiilar ^ ternw. Tli« «quation, if applitÄhl«, predictit m>
ord«ring in transvers« inom«utiun kT and, wh«n solwd analytically, resiilt« in a gluon
dixtrihntkm fnnction of the fi>rm:



10 " 10" 10" 10 " 10

Figlirt! 1.5: Region eovmd in th* * - (J1 plan*- by the puhlnhed HERA data. A ho showa are iht n-giou

ootund by tbe |»»»io«« fand targrt nperimrati »hirh HBOW how HERA nttradn th« kbwmatkal mgion
towankmall * «ahnt.

with A « 0.5*. Approaf:hing tb« kiw r, region, tbe acale tbat nein tb« «fntre of mam en-
ergy availabbt t» tb« pro**«1. QVX- hemme« large. In thia context tbe BFKL «volntion
might b« tboiigbt to Supplement the Regge dHWTiption of tbe high energy hadroo-hadron
intaractiona {detailed in th« folluwing sectkm«), differing from tb« phenomenologkJÜ ap-
pnwji of tbe lattar becaime of th« presenre of tb« bard (f m-jtk, which validatm tbe
nse of pertiirbativ« techniqnes.

• double log (*-,(f) Approximation:

«.«yjhiQ1 ~ l, (1.27)

ni(Q3)ln^ ~ 1. (1.28)

Sine« at Iow x th« glnon density H large, tb« gliions »tart to overlap in tb« proton and
mximhin« via tbe QCD pnM*«s gg —* g. This pro»»« limita th« glnon d«nsity and enmirea
»nitarity to th« cnxw HK^tioa. Gribov Levin and Ryskin (14] have add«d a non-lin«ar t«rm in
th« «vulntiou eqiiationfl (ei t her DGLAP or BFKL) to dem:ribe this effwt. So for tb« HERA

ig ord« and <Vpending «n <f througb «.(Q1).
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data «jw («asistrat with tbe Standard DGLAP «volution and no Katuratkm «ff«ctfl on tb«
glnon demtity bav« been obsHrved.

1.1.6 The füll expression for the cross section

The cnM* WMiion for neutral nimmt interaction» resiilts not only from the «cchauge of a
virtnal pboton, hnt alsn from Z" «xchange aiid th«ir interferenr«. Tb« indmion of th«
Z" exrjjange, whkJi i-jui b« n«gl«(:ted at moderat*> Q1, n-qnires ab«> tbe introdnction of tb«
«tnuTtiim funciion F3. Th« dnviatiou fn>m th« Callan-Gn«« eqiiality, arising from tb« presen«*
of th« glnons, i« otltad th« loiigitudinal stnicture fumliou FL:

F,. = F,-ZxFt (IM)

and tli** cnws section <:an h« writUtn äs:

dxdQ* 2Q*
(1.30)

where Y± = l ± (l - y)1 and 6, in th« el«4;tromagn«tic radiativ« ixinret-tion v«rt«x fi» tb«
«lei^tnin line.

1.2 Diffraction

Tb« dominant me»-Jiani«ni for dwp inelastk' «Jittering, a« diwniwed in thtt previoii« »ectkinH,
ifl th« »c:att«ring of tb« incident electmn fnim a cx)kiiir«d qnark whkJi evolves, initially, into
a tryntem of partoas, independently i>f th« rest of tb« pnttim. Th« size of this System grows
tintil U ruailiefl a «ieable owrlap with th« proton remoant and then strcmg ««rebitions l«ad
toniknir Dwitraüsation and badmniHation. The final «tat« wnsists, atfirat ord«r, of thew^t-
tered ejw:tn>n, of a jet HtnK;tnra {rnrrent jet) originating from th« RtrniJt qiiark, aöd of tb«
fragnumtN of tb« nnnaiuder of the proton (remiinnt jet). Due to th« »ilonr Htring c«nne<:tion
{see Fig. 1.6a) tbe gap in fKwiidorapidity6 h^tween th« »tniiJc partoii and tb« proton rannant
ifl ßlbtd with iwrtk:les prodm**] in th« hadmnJHation pnx^HS- Thi« pk-tunt do«fl not take into

particle flow

cunent jet
coloiaflow

proton
remnant

Figlire 1.6: a) Dwp inria.«tk «-«tti-ring ^vrat. b) Dr*p inriastir pniphn»! w

of thc photoo on a baryon ntrrrat.

particle flow

cuirentjet

DO colourflofl

0 beryon current

ilürrartivK dJwKKnation

i«:<:oiint th« exist«n(:e of long raiig« i ̂ orrelations in tb« proton at th« beginning of tb« badn>-
nisation pnM;ew. These i^>rrelatiotiH arise hecjuis« of ciJour <x>nliuem«nt, whitii »>nstrainH

psMidorapiiiitj i; H drfia«! M - ln(Un S), whiw « * ihr polar anglf.
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c):
dtdMj

'';'

h k

Figiire 1.8: Rcgge diagnauc K) Total arm Mrtioa, b) Differential «tatic crom iwetion. c) D
diffrmrtive dhwoctation ITOM Mwtloa.

foUnwnd hy a Hecnodary diffrartkm maximntn. Thia M retniBBKwnt of optxxl ditfnuiion,
wbi>n! tbK intenraty of thit «yttterai light fn>tn a ciruilar apertunt äs a fimction of äugte 9
(f«r ttmall anglm) M gjw-n hy:

wnere k is tbtt waw nnmber »f tb« photon, R is tbe radiiu of th« apertiint, and ̂  ^t kR.
For pp «lafltic

(1.38)

wber« p ix th« muDwotum of th« incnming proton.
Cotnpariaon of eqns. 1.37 and 1.38 nbwwa that the sk>pe parameter of tb« t d«p«ndKnc«

is proportional to tb« interaction radiiis 71,

fc = — (1.39)

and th«refor« invBnwly proportkraal ti> tb« nwss of tb« scatt«ring «bjects or Systems. In tbe
ras« of th« interarting hadrons h and h' of masaKS m» and mfc- r«tp«<:tiv«ly:

(1.40)

(«b)

0.16

Figur« l .9: TaUl pp, pp, *p, uid mü -jp aom vrtkwis «ritb «mpl* po*tr fit* to th* ji

ThR HxpTKsnion SH- th« «Uuitic. i:n»a sw:tion H.S given hy Rt*gg« th«ory («q. 1.34) teadn tn a
d«p«nd«ni» of th« sl«?)« paratn«t«r b on th« centr« of ma«s enwrgy Ä. By mihtttittiting in
«q. 1.34 tb« genwfil form for tb« Regge traj«ctory a(t) = a(0) + n* t, tb« diffcrential «Ltstk:
rnms flKctioD dir/dt rwuis:

I^^-V-'M.,,,, (1.41)

that is: th« nlop« panuneti*r 6 «volves with «nergy lik« b a 2rt'ln(fi). This «ff«r.t, i-All«d
nhriakage, hat) b««n ohm*rv«d in hfu)n>ii-hadn)H data and is »imputibl« witb tb« atuminptmn
tbat tb« «xcJiangK is driv«n hy a soft pomeron traj«<'tory äs giv«n hy «q. 1.35.

DUfractive diaaociation

Th« «xrhange of a small mom«ntum transf«r <^ui Itvid to the indusiv« nuu;tion W»' -t hX,
wtare a mm« ntat« MX is prodiiml witb no nu-tway. «f qnantnm unmn«ni, «imiUirly tn tb«



«lastir isise, at tbe target hadron's vt-rtrac*.
Tbe analogy with »ptics seid th« limit beyond whk:h the cross section for dHTrai;tive

disKodatkin dien out: tbe wavetength asmioiatwl with tbe momentnm los«, m* • -f-, of tun
target badron shoiiM be smaller than tbe interaction ntdiiw R.

For fl = -1- and in tbe cane tbe target hadnra « a prnton:

MJ
4 m.

(1.42)

where ((ir) i» dttfined äs tbe fractional momentiim l«it(<:arried) by the targrt proton.
Tb« maffi «pectra of diffractiwly exdted statt« of hadrons mimst of som« resoiwUM

Htrncturefl miperimiMWBd on a contimmm (»ee Fig. 5.2).
With a generalkation of tbe optkal theoram [22] tu relat« the total cnws section for

th« prodnctkra of tbe inclimive fitate X (Fig. 1.8r) to the forward »»ttering amptitiid« for a
Ihm« body «lastir staUtering, tbe differential (.TOSS nw:tk»n for diffnu:tive dwsociativü WÄttering
tan be cakiilatad ftorn tbe diagram on tbe right inside of Fig. 1.8»:. R» Ji.Mj -* oo and

MX > t (tripl« Regge approximation) the crotw s«:tion » proportional to:

ffia
'dMldt

*><0
(1.43)

which, in the limit wbere only one trajertory 6 dominates (i.e. th« pomeron /P), ran b«
rewritten in tarn» «f a total h'b crosw section (npper part of tb« diagram, tnroiigh th« opticjil
tbeorem) and a flitx which panun«trism tbe emission of b from h at the lower vwtax and
depends only on tb« variabl«« at that v«rt«x10, i.e. ( *nd t:

n a _

*/»/»((, *)<TT'*, (1-44)
dM*xdt d{dt *

wher« Fh(t) is tbe form fartor of badnm h. Althoiigh a candkiate partid« rorrespoDding
to the Regg« pol« fi» th« pomen>n trajectory has be«n observed n«ar t = 4GeV* by the
WA91 rollaboratkra [20], when it is exiJianged near t = 0 tbe pomeron cannot he said to
be a particle. NevertheksH th« factorisatkMi 1.44 midces pomeron exrhangw rather rimilar to
particle exrhange.

Fbr TP m^ttering at high energies, with a dominant pomeron trajectory:

(1.45)

Asstiming a «oft pometon traj«t:tory («qn. 1.35) thecjfitwsectkin in the «»ntinmim region, at
fixed t, has a ~ 1/Mj hehavionr.

'Anothrr wmy of teokin| U inrlwrtir hjwlioD itiffractk« n through thr MM of rx&nmt*. Tht- lo*m thr
tnomMrtiim truüfn io th« mllinon, thr hifhrr th« prahmbilitj thM tlw VUfet h*droo h will rrmain iptart,
implying that no quantum niimbm atr tranüfnml in tb« iotM-artion uxt hailrm h' i» ftimply «dtetl in
a htgh«r man «tat« X. Siarr haition k ilon not rhangr idratity, th« vaiiowi «mplHudra that crlgmatf ftt
difffrrat part* of tbr batlron ailit np cobnratly. In thn rontnrt ronrrrar« is njnonym of iW&action.

10Th« fartnriutkin of thf wjtir» impliw that th« «liffirmtial firos« ««rtions of a hadron dwsoci*ting on
diffnrat Uigrts <iral« u ihr plwtir noss srrtion» whil« thon« of rtiffemrt hailronn itimodating on th« aanir
tarfrt üralr äs th« corrfspomUng total no» sfrtions. Both min b*vf h«m tmtwl «xpnimrntally and fouml
to holil within «pcrimental arrurary.
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Photoproduction CTOSB aections

The whol« R«gge picture IÄII b« transrMwted to tbe «las« of r«al photon-proton interactwns,
i.«, at HERA in th« socalled pboti>pn>diictk)n r«gim« (Q* PaO) atawntreof massen«rgy W,
wh«re th« photon manifest« badn»n-h'ke pnipttrtk« and, being quasi ou mass-Hhell, jiwtifieH
Ihn Ilse of tbe Regge S-matrix theory. Th« «cperimental evident nnpports tbe hypotbesis „f a
noft pomeron traj<x;tory (wotn>lling th« «n«rgy dependenc« both (»f th« total cross nection [23]
(Fig. 1.9c):

w./jiaa) "̂  {l•'l6}

and of tb« counterpart for the elastk: hadroo-hadron differential ITOSS section, namely th«
«latitk: v«t:tor mesons pnxlnrtiou i:ntss sectk)n [24]:

r^SL ̂  (i^)aw«-H( (M7)

u£

which gives, after t Integration:
„~<p ~ u/o.9 ,. A0\\-M ** w • (1-48)

Morwiver, the «laKtic peak is ohservnd to shrink with W accordingly to th« pre»:ripti(m
(eq. 1.41) of the th«ory.

1.2.2 Diffraction at larger scales

Regge tb«ory gives a imified d«w:ription of the pre-HERA diffrattive data and HERA photo-
production data within a non-pertnrbativ« phenom«nologi(»l approach. On the other band,
a« mentk>D«d in sectiim 1.1.5., it in pt»tibl« b> apply pertnrhativ« QCD (pQCD) t«jiniqii«s to
(»Icniba« partoo dynamics in the limit ä- KI W -4 oo and pn-dict th« asymptotk: b«havk)iir
of total cniHH s«:tM>ns for high virtiiah'ty Q* or, in general, if «ith«r of th« wad«s Q*, MJ and (
be«>mes milch larger than th« QCD sc-ale A1. In a QCD fr«mew«rk the interactkm priM^eds
thnmgh th« exrhange of an infinite glnon ladder (an obtained by taking th« sqiiare of the
amph*tiide in Fig. 1.4) or, at lowest order, by tbe exchange of a pair of glnonti, a glnonk:
«ystum heing th« only QCD tr«atable obj«:t to satisfy the reqiiiremeut of heing a i;olonr
singlet. The corresponding trajecti>ry has a fairly large valueof th« iuteriKpt11, a(0) K 1.5,
and it in oftan referred to äs th« "hard" pomeron traj««;tory.

Tbe interesting qnestion is, of «»itrs«, whether and at whic^i SCA!« tb« Regge approach
is going to break down. Tb« nwwt striking evidem* for tb« possihl« <xx:nrrenc« of a n«w
ph«iiomenon a>m«H fn>m the ineasiiremeiit of th« t-integrated cnws section for elaNtically
photopnxliKKd J/if>. Th« pnK«« presents a very rlean topology from the experimental point
of vj«w and the Q3 ss 0 valit« aeLs tb« si^le for th« applicability of th« Regg« formalism.
N«wrth«less, th« effective dep«ndeiice on W of the J/ip cn»SH section (25), w W°* (H«e
Fig 1.10), is milch stwper than th« one obtained fiir the lighter vector mesons, which is of
th« typ« « W° " (äs indi(«.t«d in «q. 1.48). The J/tp ma-SH s<Äle, M*, is mnch larg«r thaii
th« QCD Hf^le A* and it migbt therefor« jwstify tb« ns« of pQCD tachniqn«s. pQCD models
«xist [26] which awTihe th« W dependetic« to the rise of tli« glnon density obserwd from the

/iolatkius of th« proton structnre function F,.

Enrrgy ran<wrv«tion in the BFKL «iHBtioo n still an oprn i-uiw
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Figur« 1.10: Ibul rn» *rtk>n far riwtir piodiirtloD of J/4> tt 0*«0 M m fuoction of UM- T - p cMitre of

mMi nwsrgy IV. Th* MbadMl ffgk» repn-««rts th* pwdittioo of th« Rynkin modri (cf, dwptcr 4) UMÜ« tbe

npp« *Bd IOWCT tinta of the ghion drostty «« «rtrirt*«! hy tbr ZEUS «pwimwit.

In th«w nuMltth the intaraaion m nud«nitood t» prtM^ed through tb« wc^ang« t>f a gluon
ladd«. A similar W d«pt*nd«ni« («n bf> obmrved hy ttwihihing from th« M\o tbe Q3 stak
and «titdying th« ülectroprodiictiun of light vw:tor mesons (p,<fi) at high photon virtiialities
Q1 > 8G«V" [111], for whk-Ji th« pQCD iuspired mod«h predirt a ntbUktn h«twe«n th« cromt
sw:tion and the gluon dennity similar to tb« photopmdiK»i J/tys oo«.

The trteup mcaiwafie of th« <TOBH »ctkm for both tb« pbotoprodwxd J/if> and th« el«ctro-
prodwwd p and <f> ia dirwily r«lat«d, through th« gliion d«mnty, to th« BmaU-i d«pend«ni»
of tb« Htnirtiire fiinciion F», Tb« kiw-i b«havic>iir of F, map« into the high-W dep«nd«nc*
of the total crow ttwctioo for vitnal pboton-proton intwraction a^f by virtii« of tbe rubitiaD:

(*,Q*)- (1.49)
•«

Tbe total i*P crcwi section «hown an «ffectiv« W dependKm* whirh gnnm more steeply lhan
tbe-n» W d«pewtew:« with iwTeaaing Q*, m flhown in Fig. 1.11, wher« th« F, parametriiuUion
bas«d <m the «oft Reggtt fiwmalism n>iund«rably imderestimates tbe data, A parametriiiatkm
of th« W (ar x) dependenut nt a$<'„ (or F3) with a Q1 variable ptnrer law led to tb« idea
tbat tbere is a flmooth transitkm region [27] h«tw««n tb« QCD gimaued high Q3 regime,
cJiaractBriBid by a "bard" pomeron trajectory, and tbe tudrouic domain, where the R«gge
"soft" apiKuaiJi h« shown to h* valid. Two pomeroiw are tberefor« noeded or, alternatively,
a single pooiwm with a Q* d«pendent intm^nt (28). The quention in, of »»iint«, if tbe Hegg«
pol« or. eqiiivalently, tb« S-matrix theory makü» nenne off tb« mara nh«ll. No theory ha»
«xplaiuMd so (ar h«w th« pntpertif« of the pomeron depend on the virtualities of tbe «xternal
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ZEUS 1994

Q1 • U G*V> O*» &»G*V*

Q1. 4.5 GtV* '- t»G«V1

W l«

Q/.lUtCtV1 Q'-IIJG.V*

• ZEUSSVXIM4

A ZEUS1SR1**4

O ZEUS Iff3
C1V(M)

DL

-i

Figur« 1.11: TW 1994 ZEUS ft rompaml wKh th* pmlirtioos of a wft ponMitm R*gg* pamnMrisstion

(DL, hy DoDDftrhif! hnd Landaboff) »öd th*, Gribov, Lrvin ud Ryakin paranmriwtioQ.

partirles. The pomemn might thns h« uni<|ii« and non perturbative, witb a Q1 Kvolution
driven by th« inelastk: -y* vert«x [29] aud wau-culy remiw^nt of th« properttes of the pomeron
itself.

1.2.3 Deep inelastic diflfractive dissoclation, theoretical tnodela

Whethwr BFKL «voliition efferta am he detet;ted at HERA or mit [30), th« fttitdy of diffratiiun
m de«p inelaHtic srjittering ia of primary importan<^ ft>r sb^ding light on th« microsmpK:
Nttnctiin> of tb« pomwim. Altbougb tb« pomKnm rjmuot h« Htrictly coatiidKred a parti<:l«,
th« »M! of a virtual prob« with variable Q1 cxa ivnolv« tb« parton level ntnM:tnr« of tb«

Sevwal twxiwLs hav« b««n pn>pos«d to «xplain diffraiitivt? int«ractk>n!t at high Q1 in *r — p
m^ttering. In Ihn folktwing a simple dn«:ription of sonw of th«s« modelti {kfentifiwi with th«
namra of th« anthors) i» presented in amjmiction with tbe ubrntryahl«« miwt relevant to the
cumnt HERA analys«i.
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Definition of variables in 7* - p diffractive scattering

Sini» diffrartive waUtering in 7' - p wllisions m dunctertaed by the onfarim of a pomenra
hy the proton (Fig. 1.»), th« nnmber of variables »wded t» de«:ribe th« interadion i« largur
tban in Standard dnep inelastic -,' - p scattering. AU variables an mimmiirif «d b«kiw.
Th« vertax /P - p in described hy two varinblwt: IIP, the fractkra of the inwiming proton

P<P*>
Fignre 1.12: Definition of kin«nati« fnr » diffirartiv« .li»oci»tiM dwp «nd«iti<; urmttfring «««t.

beam mittmntiun f:anied hy tb« pomeron, and (, th« pttnumm invariant masx.

Xlp~ P- 1,
150,
'

The diftai:ted prolon u left with a fractioiuü momentnm XL = ̂ .
The 7* - /P hard «attering «um he param«tri»ed in lernrw of Q3 and ß, wher« ß ifi tb«

fracticm of th« pomen>n mom«ntnm (Ärried by th« parton which intarwit« with th« virtnal

photon: < T. <y o* , ,

Fi>r the strnctnr« of the pomen>n in DIS, th« variable ß play« a role analogen* to that of

Bjcwten-a: for the striKliir« of tbe proton.

Ingelman and Schlein (IS)

In 1985 Ingelman and Sohlein pn>posed |55] to investigat« th« parUmic: stnictur« of the
pomeron thnmgh the reartiou pp -» Xp. Witb the assuinption that th« pnxwss («n b«
dw:nmpi«ed in th« emission of a pomeron by th« proton and its siihseqiient bard int«rai:tion

20

with tb« antipnrtim. th« rrtx« settjon (AD h« cakulaUxl with QCD tecJiniqu«* and a pomeron
ntriH:ture fimction can b« d«fin«d.

Th« difierantial cross HKctiim for the pnx«« ep -t epX C-oa be writteu an:

wbere frp/r(*iP< 0 » the fliix factor descrihing tbe fliuc of pomerons in the proton:

. . l l
ö« » ,i i,A • IIP • (6.38 **+ 0.424p31), (1.54)

which, given th« hypothesis of factorisation at tbe IP - p vertex, i« universal and can be
«xtrai:t«d from hadron-hadron «catt«ring data, f-,/e(x,Q*) is th« photon flux, 4ih<M—:ü is

the matrix «fcment for th« hard m:attering (tbe dominant pnxww b«ing -y'g -t qq, witb
the pnxliH:tion of high pr jetH in the final »tat«) and /,(,)/»• reprasent the parton
inaide tbe pomeron, whi(i, an a «>nH«qiience of faiiimiiation, are independeot of th«
of emwiöon. Given its qiuwi-hadn)nH: natnr«, th« pomeron i» treated tut a partirle and a
Htnicture function can b« defined an:

The normalisation of tbe parton densitie» is determioeti by the fiiUilbnent of th« monwntum
mim ml« (äs given in eq. 1.13).

Donnachie and Landshoff (DL)

In the Donnaiiiie-Land.shorT [54] (DL) model diffrai-tion in DIS is detK-rihed thnnigb pomenm
exchang« between tbe virtiial photon and th« proton, with the pomen)n (x>npling predoini-
nantly to qiiarks, in analogy with th« photon. The aiitborH i^l<:nlate the cnx« Hnctktn in th«
fram«work of Regge theory:

didft

Th« fliix fnctor,

(1.56)

(1.57)

in related to the elastic form factor of th« proton, F,(t) = ^^,"'(^1/07)''' ""̂  t(> tnw

pom«n>n-<]iiark anipling, ft ~ 1.8 GeV ', extracteri fnim hadn>n-hadron data. Tbe p»menm
trajetiiiry is the "soff on«, i.e. a(t) = 1.08 + 0.25(. The similarity between tlw poinenm
aud the photon lead» to a qiiark «tnictur« functkm f^ip of the form:

(1.58)

witb C ftsO.25 forwuJi light qiiark and antiqnark. Jiist äs for thei-^Lteof the phntonHtrminre
fiiiu.tion, a tmn that in important at k>w ß miist be added, in th« form ß~'- (with f„ K 0.08
or larger). No pre«liction IH made for th« poineron'x glnon striirture function; a» the poinenm
is not a partU:!«, there Ls no momentum snm ml«.
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Nikolaev and Zakharov (NZ)

Tb« diffinu-tive interactiira in vi«w«d (63] äs photon diffnu:tivH din«x:iation on a pniton. Th«
photon flnctnatefl in diflerent hadronic statt« witb a waw fnnction which <:an bt>
an:

|7 >= |7 >».« +1« > +l«9 > +...- (1-59)

Tb« ITIKS MM:tk>n ia proportional to tb« transvenw siw p of these flitrtnatkmti ("cokmr trän»-
pantncy"):

<j(p) a oV, (1.60)

whk-.li, for gjf fliirttiatioiH, leads to ow of tht* strongent pntdictionii of tb« model; ainc* p « —mj
(wbure m/ W tb« matw uf th« qiiark of flavniir /):

(1.61)

i«, tb« prodiiction of beavy quariw i« atrongly fnippruRMtd.
Tb« interaiikin with the proton pnM*«ds thnxigb tb« «xciiaog« uf two glnons (a«* Fig. 1.13)
and tb« id«a of pomeroD flitx and stnK:tiire fim<:tion in not »wd.

The LTOSH twction awögned tu th« qij fluctiiations, th« valütu» component of tb« «xt^iang«

Figiire 1.13: Diagran» far tbf prodiirtion of tf ud tfg irt»t«i in th« NZ itifl&artiv« modri.

(dominant at M\ Q*), u giv«n by:

dtdMl l(=0« (1.62)

hile tb« (TOM twctk>n corresponding to tb« qqg fltM:tnatioiu, 8«a M>mpon«nt (domioaiit für
X > Q*), in giVKD, in tb« tripl« R«gg« appntadi, by:

dtdMl (1.63)
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whur« Xa/p is the tripfe pomHn>n c^nipling. Altboiigh tlt« pom«n>n in this mixtel i« not traated
aa a partkk: with a wwll d«fin«d partonic 8tnn:tiire, it is p<x«ihl« to givw an npttrational d«fi-
nition of the <;nws s«:tion ia terms of a two compoURUt (vaJence and K«a) diffractiv« tttnirtiirK
futK-tkra. Tbe Splitting of th« Htnu:tnr« fnncticni emphasi»« th« breaking of facttNrisatkin
pr«di(-t«d by th« mode!. The XF and ß dependent* »an he factorised für eaifc of tb« two
<:ompi>n«nt» s«parat«ly with the following global retrnlt for tbc> (-rosn twction:

dtttx. ' -(«-«(A«1) + /-<*

with th« factor ^*- ariaing from tbe b'tnit t -t 0 of the t-dependent part of tbt> fliix factors:
<f>ip(xip)fip(—B,i\t\) and fip(fip)fzp{-B3ir>\t\)1*. The XJP dependenc» is w«U re|
by tb« formula:

(1.65)

The valin* of the parain«t«rs pn^ and p, tiau be found iii [64]. Th« valence qq aud sea 499
striH:tiire ftinrtionH ar« defined an:

fÄW.<?I) = °.27/?(l -ffl, (1.66)
F*m(fl,<?} =0.063(1 -fl)'. (1-67)

Partonic modeb of diffraction, Buchmüller and Hebecker

A w>n-/P mod«I ha« b««n d«v«)op«d by Biuihmfülw and HebetJter [31] to pictnre diffractiv«
intera<-tionR in DIS in tenns i>f 7*-gbion »attmng. Th« rapidity gap in the final »tat« is
restored through a (»hinr ret>ri«ntiation of tbe pnidiic«d qiiark-antiqnark pair in th« colonr
fi«ld of tbe pmton. The pntbability »f obtaining a uiloiir singlet or octet confignration are
flimply i and £, rrapectively. This leads to th« predictiou that diffraction »bonld acconnt for
1/9 of the proton stnirtnrt- fnnctiim- A simple sraling law, which relates the diffractivB tu
the protun 8triu:tiiK fnnction, is pr«dirted in the form:

, <?.**. = Öl«' = 0.04F,(* = t,t?)\«>. (1.68)

Th* «<«t»tton of thf g<J vaJrnrr n thi" ronntft]>art of diffnrtioo prorfiirtion of maoMtcm in hwtronir
ttMiDg and/or ml phototirodurtion whra it » «ppropruM to nv thf (liRra,tion stopf of etatir *N
ttning Bti f 12d?V~*, »h«M» mrit«tioo of tbr W«» t IM» rauntnpart of th* tripIr-pomrroB Kginw with
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Chapter 2

HERA and ZEUS

The chapt« hriefly dem:rih«s tbe HERA t»tlid«r and the ZEUS detectnr, focining on th«
dt!tnc;tor «»mponents mimt relevant to th« present analysi«. A dtwcriptkm of the ZEUS triggHr
anihitecture t» givtm at the und of tb« chapter.

2.1 Hadron Elektron Ring Anlage, HERA

HERA » tho Work)'« finrt lepton proton a>lbd«r. dwsigned to bavK a centre of mawi energy
•,/ü = 314OV, an order of magnitude bigb«r than tb« fixed target HcperimentH whicb pre-
rad«d it. To rwwii an «qiiivalent <»ntr« »f tnaiw energy iising a fixed target woiild r«(|iiir« a
lepton hwun uf SZTtV. HERA was «»mmiasioned in 1991 and tb« first fp int«ractioin wer«
ohservwd in Hl and ZEUS diiring spring 1992.

Fivw data taking p«riods have taken pku* rinc» then: July 1992, Septwnber-October 1992,
May-Novemh*r 1993, 1994, and 1995. Tbe 1996 rimning period is ongoing. Diiring 1994
HERA Hwifcied frorn electron to poratrons resiilting in a grmtly improvml b«am lifetim«. [t
is forexwn tbat th« matJiin« will return to dmibUing elwironw in 1997. Tb« energy of tb«
proton beam waa kupt at 820G*V and that of the «let'tnm bcgun at 26.7Gf.V dtiring 1992
and 1993 periods, rais«d to 27.5OV fflm« 1994 onwards.

HERA is kMwitfd in Hamburg, ai:nwK th« DESY laboratory nit«. An nnd«rground timn«!
of 6.34K"m cinnimfiTKni« hoiMK» two m>parat« ring? for «iKctntn« and proton». Tb« bwanw are
bn>nght into <*>ULsion at tero <:n»»ing angln at Tour intcrartion point» aroimd th« ring'. Tbe
tw» main Hxp«rim«nt.i, Hl and ZEUS, am kM^ted in largtt iind«rgnHind halln at tb« north
and mtiitb intwacticm point», nwp«(:tiv«ly. Tbe remaining two hall» hav« b««n alkx^ted in a
sm>nd time to tb« HERMES and HERA-B «cperimratH.

Fig. 2.1 shown the Uyont of the HERA accttbtrator complrac. Proton« fmm a Ä+ sonri*
emerge from a LINAC at tbe «n«rgy of WMeV, th«n are acceferaUxl to 7.5GeV in the DESY
III Proton Symlirotron and transfcrred to PETRA, where 70 humJie» are atx^lerated to an
energy of 4QCpV hefim? b«ing injected in th« main HERA ring. LINAC I and II a<:c«lerat«
Kta'tnms and poüitn>n» to 220 and 450Gf V nspwiiwly, whiii are th™ transfernxi U> DESY
II for furthw a<x»l«ration np to 7.5C7fV. Tliey are fiuaJly injected into th« HERA ele*:tron
ring at 14G*V from PETRA.

armnvy brailiog magortn prtxliiM itrong 5jnrhrotron rwliation rtaw to th* (rxp«vimratal »r«.
» BOI) ™Him»ton «TP plncwl »t both roiU of th*
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Figiir« 2.1: Ovnvinr of HERA, drttib in tb« mmin trxt

Th« pruton ring employs 4.68T Hiipem>ndiH:ting inagneta in the nirved swtion» whife
i:oaventiouiü magnets are in nse for th« «l«i:tron ring.

Diiring th« 1993(1994) data taking period, 84(153) bumJi«H were fillwi f»r ejui h«un,
and in additkin 10(15) elt-*:tn>n and 6(17) proton biincies wwre left nnpairwd for haiJtgnmnd
Rtndies.

Tbe d«sign param«t«n; and tb« perfonnanw of the HERA nvuihine dnring th« 1994 data
taking period ar« suminarüwd in Tabl« 2.1.

2.2 ZEUS

The «instniction and installation of th« ZEUS d«t«cti>r in the HERA soiith hall wan ««npleU-d
hy aiitiimu 1991. Sim* then, wwral dete«-tor Upgrades took pbu» HH a (^oniwqiwm»* of the
physka and tachnii^I iinderstanding gained hy th« aJlahoration diiring the first y«ar» of data
taking.

Tbe conrdinate System of ZEUS is defined äs a right-banded sy.st«m with th« ttrigin at
th« nominal Interaktion p«int (IP), and th« z-axta pointing to th« outgoing proton Hirwiion
{defined a» the forward direction). In this fram«, the j/-axis ptrints npwards and the r-ajxis
towards tb« (*ntrn of the HERA ring. Tbns, tbe proton be*m polar angle is 0°, whurwas tb«
el«»:tn)n beam polar angl« is 180".

Longitiidinal and transwrse (with r«sp«<:t to the beam direction) layonts of ZEUS are
given in Fig. 2.2 and Fig. 2.3, rwtpertively. Th« detwitor dimenHions are ILörn x 10.8m x
I0m(x, y, z) and tb« total w«ight is 3600 tonn».

Radially ontward fn>m the intertu;tiou point are the heainpipe, the vi-rt^x det^ctor (Vertex



HERA parameter«

Energy (G«V)
Inxtanttttomi liiminoHJty (un^'s-l)
Specific Inminosity (<:m"3s~1mA~1)
Integrated lumiöosity (pb)
Ciraimference (m)
Magnet»; field (T)
Injection energy (GeV)
Current(mA)
Niunber of bunclws
Bun<Ji latwring titne (ns)
B«jun a, (mm) at IP
Beam a, (nun) at IP
B«am a, (cm) at IP
ft (boruontal)
0(wrtical)
Injektion tinw (min.)
Efficienfiy

Design values
elettron

30
proton»

820
1.7 -10"
3.9 • 10"

-
6336

0.165
14
58

4.65
40
163

210
96

0.30
0.06
0.8
2
0.9
15

0.27
0.09
11
10
1
20

33%

1904
positmns

27.5

protons

820
2.3-1030

3.4-1039

6.0
-
-
-

28
153+15

38
153+17

96
0.27
0.06
0.8
2
0.9
45

0.18
0.06
11
7
0.7
60

-

Tahle 2.1: HERA <Mgn jMnmrtm «ad pofermutc* dnring 19H rann tag,

D«t«ctor VXD), and a ixmtrat drift chamher for chargwi particln« (Central Training D«toctor,
CTD). Tb« CTD )s mirronnded by a mipercondiwting magwt providing a fiekl of 1.43T.
Fbmrd and rear tradting chambers (FTD and RTD) provide extra tracking infonnatkin
and partide Identification in tbe fnrw&rd and rear direction. Th« tau&ing chamherfi ar«
aiimmnded by a high resolntion Uranium Calorimeter (UCAL). Tbe UCAL in divided in
three twctiora: tb« FCAL in tb« fcmvard direction, tbe RCAL in tbe rear direction, and
th« BCAL, a harr«! ««ution mirroiinding th« ixoitral region. A «mall angle trarking delector
(SRTD) n Hitnattid b«hind tb« RTD and cover* the hce of UCAL to a radiiu of ~ 34rm
aroiind tbe centre of the rear bnampip« bol«. Tb« UCAL H encloned by nnion id«ntifi<atk>n
chainh«ni (FMUI, BMUI, RMUI) nitiiat«d in tb« ioner mde of the iron yokn, Tb« yi>fc«
nervt» HU ahmrber for th« hacking cakirimeter (BAC, lowd to mnatnint the energy of lat«-
sbowmng partkle«), and an a retnrn path for the tnlenoid magnetic fieH. On tb« othtf sid« of
tb« yobt, tb« oiiter muon chambera ar« infltall«d (PMUO, BMUO, RMUO). Downstream
of th« main dütector an unn/ncintiUator VETOWALL in iwted in order to ntject h«am-
r«lat«d baikgroiindii. Tbe C5 heam monitor, a nmall led-wüntillator counter, located around
the bwun pipe at 2 = -3.15m, numitoni th« syncrotron radiation ac»nnpanying tbe beams
and tbe timing and longitiidinal stnK-.tiin- of tbe pntton and «lectron biiDcben. OiittrioV tb«
pictiir« limits are tb« lumimxdty mi>nitor (LUMI), in the rear dinxAion, tbe l«ading proton
Hnectronwter (LPS) and tb« forward n«titron caloriimter (FNC) In tbe fbrward direction.

Th« v«ry nbort time intünml (96nx) betweeu the bnnci <^nining at HERA resiilta in a
nominal rate of IQMHz. In ordcr to rednc« th« rate to a few Hz levnl, ZEUS employKtt a
three-levwlH triggering «yst«m,

Given th« complexity and variety of tb« HERA pbymnn prngram, tbe d«t«t:tf» components
havü to m«et a soriwt of dwrign reqiiisit«s. In partif:iilar, tbe (»kirunetry in reqnired to be b«r-
metic, botb for th« meaftiirKinent of leptons and jebt, havw high «nergy and angnlar rewJiition,
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Overvie* of tfte /fl/S Dttector
( ctoss

-im Ö

Figiire 2.2: Cot öl ZEUS ftkmg th*

nearly eqiial respons« to elüctromagnetk; and hadronic nbow«rs, and (Vibration imifonnity
and pr«:isioD. Tb« tnuJcing d«tat:tnnt have to provid« a pradsH vertex meaftnrenient, high
momHntnm rew>lntion, good track« »>parution and a wüte angnlar »>verag«.

Th« partü of th« d«t«(:tor «ssential for th« pr«s«nt analynis ar« dtwmbwd in mora oVtail
in the fouowing s«:tions. A more general and <i>mpl«t« dHKTiption cxa h« found in [44].

2.2.1 Tbe central tracklng detector (CTD)

Tb« inner tnw&ing d«t«ctoni provide charged particle d«t«:tion in tlie angular rang« 7.5° <
8 < 170". An w«ll äs giving preccrion mnm«ntiim, ptmition mejuqirenwnt and primary vertex
infimnation, tbey ar« also d»iign«d to provide partii J« id«ntifi(^tion iising dE/dx Information
and tranxition radiation, to reconstnict »«(»indary vertic^H from short lived partü:)Kti and to
provid« Information to th« ZEUS trigger System.

Th« rylindrical c«ntral tnuiing d«t**:tor (CTD) «>v«rn tb« polar region 15" < 9 < 164"
and (xmflista of 72 cylindrical drift cbamber layen, organüwd into 9 snperlayent (32). Tb«
odd miperlayem are axial layera whiri bav« seiwe wiren parall«! to th« beam axn, whiLst tb«
ewii RiipertayerH are stfreo layen iu(ün«d at angln« ~ 5" to the b«ani axLs, which allow tb«
determination of th« z-notdtion.

Thedraign and the 1993-1994 aijiieved resolntioiiH in transvKrm* momentiini ar« 0.0021 j>r®
0.0029 and 0.005 pr © 0.0016, respwiiwly.
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Ortnie* al U* SVS Otlttltr

-5 m

Figur« 2.3: Gilt of ZEUS pnrpMulicidar to tb«

Using tbK comhin«d Information of the CTD and tbe VXD, resolutions of 0.4 «m in z and
0.1 «m in radiiM in the xy plan« were obtahwd &» the primary vert«x raconatriiction for both
1993 and 1994 data.

2.2.2 The smal] angle rear tracklng detector (SRTD)

For a precise nwasiirement of the HuUtered efectron en«rgy and angle, for k>w Q' evunta in
Inw-z DIS, additkmal tradiing is netxfed U) imprnw the calorimeter rea)iwtni<:tioD in regiona
i;li«H t» tb« rear heam pipe bot« and to mrrw;t for energy kwHBH diw t» tbe prtwuxx of inaktiv«
material in that Bp«:ific region (VXD cablt», flangex, «U:.).

The Small angle UKW Training DeU-rtor nr SRTD n a mnntillator Htrip detactor of di-
measMuw 68 ton x68 cm annind the inner RCAL hwampip« hol« [33].

Fig 2.4 KhowH a «Jwmatii: of the detnctor Uyniit. Charg«d particlns are det«:tad hy
two plant» of orthopjoally arrangM) (x,y) Htripa with a l cm pitdi whiri pnwide ponition
and pubw hmght information via a photomnltiplier readoiit. Etu-h plane is dividnd into fcmr
qiiadrantH an shown in the figiire.

SRTD hit informatkm i» nnerl in «mjnnction with tbat fn»m tbe CTD for trati rw^Mtnir-
tion. The SRTD i« abto iwed to raject hjuikgnnmd hy pmvidiug a last timing m«a8iirenwnt
t« Ihn trigger, rompl«mRnting the rnj«:tion prwided hy tb« C5 and VETOWALL «ninters
at the first level trigger and the (alorinwtar at higher triggw btwbt.
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SdablUtor trip«;

Figur« 2.4: A KhnnMic of tbe SRTD Hhawing the orinitaticm of th« KintUUtor rtript in tbr two orthogonal
plun. Thf illinn»ionfl of tb* cfetector mwt a typir*J ntrip «r« al*> «hown. Tb* h^ampip* ix Kro
in tb« rratr«! hole.

2.2.3 The uranium calorimeter (UCAL)

Tb« ZEUS (Älorinwter ia a high rwtolntinn »iranium-m:intiliator c»mp«iisating calorim«tt>r. It
consist» of alternating layent of dwpleted* uranium (thidt one radiation lengtb atmnpoading
to 3.3 mm), an absorbwr, and scintillator (2.6 nun thki), for reaHnut purpurn«. Tb« us«
of nraniiim belrM to incTnuw tb« responüe to hadrons. Tb« ratio of scintilktor thitjcnmn to
ahdorbw thkin«« hau ht*?n cbtimtn HO tbat tbe Kalorimeter ha» an eqtial ratponw to «Iw-tnms
and hadron» (t/h — 1), and a high ent-rgy refloliition for harirous and Jets. Tb«
«nergy resolutem of the ZEUS calorimeter w

f»r hadrons, and

a(E)
B

E

35% $2%,

18%

for «luiironH. The i-^Uoriineter «AÜhnttion is determiued tuid maiiitained on n <:hannpl-hy-
haHis iising one among tli« ohwrvnd iiraniiim dnay fliaJns, i.t> (/Z1N —t U*M, whi<-li

*An ftlloy of 98.4% U™, 1.4% Nh, an.l l«« tban 0.2% l/"\9



Ki fl particks witb a maximnm «n«rgy of 2.3MfV. A mCo sonr«:« in als» iis«d.
Tb« layont of tb« c^alorinwter ix shown in fig. 2.5. tt consists of Ihn* parts aw«riag

diff«r«nt regiona of ptwudorapidity ij = —ln(tanff/2):

• tb« fonrarrl calorinwter {FCAL), «wHring tb« forward r«gion l.l < 17 < 4.3,

• tb« harrel calorimeter (DCAL), «>v«ring the ccatnü regkta -0.75 < TJ < 1.1,

• tb« r«ar calorimeter (RCAL), i»v«ring tb« bat&ward region —3.8 < ff < -0.75.

With th« «x<:«ptioD of hol«* of 20 x 20 «n3, in the <xnt«r nt FCAL and RCAL, whirh am
to accomodate tb« HERA beampip«, the <-jüi>rimet«r is > 99.7% of 4* httnnetic.

Figure 2.5: SW* vte» rf tb« ZEUS mlorimriff.

Tbe Htructnn* of tbe Ihn* caloriin«t«r parta is irimilar. Tb«y ara ttubdivided ktngitiidioalty
inh) tnoduk*, which in turn am mihdivided into towim uf appraximat« trantmtnw dinwnsionji
20x20«^.

EwJi tcnnr is HKgmentod k)ngitndinally inh> an «InctnimagntitH: (EMC) and on« (in RCAL)
ur two (in PCAL and BCAL) badronk: (HACl,2) iwdionn. Tb« BMC sttiions coosist of four
5 x 20 t:ma udbt in FCAL and BCAL, and two 10 x 20 cm1 <%lb in RCAL. Tb« HAC sw.tion«
are c^lls on tbidr own.

Eadi t^ikirimeter cell ia re»d out on two opptnjte sides hy two photomiiltipli«r tub«fl
(PMTs) M>uplnd to tb« wnutillator tbnnigh wavulength HbifUtni, in order ti> atlii«ve a more
at^mrat« ptnition mKaniin-nHint within tb« r«U. Tbt- EMC Wiction hau a depth of appntt-
imately 25 mdiation lengths (Xa), «r l abt«»ption l«ngth (A). Tb« total HAC sertions in
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FCAL/BCAL/RCAL ar« 6A, 4A aiid 3A de»«p, r*«pe«:tiv«ly. Very go«td w»ntaium«nt «f EM
fihowurs i« tb«r«for« «xp«<:t«d. Hadron-«l«i:tn»n «eparation is achiewd hy tb« meaannuwiit
of Khow«r pn>filHi, and in tbe RCAL in enhaut^d by additional sili<^>n dit>d(> d«tM:tont: tb«
hadron-«lKrtn>n Kparator (HES).

Tbe calorimet«r als» provid«M acrnnün timing infortnation with a tim« rnsolution b«ttnr
than l ntt fi»r en«rgy d«p««its gr«at«r than 4.5 G«V. The total time of a calorimetar »etiion
(F/B/RCAL) B obtain«d from an energy w«ight«d awrag« of tb« tim«» of all PMTit with
en«rgy depfwit« gr«ater than 200 M« V.

2.2.4 The luminosity monitor (LUMI)

Th« ep lumintwity in mwusnred by the lumiuuttity monitor iising thf rate of hardbremtuitrahliing
photons frorn th« Buthe-Hoitkr

Tb« cnwn wction for this pnx*ss is high and well known from tbeonttical «ailciilatk«!« up to
0.1%. Two ktad Rcintillatont (stw Pig 2.6) ant iisnd to nwasnre hoth tb« üi^tt«red «lectnai and
th« radiated photon: hremsstralnng photons enwrging fnim th« «l«<:tn>n'proton inturatikm

CDfT

Figlire 2.6: Thr two LUMI ralorimrtm.

point (IP) at angies 6-, < Q.5mrad with renpect to th« elertron b«am nxis bit tb« photon
i:alorim«t«r at 107 mttt«rs from th« IP and «l*»:trons emitted at scjtttwing angle» < fanrad
and with «wrgins 0.2E, < E1, < 0.9 are defle<:Uid by b«am magnets and tiit th« «l«ctn>n
calorimet«r pku»d at 35 metera from tbe IP.

2.3 The ZEUS trigger system

ZEUS IIS«H a sophisticatüd trigger and rHad-ont syst«m, to enahle Operation witb th« wry
shcirt b«am <:n»ttting interval of HERA (96 ns). The rat« »f #7» physics events in th« ZEUS

1993 only th^ ntr of h«rd photon* with ET > 5G«r is i«M for thf ouvw

31



d«tector »of tb« order of a few H». However, the bai&groiind from intenwtioiui of the proton
beam with residtial ga* in tb« beampipe hau a mwh higher rate, of th« ord«r of 100 kH«,
whfch hau to h« redwatd by th« trigger nynteni. In addition, buckground events from efcctnm
b«am-gaii interacttons, beam halo, and «minie ray«, have to be rejucted. Th« trigger system
in organiwd in Ihre« fevels.

Tb« Pirat Level Trigger (FLT) nyitteni in a hardware trigger, derigned to rednce th« input
rat« belim l kH>. Eai:h detector omnponent bau Ua own FLT, which störe» tbe data in a
pipeline, and makes a trigger deciskw within 2 iat aller tbe btiQch cnmsing. Tbe d«:isions
from th« IIXÄ! FLTfl are paus«! to tbe Gli>bal Pirnt Level Trigger (GFLT), whidi decides
wbetber to aia^pt or reject tbe event, and r«tiinui tbüt dtaräion to the component readtnit
within 5 its.

If tb« «vent in accepted, tbe data are tnuwferred to tbe S«cond Level Trigger (SLT),
whkft LH M)ftwarK-ha>wd and runs on a network of Trauspntw». U i« denign«d to rediii» th«
rate belw 100 Hl, «sing mainly timing cnte. Each <»mpoii«nt can also have ito own SLT,
whuJi paim« a trigger det:isk>n to th« Global S««nd L«vel Trigger (GSLT). The GSLT th«n
dttcide* on ai>»pting w rejncting tbe event.

If th« «v«nt i« acxcpted by the GSLT, all dett*;tor (»mponentx send th«ir data to tb«
Event Bnilder (EVB), wbich prodncHi an event stmc:ture on whk'Ji tbe Third Level Trigger
(TLT) uxie rnns. Tbe TLT is ab» aoftware-baHed, nins on a farm of Siliwm Graphit» CPU'»,
and ia draigned to rediK« tbe rate to a few K>.

Event« a^wpU-d hy tb« TLT are written to tap«.
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Chapter 3

The Leading Proton Spectrometer

3.1 Spectrometer characteriatics

The Leading Proton Spttrtrometer (LPS) i»ai»mpon«nt [44] ofZEUSdwrign«dtoreconNtni<:t
mnall angle (~ l mrad) ticattered protonx whi«ii woiild otberwise «H4^>« iind«tect«d imiide the
bewn pipe. U cxtnMists of sbt stations of position swnsitive fi-strip silicsm detectora pbu-«d along
the pn>ton beam line at a distani» varying betwwn 20 and 90 m«t«ni from the interaction
point. Th« detector atwemblies in eac;h Station are mountad on a mtiving arm, whith allows
them to tw positioned Dear the proton beam. Tbe »pectrometer malws ime of tbe beam
«lenwnts i>f tb« proton ring in ordw to give a high renolution estimate of th« mt>nwntum of
tbe reu>nstriK;t«d tnuJt. A Himpb'fied diagram of tbe üpfKtmmeter optks w given in Fig 3.1,
where all th« elementn and drift spaiss in tbe beam bave heen gn)iiped in ord«r to »how
th« main opticad fimctions. Tbe first tbree statkms of th« Rpei:tn>m«ter (Sl, S2, S3) *ÄH be

Figur« 3. l: SimpIMni iliagnun of thr HERA proton bmu» optim rrlrvftnt for the LPS The tnp vinr (nhnvr)
ühnm thr magnptir plrmrntü irkvnnt to thf Sl,S2anil S3 *prr.irntnrlfr äs thirk lin««i. Thf SI!P v»w (bclow)
»hoira thr mafDPtir rlrm^Ms rrlrvttnt to thr S4, SS WH) S6 *p*i*trotnrtrr äs thirk IJHM.
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iu<t«t mdepemieiitly from the second three (S4, 85, 86), having a »mall region of overlap in
aixwptanc«. In ord«r to measnr« the momentiim of tbe forward proton, Sl, 82, and 83 iise
tbe »imhined horizontal hending of a septnm magnet and tbren qnadnipoles, while 84, S5,
and 86 exploit th« npward denectkm af thrw dipole magneta. Bach of tbe «tatii>nti Sl, S2,
and 83 approach the bwun borizoiitally from on« nid« only; 84, 85, and 86 «umist of two
balveg (np and down) which am lowered vertically inside tbe beam and partially owrUp in
th« pwntion of dato taking, to fnlly enckn« tbe beam profile. The nx Station« together give

THE LPS
SPECTROMETER

Figlir«3.2: ScbraMoTttwLPStlrtitrtoniMtmbliM. Th«*m<Ul trapexoidal UMR lo54«p-t SOupromwpond

to thr triggw detacton.

aa ahmst comptete «werage of tbe phane spat» betwtwn tbe 10 Htaodard deviatkinti profile
of tbe heam and tbe magnets apurtnres. Conts and availahUity of spare between tbe beam
«femeutH Umit tbe nnmber of Station* to nix.

Bach Station in «qnipped with sbt plan«« of DC-f»iipled, single iiided /i-strip sihVon d«-
tectors plact*! parallel to esch otber (at a dititanc« i>f *« 6mm from «ach other) with three
diflerent strip orientation», rhoflen to achievw redundanter and removü reinnstriKiton ambi-
giiitieK: ±45* (U and V) and 0° (Y) with rtwpect to th« vertical axvt '. Tbe dwtwiors pitch
is 115/im fi* tbe Y viewa and HS/v'S/im for the U and V views, tbe nnrnber of stripfl p«r
detector rang«* from 448 tu 1024. The nhap« of the detecton in rectangnlar (dinwnxkiDff of
tbti order of 40 x 60rmJ, varying from t>ne Station to th« other) with an elliptical ciit-ont
aking »n« edge (s«* Fig. 3.2) which follown at lOrr the pnifile of tbe beam at eaiJi rtatitm,
according to th« beam optioi.

Smalkr planen {2ml1 area) of detertors ant in»talled in 54tip, S5np and 56»p to trigger

'The vnrtinl MM rotadd» whh tbf iün«ion oT *roof «tt m^artk deflMtxm, ghn hy the
BU b brtwm 54 and 55.
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high XL elastk: and diffractivR «veuts. These detector» are AC ronpled, single »ided and haw
a larger pitch (- 750/im). Althongb inütalled during the 1994 data taking, th« trigger planen
became fnlly Operation«] oaly in 1995. A partial read-oiit of the trigger raten WM nude
avaJlahle in order to enable tbe LPS alann System to trigger a fast ejwliou of the detw^tora
in «ÄS« i>f high rates. A more detailed dwH^ription of the trigger «an be fimnd in [34].

3.2 Mechanics

In order to acuna the inner part of the beam pip« witbont affectiiig the VHCIIIIDI ivnditioas,
the detectors ar« inserted in the beam line by means of "roman potü" . The potü are rectpientK
made of stainlen» Html with an open end into which the detei;tor planes cjin be mowd, 3mm
thiifc walk and thinner Windows (& 380/im) in fnmt of the detectors, perpendiinikirly t» the
beam direction.

Tbe bottom of th« pota is »haped, like tbe detectors, with an elliptiinl profile. Belkiwa
connect the pots to the vacinim system, pmviding adequate vacutim tigbtnesa and allowing
the mov«nient of tbe puts inside th« beam pipe (nee Fig. 3.3). Inside the pi>ts tbe detecton) are
opnratftd at atmonpheric pmtsnn; and riMim temperatnre. BaiJi pot i» fluxed witb nitnigen
in order t» ke«p humidity at low l«v«ls.

High radiation knwlH in pnatimity to th« bttam pip« reqiiire the pots to be extracted during
th« filling operationH of tbe maiJiiDe. Remotely (^>ntrolled motors drive th« detectors, fn>m
a aafe pmiitkin of ~ 50rm from tbe beam pipe, inside tbe pots, at the «dg« of the vanmm
chamber. A setvtnd movement bring» th« pots and tbe detectors inside the pip«, at a lower
speed. Thifl movement can b« perfunned only with stahl« beam conditionn, i.«. wh«n the
protnn beam (»llimatoni an* ckxKxi. Th« moving mwliiüiism and tbe position monitoring haw
been rwdiswd with a great vxav, becaiiHe th« detectors, once extrairted, have to b« repositioned
witb a precHiion of ^ 25/im. An antomatic proiwdiirK can b« called to perform all th«
movenwnta, monittHing the beatn pixitkin, the rates on the proton collimators, baijtground
cminteni and LPS trigger planes.

Extractkin with »>lb'ding beams CMx-nnt whenever triggered hy an alarm syrttem haited on
tbe reqntrement that the ponitkin of the beam, äs detected hy two beam rxwition pki np
monitora (kx:ated at 45 and 61 met«nt from tbe interactkm point) does not ex<»«d a window
of ±2 .5mm within a run.

EaiJi pot vjta ah« be nwved transvemely to th« beam diraction in order to aUuw carefnl
(^•ntering of the dtitectors with respei:t to th« bwun axis.

The vacunm forn« whkh ai:ts on the pots rstn h« äs hurge äs 6KN and is n>mpensated
with a nitrogen pneitmatic «yntem in 55 and 56 and with mei:hanii:a] »mstant Utniäon «prings
in Sl, 52, 53 and 54.

Tb« mowments are carried out by stepping mi>tors («aiii pul»« st*nt to tbe motiv ror-
nwponding to a fixed angle of th« w:rew whiiJi drives the det«ctoni movement) with th«
exi:«ption of 55 and 56 which make äse of DC motors. The ptwition measnrement in p«r-
ft*rmed thnHigh rw«>iwrs which measiire the remilving angles of tbe stepping motors (fn 5fim
ai^nracy) and linear transdiicent (K 20jim ai^:iira<'y). In th« «ventnaljty of a power failur«,
two emergency piwwr snpply units (UPS) provide the motors with th« power necwasary to
extrai-t th« pots. Two «ndstop switcJjes prevent earJ] detectors assemhly to go outxid« tb«
permitted ränge; in additkin an intermediate pret'ittion switiji is »sed to i^librat« tbe syntem
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Sicon dittctor

f
z-y view x-y view

Figure 3.3: Scbmiatic tajowt of a Station (S4, SS or S6). A) Dnring fillmg and ramping, th« drtmor plan«*
an> k«pt ontaidr of tb« pota and tb« potn ar* plamt far from tb« hram. Tbr «ig-xag l in« indicat* th« hellown.
B) Tb« drtertor plan** am innde tb« potü and tb« potü ar« bring movfd towards tb* brvn. Nota tb« elfiptical
profiJf of the froots of the poti («•» ««w), wbirh matrJm th« rat-ont of tb« dttartor plann. C) Whm taktag
data, th« potft are fnDy imwrtnl and tb« detertor plan» in tb« uppn- and low» half of the ntation partialljr
omlap in tb« tnnmme plan«. This h th« data Uktng flonfigiuatioo.

withln lOjim awmrary.

3.3 Design and test of the ailicon detectors

Th« drtectors consiat of p-typ« Strip« on n-typ« implant. The Htrip» ara DC «mpled to tbe
amplirwr iuput« and a positiv» biafi viiltag« in appli«d, thnmgh th« hybrid support (detirrihed
in twr.tion 3.6), tn the hackplaoR of th« detw:tor. A groimded gnard ring mirroundü th« strips
in ordt-r to «.void larg« mirfat« current«. Th« inactiv« region b«twe«n th« giiard ring and th«
«dg« of tbt* d«t«rtnr in «f tn« onVr of 750jitn.

TU« d«tw:tMrH w«r« built by thrt« diffcrent man»fai:tiir«rs and th« ellipti<^l ait-oiit was
ntalised with difT«r«iit twJiniqiiw at th« thnw kx-jitionn: milling irewJiin«, diamond Haw and
IHSMT. Whil« the last two U-<JinK]iitw sln>w»*d rtwillts of simiUr qiiality, th« first on« <:iuu*<l, in
s«veral TJUMH, siiabl« d«>fe<:ts and crac-ks whiijt arTectHd tb(> p«rfonnann> of th« whokt d«tector
plane.
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Twtta wer« pwrfonned on «a<Qi detector büfote th« ass«mbly (35], indiiding Ihn m«a«iire-
nwnt of:

• V>«kage ciirrent p«r strip,

• bulk <apacitantM äs a function of bias voltag«,

• interetrip car>ai:itaiH% and remstanf».

Tb« leakagH ciirrent in typk^lly l«m tban ~ lOnX p«r strip in tb« depletion r«gK>n of th«
d«t«f:tor (varying b«tw««tt 40 and 80 Volts). On «ome of tbe det«;tors breakdown effw:t«
in th« ciirrent w«tf* ohservwd to ocx:ur at bian voltagm <-!«*• to tbe dKpk>tkm vi>ltag« M» a
conswqimnce of tb« poor qiiality of th« ciit-cmt «dgtw. Dnte-tors with mor« thau Um Htripn
with ktakagn ciirrent > lOOnA at d«pb>tion vf>ltag« WHT« diflcard«d at amwmbly «tag« and tb«
total ciirrent per d«t«<:tor was «>nsUotly monitiired duriog data taking.

Tb« total strip ttipadtanc«, an given hy tb« num of the capadtanc« Ktrip to tackplaw
(bulk (ÄTMuritan«») and of tb« interstrip rapaiütanc» (giv«n at good approximatkm by th«
Kontribution of the first and HHc-xtnd n«ighbonring strips), in of tbe ord«r of1 ^ %pF/rm.
Tbe Htability of the i!apai:itanf% und«r irradiatum was (JwiJted »p to T ray d«Mes of 5 Mrad
(mCo) and pn>ton fluen<*w of löllp/cm> with an incrww« in the interstrip c^tpacitanc« np t«
~ 50% 142].

3.4 Design of the frontcnd electronics (FEE)

Th« design and tbe rJioit» of technology for the LPS fnmt-«nd e1ßt:tn>ni<» [36] wan bawd on
a net «f spe«:ifioitii)DS following from tb« HEHA mai-Jiin« and tbe ZEUS reäui-oiit and trigger
«nvironuient:

• Radiation hardnea*. The electronits is l(x:att>d <:lose to the HÜi«m d«t«t:tont and
tberafore ooerates in pmximity to tb« b«am, having to witbatand pniUm fluentx» up to

Fast amplifler shaping time f:omm«asurat« with th« H)ll«ciion time of th« hole«
of a fully deplet«d d«t«rtor. A nbaping time of — 30ii* ensnres also that th« rignal
peaking time i» l«ss than the HERA bun«ii rrowing tim« (96f»s), whkh allows th«
n>rrect assignment of tb« huntJi cnmsing niunber to th« detet:tor's signal.

Narrow channel widtb to matrh th« nmallest detecbv» pitch { 115/̂ /2 w 80;im for
th« O0 planes). Th« (Jiips honding padfi had to b« arranged, äs well tut th«

n, on a doubl« row.

• Low noiae to ensure gtMid signal-to-miise ratio. Witb a signal charg« of 25000 ele«;tnm-
bole pairs per tninimum ionizing partkl«, a noise charg« of about 1000 «lentron» giws
g<K>d detection eflv:i«n<;y with low iu>ise rat«. The U«td <:apa<'.itan<:e wie« hetween IpF
and l IpF depending on tb« strip length.

For a O0 drtfrtor tb« raupling brtwi^n Mripü WAS rvthnatad to h« — \ anil ihr- ronpliog h«tw««n a
strip and th« harkplanr — 1-JfiF".
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Low power consumption t» minimi«* temperatnr« inmsme. An upper limit of
2mW/chann«l was reqiiired.

Operation with high input currents. Sine« tb« detacbir ts dir«'tly conplni to tbe
amplifier, tbe anticipated radiation damag« to tb« detector will nwnlt in high leakag«
ciimoitff (up to 2pA p«r strip) which tbe ampliner inpnbi bav« to abitorb witbotit k«s
of gain.

Pipelined Operation in order to comply with tb« ZEUS trigger archite^ture: th« data
lan h« stored on chip iintil a valid iwmnd l«vel trigger arrives aft«r abont 2m». Thu
is achwwd hy a synrbronoiis firHt l«v«l hufler 6/*s dmp folluwed by an asynchnmoitH

l«v«l hiifler.

Buned on tb« abow requirttments, tb« «»tnbination of a bipolar amplifier-<:omparat<>r VLSI
chip and a CMOS digital pipeline chip («w Fig. 3,4) was »Kle<:ted. Tbe nnmher of rhannels
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Figlint 3.4: Blöde diagram of tb« front ra<t «kMmnln »jMno

p«r chip w 64. Wire bondN <»DD«ct th« analog iJiip to tb« detector and the analog to th«
digital diip. Tb« syirt»nn in binary, i.«., for «wry <:hann«l a bit i» Rtored in tb« tim« sli<* »f
the cornwponding beam croming, whi<Ji is ml if th« piiLw h«igbt «x<x«dH a thresbold valiin
and is s«t to tun* otberw»«.

3.4.1 Bipolar amplifier-comparator chip (TEKZ)

The amplifier-comparator (iip (37, 38] (mw Fig. 3.5) was fabrioUed by Tektronix with SHPi
bipolar t«cJinology. Ea<:h cbann«! in laid out at 72/*m width, inclnding a gnmndud tnu*
bKtw««i «ach duunel. Tb test fiinctionality, gain and noij«, lest pnbea can b« injncted in tb«
ampUfi«ni thnxigh 40/F inpnt (xpai^toni; fonr lint-s Nerve the 64 <JmnneI«, gnnip«d in four
gntiipR of «ixteen. Given tb« Variation in ktngth of tb« tfctwtor's «trips and, mnmqiiKntly, of
th« input cjipacitive loud, th« preamplifiw needs to have Iow input impttdanc« to k«ep gain
variatkm witbin 5%. The ahaping tinw is r, = 32ru and tbe overall gain » abont 150mV//C.

Tb« amptifier w fbUuwnd by a mmparator with «xteraally programmabk) thrmbold, wbi<Ji
givm an ontpiit mgnal of ab<nit 40n.t width and 800mV amplitiid«. The minimnm operable
thnwhold t^MTHipotKis to \fC cJwrge mgnal, eqnivalent to 25% of a minimnm ionicing par-
ticle's «ignal3. Tbe comparator w d«wmpled via a lOpF <;apadtor, ratnilting in a higb-pasa

*TV thmboM j« typinDy M 4 «gnu «bovi- tlw row DOM» fetri.
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Figlire 3.5: Funrtionftl rirciiit

intranal prob« polnti on the rbip.

of thr &m|ilifi<>r-minpu»tor rbip TEKZ. TPI, TP2, «nd TP3 mir

filtwr abow 100 kHs. No ns«t i» n*qnin*d and the d«ad time is of the order of 150rw.
Th« power in 2mH7<:bannel and the radiatiou rmisUu«* Ls gtiaranteed by tb« iifl« of smaJl

npn «mitter dimensions (\.2ftm x8/im). Tbe radiation hardnewi of tb« (Jiip was t«Bt«d np to
radiation dorn« of 5 Mrad of 7 rays and I014p/rm3 of 650Af>V pn>ton.s Hbinving no sensäble
degradation in th« performant« [39],

3.4.2 CMOS Digital Time Slice Chip (DTSC)

Th« digital chip [40] (Digital Tim« Slice Chip, nee Fig. 3.6) was designed in order U» perform
pipelining and mnltiplexing of thn data fliiw, aiid it was realitwd in radiation bard 1.2fim
CMOS technokigy by UTMC, California.. Ea<;h DTSC hart 64 input (Jiannels dirwily bimd«d
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Figur« 3.6: Block diagram of tlw Digital Time Slra Chip.

to the TEKZ Output*, it is controlled hy fonr address lines and bas fonr serial data iines in
ontpiit. The chip ixinsists of two pipelines wbose length is determined hy tb« tim« required
to pnxswH th« ZEUS GFLT and GSLT de<:isions.

39



Th« first pipeline n $4 kx-atmiM deep, allowing for tb« ZEUS GFLT latency of 6/1«. Th«
«vwnt is idot:k«d an a tim« slice into th« bufler with WM Hz, tb« HERA colliwon, frequwncy
and read out in uaiw of a valid ZEUS trigger, otherwise overwritten.

Tb« Hemnd pipeline i« 32 locatJornt deep to allow thc «torag« of th« data waiting for a
valid GSLT dwnsxm «ven in CJUM of high GFLT rat«*. Only th« Brst buffer of the DTSC
is iwed in tb« nirrent nad-out wit-me. Th« data are traraferred out of th« DTSC, to th«
VMEbns memorieii, right after th« GFLT dedrnon in taktm.

3.5 Testing of the FEE chips

Tb« tw» chipH w«re tested separately before atawmhly to minimic« rework ono> th« chips are
gliiKd on th« hybrid snpport. Th« bipolar chip was ttxtnd in th« Santa Cnu Institut« for
Partide Phymcs (SCIPP) lahoratoriea and d«tail«d Information abont tb« cbaracterwtii» and
tb«ir unifonnity wer th« whol« prodnction was «ctracted (4l]. Tb« digital chip was mainly
t«sted at th« ffflindry bnt tb« fiinctionab'ty of a tnibsample (~ 10%) wa« »TOBS-dwiHd at
scrpp.

3.5.1 Testing of the bipolar amplifler-comparator chlp (TEKZ)

Tb« bipolar chip» WUT« deliwrwd diced and thuy w«r« tmted nning a prob« card and a t«st
apparatiw an d«ncribed in (41). Given tb« tight snw* betwKtm tbe ontpnt padfl, only 32
chuin«bi, NelHctod with an alt«rnat« pattern unong tb« two rowa of pado, could h« chncked
at a time. Tb« rHmaining 32 channuls wer« ttnted on a innall«r Kample with a Hpeciilar probe
card.

Uiring thtt test inpiits, tb« galn and noim of tb« amplifi« wan oHennincd hy injniing
thtough tb« uih'bration <'jinaciton< PIÜIWH of kaown iJwrgH, ift. l and 2/C, and mwuniring tht!
«Hinting rat« frattion (iMXMipancy) an a fiinction of th« tbresbold vi>ltag« ÖD tb« comparator
(mv. Fig. 3.7). Tb« thmhold voltag« differen«* betwtwn tb« 50% oounpancy points » tb« gain
in mV/fC. Tbe width of tb« curw (ind«p«ndKntly of th« inpnt iJjarg«) givm the nt>ifl«, whiiii,
fiw n gaiissian dintribution, follows tb« rvlatiou:

= (88% - (3.1)

i .K. th« thnnhokl wiltagi* differnww b«tw««n th« 88% and 12% ominancy pointn i« «quäl to th«
noise FWHM (th« data am artually fitted witb an «rror fiinction in ord«r to ractrart tb« 50%
points and tb« noisc nigma). Fig. 3.8a (thows tbe distribnlkm of tb« nwasiirad gaimi lor tb«
total niimber of TEKZ (Jjannelfl Uwted. Th« nwan in 164mV//C with an RMS of 7mV//C.
Tbe nois« sigmatt are tdmwn in Fig. 3.8h with a i*>ntral valu« of 17.2mV, f»rn«ponding b> a
noise <juirgn »f a = 656*T. This giv«« an raci*Uent 112ft>~ noin« for tb« maximum l IpF load.

Tb« iTtwitalk of tbe system wa« «iieiied bonding the »Jiip to a 0" detector (82jtm «trip
pit(i) aiid iiniug a 1064itm laN«r i«>iin* rollimated to a spot die« of 20/im. Tbe «l«ctronit:
cllann«! crowtalk was m«amir«d to b« hns than 2%, whil« tb« analog nigaal sbaring was
arouud 14%.

Th« yield awragH ovw six wafem (669 ̂ hips) txiiisiHted in 72% of tbe chips having DO had
chnjineb« over tb« 32 out of 64 meattured one». For th« anwmbty iJlipa with INI bad (Jiannels
wer« ai:c«pt«d, with an «stimat« of a 0.2% failures 011 tb« unmeasured 32 i^ianuel».
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3.5.2 Teating of the CMOS Digital Time Slice Chip (DTSC)

Tb« CMOS chips w«r« t«rted at UTMC iwing tmt vHctont deriv«d in tb« Simulation of th«
dtürign. Th« fnnctionality i;rit«ria mre prit«jpally bas«d on th« meatnired airrnnt draw.
Failwres wer« introdiuxxl during th« assranhling and bonding pnMwdnre an a i»n««qiH!iict; of
th« br«aking i>f th« ovwrglatw pn>t«(;tion.

3.6 Assembly and testing of the detector modules

Tbe /j-titrip »ilium d«t«:tors aod tb« front «nd «lectronics were asswmbled on a mitltiUyKr
printed drniit hoard, rwdiflwd with «igbt Hiip«rpos«d lay«r« of Copp«r aud Invar in nrd«r
to maUii tb« HMffficient of tbennal «xpanttion of th« silicon. Th« hybrid hoard, sbown in
Fig. 3.9 with all (»tnpoii«nts, serma a» mwjiauifjü siipport for dt-tK^tom and «InctronHS, a«
distribiiticm network f«r th« d«t«:tor and «Inctmnics power linra, n» fanoiit for driviug out th«
signal lin«s, aod an a ttwrmal radiator and siipport for a ccxtling »>pp«r tuhe (1mm3 sw:tion),
wbitii in u«*) to water-cool th« nyst«m *. Up U» 16 pai™ «f analiig and digital cJiips are
atttembted on on« hybrid ooard". To prt-vent om:illatk>nfl and pitJt-up of digital signals, analog
and digital signaJs and powwr lintw are n«it«d on diff«r«nt planes of th« hybrid. Monxwtr,
tbe POWRT to th« analog tüp i» bypaKStxl with fi]t«r <«pa<;iUtrs on« ewry otber cbip.

A ch«<:k of tb« c:omplete read-out »'hain wan performed |43j by injecting fast light puLstw
(2-3nn) from a lOMrirn liwer dit>d« «>llimat«d to a spot sizt- of 20/mi into th« nili«>n d«tM:tor.
Th« latter wav«l«ugth lia» au absorption l«ngth in Hiliixin »f the order of 2mm and, therafore,
th« «n«rgy d«position in a 3QQf«n thi<* det«:tor is, at g(HKl approximatk)n, uniform. Th«

Thmnorauplr« «n- mrxintnl ilh»rtly oo thf miilülayn in onlw to mnotrly rontrol Hir t*mp«»tiiTP OB
^wi ilrtactor unh.

'Thf «M«nhly of thf rntirr niodnk, with tbmrp[ttion nf th^glunngof thr <|ptrrtor, whici , «uwntiowH
in chaptrr 5, nf**b ntrcfu) alignriurnt, w nnfnnnfit «t Pronint int. (CA).
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Figlire 3.8: Distribution of pio (•) MX! noe* (b) for 669 TEKZ <ti[« with

amonnt of Charge depottitad witb tbe laser can b« »et to b« of the »am« order of the averag«
charge depoidted in «Ikon hy a minimiim ioniiing particle. A man wan perfiwmed am*« all
channels with *x-y platform. D«ad and noisy channe!» WKTM identified and th« inft>nnatH>n
watt iuwd later, aft«r instalktkm in th« HERA tnnnel, to check th« integrity of the read-out
duün.

Pur inHtallatkm in tbe beam line the hybrid moduleH are monnted on a mwiianicaj band
wbkh allowti procne monnting of tbe plan*« thnnigb machined k>cating pins, Tbe band i»
then attanbed, thnmgh an imnilating tmpport, to an arm whicih in connectad, at the otb«r
end, to a moving carriage which drivm tbe d«t«:toni towards or away fmm the h«am. Three
mk:R)inetrk Mtrews regiilate tbe thnw degree» of freedom of the arm and can be iised to adjiiKt
th« detectora aimimbly innkfe tb« TOlnm« of tbe pot.

The band aho fnipportfl a Faraday cage tbat «nvefope« tb« d«tectora and in «kictrically
intnilated from th« reat

3.7 The read-out System

Fig. 3.10 flhows a block diagram of the LPS data patb from tb« detector to the read*<iiit
VMEhiw and tbe path of tbe ngnah imnied from the GFLT to tbe front-end «lectronk». The
main componenbi tbat interfac« the front-end «lectronicti and tb« ZEUS acquüition «yst«m
are tbe Read-out Contn>ll«r (ROC) [80] and tb« Serial Read-out Controller (SRC) [79].

• Tbe ROC drivwi the signrth re«p<»nsible for managing th« digital t^iip biiffera. It «>n-
tainti a nn:tion of memorieii organwed like tbe DTSC hiiffera: a mirror image of tb« 64
»tage fint level trigger buffer (Lev«l 1), and of tb« 32 »tage second level trigger bnffer
(L«vel-2). The Level l hunVr map eontains a recnrrl of tbe GFLT mformatktn (e.g.
Level l trigger niimber and ambigiiity, biinch cronting number, etc.), while th« Level-2
bnßut controbt tbe pointers to the SRC memorieK, where, in tbe current operatiog nwxfe
(Level 1-driven mixte), the data out of the DTSC first bulfer ar« Storni, waiting for
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Figlire 3.9: Layout of ooc of th« LPS modiiln.

tbe GSLT dedsion. Tbe ROC transmits tbe beam iTiwsing »yncnmisation signat and
interruptfl the read-ont pnKMtsor (FIC) when the GFLT data are raady.

Tbe SRC modiilHt <^>ntn>l th« data transfer hetween tbe front-end and tb« VMEbiis
envinnment and tbe ZEUS BVent Binlder (EVB). One SRC Kennen one pot; in order
to rediu% r.ahling tbe data transfer i» mnltiplexed in mich a way that, for eacb pot, 4
signals (4 strips) are mmved in tbe SRC memory at a time. The SRC is «o;»ipped witb
a 8ero-snppivs«ir, in mich a way that only 4 strip groupn (»ntaining at kwitt one hit in
the group are re»»rded in tbe memory. One 16 hit data word (whoae sintax in defined in
Fig. 6.3 encodea tlie 4 Htrip pattern and th« addreas of tbls pattern witbin a pot. Tb«
seqttence ai:(»>rdmg to which the fn>nt-end i« read mit itt fnlly noftware programmable;
faiilty DTSC» <^ui be exdnded and a siibnet of DTSCtt masked in order to define a
restricted detet-tor region contrihiiting to the LPS Level 2 trigger.
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3.7.1 Data acqulsltlon sequence

Tb« diffKnmt Steps executed hy the read-out sequeno- are :

• Tbe HERA dock n m*ived by tbe front-tmds. All the digital renponiKS {0 or 1) of the
~ 50000 TEKZ rignald are tben injected into tbe FLT pipeb'n«« in the DTSC chip*.
After 64 dm* periods, tbe daU mm* mit of tbe pipelioe exattly at tbK moment when
the («rrnnponding Level l d»:«ion a available. U » tben either araepted by the GFLT
and stored in the drcular huffer or flimply ignored in <auw of a Level l rejw:t.

• TbK GFLT acceptad data are rtored in the cimilar 32 Klage Level 2 primary bnffer. At
thi» level of tbe pmow, tbe read-ont may operate in two moden depending whetber or
not tb« LPS contributeB to tbn ZEUS GSLT :

• Lewl-2-driven meide : tbe data are kept in tbe 32 stüge »na)nd level biiftr in
tbe DTSC imtil th« GSLT i* receivwd. In tbe »MB« of Ä positive GSLT, a irignal
tranrnnitted by tbe ROC move« the hiiffer pointera. Tbe data are then trannfered
to the VMEhin munwff-ies.

• Lewl 1-driven mode: thK data are trantifered a» qiiickly an povrihle to tbe VMEbi»
mmnoriK» in oroW to be availahle for LPS level 2 cakiilatiomi. Up to now, only
thi« mode in mipported by the read-out noftware.

• In the Level 1-drivnn nuxte, the SRC nwmorit* ara iwed äs tieinnd level buffeni. The
kxaüwmi of tb« data in these memones an well aa th«ir statim are oantn»Ued by tbe

r«ad-oiit proceBSor {FIC).

• Tbe LPS Level 2 decision data Ls transmitted from tbe FIC to th« GSLT by nwatM of
a trannpnter link.

• The GSLT detision w oent bw* to tbe FIC acn»s anotber trnnspiitw link.

• Wben a GSLT is rewived in the VMEhiw «nvirooement, tb» FIC w respc>n«ible «ther
to diw-ATd the data ia the SRC memorie» (n«gatiw GSLT) or to send the data to the
ZEUS EVent BniHer (EVB).

• Before heing »ent to the EVB, the data are collerted by tbe FIC in an ADAMO tahle
fi>rinat [81]. Tbe design valne f»r tbe ZEUS positive GSLT rate w 100 H«.

• LPS ADAMO data tahU« are »nt to tbe ZEUS TLT wmputer (arm. The derngu valiie
fiir tbe ZEUS puritivK TLT rate is 3 Hz.

3.8 Performance during the 1993 data taking

Data wre rollKi:ted from the 26th nt Ortohw to tbe 4th of November 1993, »»rresponding l*»
an inU-griUed Inmimwity nf w 28iifc-'. Abont 30% of tbe a>mplKte npe«:trom«ter, namely 11
planes in tbe three Htatkm« 54, 55, and 56 wwrK instalterf. By «sing simple r««>nstrnr.tk>n
algorithms haa«d on two Station correlations (»«* cjiapter 5) a sample of XL = l tnui» was
selHf-tt-d hoth in tbe deep inelastir aud in the photitpn»di»-tk)n regime. A first determination
of th« rHSolutkm in tb« transverse and longitndinal momentum of the detected prnton was
ohtained [90] and some of th« metbods iiswl in tlie 1994 alignment w«re established.

Figiire3.10: LPS Signals »ml
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DST «r-Ieclton: the data rorresponding to diflereat phyaios pro«»** ar« preselectwi and
fltored on disk in th« form of a Data. Siimmary Tape (DST). Bach wtaction onrrwiponds
to a bit pattern assodmed to «vwy «vent. The DST mlttction relevant to the neutral
niimit DIS event« can h« foiind in (50),

4.2 Monte Carlo event generators

Event generatoni bamtd on MC techniqimi have bcwn «ctenfiiwly iimd in bigh energy physks
to tinderatand d«tw:tor effects, acmptance and dep«ixienoe of the ohnerved difltribiittonn on
tbtf panunvterti r>f tb« physka model»,

The i»:liisiv« diffra<'tive (nws s«:tion »»»Dsistn of «lastk: «rattering, of tb« ^nwonfUM»
regkin" of Enhancement and of tbn low aod bigb nuun contintnim. This n illiuitratod in
Pig. 4.2, which shows thit differential CTUKI iwction for pd-t Xd iicattttring [52] tut a function

W, • MtV
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Figure 4.2: DtSmutM (TOM Mrtion «t (w«l l vmm M\t pd -» X4 8t yTKfV/f.

S«»iw of th* MC gfDtwatnnt nsud ti» model f'p -t Xp «Attwing «w«r diflwrent rang«
for tli« diffraiiiv« mass My and ar« nawl in nmjiimiioii with tuwüi oth«r. Th« gennratora for

both diffractive and non diffnuiive scattering ar« dtttaitad heliiw, together with their specific
MX region of validity.

Tb« MC «Wut ttamplKfl nsed in tb« analysi« of th« 1993 and 1994 data wera gen«rated
iifling mrmonii of th« detector «inmlatinn and renonstnHiion whki r«fl«:ted the ntatiifi of th«
d«t«f:tor tomponents and triggw during thoH« perkxfa. Th« event sampks ftir the 1994(1993)
analysM havw be«*n gunwated witb a knrar Q3 mt of ~ 2(4)GpV".

4.2.1 Diffractlve flissociation of the photon

Tb« diffrnctiv« diwociatjon of tb« virtnal photon (Pig. 4.3a,c), wa« modeled ijsing four MC
gKDeratoni ruwied on pomenin «xchang«, tb« RAPGAP program, the POMPYT program, a
gwnerator bwwd on tbe Nikolanv Zakbarov nuxlel (EPDIFPR) and a generator for »>ft diffrao
tivw phob>n-pn>ton (»Uinkinn (EPSOPT).

b)

VM

c)

P'

P*

Figlire 4.3: Di»gnini* for thp prorwws motlHrtl hy th^ MC g^nwalor«. a) Diffrftrtiv* ilw«x-i»tion of
tbf pboton. b) DüEmctivr iliwociation of thf pboton into a TWWIUUIW st»t* (vretot mrMin). r) Diffirnrtivi-
ilimoriMion of thr photon luul ihr iiroton. <1) RpggMin nrhnngr.
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RAPGAP (high man continuum)

Tbe RAPGAP [53] program n haawi on tb« id«a of Ingelman and Schfein [55] to treat th«
pomeron b'k« a *partif:k>n «mitted hy tb« proton wboiw ronstitiMntt* take part in th« bard
int«raction. Th« diffrar.tivw stnictiire function <:an thim be factoriued in a fliix of pomeronfl
fmm ihn proton vttrtex (depeodent on t and IIP) and a ponwMin strurture functkm {dependent
on ß and (f). Tb« RAPGAP generator was mainly mwd for th« analyais of tbe 1994 data.
For tb« fliix tb« Streng [56] panunetntation «a« iwed:

/ ir M -}IP(XF, l) - .-

with

r„

= 1.085 + 0.25G*V"a - 1,

whil« for tbe pomeron tttriicttire function th« fonn fitted to th« 1993 analynis (s«e iihapter 9)
waniHed, whirb amtainaambctiireofa "hard" ( < x ß ( \ ~ ß ) ) and a "Höft" (<x (l-ß)3) qnark
parton otamly. Tb« program a interiticed to HERACLES [57] for tb« QED radiativ« air-
rections, tbe parton shownr in «miilated äs implemented in th« ARIADNE [58] onloiir dipol«
model and tbe fragmentation i» utrried mit with tb« L»nd ntring model an in JBTSBT [59].
Th« evwnts w«n> g«n«rat«d witb an approximate knwr Mx cnt of IGfV.

POMPYT (high mau contlnuuni)

The philoBopfay of tbe POMPYT generator [60] in th« dam« of tbe RAPGAP ow>, i.e. fao
torimtion and pomuron partonk ntnicture. Two POMPYT «unplH« wer« g«n«ratod ftw th«
analynti of the 1993 data. comaponding to a hard rpiarfconk «tnictur« fuoction,

ff iß, tf)=E «av.w Q1) = 5 • AI - «.« J
and to a »oft quarkonic dtnK:ture functkm,

The two wunplwi are d«not«d in tbe following hy "Hard Ponwron'' (HP) and "Soft Pomwron"
(SP) nnportively. Tb« nomiausation coratant 5/3 in b>ui«d ÖD tbe amnimption that th«
momentum siim rille (MSR) w «atisfind für two light qnark flayniim {n,d). If « qniubH had
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to be i«:liid«d the nonnalisatiim fat:tor woiild be mliK^d from 5/3 to 4/3 [61]. Tb« Q3

d«p«nd«n(» w «xp«:t«1 to be weak and is neglected. The Iugehnan-S<J]l«in form of Um fliut
w paraimtritwd hy a fit to UA4 data [60, 62):

/IP{IJP, t) = -
l l

(6.38 «"' + 0.424^'}.
2 2.3 • IIP

A limit in the pmeratkm of th« smaJl DUUWS was apph'ed hy reqiiiriog that MX- > 5 G«V,
wh«re MX- inclnd«s the final «tat« «lectron. Tb« pnigram is implein«nt«d in th« PYTHIA
fram«work, whkJi «imnlaten hard WAtUaing prot^anes aud ums JETSET for tbe fragm«nta-
tiim. QED radiativ« corrttctionH are not i

EPDIFFR (high masa continuum)

Tb« Nikolaev and Zakhannr m(xlel picturwt tbe diffractivt* diss<M:iatii)n a« a fliirtiiatk>n of tbe
photou into a qq or qqg R K* state (63, 64). Th« interartion witb th« proton pnxwedti via
tbe «xchange of a BPKL [15] typ« pomemn, «tarting in lowtst-order fntm th« exchangn of a
Low-NiiNHinov [65] pomeron whki (xirrespond« to twi> glnons in a cok>ur-singH stat«. Tbe
rroas nection t-xa b« appmximated by a twtMx>mpouent Htnictiire function of the pomentn
(H«« iJiapUtr 1), «adi (i)tnponent having ita own fliix factor and diff«n>nt t dependent^e. Thi«
corrnspond-s to factorwation hreaking whicii is caiuwl by BPKL «volntion effect«. Th« "hanT
component refln:Ls tbe caae wher« th« pb<iton fliK:tiiat«n into a qq pair and leads to a ft de-
p«nd«nr« of the form ß(\ and a slopeof th« t d«pendem» dose to that of the difiraction
nk>p« i>f eUwtici «sittering Br, (i.e. **•'' with Br, = \QG?V'*). Th« "soft" «mtribiitkin, whitli
reflei:tH the fjw« wbere th« pbotcm flnrtiia-tus into a qqg »tat«, is aHtnmed to h« proportional
to (l - ft)3 and the normalisation in fixed hy the triple ponwron coiipling. Tb« t dependent»
Hlop« £>r th« triple pomenm regime i« B,P — \B,t and u fixed in tbe Mont« Carlo Implemen-
tation to be 6 GfV^. The relativ« tnw. of these (•ontrihutions and tbe overall normalisation
are pnxlicted with an imcertainty of aboiit 30%. Tbe Monte Carlo Implementation of this
model [66] (referred in the following an NZ) is has«d on tbe <-nws setiion deacribed abovn
(and in more rletail in tiiaptcr 1) and is inter&uawl to tb« Luud fragm«ntation wJieme (iising
JETSET). Tb« generation is limited ti> Mx > \.7GfV. No QED radiative »wrectionn are
implemented.

Event weighting

Sewral MC generaton within the ZDIS frame (e.g. EPDIFFR and EPSOFT) make iuw of
weigbting rnethod» in order to generate efficiently eventa at extremes of phast* npace or wher«
the predk:ted cross sw;tions are small. PIK- «xampl« the steeply falling distribntkms in (f
and ( t»n h« generated barder th«n what th« model pretwxibes, tbiis allowing a siihntantia]
number of ewnts to he prodm«! at larg« Q* and t valu«*. The model predirtions ar« simply
recoveml by iwing the weight wtt mwigned t» «ach ev«nt t [51]. The weight »>rrespouds to
th« event cnws seiikm compitted at the geuerated kinematic: variahb». Tb« predirt«d total
rnss M*;tk>n a in therefor« given hy tb« averag« weight in the g«nerat«d sampln:
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EPSOFT (reaonancea, low and high maaa continuum)

EPSOFT (67] i» a MC piogram for tiimiilating non diffractive and soft diflractive photon-
proton («UiNJons at HERA, induding ebwtk: vettor meson Produktion (17» -* Vp), photon dis-
sodation (TJ> -* Xp), proton dwsociation (171 -» VN), and doubl» dwsodatkni (TP -» XN).
Itfl iwe for tb« rimiilatwn of double dissociation will be disuituwd in th« follimring iwction.
Tbe program ia implemented in the framework of HERWIG [68]. The non diffrai:tiv» pboton-
proton «>lliaion8 äs well tat th« ponwon-proton and pomeron-photon scatteräg in diffrai:tivw
event« are treated äs «oft hadron-badron collimoiB. Since tbe model dom not annime any
depHndem* on the virtnah'ty of th« photon. it csat h« iwed either in photnprodnrtion or in
DIS, altboiigh it ha« been tuned on photoprodiiction data. The crom sertion for the 7P -» Xp

paranwtrbed in th« following way:

«*-'
dtdM\e th« »matant term C = 0.4 ranilts from a fit to tbe hadronic data, oALt,„ » the

W <;ross nec:tion rjüciilated from tbe ALLM [69] param«tritiation, aF(G) = 1.1 ia tbe R«gge-
type soft pomeron intercept and b< = 6GrV~' w an avwage diffractive alop« obnerved in
hadnmk: diflnu:tkin at comparanle center of maaa «n«rgy. A sample of low mass diffrai:tiv«
pboton disaociatkm events WHH generatud in order to stiidy the matw regitm not «wered by
tb« previoitsly dew:ribed MO. The mass of the di8«xäating photon, Mx, wa« gwnerated in
the ränge (m,. +2m^) < Mx < 100GVV. EPSOFT is a weighted MC and do*w not indud«
QED radiativü «>rra:tk>nn.

4.2.2 Diffractive dissociation of the photon and proton, Hegge exchange

EPSOPT

Tbe event« wh«r« the proton dissociatea into a state of nuuw MN (fp -> eXN) (Fig. 4.3h)
were gnnerated with the EPSOFT program, where tbe generation of tbe pro«:«« relies on thn
parametrisation of pp -* pp and pp -* pN data. Tbe parametriiuUion nn«d by EPSOFT Ut
relate the -jp -* XN to tb« -yp -* Xp <:ross sw:tion is giv«n by:

XN)
2 da{pp -* pp)/dt '

where the hadroni«: rn«s swiions are evaluated at the «mtre of m«ss en«rgy W. Th« masa
of the nncleouic aystem, MN, was generated in the rang« 1.25GVV < MN < lOOOV with
an «ffective Spektrum proportional to 1/MJ. Sim« EPSOFT is modelled on hadron data it
does ixmtain, together with tb« pooiKnin-mediated ex<:iUtk»ns of tbe proton, the contributkm
from all the R«gge &mph'tndes, iw:liidiug tb« pkin extliange m«-h»Uiism, (Fig. 4.3d) and tbeir
interferem» terms.
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PION

The on« pion Kxi'hange mwiianism waa also simiiUtwd snparat«ly with a MC imptemented in
the HERWIG franwwi>rk. The CIDHS s«:tion is pntportk>iuü to:

where n„(t) = a'„(t - m^) i» tbe pkm trajectory.

4.2.3 Speclflc MC for the diflractive dissociation of the photon in reao-
nances (vector mesons)

DIPSI

Bamd on tbe model of Ryttkin |70], it assiime» tbat the «xchangtxi photon flnctnates into a
qQ pair which then interacts with the p»m«ron «mitted by tbe inddent proton. A detail«d
dew:ription of the «mnt generation i« given in |71]. The poin«ron is dewTibed in tenns «f *
gbion ladder. Tb« crtws twction is proportional to:

wb«n> n„(f) in tbe titrong nnipb'ng <«nsUnt and xg(x, $*} ia tb« gluon motnentiim density in
the pn>ton. Tb« qiiantity x = (Q1 + M} + \t\)/W* is th« fractiou of tb« protim'ü momentum
<wräd by th« glwm ladder and 2g3, in th« leadiug Ingarithm approximation, i» tb« lipper Umit
ft» th« virtnab'ty of the two tniann«! gluons t>f tbe glnon bidder; her« q* = (Q* + MJ + |t|)/4
and M, ia tb« ff nuu«. The region of validity of the CÄkulation is restrk:ted to f > ZGeV1

and £ < 0.1.
The samples iiüed in tb« 1993 analysis wen* gen«rat«d with a 4;n«s MMition oc i (r«weight«d

to ot 4r and a i

HERACLES

A sample of emnta for the diffractiv« diHsocüUiou of th« photon in verlor tnesons was gener-
ated itsing HERACLES [72) in order to prop«rly nmiilate th« QED radiation. Th« parametri-
nation of tbe Q', W d«p«nd«U(», th« helicity angle distrihiition and ratio of the longitndinal
to th« transvMme crom sa:tion wer« taken from EMC, NMC and the 1993 ZEUS data. Tbe
sample was luml in the aoalyms of tbe 1994 data.

4.2.4 Non diffractive proton fragmentation

Non diffraiiiw DIS pnx:w«es with first order eln;tn)weak corrwiions wem generated iising
HERACLES. Tb« badronic final «täte was simntated nsing the i4>lotir-dipo)« model inclnding
hoson-gliion fusion CDMBGF (73] äs implemmted in ARIADNE for th« QCD cjuu-xfa and
JETSET for th« hadronisation. DifiVaiiiw «vents are simulated in ARIADNE by assuining
that the striuJi qnark belougH to a t'olonrlens xtate baving only a small fraciion of th« proton s
momentnm, with tbe parameten tnned to the 1993 ramlts (s** rhapter 9). In order to
estimate tbe haiJcgroiind from non diffractive DIS procrases to th« diffractive sampl« Diese
ewitt» wen> dimuirded. Th« MRSA (74) proton parton deasity parametriHation, modified at
UAV Q* äs dewrihed in [75] was nsed.



Chapter 5

LPS reconstruction, calibration and
running

Tb« Operation of tb« LPS u »ndoiihtly a delicAte and chaJJenging on«. Th« detectont hav«
to appnwch tb« bnam at minimal dntanixs and n«cK«iitatit a ountimioiis interplay b«tw«Kn
tb« knowlüdgn of tb« d«vxx itself and of tb« phyiika and rwtponse of tb« machine. Tnere
an» no mich OHnpb'r.at«d ohJKcts an the tracking devicnt [76] and, «pecially in th« cas« i>f tb«
LPS, mw:h work goes in tb« iinderatanding nf th« aligmmtDt and calibration contttant« which
allow tb« r«»«»tnK;tion algorithmn to track parti<:l«s OVKT a disUni* of 100m, thitHigh 65
magnetir elementn.

5.1 Data taking conditions in 1994

Th« 1994 data taking «xtended owr a period of fiv« months. For th« first »ix w«nks th« ma-
chine op«rat«d with colliding prnton and «tactron beams. However, comdstently low «lectrnn
b«atn lifetime«, caiwed hy a poor vacunm, fonaxi HERA to operate witb cnlb'ding poHitrons
on protons for tb« mit of 1994: tbe gat«d liiminonity mllerted dnring tb« 1994 poratron nm
in xbown in Fig. 5.1 fi>r both tn« ZEUS d«UM:tor and th« LPS (ZEUS gatnd 3.7pft-' from a
total of 6.2pfc-' d«Uv«rBd by HERA) of whkh ~ 39% {1.3l*-1) w» tekm wi*b th« LPS fully
opcrational.

Apart from Ihre« Hpw:ifi<: pntbkmix d«tail«d bttlow tb« principal (AUS« i>f th« dmVnmc«
h«tw««n tb« ZEUS and LPS gatnd tumincwities wan tb« titne takun to IOWKT th« potn into
th« b«un and tbe poor bearn qiiality (or ptwition) prKventing tb« imwrtioD of tb« potn into
the nKam. Tbere were thnw main pwkxb of himinomty hm for tbe LPS [77], an indk»i«d
in Fig. 5.1. At Grat huninoHity WM lost d»t> to a randomly ou:iirring timing pn^lem du« to
iioiw; wb«n tb« GFLT sym:mnisation clixi signal (d«riv«d from thc HERA rkxi) wan sent.
Tb« dficood main kxn (aroiind nm 10000) was diw to a failiire of tbe HERA bttam potrition
monitoring System (BPM) wbkh mirwya th« Position of tb« proton b«am along th« qnadrant
of tbf, HERA ring in whkh tb« LPS Station« an- placnd. FioaUy tbe laut two w««ks of
data taking WBW aflw:t«d by severe and littbf nndCTsUxxl bnckgn>iind pn>hlenu whiiJi mad«
it alntoHt impotnibl« for tb« LPS to b« inswU-d in the beam line. Biuritxlly no data w«r«
coll«:t«d dnring th« initial «fectnm nm, simw th« LPS r«main«d in a »immisHioning phaw
until th« Start of th« ponitron nm. Dnring tbiti time nnitJi effi>rt wan dttvoted in nttahlwbing a
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Figiir« 5. l : Intrgntrd liiminoirty •* a fimrtion of th« ran nnmbn. Thr wbd HDP indiratt* tkc Inminosty

mKfftt-A hj tb« miin ZEUS, thr fractnn with th* LPS optratiog m rrpmnitM hy thi- dwh«d lin*. Th*
prrimta Rormponding to major Inminonty lo-ne* tot Üu>. LPS M« iodintnl. Tbf vnrtiral flanbüd Bim *how
thp nia rang* covord by t h» analyüM.

saf« and reliahl« pnx^iire to insert th« pots in th« h«am lin« äs dose äs puttsibl« to th« dwtign
ptKtition {whkJi mwtns in the cUwwt rjise (85) a distant« of ~ 3.5mm from th« pntton b«am).
Tb« ponitioning of t he detectoni r«qiiir«d a <:ar«fiil monitoring of tb« HERA proton »»Uimatnr
rates, tbe ZEUS bai&gnmnd countera and th« LPS triggtr rat««. Th« final pcwitkming took
pbu:« in Ht«ps of 100/im «tarting at 2fnnt from the final positioii.

Dnring tb« 1994 data taking, only Station» 84, 85 and S6 were eqnipped with d«t«i:tor«,
not all of tbem »>mpl«t«ly functional. The »mfignrat ion is illiLStrated tH:b«ntaticjUly in Fig. 5.2
and siimmarüed in more detail in Tahl« 5. l . Th« irtations 84, SS and 86 «msist of two Roman
pots {up and down) approuthing th« pnrton beam frtun abov« and h«low. Only tbe dmim
pot« of Htations 85 and S6 wer« «qnipped with plant» with tb« three ;i-strip ori«ntatim». Tb«
up pot of 84 had three of tbe plann«d six plant« operationa]. Th« only pot whidi op«rat«d
with six detw:tor plaii«s was S6 np following an Installation in the latt«r part of Anglist. In
total tbe mimher of active readoiit <Jiann«lfi was ~ 22000.

5.2 Data taking Operation and performance of the spectrom-
eter

The LPS >«n> mipprtwwd raw data ar« fltored (arcording to the formal deHcrihed in [78])
in a 16-bit Word »mtaining the address and tb« pattern of fonr <»iu»H:iitive «trip« inc:luding
at least on« bit Htrip (Fig. 5.3). This is the «am« hitc^xle whkJi is ixmtained in th« SRC
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SS S4

Figiire 5.2: LPS MÜCOH drtertor plann üurtallpit during 1994 data taking.

memories [79] (»«« <iapter 3). Th« anxiliary infonnation ahont the pot immhw and th«
varioiw HtatiM regLst«ra (SRC and ROC (80)) in i:onlain«d in a b«ad«r Ubl« «sswiiated with

«vfint whi<th htm a pnintcr t» th« raw data structiir« [81].
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: LPS raw data parking. Shown '» thp formal for tbc LPS raw data, wbirh h norpil M foiir
pa 16 btt ward.

Tlw raw data ar« unpaiJwd in preparation for th« tnu-k finding. Th« »^»iiuting rat« HK a
fnnction i>f th« strip nuintmr is Hh(»wii in Fig. 5.4a,h,r fcir thrtw dnt«<:tor plant« with different
strip orientatkiiLH. Thu «wnt sampl« is swlwied hy random triggRra and the hit distribiititm
showN th»- «xmvohititm c»f signal and noise. Sim* th« in&in amtrihiition to tlm uoi* of th«
front-«nd «lw:tn>ni<» i« th« inpnt (Äpacitant« iif th« /i-strips and tlw lattnr is proportional,
withi» an ofts«t, tc» thn strip length (aa diswissed in the folliiwing), the rliann«! connting
rat« is largwtt for th« lo»g«st Strips on th« d«t«:tor. This fHw:t is parlü ularly «vid«nl on
tli« n and v planes wher« th« strip leiigth variws fnun essentially fern np U» a l«w «n (tfae



longest strip being the one which riins parallel to the elliptii:al detector nitont, äs sketched
in Fig. 5.4a,b,c).

3M 3M

25t 5« 75«
Strip muaber

2M 4M
Strip nombcr

Figlire 5.4: Cbanari« rannting ratn tot random triggn- Rvmt» OB oor of tbn • (a) and c (h) platt« of 54,p
andontofthec (c) plaomof SS*™». I>*d, «xwswvrty noby and«udc rhaniMh can h« «MD in mrhof the
thiw vinw, Tb* peak b tbe ratet for ihm »öd u plann eomapood to tbe longmt «trip an the deMctor,
which rann paralM to tta riliptiad rutoat, M nkrtdud in (et).

5.2.1 Non operatlonal dxannela

Lo»Ktt of efficwncy were mostly identified through chaonel nupti. After the nonoval of ex-
tnnded arean of contigiitii» non operable channels {mcxttly «Hrenponding to non wurking
rhipa), the ratio of the mnnting rate of each «trip to the mean cnnnting rate of itfl six
neighboiirs facilitated tbe identHkation of dead, stmi and exixfnively noisy dwmnels. Tb«
pre»«n<» of dead channels was diw «ither to failnre» of the analog chip or to def«ctive (i.e.
high leakage i:iurent) det«c:tor strips whüji were not bonded to tbe front-end electnmkx at
assemhly stage. Tbere were also liunneln where the digital chip was sttn4 high and isolated
channeh with high noix«. All of these effects t-jut be tteen in Fig. 5.4a,h,c. The total nnmber

of mm operational cliannttbi was of the order of 2% and ratber stähle. After nnpacking, each
hit u ci>mparad with the pre-identified list of bad channefci and removed if it originated fn>m
a bad channel.

5.2.2 Callbration of the front-end electronics with no beams

Witbont bfjuns c^illiding in the mwJiine the hask; performam^* of the fmnt-«nd efectronirs
waii periodHyilly checked. Thnnigb threshold scans (see chapter 3) the nou« and gain of
ewry amplifier iJiannel was detennined. Siuce, äs mentioned abov«, the parasitH: tapaiätaw*
Stiles witb the strip lengtli and the ainplifier noisn, i7„, depends linearly on the capacitance,
an Depression fna he derived, whitJi relaten Unearly the noimt to the strip length [82]:

«rn = 690 + 40 • C(e~) = 690 + 40 • l.2L(e~), (5.1)

TK C i« tbe <Apacitani» (in pF), L is the strip length (in cm) and the capautance per
unit length has heen tnken to he 1.2pF/rm, a unmher whkli includes additional noise wnirceM
KiHi äs the amplifier noiae due ti> (»upting to tbe neighbonring ilianneLs. Fig. 5.5 sbows tbe
noise for one of tbe « plane« of 55*,».,, a« a fimction of the strip length togetber witb tbe
prediction of eq 5.1.
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Figlire 5.5: NOMIT u »fnnrtion of ths utrip Iragth fiw on« of tb* « planen of 55^„„. Tbc line
tbe ndatkm o. = 690 + 40 C(«r) = 690 + 40 - 1.2t(O-

An HXf^ss of noble can he ohserved at Hinall lengths, dne to the finite cApacitam» of the
input pads, and at large lengths, where the leakage dimmta add to the noifle. Tbe leakage
i:iirrent for every detecUtf plane was monitored dnring maiiiine operations and data taking
to Htiidy «bort term radiatiiHi damage, äs disciissed below.
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5.2.3 Operation with collidlng beama and radiatkm damage
Tb« oMnipancy, defintx) an th« numh*r of timus a strip i« hit divkted by the «umher of trigg«nt,
WM measiired for «ach channel in diffcrent opttrating canditiona. OuctipancHM in th« «>Uiding
beam mod« are dominated by tb« pattsag« of partiell* (Ißariing particleH from fp colliiwnui,
hak> protons, Synchrotron radiatkm from th« ponitronfl) and depend critically on botb tb«
beatn conditiom and the ponitina of the inwrted n>maa pota. Sine« tb« LPS det«:toni haw
been hnilt and tmted to withtttand proton fluenc»« »p to Wp/cm*, where "type" inveraion
i« known to occiir, strip (Mttiipancies in tixcent of 1% h»v» to btt avoidnd. Th« pots w«re
not ins«rled in tb« beain lin« wbenevw unHtabl« beain «»nditiom woiild auine tbe average
MKiipancy t» ex<*»d a fnw % per plan«. Tb« av«ragn hit multiplicity per detwrtor plane WHH
also monitored and did not sbow bürge fliictiiationti. Pig. 5.6 »bow* tb« total niimber of bit»
p«r event mummd omr th« 25 planen operating dnring a sp«t:ific nin. Tb« awrag« numbttr
of hita for 22k channels in 6.8 hitH/«vent.

Total »mtor «T hHf/«Tc«l

Figure 5.6: Ibtal hit mnltiplkhy for 25 LPS opnating pl>DM rinrlng K nin «rttb rolKding proton ut<l pmitmo

Short tnrm radiation damag« wan obserwd throiigb th« increait« of ktakag« ciirrent wb.il«
th« LPS was <:him to tbf bnarn, followml hy expcmential ann«aling omr th« tim« of a f«w

«xrn äs tb« detw:tors w«re mnved out or th« b«ajns r«movf<d fmm tbfi mailiin«.

5.3 Clustering and position reconstruction

Aftnr HuhtractMHi of misy and dtuid chaaneLs, adjai*ut hit strip» an* i-)iLst«r«d tog«th«r. Tb«
IH < alled a hit rliixtrr which is «ssigned a »Mtrdinat« valn« at tb« centw of its a>mpon«Dt

60

Ktripei. Sinr« hit cluster» only Biipply infi>rniatii>n in on« dimwwkm (rMtrpttndiciilar to th« «trip
Iwigth), they avxtd to h« comhined with at Inast on« rliiater from a different orientation to
get infonnation in two dimenmonal c<M>rdiDat« itpac«. Tb« mimbtr of clmters ptr «wnt for
one plan« of tb« «p«ctrom«t«r ix shdWD in Fig. 5.7a Snr a ««Iwiioa of random trigger». Th«
dominant a>mpooeat »AD h« fitted to a PO!MM>D distrihtition and reprww-nts th« av«rag« nois«
in tb« d«t«c:tor. Tb« m«aa valim of letui than one diisUtr p«r «v«nt indiraU« that tb« no»«
l«vel » fairly low. Th« tail towanfa higher valmw b«longti to nbowen g«n«rat«d hy beam gas

or hy tb« hwun scmping again«t th« heam
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Figur« 5.7: (a) Nnmbn of cln-iMn pm frrnt for a wlMlioo of ranilom trigg«n ÖD oor of the pluint of 54.,.
Tbe dominMt Poiüion componrat » diie to the Aftrrtot noiw white thr Uil nn bc rttrihntad to Hbowrn
origioMing from b**m gw «nd b««fn srmptng interartloiu. (b) Diffrawir« brtwn-n tb« du««« pcMjtwn on
two 55., ptaiM with tb« wne oriraution. Tb« nurow pnak in unodAtnl with clintm b^loogtag to tbc mm*
trark ivginrat. Tb« harkgrouiirf n of a combiiutorial nttmp. P«in of rJinten v« matdi«! if thnr iti*Un<*
io tetton of strip unit» n )PM than 2. S from tb« (»nter of tb« ptak. Mimlignmrat rffi-rts bitwmi tb« i

nu.« • flhift of th« p*«k pMttion.

Coordinatwt ar« lfM'jtt«d in «ach pot, tb« first st**p in to onmhin« matfiiing iJnst*-rn in
difi«r«nt planm of th« Kam« orimtatioa. Sint* a tratet rn«s«s th« fax dftw.Utrs io th« pot at
an angle p«rp«ndiciilar to tb« mirfac« (th« dwpersion for tradui (»ming from tb« interartion
v«rt«x in wtimated to h« of tb« order of a few mrad) tb« mgnal will he recorded on tb« mun«
strip for plannt witb id«ntk:al strip orkfntatitm (tnodulo rHtidiial alignmeut unt:«rtaintiMi), äs
CMR h« rnstn in Pig. 5.7h, wh«r« th« difT«ren<» betwwn th« ptuitkin of dmteni rw:oostnK:ted
in twi> plann« of th« saine ori«ntation in plottnd against th« »trip mimh«r If a matrh is foinid
it replar«R th« pair of rliister* it original*« fn>m. Tb« coordinatm ar« «valiiated by iteratkm
ov«r matrh«R and clnstsrs in planes with diff«r«nt ori«ntation. A qiiality <a>d« in amigned
to eaib »x>rdinate proportional to th« mimh«r of pkn«H involwd in itH m:onHtnn:tion and
all hut tbe bigbeit t«n randidatas p«r cvwnt ant diwiardpH, TW remaining ar« fit iising th«
strip «qnatkins (whirh identify tb« <»nter of eadi strip in tlin spar* transwnw to tb« h^jun
direction) to prodm^e position in i and y {in th« ZEUS nMtrdinat« wystwn) aiid, if thw« is
enotigb infiMTnation, tb« traiJt ditw:tjon dx/dz and dy/dz at the positkm, z, at th« <»nt«*r of
th« pot. Momtwr, siiic*1 th« «p and dmvn pots partiaJly overlap, if two 4'jiordinatHK are fonnd
i» th«s« two potü on« global fit is p«rfonn«d ovcr th« commou <:lnst«rs and th« »Mtrdiiiat«
is atHignixl a z poRitkm rormtponding to tb« i^nter of th« pots. Tht* T. and |/ position of
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coordinates whkh paus the ritt oti the qiiality code is ahown in Fig. 5.8, where the profile of
the detectoni ix drewn to gnide th« eye. Thtt two areaa with bigbest roiHXintration of hitn in
the inrneni of «ach detector rorreüpond ttt TL ~ l tradui {wbkh have a ttpatial dntrihutkm
rentered amiind tbn beam). TnuJts with lower longitudinal momentum am deftacted Urwards
positiv« y valtH» hy tbe bending dipolna positjoned between S4 and SS (see chapter 3). Tb«
uhrinkage in x of tbe bit diKtrihutinn in S6 with renpect to SS ia du« t» the fociising «ffectH
of quadnipolm on km XL tradu.

-«0
-SO -25 25 SO

x(mm)

Figiire 5.8: PmKira of m»iwtnirt«l roordinat*» in ntationa S4 (•), SS (h) ajtd SG (r) whkb pam the rat oa

the qiialfy rode and wmild thfmfof* be nsed hy the trarking ahjorithm. Th« piofile of tfae dtttetar'* artive

am in the np and down pot« h mpoinpowid. The n&mux franw hM th* porith« x dirfctjoo pcnntlng

toward» the tratet öl tbs HERA ring anl the origin in the posrtkm of tbe nominal proton hrarn (i.«, the

Uajrrtory of * 82001' proton with xno transvem momratiim at the intarartioa vertax) «t Mrh ütatioa.
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5.4 Two Station correlations and momentum reconstruction

Two lndep*-ndent Iin«tar matrbt eqnatioDS (bKam transport eqikation») <:an b« written h> relat«
th« h«»riiootal and wrtk-jtl (»ordinatra of the trat* at a giveu Station to th« pomtionf) and
angle« ({o, Q,) of tbe tmck leaving the iuterai:tion point (at 2 = 0):

(5.2)

(t is tbe horizontal or vertical oix>rdinate of a tnwi at Station k and (i = tt£i/dZ is ita
slope at that Htation relativ« to the minimal beam direction. Tbe transport matrbt efements
n»; are known fimctioas of XL and descrihe tbe enect of all tbe quadriipoles and drift lengths.
The vector b, also a fnnction of TL. represents the deflection by all the dipoles (and of the
qnadntpolett wben the magnetk: axis dties not coindde with tbe beam trajectory). Eq 5.2 in a
linear eqiiation, since tbe HERA magnets are dwtigned to produce fields inside the heampipe
that diwJy approxiinate ideal qnadrnpole and bending fields. By rewriting eq 5.2 for a pair
ftf pota (a, t) and elimiuatiag ̂  = 0, it is possihle to construrt a set of linear equations that
relate tbe intersectkin in x and y of a track in a and b:

- _ .*•*(.. \  i  D**r_ ._ \. H
** "t V*tJ*« " Ot \XI,XQ), {•*•")

where A** aud A** depend on T.L throngh the matrix element» m* and mb while flj* and
flj* are fnnctions also of the vertrat position. Except for tbeir oummon XL dependence tbe x
aud y Holutionsareindependent. If drawn in the onordinates spai* (x„r.t) or (I/O,IA) eq». 5.4
form a line. Assmming that tnuJm originale fntm a «immon vertex (tbns ßxing (XQ, y^)) e«:h
valne of XL prodnces a imtqtie linn in theae ooordinates plane. The correlation hetween tbe hit
coordinatea in 84 aud SS is sbown äs an example in tbe horizontal (Fig. 5.9) and vertiuü plane
(Fig. 5.10) together with some of tbe XL Solutions. If the horiionta! and verticjJ pnijections
of one pair of «mrdinates measiired in two pot« rat on one of tbese lines the uwrdiiiates
are consistent with heing generated hy a proton of that XL- This (»Mrelation was iised (mw
for example one of tbe momentum luUibrationn desr-ribed below) in order to selwi aamplen of
XL = l («lastic and diffractive) tratjw.

Tbe LPS recnnstnKÜon (»de iwes eqn. 5.4 to (»mhine pairs of «xiordinates from different
pots. A set of trannport matri<*s for every pot at fixed intervals of XL w bitilt in the fonn of
a k>ok np tabk* and the pomtioi» of aNMtlinatm are then checked to see if tbey trit between
two adjacent lines. If so, the distam» to th« two lines w used in a linear extrapolation to
predict tbe vatiie of XL (for a (^mplete dÜKussion se« [63])-

Traiis that hit three pots are identifieH and a XL solntion is derived for ejujj of the
roordinates pairs whkii share tbe nune hita. If tbe XL Solutions are compatihfe within ern>nt
tbe average XL in nsed in eq. 5.2 to estimate the traijt transvenw momentum «>mponents at
tbe interaiiion vertex for «ach roordinate. If tbe transverse momenta of th« three (»Mirdinateit
are rompatihle witbin errors then tbe »K>rdinates are »>inbined into a trai-Jc. R>r tnuJts that
bit two pota th« transverse momentum components are «xtracted for tbe two (»ordinates
in the pair and compared. If tbey agree within emire, th« (»Mirdinate« are combineH into
tnwi«, To produt% tbe brat estimate of the tradt parameters a formal track nttiug methixl
(X3 minimisation) was used ((85]).
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Since tbe LPS hu a moving set-iip, and it i« moved in ponition at tbe beginnjog of eai:h
nin, tbe alignment n nenmtive to tbe prw:ink>n of tbe ponitioning System of tbe pota. Pols
were i:atihrated neveral timea diiring data taking. A maximnm calibratkra ofbttt of 30/tm in
the $ direction wa* lonnd diiring 1994 data taking for all pota «xcept for S6 down which was
fbnnd on two occaftioin to he miiK&lihrated by 200/jm [88].

Finally, on« ha« to align the npectrometer relative to tbe ZEUS reference ttyntem, i.e. to
calibrate tbe LPS in p, with respect to ZEUS. This means that in order to determine tbe pl of
tbe track reconstnicted in tbe LPS one hau to know wbere the b«am was lf>cated relativ« to
tb« LPS. Once tbw ponition i« detennined, one can nalmlate tbe p( of tbe track in Ihn beam
reference fram« by wring tbe beam trannport equationn, in conjuiwtion with the meatnired
vertrat position.

Photopnxliiction of elantk: />°H uAen* a powerful tool fw aligning the LPS with n»p«:t to
tbe ZEUS referenoH System |90). For exdiuive pnxluction of vector mtaonfl the fractional
nu>m«ntnm XL carried hy tbe ontgoing ptoton w related to tbe mann of tbe prodnced vwctor
meflon and to tn« virtitality, ( f , by tbe ralation:

(5.5)
W"

wbüre m\' in tb« vwctor mewm mass, pr üt the tranHVKrne inomentum of tbe outgoing proton
and W w the 7*p center of man eaergy. In pbotoprodw:tion Q* a 0 swi tbat for racrliwivw
Produktion of ff*, l —XL fa 10"*. XL i» tbwrnfore known in *wh proonmfüi with an nnixrtMnty
lern than the Hpectromttter renoliitkm. In tbelimitQ1 -» 0 tb« trannvente momentum of thep"
balaw^oi th« tr&naverw momentum of tb« pn>ton and i« ther«foK linearly correlated («q 5.2)
to tbe hit pontioiM in the LPS pota. Tb« (f transverae momentum w determined througb
tbe mcAsurement of tbe two decay piom in the CTD with tbe ciitti detn:rib«d in [89],

An example of tbe calibratioii pnM^dure in giv«n in Fig. 5.12, where pt and p, of the
p° reuinstmcted in tbe CTD are plotted vermifl the hit p«ffltiona of the proton detacted in
the LPS. Tbe hatt&ed band represents a two sigma cut anmnd tb« nwdüm line of tbe pointn
(the ttlope in fixed by tb« beam transport matrix) to rwject multiple «ÄtU-ring and unphysical
«wnts. Tbe üelected pointn are then nt-fitted and tbe httani ponitkin i» detennined from
interpoUtkm of the fitted line at p, = 0 and p, = 0 (R«« Fig. 5.13).

Figur« 5.12: Goml«tion b«twm thetmninvrwniomcntiimrompoDentiof th«/>° M mramrri) hy tb«CTD
»ml tb« * Uit y roonliaktM pmitian* nunmiml m S4,f. Th« whlth of the TMK!U*I dktribntioo traind th*
hui mnliKD (M Akowa m tbe pirtum on th* Ml) n ilomin*mt hy ihr rmitttuiM of the h«am. Tb« rfutttat
haod rormpoiuh to a 2rr eilt aronnd the merlian.

Tb« beam pomtktns are record«d for every riin and iiaed for the tnuinport eqiiation.s by
tbe tvconntrnction pnigram.

5.5.2 Method II

Tradui an» iwed in this method to align tbe potn relative to «ach oth«r (and with tb« int«r-
artion wrhoc, thiu fixing tbe momentum scjtif.) and to align the üpwirometer relativ« to tb«
main ZEUS detertor. The in«thod pnx^eds an follow».

TratJcs travenung the region in whidi the ai'tive areas of the detector« in the »pper and
lower pota of a «tatkm overlap are itsed to align tlte detectont inside a pot a« well a« to fix
the relativ« positions of the itpper and lower halvett of a Station. Siww Station« are ratber
compact (13 <:m along the z axis), thi« alignment cau h« done qnite preciwtly.

Tb« relativ« alignment of tbe S4, S5 and 36 Station» in tbe borizontal, non-bendiug plane
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produuxl hy traita acuirding to th« efficiency values determined fnim tb« 1994 data (details
i-.ua he found in [85]). Th« «ra«:i«ncy an a fitnctk>n of plan« numher n shown in Fig. 5.15,
where th« nin bau been divtded intu 5 nm p«riod«. Pbuit! 40 (S5 down) was op«rating well
fnr Ihn first two nin periods, bnt lind a digital faihire dnring tb« tbird and was off during
tb« ladt two pmod». Tbe knwr bias voltagt» in 86 b «xpwctad to b« tb« rwiMt fi* tbeir kwer
eraciency.

Tb« nois« n mmiilated by randomly generating for «ach plan« in «ach «v«nt n nois« hits
amvding to a Pofawon dtstributktn with m«an value det«rmined hy wttacting and fitting FLT
pass-tbmngh «wnte in proportion to th« LPS luminosity (after removal of h«am hak> tradcs
and showera). Thw prodiictM noiae in pntportioo U> tbe tttripti area, which is ia>nsiHt«nt witb
both Synchrotron radiatk>n, becau.se th« sourc«s an* diffuse, and «l«ctron nois«, which in
pn>portk>nal to tbe strip'« capadtanc«.

Th« eftect of clust«ring, wbere a track produces hitti in mor« tban on« strip, caa he <wiRed
by two aoiiru«: ekrtronk miss-talk or cbarg« sharing. Th« form«r «fT«:t d«grad«s retolution
and th« bitter enhanct» it. Both eflects are d«s<:rih«d in th« Simulation hy randomly adding
on« or two RtripH to «Über side of tbe dtister amouated with tbe tradt {(Tom-Ulk) abd hy
«xt«nduig tbe dmter npaa hy a imifiirm amtnint on both Hidwt (charg« ttharing).

Tb« rdimilation of tbe mippnmon of dead and nohy dianneln i» performed in th« recon-
HtriKtion program, aixording to a channel Ust whiti w d«t«nnin«d at th« beginning of «ai:h

5.6.3 Beam Simulation

Sinx» the LPS meaaiireB tnuJt quantities with n«p«i:t to th« nominal proton beam dirwHion
wx;itrate)timiilatioiifloftbe wrtHX position, VHrtwt«is«, protoa heam tut and pn>ton «mittani«
ar« «Mt(«tttial. Tb« parameUwn nned by tb« braun nimuUtion, detenninod from data, arc:

• A nwan vwtex ptwition of x = 0.139 cm and y = -0.129 cm fi>r tbe ponitron mnning
in 1994.

• A wrtex Gaiwiian widtb of ix — 0.033 cm and Sy = 0.009 an (botb vertfjc pmiition
and widtb ar« d«termiD«d by tb« «itrapolation to th« v«rt«x of those tradu whiii gjv«
a cnntädence of thre« LPS stations).

» A proton (warn tilt of p, = -16 M«V and p» = -109 M«V (if th« h«am w traveling at
an angte throiigh ZEUS, thw prodmwn an absolut« pr "ffiwt in tb« LPS).

• An «mittance of Gatitwian wtdth &pf = 40 MeV and 6p, = 90 M«V {large «nough to
dominat« tb« pr nwolutkin of tb« LPS).

5.6.4 Compariaon with data

An «xUnixive f«mpartHon of dt*p in«laittii: diffrartiv« data and Monte Cark> in pnnented in
chapt«r 6. In partknilar th« pr and th« VKrtux (th« bater «hown b«n- in Fig 5.16) dintribiition»
are w«ll ntprodtKaxl confirming tbe intKgrity of tb« huam simulatioii.

Th« dintrihution of th« distan«- of «ai^ fittnd tnui to th« cliwwit b«am ap«rt»r« atong
ib path ia sbown in Fig 5.17. Tbe pxxi agrwnwnt obmTv«d between data and Mimte Carlo
confirms the prKtjaiou of th« Simulation of tb« bttam ap«rtur«s.
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5.7 Data format

Tb« LPS rws»n»trui:t«d data and th« varioiis nmstants us«d hy both tbe r«*>nstriirtion and
tb« ximtilatkm pnvgram an- storwl in ADAMO [78] tabl«s whone format i» sp«:ified hy tb«
Data Definition Langiiag« (DDL) ttyntax, whkh Ls the sonn* for th« description of th« th«
whole ZEUS data structure. Th« ADAMO »trw:tur«, d«v«k>p«d at CERN by th« ALEPH
collahoration, pnnrid«H a nimpl« framework for th« manag«m«ut of data stnictunw, tbeir defi-
nition, storage and handling throiigh a FORTAN program. Evwry structnm rxa h« synUsiwd
into a gnmp of «ntiti«», charact«ru«d hy attrihutus and link«d among th«mwlvHS hy retationti.

Tb« LPS data strurtiir« & suhdividud in various «ntiti«H whicJi tränt tb« different pbaw«
of tkt» re»>nstnu:tion algi>ritbm:

• Clusten (LPCLUS table): gnmpw of adjai:Hut frtripH giving a signal on a singl«
plan«. Tbe attribiit«» ar« tbe position of tb« <:«nt«r of th« chiNt«r in Htrip nnits (poa),
th« diLster width (width) and the plan« nnmbnr (nr).

• Coordinates (LPCOOR table): gnnipn of <:lnst«rs in Station st« which gives riw
to a tradt HRgm«nt. Othw attrihntws ara th« ponition (hit) and orinntation (alp) of
th« tnu-k ttegment and tbe nnmh«r of planes involml (Npla). Tb« attrihnt« Mtch
indk-Atm if tb« »Mtrdioat« bau b««n obtained by matciiing two pots aiid in this uwe
Chisq givHs th« x3 "f ^b« fit.

• Tracks (LPTRA.K table): th« attrihntes are the mom«ntum (p), th« vertwc position
(vtx), tb« (»variara» matrix of tb« fit (cov), th« x3 <>? ^b« trwJc (Cbisq), th« numh«r
of degr««H of fn*dom (Ndof), tb« total numb«r of bit planes (Nhit) and tb« ninnher
of planes tbe track «hoiiM hav« bit (Ntot) on th« hasis of th« fit mnilt.

Tm» additional tahles (LPCLO and LPCOTR) iwlate the abov« entities.

Th« amstants us«d by th« mainstrwiion pn>gram and by tbe simuUtion t-jat h« divid«d
in two i^tegork«:

• Conditkm constants: rontain informatHm on the statns of tbe d*^t«:tor and are
ov«rwritten in tbe oa:nnm<:« of a hardwan« cJiange whicJi tt»M l«ad to a Variation in
th« data taking «ffid«n<:y or in th« traiJc rKconstruction. There are two s«tn of (»nstants,
one fi>r th« data and on« for the Mont« Carlo.

• Calibration constants: contain the Parameters which (Jiaiige on a nin hy run banis,
or «v«n within a run.

Tbe condition »instauts for tbe data are stored in tbe following tabl«s:

• LPCONF (detector »mogiiration). Thw tabl« »mtaiai tbe list of th« DTSC« read out
for eai^i of the planes together with a pointer U) tb« d«ad and noisy r^annebi Ust.

• LPNLST (noisy i:bannels list) with the diann«Ls «acoded ax fcir tbe online acquütition
pn>grams.
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• LPDLST (dutd chjmwls list). Same an abov«.

• LP3UHV (dfitM:tor siirvey). It ramfaüiw the ponition and orientation of «ach of tbe
LPS Hilicon plant* tbnmgb a parametrisation whkh in ralltMl tb« *ntrip «qiiation" .

A mirror stnHiiire exists for tb« Monte Carlo:

• LPCON (deUaior configiiration).

• LPMNLS (noisy chann«ls liitt).

• LPMDLS (d«ad diann«lii lixt).

• LPMPOS (motor ponitioiui), In thia tabl« u« ntored tb« motor positions for the
Simulation of tbe LPS Station«.

• LPDETC (parametern for the Simulation of tb« d«t«i:toi ruspoo»)). It containn the
constantn mod to nimiilat« tbt» «fficiency, charg« sharing, cxot« t&lk and nois« for nach
plane of tb« npwtroimter.

The ivüihration «»mtants an; storwl in th« tahlns:

• LPEVTR (main indoc). Tbi« tabküt ixmtaimt a riin lüt and foc tau-h nm tbe list of
«venbi mihiDunpk». Eaii one in related with tb« thre« tabhn LPMOTR, LPBEAM
and LPCALB

• LPMOTR (motor positiona). In tbü tahküt ant ntoted all th« punitioiu of tb« mottro
(nine in/ont movemünttt and nine lateral mownwnts) of tb« LPS pots.

• LPBEAM (HERA panunKtent). It mntain» a seri«s of panunetRra u>ODw:t«d to tbe
mm ihine statiu:

1. Awrag« inirrent in th« magnetB iwed hy tbe r«»>nHtriii:tion.

2. AvHrage heun ponition at th« 8 h«am ponition monitoni locatnd along tbe proton
heam in ÜK qiuwirant of the ring occiipind by tbe LPS.

3. Horizontal and vertical (Jigntnent »instantn for th« qiiadrnpol«n hetwewn th« in-
tera<:tion point and th« last of tbe LPS Station«.

4. Av«rage v«rtex ptwition obtained in tbe alignment and calihration of tbe spec-
tronwter.

5. Aventge borieontal and VHrtk»! angl« of tb« proton b«am at th« interaction poiot.

• LPCALB (p" nüihration). H«r« are stonw) tb« rwnlts of tbe uilibration dw«:rih«d in
5.5.1 with the relative errors.

In 1994 foiir (Kondition configtitHlions »>rrKHpond«nt to major <Jiang«K in the bardware
statns of the d«t«ctor wen* d«fin«d tog«tb«r with 352 different sets of (alibration tatnstantn.
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Figure 5.14: Ovnvirw r>( thp LPS GBANT Gwmrtry Drnm hy CEANT « an u/t vwr of th^ HERA
bf-wnKnf from fivr to 90 mrtm Marting «t thr bm-n right ud rontiniiing along thr top, Ihr gramrtry w
I|J«WB twtc?, hotb nt th* normal scali- (undn tudn) and with the vntiral srnlc ntAggmtttHl to nbow morr
itftail. The »ix LPS nationn an.i rarii m»«Drt WP |nh*1W. Thf uh valura «* in mrtm from th^ i
point.
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• Run 95W-970Ö

A Run98W-988r
Y Run <*fW9-W2?
O RunlMIMOUW

4S N 55
Plane Number

5-15: Singlr hit rfffeirary M * fiioctkn of plane nnmbm

Jt

l»

04
i^LPS

Pigiire 5.16: Du« (doU) ud MC {wlkt liw) dMtnhmioiui of tbr K ud y vtrrt« po-utions (in cm) «
flrtwoiioM by tbr nrtrapolatioa of traria ronMpondinj to thnw ütethMut coiBridracM. Tb« data «vrat.1
ramspond to nie 9720, wboar mnfigitntkn i« implmwiitfd in thr> Moot*- Carlo üimulttioo.
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Flglint 5.17: Tbc ttbtribntion af thp disUnw of rarh fitud trirk to ihr clow-rt b*am apratunt (in mm) far
data (dota) moA MonU Carlo (»olid ttn*).



Chapter 6

Event selection

In th« folkwing, Ihn backgnmnds to the n«k*:tion of deep in«lantic dmWtiw «vwnta are listed
in decreMiing order of importanc«, togeth«r with tb« kfentifif:ation and rejw:tk>n mt-tbods [95,
96, 98]. Altbongb th« d«M:ription will <x>m:«ntnUe on tb« detaib of th« 1994 data »electkra
and backgniimd tnibtrailion {with particiilar emphaws to tbe LPS) tbe harne f«atnn* an*
rummon to the analyrin of tbe 1993 data, whkh wiU he »nvred in <:banter 9.

6.1 Background subtraction in the DIS sample

6.1.1 Non-ep backgrounda

• Tb« tnajority of th« events wh«r« tbe pn>ton heam int«racts witb th« mikliial gas in tbe
bwun pipe ara removed by applying a <:nt on the calorimeter timing. An ditwiiimd in
chapter l, tbe pU«ti<: M:intillator tik» iised in «Uorimeter pnmde tbe tinw of th« «n«rgy
deporit with a nanliitkm of l ns. M«an timen are «üaikted, &>r «ach of tb« thrtw part«
i>f th« calorinwter, FCAL BCAL and RCAL nsing the en«rgy weighted av«rage of all
tb« photomultiplkr« (PMTa) bekmging to tbat part of tbe «3Üorim«ter {th« tinw fnr
mrh individiial (*11 in detennined fn>m th« two PMTn reading th« cüll).
Tbe titning mwwurumunt in i^lihrated with rwnpw-t h> tbe HERA ckxk smii that «tlli-
KIOIW iMiciirring at th« nominal intarai-tiim point, z =s 0, cxumpond to t=0 n» both in
FCAL and in RCAL, a» ühiHtrated in Fig 6.1a. Proton-bwun gas ewnts whk-J) ou:iir
iipNtnuun givü rise to a nhower of partk^tes in th« forward dinc:tion (Fig 6.1b). Sin«»
th« interactkm nnidinting th«m tak«fl pbu* early (bttfitre the pniton hunch reachw thf*
interaction ivgion) th« tjme at whkJi parti<:l«H am depcwitttd in RCAL peakn at n«gatiw
valne«, anmnd -10 n».

inlwactions whi(Ji dt> not depiwit ünergy in the FCAL canuot h« removtxl
by the timing <mts, sin«« th« int«ractk>n prodiu:tn rw«Ji th« RCAL in tim« with the
«tairon. Th« cnnUuninatiim fntm both proton and «l«:tron RHS t-wuts in th« final
tvunple fjat b« «valnated by stndying the iinpaired biinche«, nspw:tiv«ly »»-pilot and
p-pilot biintlies. A statisticjd estimat« r^n he ohUtint^ hy wwghting the »nmber of
cvt-nLs originaling fn>m nnpaired bnnchts siirviving tbe M?k*:tiiHi nits with tb« ratki of
the current in the rp hiint^beH to tlic ptlot ones.
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FCAL

f-gnbaekgnmttä

RCAL RCAL

Figur« 6.1: Uw of tb» c*kmmMn timing for dtotingiiifthiiig hHm*o rpralli-öcnuat thr nomiiuü
n-gion «nd iip(Krr«m b««n-gafl in

• Int«nu;tk)nfl of the proton b«am halo with tb« heampip« walbi or objtx:tti i:lose to tbe
b«am line and hak) miionfl originating from np«trwun proton beam interactioti« are

nigh th«ir c^anwluristH; pattern of «nergy depwition in th« rjikirinM-ter.

Cosmic mm>na traversing tb« ZEUS det«<:tor ii«iially h«have like minimum ionuing par-
tirles and th«n>f»n; deponit energy nnifonnly akmg a straight lin« thnnigh tb« calorime-
ter. Th«nt are t-Msm hownwr whi>n th« mnon vjut radiat« a photon via hremwitnihtiing
and l«ave an «nergy deponit in the EMC «w:tkm of th« <uik>riin«ter whki are tbfjrefore
not VHtoed by auch algorithm. Costnk rejnctkm algorithms [94] hav« bewi devRloped
and applied at the trigger and tb« offline Invel. Th« hasic princ:iplm of thww algorithms
are siimmarim>d beknr. An event is s«l«i:t«d äs a cosmk: t^uididat« if any on« of tbe
folkwiag »>nditk>nü applw«:

1. If tbe majority of tbe <:ali*im«t«r «n«rgy d«p<Kat.s and bit celln hekmgü to th«
candidate.

2. If a »traight lin« <uui b« fitt«d throngh th« hit (*Ua and tbe rwxmtitnictwi traiJtn
mabii that line.

3. If th«re is a timing mismaUih b«tw««u tbe npp«r and k>w«r half of th« t:alorimeU!r
and if th« cwU p»wition i»t trtrongly M>rrelat«d wjth th« <-*tll tim«.

ic radiation «wnts «uui nev«rth«lraH remain nnid«utifi«d, Hp«cially if tbey overlap
with a physks «veut; tbeir rontrihntktii to th« final sample is «stinmt«d hy «<:aliiig tbe
obswwd number of «vnntK ow:iiring in empty hun<:h«s with th« ratio of paired to empty
hiinc&es.

6.1.2 Photoproduction background

The qnantity ^, defineH a.s th« total encrgy i>f th« event minus tlw total kingitndinal in
turn of th« «wnt,

77



J»+

*W

-
«

.
3

5
3

3
sr r 2 S i- 8
ö
 3

 l 
S

 
3

 .S
-

a.?

£jiA&i«s

At tbeHwa>üd
brantJi waH d

T
alori

-• T
 3 

sL 
2

siif s
""

 W

i!

av« been
> 5 GeV

X
 
T

£
 
l

«
'S

 
=•

•*"« 
«

«
3

-
 

1
-

iui 
!

i
*

a
51 

i
h
 
|

3b 
f

fp
 
i

15
 

l
£
 f 

3
a 

*. 
•<

!•! 
*

tsmZO

•» 
£.

5
 

I
S. 

3O

>
&

t- a.

Tb«
DIS
cnts02]

tuied i
tfl arefri?s?E E

l
 

£.
S

-1
*< 

s-
* S
?

 3

}l•T
 

s*

*! 3 S
.

l
lII

6.3 DIS event selection

effi
elet^

•33
.

•5"ll

Nnmber o^^5*Ba.£
.

s.ai

zimber of ctun|•<"3*1|;*a§

1i-5•<u

Number of12•Tft?Sx

Number—
t

*j>Ba.§•i

The quality o
purity whki

a par
are de

ikular alg
ned äs:

hmr5

hadronic cliixten). E
(mich an energy spre
and inolation) to pi<ip

rt

enr
fxatir tuws a »>ne algorit
ad arimnd tb« itwd cell,
i np the best candidate.

iit way all the frün
. The identified isl
ral network fbr cla.

ik•il
ii?rnÜ

-r 
S

a pointi
» whi<Ji are "e
(yition. The

f ixla
niKdia
igher

t
 

E
T

|
 S =

 
«• °

ä
 

R
 w

^•5 tr
i

-
f
r

^
 9
 -

a
p § 

*>
a. Z'
E

T
l*

*
Q

 S. ̂

f
|
|

a 
v 

a.
2 ?

«
*

 
O

,
.

' 
' °"

III
8
 
f

-
-

& B. !: g f- 1



and is thuntfi*« not sel«<:t«d hy th« abov« mentknwd triggers, in th» am« the SLT required
also an .OR. togbether witb th« «mdition ET > 25 GeV, where ET w tbe total tran«verse
enwrgy of th« ewnt. A third hranrh was kupt separate and prannaled fi« photoprodiittion
bwkgnmud studies (lower E-pt cut, at 15 GeV, tat fitting th« E-pt distribution). Common
to all brauch« wer« lore» i:alorim«t«r timing ciita and »park rejwiioo algorithnw. A »park
nsMlts from th« siidden diw-harg« b«tw«en a calorimeter PMT and ita shieMing. The rwinlting
signal appwant in only one of tb* two PMTs reading tbe i*ll, thereby giving rise to a large
imhalant:« between the two PMTs wbirh can be iMed for their removal. Sport algorithms
with tight«r ciits were ab» applit-d at the TLT Invel and in the offline selection.
At the thiid fevel trigger (TLT) the nuün brauch inwd in tbe foUowing analyiti» was:

• An .OR. of the FLTs mentioned abov« together with an E - pt > 35 GeV and an
efectron {.OR. of the LIM»! and El«:5 ek*:tron finden) with an enttrgy greatur tban 4

G«V.

R>r a oHrlain period of data-taking Ihn RCAL-tw« trigger wa» not working in one of the
towent (modiile 11) anitind tbe btuun-pipe. Thw nwiilted in a rednuxl rfficiencTy fiw triggering
an «lt*:tit>n in tbi« Uranr, altbongb the event <»nld Htill he triggured hy tb« hadmns in th«
ewnt. A cnt on tbe impact point »f the electron [100] on th« RCAL fau> wa« nude to wcdiKte
tbe anVct«d region, an nhown in Pig 6.2. With tbü same pnM»dnre the area corrcsponding
t» a dead phoUimultiplwr helow the bwun pip« was exclitded fn>m tb« entir« run ränge. The
nin d«pendence «f thit cnt is reprodiK^d in th» Monte Carlo hy weighting th« ewnta with
the relative Imninosity with whi(0i the problem ownired in real data. Runs where a
photomultiph'er {above th« beain pip«) fail«d U» wick were «xcliided from thi« analysia.

Figur« 6.2: SrAttrml ckrtron iaipart pmitinn w rM-Anstrnrtml for «-eots M>|prtnl hy th* SRTD fvilurial

nits i
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6.3.2 Uranium noise

A mt im the energy of iaobO«d iwlLs is applied in order to »mtaJn the «ffec:t of nraninm
indm»d nois« on tb« reoHnatriKÜcm of tb« kin«matk variabtßH [104, 105). Th« energy thrain-
old was determint*! by lcM>king at raudom trigg«rs with no ailÜding rwauis. Th« cAJorimeter
«nergy will h« («itered at annmd 0 GeV with mime spread, witb vulnnt varying for th« «k*-*
tnimagnetk: and badronic H«ctors. Th« threshokta applied wnre 80 MeV for »l«<:tromagnetir
and 120 M«V für hadronk; ty*Qn together with an imbajan«:« <:ut for ivllit witb energy J«w then
700 M«V. Tb« noisy OK!!» were «liminated b«fore rw^mstriKÜng th« kinematic variitbkw.

6.3.3 Selection cuts

Tbe DIS »election cutfl are tb« Standard nits uiwd for tb« stmctnre fimctkin analysw in
1994 [106]:

• DST bit 21 is reqiiired to be «et, <»irnwponding to th« trigger selection desoribed abow
together with strii:t«r timing aittt to rejw:t b«am-gas batJcgnnmd, «Mtmic» and baio
rnnons and a. E — pt + 2 * £IH«H« <:ilt «f ^5 G«V.

• Au «lertnm waH reqnired to be foimd by the Sinintra «lectron finder with a prohability
rut abov« 0.9.

• Th« «k-ctnni energy was «wrected iu<ing tb« SRTD Information inside tb« ana <«wrwd
hy tbe SRTD [101] (\ + \\< 32rm, \y\ 32rm), oiitsHe «nergy <x»rei:tit>ns wer« iim-d
fnr tb« calinim«t«r. A mt ou th« corrected «nergy of 8 GeV was then appU«d.

• Tb« eleiinin ptwition wa« retxiiistrncted iising the SRTD.
The pomtion re**>ostrnc:tion in reliahle in th« sqnare \ + 11 < 32rm, \y\ 32rm.
A nhift of th« CAL/SRTD positkm was ohtt«rvtxl by cximparing data and Monte Carlo
(6 mm for th« right sid«, 4 mm for the feft nid«). A «»rrection was therefore appüed to
tbedata
The meaHiir«m«nts of tbe scatterod ele(-trou energy and angle are affec-ted hy the po-
sitkm of th« el«i:tronugn«tü: rlitster in tb« calorimeter. In partii^iüar at tb« edges »f
tb« «aJorimeter annmd th« RCAL b«ampipe th« electnm shower is not fully i:ontaia«d,
HiK'-h that «nergy leakage inside th« beampipe will resnlt in a hiased r«constnK:tioD of
bot h tbe ektctnm energy and angle. Therefore n. box cnt around th« bejim pip« regioii
of |3=rt«e - xvll + 11 > 13̂ m .OR. In,!** ~ ijvti + 0-3| > I3rm was appli«d. An extra spät»
of Irm fn>m th« two SRTD gaps was mtclnded.
In regions ontside the SRTD the <^Iorim«t«r wa« iis«d t» rwxmstriH-t the electron ptwi-
tion. Appnncimately 85% of tb« data have a SRTD rwioiLstnicted electnm.

• In th« event tliat no vertejc VHS r«ta>nstriu:ted, the vertex was snt to th« avFrag« vaJue
of T.,it = O.lSrm, v,*, = —O.lartn and z,.lt = 3 n». No mt was appli«d on th« v«rt«x
Position.

• Th« E - pt of the event was r«rjnir«d to h* betuwen 35 a.iid 60 GnV.

• J/JB <-ut: althongli th« Jacqiiet-BkiiHlel metlmd (,IB) is not nsi-d for rei^onstriHiing
directly the kinenwtics of th« event (für the rw:onstni( ticin of UIK kiiieinatical variahlns
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refer to the folkiwing rhapter), tbe calciilatktn of tb« hadnm srattering angl« 7 iifl«d in
th« doiibte angle nwthod (DA) in twsed on the JB variables, i.«. (E-p,)*, pr». Events
with low valtteii of 7 have a poor renolntion in 7 and are titrongly affctted by uranium
indiKüd noiw in tbe calorimeter. Cons«qiiently in th« analysis a cut yjg > 0.03 was
applied. Tb« VJB in tb« Monte Carlo was properly itnwarwd with additkinal noise to
rcprodiK» th« dat* dintribiition.

• A tut on u, < 0.8 was applied t« rwnovw two clanten of «vtmts:

1. Fimtly, pbotoprodiMiion events, where a low energy hadronkdf'poHit in thetal<>rime-
ter in fatouly identifiwd an an «lectron fcading to largt? y (y > 0.9) valu«s.

2. Secondly, ISR «vent«, tb« crnwt sw:tion for wbkh M p«aked at high ye.

• A eilt on Q3 greater then 4GfV for both th» electron and tb« dounle-angle method
wafl appliod.

• A tight timiug eilt »n tb« abw>lut« RCAL and FCAL time and on th« absolut« differ-
KIIC« of th« average FCAL and RCAL timm wa» appli«d to supprem proton b«ain-gas
hac&ground. Th« tut wan plaixd at 6 tut i.«.:

6.4 LPS diffractive event selection and background

In order to s«l«;t a cJeaD sampl« of dinVai:tivü d««p inelantic «wnts, th« followmg nits wer«
applwd on tb« LPS det«:t«d ptott>n:

• [f moTB th«a itoK tra*4 per «vent is rw«nHtriK'tnd, tb« on« wbü^t cro«»«» the highrat
numher of plant» n iwl«ct«d. If two tnuJu <Tom an t-qiial niimb«r of planm, the one
with the low««t */faf H cbuwn.

• Tb« fractioniU longUndinal momcntiiin of tb« pniton XL > 0.95 in order to adeqtiatttly
separat« the diffractive peak. Non diffractiv« d««p ineUstk: evüntn with a high momen-
tnm leading partkle in4be proton fragmentatkm con« are «xpon«ntially mippnonwl, äs
«hown in Section 4.2. Manöver a cnt at 0.95 nwtricts th« m«Hitiir«niKnt to a ragk»n of
flat LPS acceptamw in the (XL, pr) plan« and enniires that, after integratii>n ovw t, tb«
imiiltant auwptani« in * L i» l"gely indeptuidtnit of tbe t dütrihution (Fig 6.3). Thia
utoditkm in «mential Ibr tb« determiuation of any t-int«grat«d nHamirttment, HIM^I äs
F^3\n lipper dit on XL of 1.02 (ii>rr»iponding to 5 a asuiiming o,t = 0.4%) was
appliud to mject imphynkal «venbt.

• For «ai-Ji tnufe a minimiim dütauc« of appn>ac:h to tb« beajn pipe of 500/tm was requirnd
to rejett «ventd wbnr« tb« proton conld hav« hit any tb« b«ani pipe wall and shf>w«r«d.
This ciit will be r«f«rred to «t tb« APire cnt («* Fig. 5.17).

• Th« X*/dof «f tb« tracJt wat) reqiiired to h« less tb«n 10.

• Acuton the total£+2*pI«f th«ttvent (> 1655 G«V) wan p«rform«d to «liminat« hali>
pnitons rKconKtrurtnd by tbe LPS in <»inc:id«nce with OIS «vents triggered by ZEUS
(this uit IH d«M:rib«d in detail in tb« suction beknv).

8 '

a.*-*

l«
Assumfng t distributed M e

b=I2

».T t.K U MS »-*

Figur« 6.3: *-intrgr*tnt LPS Bfr*pt*or» for 1994 ninüing H • fimrtion of TL calntlatrd with tbf
progrmm for two inpnt dirtribiitions with diffcmt t rirppn

6.4.1 Halo protona

Kalo pnitona represent one of tlw> maiii sourim of bfuiground in th« spectntmeter, original ing
prindpally fnim th« intenuiion of bwun protons with «ither th« residual gas innide the beam
pipe or tb« proton bwun <x>Uinuitf»s. These tra<Ju have energy <:kts« to the proton beam
energy anduuigivtt aHpnrioiLsij, = l signaJin th« LPSincoiiicidKtic« witb an «?p intera<;tion
triggered by the cwitral det«cton>. Sim* there in DO correlatioii {for th<s« «wnts) b«tw««n th«
LPS and the ZEUS triggernd physic» event, tb« total hadn>uic energy meaNiired in tb« emnt
is not necessarily ix>ns«rved. An eqnivalent of the E -p, variable in th« forward diraction i.e.
B+pt + 2»pf-p-v wh«r« E and p, are measiired by the (ajorinwterand pjrs' is ass«<:iat«d witb
th« proton CAU b« iised ti> cnt out »mh evnnts. If th« «wnt is fnlly »>utatn«d this qiiantity
shonld h« «qiial to 2 * Ef, i.e. 1640 GeV, whereas probm bearn halo «ventii tratJced by th«
LPS «Mild «x<»«d tbis v»liie. A tail of high E + pt + 2 « p%FS ewnls H indeed obm*rved in th«
data (Fig 6.4) and an upper tut of 1655 GeV (attonnting fiff th« resolution of tb« rnenfnired
p^ps) n applied. Tb« niimber and dintribiUkm of balo events with E + pt + 2 « pf" < 1655
G«V is «stimated in tb« folliiwing way:

• Th« pf s Distribution for unphysicjd «vents (E + p, + 2 * pfp s > 1655) and th«
taJorimKter E + p, distrihution for general DIS «wnts ar« sampled randomly to iT«at«
a E + p, + Z * pjpv dütrihiition for random DIS balo cnincidenc«».

• Th« ohH«rv«d data distribiition is fitted äs a weiglibtd niim of a diffractive MC (RAP-
GAP) and th« random toimädem:«» E + p, + 2 « p^FS distrihtitk>n» wbow absolut«
normalisatiim i» kept an a fr«« parameter (Fig 6.5). Civen th« weight of tb« lattar,
tb« p«nwntag« of random <»indden«:ea below 1655 GeV is extimated to b« 3.5 ± 0.6%.



Figur« 6.4: E + pt Y* *i fat tb* Amt* whkfa ahows a ctaw bw»d of «waM *t *L = 1 nncom-lmtwi with Ute

v*ltw of E -t- p: «i nmmred by th« calorlmetir.

Tbnw eventa can then h« ittwd a« a sampln of heam hakt «vent« and be statistkydly
mihtracttid from any phyuic» distribution.

6.4.2 DIS non dlffractive background

Sine* in the meamind x,Q* ränge the total deep inelastii; rnww nection in estim*t«i to be
about t«n timwi larger th«n the diffrw:tiv« on«, it üt imnortant tbat th« baiJcground from non
diffractiv« "normaT dt«p ioebuttü: ev«nts is kept »mall. In deep inelastic 7* - p m^ttaring
the atnirJt parton i» dtfl«:ted and it emerg«* from tb« protou r«mnant at an angle 6. The
difütrem* in pswiidorapidity i; betww-n the striK* parton and th« proton mnnant i» gävai by:

W xW
= V«'«« r.

))- Dlie b> tntt ")1»'"r s t ring »>nnm:ting tb« tttniiJc parton and the
proton remnant tb« raj>idity gap will b« filled with partirlnt in the hadnm»ation pnx«w.
The miiltiplicity of th*se hadrouti < n» > ini-rea»« fimter then tb« kmgUitdiaal säet nf tb«

ß*P.
< »* >> Ai( ~ln{-).

If w ftssutn« a PoLsmm distrihution, th« pn>hability i/'D/v of baving no particlnt in tb« gap
will b« very Rmall,

iu (imtra-st with the same pntbability for diffractivc «vents whiiJi is abnost r. iudependeiit.
It is poKsihle to estimate tli« survival probahility for dtvp inelastic non diffnu'tiv« eventx to

Figiire6.5: Th»i E+p, + 2*pf'a dtotribntion of ctat» (dot») a* a mim ofdüfrartw MC (RAPGAP in light
gniy) uul ruidomlr «unplrd halo «vmt« («Urk gi*y).

tb« requirement of a LPS high XL pn>ton by tttndying tbe XL spectra of DIS MC eventH.
Fig 6.6 Rhowü tb« recontitrw:ttKi XL distrihution fi>r non diffractiw DIS events g«n«rated
with AIUADNE (d««:rib«d in iJ>af>t«r 4} after tbe DIS and all hnt th« T,L LPS cuts. The
distribiition is imteml nt xt ~ 0.7 and tbe «vint&mioation to th« region of proton momenttim
0.95 < xi, < 1.02 in negligihle.

6.4.3 Double diasociation diffractlve contamination

Tb« mntrihution fnim diffractiv« pnHWse» wbere the nudeon HLss<x:iat«s iuto a »tat« of ma«H

can be «stimated by Monte Carlo Simulation. In thi» aualysis th« EPSOFT MC has bwn
iLwd (sw <jiapt«r 4 for a detailed d«s<:ription). The g«n«ration is hawd on a param«trieation
of the badronk: <TOSS »m-tion a(pp -> pN) at th« c«ntre of mass «n«rgy W and inmrpo-
rat«s a nuck-ouic inass spectnim of the form 1/A/J. In Fig. 6.6 the four nomponetiLs, single
di»«M:iation, doubl« dütMM;iation, pkm «erhänge and DIS non diflractive, are fitted to Ihn
observed data XL dwtrihiitiun and tbeir relative w«ights are estanlished. Au upp«r hound to
the doubl« dimoc-iative cniss s«i:tiou ha« b««n iuiposed from the jip scatteriiig twtimated ratio
of single to doubl« <rn»ss swtion ((T.S-D/^DD 5- 1.3 at < W >~ JOOGeV, npp«r boimd for the
fit (7.SD/(7O£) = 2). The contaminatinu fraction in given by:

= NDD (0.95 <XL< 1.02) ^
'

(6.1)
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Figur« 6.8: (•) Pkm «<±»Dg* ud (b) DM* rffart.

T.L cnt.
Th« x, Q* regions m(«t affraTtad by the DIS cuts ar« «hnwn in Fig. 6.9 (wbere the kinrawtk:»!

variable hav« heen imraatnicted with th« Hlwitnm m«tbod, MW chapter 7). Atwuming tb«
proton kin«nati(» can h« fiu:toriznd ont, th« LPS nits inflnem* nniformly th« *,Q* plane
and tbeir«flect on th«tprotim phaae spai* XL,J>T an;sbown in Fig. 6.10. After th« applkatkm
of all th« cuts 626 «veatü nunain fi>r the analysis.

Cut

DST.aDd.LPS
activity

box ciit
S cnt
E. cnt
I/e alt

timing cut
VJB eut
Q* cnt

upper s:/, cut
Inwwr it nit

)?/dof cut
E + Pi + 2 * p£p's cut

Reductioo after
thU cut

100%

53.3%
92.9%
77.5%
77.6%
98.3%
78.3%
60.2%

98.2%
21.5%
87.2%
78.5%
72%

Reduction after
all previoua cuts

100%

53.3%
52%

51.7%
51.5%
50.8%
37.7%
33.6%

33.1%
6.5%
5.2%
4.8%
3.7%

Events after all
previous cut«

16831

8978
8752
8694
8671
8551
6350
5650

5574
1104
870
808
626

Tahleö-1: Siimmnry of thf final »Irrtion
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• d) StruckQuorfc
: Scott« ring Angl*

10' 10 10* 10 10 10

Pigiire 7.2: hoBitm in «nwgy and «rattwing angle of tb« «Jfrtron and rtrndc quark in tb« *, Q* plane.

IntrkMfc good ranhrtion bi Khleved tf theiaolin«* ftntclaw togbrttr ninf* nwawrmurat error in Ei,*,, fand

7 Icad to mau nnenrtaiDtWH on * and (f. The diagonal Rtraigfat l in* rtprMmt» the tinrmatkal fimit y = 1.

7.1.2 Jacquet-Blondel method

Tbe event kinenutics txniM he in prindple b« raconHtrwted from th« nimmt jet «n«rgy (F)
and dimction (7). Howewr, in order to avoid any dept-ndence of tbe extracbxl variabk«
from thK Anal «täte fragmentatkm, mtparation hetwwm th« airrent and remnant j«tn and
neraitivity to partide \anna akmg the ftirward beam dir«:tion, tbe transven« monwntiini of
tb« hadnmk: System pr* am) thK dißerem* betwmn the energy and th« z comnoDent of tbe
badron flow (B - pt)fe are iinnd. Tbe reoinant Jet giws a »mall (»ntribntiou to th« above
variabl«8 an it i» mostly k«t in ihn ftwward beam pipe. Tb« munfltniction metnod bamd on
tbe ahove qiiantiti«« (JB) waH dewloped by Jacxfiiet and Blf>od«l (91] and it ha« to b« iitwd
wbHD tbe m-jdtvnd fepton is not ctetectud, e.g. in charged <-iirr«nt deep inelastic eventa or
pbotoprodiKikm eventa wbere tbe elwirnn in not detect«d in tb« LUMI. Simw th« remnant
j«t t» kwt in tb« bwun pip«, the tramvers« momentum pr k and th« diff«rentw (E - p, )h of
thK badron flow are appnntimateh/ eqiial t« tbone of tb« cnrnmt Jet, PTJ and (E ~ pt)j. Tbe

94

li.
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t • » — * 1 t f "" T^T*"̂ ^

Fignn» 7.3: Frartional resolut» äs of z and Q* w a fimrtion of E, Q1 and v fM th« eiertron mrthod. Tbe

dauhml horiaoiitkl Ihm inilirate deriatkNV« of ±20% from »ero.

cnrreut jet «n«rgy (F) and angle (7) c:an b« ret^tustnicted fmm pr K and (E - pt)k an followx:

Pr* -PTJ =F«in7, (7.8)

k

wber«:

and th« Miuns over h ritn over all final stnte hadrcras.
Th« defining formnl»« for th« kin«matii^ü variables ara:

2E

l -V« l -ff«

(7.10)

(7-11)



(7-12)

The contownt of nonstant scattered jet «nergy and angl« for tb« Jacqiwt-Blondel nvtboc) an
given by:

(7.13)

(7.14)

Th«»:attered j«t«nergy and angle i»»linesare sbownin Fig. 7.2c,d. Inormtrart to tb« eletiron
mntbod, resolution in z, n» determined from tb« acattered Jet energy, in gmd at high vahiea
of T. while it dtttarioratt« at IIIWCT x. Tbe d«p«iHfcnt» of TJ« and QjB on th«
«rnm of th« w:attered j«t «n«rgy F aod angl« 7 i» giv«n hy:

'f-Vd-H'teH-'-HT*IJB | \ V JB / \f / L * \-
(7.15)

(7.16)

Tb« n**>lutioQ in z for km y valin« dttpcnd» only on the wAlt«red j«t en«rgy
At high y, tb*> rwolntkm in x becomw* poor, du« to tbt- 1/(1 - j/) t«rm, in «xintnutt with th«
«lectnin müthod. Tbe Q1 n-«>hiti(in also detttrioratnt with incnauting y. Tb« mtolntion in x
is pixir at hoth knr and high valiun of 7, while the nfitolution in Q3 M aff«i;tw) by tbtt «TOT
on tbe «--attfiTHd Jet nagle only at k>w valiien of 7.

7.1.3 Double-Angte method

Tbe double angle (DA) method iisni tb« angb« 6e and 7 of tb« final «täte electmn and final
state badron flow, r**p«:tiv«ly. The dirn-tion of th« hadronii: enttrgy flow um h« ddined, in
ternw t»f pj-fc and (E-p() t, a«:

(7-17)

As eq. 7.17 shows, partk:leH with small Pr moving along the pn>ton direi^tion give negligihle
contrihntion and tberefore there w no need, in th« m»nstni<:tk>D of 7, to remove partk:les
bekinging ti> tbe pnrton remnant fragnnmtation1. Sim* 0^7 is amstnicted a« tb« ratkt of
tb« qiiantituw characterizing the hadn>n flow, it is ronseqiiently ind«pend«nt of fliKiiiatious
in the «nergy nwaHiirenwnt of tbe hadron fiow. Tb« eqnatk>nK üir tbe DA kiuenuUit» are:

+ros0r)
f - *in(9f + 7)'

(7-18)

'Thr mntrihiitioD h in Tttrt nrgligihlc with tnprrt to othf-r Miurn nf imcwlainty, Mirh M thf ralorimMn
norv, ftftn «pplying a Inwrr eilt on yja (i.r. (ja > 0 03) whirh «wJmln the kiw4n»tic«l rrgiaD with mAwronra
woüitivity to th* proton fr»gnifntation.
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iin{0g + 7))

(«n(Ö„ + 7)) ' '

Sim* th« DA fonniilae do not contain energy «xplicitly th«y are at first ocder independent of
«rroni in «n«rgy nteaminiinenta. The resf>lntion and biaa for x and Q* measnnxl witb tb« DA
method are nbowu in Fig. 7.4. A featnre cominon to both tbe «btctron and the doubl« angle
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Figur« 7.4: Frartional m«liitioii.i of * «nd Q1 M a funrtion of T, Q* «ml y tot tbf Uonblr anglr mrtbotl-
Th» iluhiMl horizontal l In« imlirttr drvi»tion» of ±20% from OTO.

methcxls is tbat hoth the rraolntion and blas in x is Wg*T than for Q*. In pHTtic.iilar n-gions
th« rtwolntiou in a; rew:h*ai valne» abtiv« 50% while th« Q'1 nwolution is lower thau 20% owr
tlw entirt> ränge »f th« measiirem«nt. The eletin>n method luu bw>n diost-n an thtt primary

mnthod for thts an«Jysis.

7.2 The kinematic distributions in Data and MC

The distribiition of th«^ z positton of the primary vertex is ius«d to «-t Uie ahwiliiU- normaliza-
tion «f the MC- The MC wrhoc distribntiim lias h«en rewnightH in ord»T to correctly sample
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from wlii« & MX in detarmined hy tb« definition MX TA = E% - p%. Th» mettmd in h«r«after
r«ferr«d an "triple anglti" m«tb»d, simw it reuen »n tb« m«atnirem«nt of 0/f, 0, and 7 {defiwxl
in«qn. 7.17). Tb« "tripleangle" Mx resoliition is approximately 40% and indep«nd«nt of Mx.
The recomtniction of Mx with th» mwthod » afftx:ted h«tb hy «nergy k»« in inactiv« material
in fmnt of tbe «adorimeter and hy «rrotn in tb« rxwitioo d«termination of th« hadronit. Monte
Carlo «tudies nhow that (Fig. 7.10) Mx tu nystematically nhift«d hy 10% to Inwer valiies. In
order to (»mpenaate for this nhift. a «wrwrtkra factor of 1.1 i» appli«d to tbe meaminxl nut»
whenever th« TA reurantriiction is used.

CoMtMt

MCM
SlgM

S99S. l »7

IMA
4.105»

-i -4 •* 4 .1
(M, „.-

Figlir« 7.10: Mx recoufttrurtten witb tbe TA wtbod. Tb« width of the dirtrihutioa giws tbe muhition an
th« IU«MUIM! MX «bite tt* BWUI nl» rixwm th« syatimBtinl nhift.

Method two (LPS)

MX caa h« omaptetely reconstnu^ed fnnn tbe proton and «lectron kin«mati(x iwing:

Mx = {l - *L)(W* + Q*-ml)-Q* + t, (7.23)

wh«re, in thin analyHW, z and Q3 baw biwn d«termin«d fnnn tbe ekx:tron nwthod. It is
therefor« ind«pendent of tb« (^üorim«t«r badronic «n«rgy «c^k*.

Fnim tbe abow fiwmiila nm IAO w* that:

(7.24)

such th&t tbe «rmr «D th« matat rH:i«stnirtk»n nwtbod btx»nu« large an XL -» | (region of
l«w massra).
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It JH th«rKfore «>nvenient to nse «ither one of tht* two rw:onstnn-tiim methodH hy ci«Jüng
tb« relative «rnv on th« mass rewmstnwlion ou an ev«nt hy «v«iit hasia. Neglecting nt* and
amnnting t in imuü] {tbe latt«r is a g»x>d appnntimation siocw t has to he l«« then l G«V in
order to h« within th« LPS arceptanctt, for valiit« of tbe manx ahove few G«V) «q. 7.23 rjtn
he rewritten äs:

MX = *V(1 - z - XL), (7.25)

l«ading to an «rror on th« Mx d«U>rmination of:

t7'2«)
wh«n>:

,,, , _a f

' '•2 '• 2
is tb« «rror on y coming from th« m«asnrttinent of tbe si^UterRd elnctron energy and angl«
with «rmrs *rc; and (ra_ resp«:tively. <rjt at i£, = l ha.s he«u «Htimated to h« 0.4% from the
widtb of photoproduction /i", ff ET. and (Ja. are meannred hy th« SRTD and their awrage VH!H«H
are, rrepectiwJy, 0.26>/£> and 2mrad. No corrttctionn ant applied to Mx tu determined by
th« LPS.

Criteria for the combiDed Mx reconstruction tnetbod

The crit«ria to select the inass m»n8triu:tion m«thod on au event hy ewnt hask are the
following:

• If ^f- is lesa tban 50% and 1M* rrt~Mju-.fi < j. M -
**£ MJ( fA

If AfJ LPS i» bigg«r th«n MX n,r = Mx LPS.

• If th« previotut two (»nditions du not ocrur: Mx n« = Mx TA .

Fig. 7.11 shows the regions of mass mv«red hy th« two recomitniction metbodfl if one
applws tbe ahove t«*k*:tion ccmditionn to th« MC. Tbe nuuw resolution an a func:tion of tbe
matt» valiw in sbown in Fig. 7.12. Th« resolntion, given hy tbe error Hars, w helnw 20% over
the «ntir« Mx ränge. In th« region wher« th« LPS given a reliahl« mKasur«m«nt (towardit
high Mx) tbe mean valu« of th« iw»>nfltnMied mass agrees well with tbe gen«rab>d on«. Tbe
ranobition in Mx iising tb« LPS akin« (<x|. 7.25) variea from 25% at M x = §GfV to 6% at
Mx = fSOGnV. Th« Mx dintrihittion for data and MC is sbown in Fig. 7.15.

Fig. 7.13 illnstratm tbe ränge in MX and W tnv«r«d by th« diffrartive «vnnts M>lei:t«d hy
thw analysis <nmpar«d with th« n-gkm popnlated by the DIS uon diffractive evenbi. DifTrao
tivH «ventfl are dintriontad rather nniformly in W. DIS non diffrartive «vent« ext«nd to Lirger
hadnmic mame», du« to the larg« badronM: energy a»MM:iated with th« proton fragnwntation
in tbe fi>rward direction.

7.3.3 ß and IIP

From Mx, (f and r. the variahl«n ß and T.IP ara detannined äs folloWH (negl««:ting t):

g-
' (7.27)
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Figur« 7.11: GramtMl vowu nraMtrucUd Mx, tb* Mark dow u« rvtot* wber* th* m*w »i

fiom tb« tripk ugfe fonnub whil* tbp p*y dots ramMpond to evrott witb • LPS ra»wrtniel*d num. Thr

gnwral twod n tbat kiw manr-i «r* brttn msMWtrwrtfd b> tb* TA rorthod ud bigh n»»*» by the LPS

m«h(n1.

x,P = |. (7.28)

Tb« frattion nf th« g«n«rated «vt-nts whi<:h paw the mtle<iion «:nte ad a fiinction of ß withown
in Fig. 7.14 wbwe a distimikm a mad« for events with a TA (solid lin«) «H- a LPS {dashed
lin«) rttconstnictHd mas«, Th« TA m«thod tands to «w«r tb« low Mx region (th«Offor« high
ß valiwa) whil« the LPS nwtbod populates tb« high Mx (km ß) regioa. Pig. 7.15 sbows
that th« ß and x,P data distributionfl ar« in very good agmwient with tb« MC predirtkras.
Tb« resoltitkm of thtat« variable will b« »inH)d«red in d«tail in chapU-r 9.

7.3.4 Tfaa«: the maximum pseudorapidity

Th« maximum pwiidorapity of an ewnt, ijmtl, vt d«fin«d an th« maximiun valu« of pmnidora-
pidity of all t^Unrim«t«r a>ndensat«< (i.«, tb« ps«ndorapidity of tb« hadnmir d«pcwit clornnt
to tb« outgoing proton directkm) witb «n«rgy gntater thao 400 M«V or alternatively of a
tnw* witb momtnitiim > 4QOM«;V/r. Th« pr«wn<» of «venta with a rapidity gap b«tw««n tb*
hadnmir final stat« and tb« outgoing proton is a ttignatiir« i>f a diffractiv« int«ra<:tkin. A eilt
on TJ™.I watt iwnl in tb« analyn» of 1993 data (äs disrussed in t:haptw 9), when th« LPS wa»
not availahl«, to inolat« diffractiv« «wnis. Fig. 7.16a shows th« ijm<J distribiition Fur data
and th«NZ MC whil« in Fig. 7.16h tb« data ar« amiparat with tb« siim of n singfe (NZ) aud
a dt>nbl« (EPSOFT) d»«M^atk>n MC, with tb« relativ« weights att detenniued hy tb« fit to
tb« TI distribiition d«siTib«d in <:hapt^r 6.

Th« dLsagmwnent, whicJi still «xists aftnr taking into ai^:o»nt hatJcgniund amtributktns,
Mich H.S doubl« dlsHociation evnnts, might b« HxplainKl if on« considers that th« nimmt MC

104

10 15 20 25 30 35 40

Figiire 7.12: Th« BOMB valu* of tbe diffrnnrp hrtwpwi nmmirrd ud g
Tta «TtkaJ MIW bwi «rnwot th*- RMS.

Mx M & fuortkia of

impl«m«ntation of th« Nikobwtv Zakbantv mod«l dfwx not contain tb« fragtnentatkm of th« qqg
fltictiiatkiaH »f th« pbotnn althongh it contains tb« appropriate paraai«trisatiim S>r tb« vnv»
flttctkm and it i» tbw«6irn missing a i:lam of Kv«nts pnawnt in th« data. Similar «mdiwions
can h« drawn fnim tb« »>mnan»>n of tb« data with th« RAPGAP MC (s** Fig. 7.17a,h).

Th« diotribiition of DIS uvwnts in the r}mar,xi plan« (Fig. 7.18) r.l«arly abow« a band of
diffractive «wntt at high valtws of XL i>xt«nd«<] owr a wid« tf^,,, rang«, w«U ««paraUtd fnan
th« main bnlk of pn>ton fragmentation ewnts whii-b popubit« th« reginn at low XL and bigh
ffm., valii«s.
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Chapter 8

Measurement of da/d\t\« first meatnirenwnt of th« t d«p«nd«n(»! of th« d««p in«la«tic dirtratüw tnws »wction in

prwwnted betw. Th« d«t«ction of tb« forward matt«r«d pmton with tb« LPS allown to (wl«:t a
ttampl« of evöiU witb a knv «stintated fr*:tion of haiJcgnntnd prtM*sses, both from diflractivw
excitation« of th« forward pmton and from otb«r Rtggwra ex<liang«i* rath«r than pom«nm
«xi:hangf!.

8.1 Acceptance

Tb« atmptawx in transvente monwntum pr and tht-refore t is limitwd by th« geom«triial
atx:«ptan(» of th« LPS [44, 83). Th« LPS ad*ptanc« in d»t«rmin«d hy th« gH>m«try tif tb«
h«am pipe and hy tb« ahape (priDcinally th« «lliptical eilt) of the trilicoii /i-strip d«t«(:toni.
Sim* tb« det«i:tor planra lyuinot b« poüitH>n«d in th« bwun, tb« ai:cKptanw vaonhra toward»
p, = pt = 0 (i.e. mnall valiim of pr and t). Far 100% «flwitnt deU-cton, x, = t traiJut, n»
b«am «mittanc« and no v«rt«x «pr«ad, tb« atxiwptance itt «Über 0% or 100% d«p«nding on th«
valikaofp, andpj. Tbe real sitiiatkmof (»lirmiit n not «> well defined, n«v«rtn«l«!R, atfbc«d
XL, th«r« ar« ontimtiihly two large region« in tb« p„ p, pbas« tipat» wher« tb« anwptano! ia
above 50%, an dbown in Fig. 8.ta,h hr XL = 0.97 and XL = l, respuctively.

Tb« pr atxMptanc» n ohtainttd by p«rfonning an integral over the polar angle in th« ptt

pg plane. Sine« th« int«gration spanü ovw nnmeaiiiirabl« regions tb« resnlting act^ptancx in
PT is ratber km (~ 6% at high TL)- Th« region of geonwtrk: aix^ptanc« kirger than 95% for
both p, > 0 and px < 0 map« into that of 0.25 < Pr £ 0.65 GeV and u not in«d in tb«
pn««nt analym AH mentioned in chapter 7, a kiwwr rut on XL i* appb«d to iscilat« diffractiv«
ewnts thin nwtrk:ting tb« meajmrenwnt to a XL, pr region of reanniahly flat anxptaiMx,
««« Fig. 8.2. FVw th« diffractiv« «venta K«l«(;t«d with r,L > 0.95, pr vari«n from Q.ZGeV* to

Th« p, and pt dislrihntkms of th« «ventti whi*Ji naiw tb« selw:tion aits d«tKTih«d in chapter
7 are »bown in Fig.8.3 n>mpar«d to tb« predictkrafl of two diffractive MO. The agr««n)«nt
betwnen data and MC Simulation nhows to b« raaKonably gcxid in both variahk«.

8.1.1 Run dependence

Tb« LPS Äci^ptana- d«p«nds OB tb« ponitkm of tb« detecttira dnring data taking (IM« i:hapt«r
5). Cons«qii«ntly nin-hy-nm a>rmik>n factont wure applied to »irrnct tb« data buJt to th«
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Figiir« 8.1: GramMrical LPS arrf>ptancr tot trwta witb a) TL = 0.97 «nil h) EL = l in thc p., p, plan*.
Tbm w« two ilistinrt iff ion* wbn* thi- •rrrptano- gom from wro to raliuw ahov» 95%. The plot ha» h*«i
obtainnl with thu mv of tbr Man<UlonR program BEAM9, wbxi indwlRi thr cÄfrtft of mnltiplf arattrriiig
and th* Tfrtn i

fixed detector configuration simnlatad in th« MC. In th« LPS Simulation prograin th« stations
hav« h««n pomtion«d according to th« valnt» of a particiilar nm whi<ji correspouds to th«
dornst Position to th« b«am (highest Hct^ptatH») «vw reacbed by th« LPS dnring tb« y«ar.
Afisuming tkat tb« sp**:trometer actttptanc« i» fartoruahl« into th« pnxtnct of two terms,
tb« firat rapreswiting tb« geonwtrkjd aweptani** and th« t«*:ond tb« effidt*D<;y of tb« track
m»nntrn<:tion algorithm, and tbat th« bitter in ind«p«iidt>nt of g«om«try Variation» sndi a«
tb« detectors potfitioning, tb«n a correction factor can h« «xtrart«d [108] hy ctimparing tb«
gHom«trii:al aixxptanc« of «v«ry run »mfignration witb th« on« simiiUt«d in tb« Monte Carli>.
Thia haa b««n done witb th« \im uf tb« standaloa« pnigram BEAM9 |84] and a wwgbt was
amiguRd to wwi evt-nt äs a functkin of tb« km«mati<aJ variables XL and PT and th« nm
aiiDib«r. Tb« mwtn valii« of th« winghtit an a fnnctk>n of pj- and XL is «bown in Fig. 8.4 and
Fig. 8.5. Tbwe i» not a »iguificAnt d«p«ud«n(» on pr or XL and tb« values ant abov« unity,
s]»* tb« sim»lat«d nm cornwponds to fartb«tit ins«tk>n pottition »f th« d«tM:ton inti> th«
b«am and th«refbr« to tb« tnaximnm acxwptan«« «v«r ivaiJied dnring tb« 1994 data takiiig. To
«valiiat« to tb« syst«matic «rror on tb« d«t«rmination of drr/d\t\g fnun tbc »mxrtainty
in th« «valnation of th« actxtptan«:« for ea«Ji individiial nm, an «v«nt hy «v«nt weightiug betör
was also appli«d to tb« data b«for« tb« aix^ptaiH« <«rrw;tioüs,

8.1.2 Reaolution and bin selection

Tb« nstolntioD on tb« ( m«asiir«nM*iit is dominated hy th« intrtnsk tnmswra« monwntiun
spread of th« ina>ming protou b«ain and is th«r«for« pniportionaJ to th« sqnare nxrt of th«
ktnun «mittantx. An «stimat« of this dinpemion <«n b« d«riv«d from a clai« of pnMMUM«,
nam«ly «buttit^lly photopntdiicml (f (s«« chaptur 5), wh«r« the x and y »>mpon«ntfl of th«
scattared pn>ton nMtm«ntnm i«n h« mwtsnrHd «i t her diractly fnim th« LPS or indirartly by
rwümatmcting the vector meson transvnnt« mom«ntum in th« CTD (whidh in th« liinit Q* « 0
balan<:«H tb« outgoing protou monwntiim). A ganssian fit to th« distrihution of tb« final stat«
total mom«uta, ohtain«d «.s a «um of tb« r. and y mom«ntnm utmpdiwnts an measured by
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Figur« 8.2: Gromrtrir.*! LPS ara*pt&nr* in the xt, pr plane for two or thnw stfttion* coineidrarM. Thf
solid Im* «ndoM« tbe kianDfttkal irgkm med for ihn romparMOo of the kinMDUk dirtrihirtioa» in chaptn 6.

th« LPS and tbe CTD (Fig. 8.6), givwi a RMS whkh in consistent witb th« «ttimate for th«
«mittan»! «f th« proton beain given hy HERA (109) (a,, ~ 4ßMeV/r. and a^ ~ 90Me.V/r).

Th« hin width in \t\n h«en f&oHttn such that tbe width is Iarg«r than th« nnoliitkm in
l'h

A|r| > .7(1*1). (8.1)

Tb« «ffoct of tbe intrimic h«am spread N approximataly ronstant OVKT tb« mtywured PT
ränge and in of th« order of 90M*V/r. Since tbe f iwtolution is proportional to l/vf|*|) (s***
«q. 8.21) the bin sizwt hav« btwn chcmtn proportional tu \/Tl*l)' ^ nrd«r to avoid regiona
wher« the nci;«ptani*! varies rapidly, valn«s of \t\ 0.07Gf V~a hav« hwn exclnd«d fn>m the
fit. A minimnm r«qnireim>nt im tb« populationof «ai-Ji hin fixes an iippw limit of 0.4GeV~J.
Tbe resolution valn«s ränge from 20% to 30% lor th« n«l«i:t«d hin« (Fig. 8.7a). Th« piirity
of eaiJi hin, «valiiatad hy meaus of th« MC Simulation and defined an th« firat:tk>n of the
ewuts rwimstriM:tnd in one hin which w«r« g«nerated in the sam« hin, i« plotted in Fig. 8.7h
and givts an mtitnat« of th« migratüm v.for.ls pr«s«nt in tbe nMuwinvnwnt of t. Th« pnrity
decreases with |f| diw ti> tlw strong«r migration of «vents from th« higher populated hins
towards tb« lovmr IHWW,
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Figur« 8.3: D»t« (dot») ud MC («obd Ihn- far RAPGAP *ntt dMhMl linr far NZ) dittribiitionü of tb»> proton
p, Wld pf.

8.2 t dependence of background events

For tbe extractioo of da/d\t\« analywxl rang« in IL bau heen rKsträ:t«d to VH!IM« of XL in
tbe rang« 0.97 < XL < 1.02 in order to k««p tb« contamination i»f ha<Jignnind «venttt from
doubl« diHWxittion or pion «nJiange h«low a 5% btv«l. Tb« t d«pend«nc« of proton h«am
hak) eventit in düatHK«d h«k>w.

Halo Eveata

In order to haw a ningh «Ntimat« of tb« dep«nd«n<:« upon t of tbe citK« sectkm for h«am
gafl and hcjun halo int*>r^:ti<)DH it is pomihl« to ILSH rlirectly tbe CERN ISR data on Jndiisive
proton (tpnctra in p - p mlliraoBH [110], du« to tb« fact that tbe centre of mam «nergy for
HERA protonn (»lliding witb a gan nucleon m in tbe rang« covnrnd hy tbe ISR. Fig. 8.8 Hhowti
tb« t depKOdence of ISR «veota cLuwtfiwl äs «lairtic and events i:lamifi«d äs imbuttk:. Assuming
a single «xpcm«ntial h«havionr, tbe slop« of the total inclitsiw crom aection in pniximity to
tbe elastic peak ia ss6GeV~3, »>mpatihle witb the rang« of predictkins fttf 7* ~p diffrai.tiv«
ewnts.

Tbis anoatc cju h« validated hy <x>mparing th« t depend«m*> of beam hak) Kvtmtx witb
that of physks ev«nt». Por th» piirpcwe th« data wunpl« of unphysi(3tl «vent« which ar«
rejectüd hy tbe ciit on E + p, + 2 « p*ps is iwed (JWK tiiapter 7). Th« ratio of tbe ohs«rwd t
distrihntions for «wnts with E+pt+2*p^ps > 1655GeV and E+pc + Z*p^ps <\655GfV is
shown if Fig 8.9 and indicaUw, with the (^iv«at that the acc^ptant» in XL and pj- for physk»
and backgroiind pnx^ssus is similnr and th«refore rancels out, tliat the ( slope for heam
halo «vent« is reaffmahly ckitw to tbat of DIS diffrai:tiv« events. Tlw absolute value of th«
rrosw section is th«r«for« affected hy this sonn:« of bwJcgn>und but no nignifiiwit infliten<« is
exp«rt«d on tb« f-sloptt.
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<!*!>
0.098
0.161
0.228
0.319

da/d\t\6

14.9
9.1
6.8

Htat.

2.2
2.1
1.9
2

il|/K.
•M. i
-1.1
+ 1.1

+3»
-O.J
+0.3
-0.«

W*.

100
50
23
11

e±fc

0.076 ±0.003
0.044 ±0.003
0.032 ±0.003
0.013 ±0.002

Table 8.1: Sammary of th« do/d\t\w 4GcVJ < Q3 < 30C^», IQGeV <W < 210OV, 0.02 < ß < 0.4 and T.L > 0.97. Th«

total DIS mit« Hw:tion int«grat«d ovw th« «am« QJ and W rang«, iwing an inpnt striKitnre
fnnrtion th« ZEUS fit to th« 1994 F, data, amoiiutti to 95ni. The crom itn:tkm predictad by
th« Niko)a«v and Zakbanw mod«l, aa impl«m«nted in the NZ MC, for the measnred region
of <ftWtß,t and ZL v, of tb« ord«r of - 5n*.

8.3.1 Systematic checks

Tb« «ysttiinatk: <:hec;ks an> siimmarised in Table 8.2. They KUH b« Kiibdivkied into three
groiips: w>l«ction and reronstmctkm of a deep inelastic «vtmt in ZEUS, RRlm:tkm and remn-
Htrnctk>n of a diffratiim prohm in th« LPS, and stability of tb« fit with ntgard to th« (Ji(»i<*
of tb« hinning, nnfolding pnxwdnr«, MC inpnt to the ac<;«ptan<:« (itrrw:tions and nin to nm
varUtioQs in tb« LPS ai^^ptatw«. Th« «stimati* of nom« of th« systwnaiic nn<%rtaintH«t {whkJi
«ntail for «xamphi a tighter sele<:tioa c;nt) is «trongly affet:t«d by th« statistk» limitatkm of
th« data RamplK. Tb« biggest »intribntk)n to tb« systematic «rror to tbe »ktp« paranwfair
b (Dines fn«n a Variation of tb« lower XL r.nt which increaws itit wtliie of abotit half a unit.
This <^n h« iindtvütood in twms of hai:kgnn]nd prixssrats smi ati ir,/> and / emJuuige whirh
yjnld a sUip« paranwl^r b ̂  10G? V~* and havn cn»» Hw:tiona »tmparabk- to that of single
difu-action in tb« region 0.95 < XL < 0.97. As m«ntioued in rhapt«r 7 there an uo

116

KOlQNf *t M1 NCAR KM/

\« 8.8: CloM-d drei«: diffm-ntial rro» Nation VHIWS l Ibr rhutirally pnxtiK*ri proton* in pp coflMonii

at th* CERN ISR- Open cirrln: invariant itilfernitia) man w-rtioo vn-nui t at valum of t h* tniming ma*»
squami M* BS l.OCitF*. Solid Hre H«rtic flrattaing data at * = 929.5GrV* (Barbirilini rt al.) .Tb* dott«d
lim« h drawn to gtiidr the ryr.

to predigt th« «ntity of th« / exduuigii crotw «edion and stnictnre fiinctinn in d««p inelaiitk:
«cattering. Unlikn th« ir »erhänge, depending on the valiK of the intanwpt, tb« contribiitkra
from / and tbe other reggeons im-reawn with XL. Morwwer, if tb« / and JP ntnirtiire fiin<:-
tionii have dhTürtmt /J-^nwndwH», th« fraction of mwndary rnggwui exiijang« in th« Mtfected
aampl« will b« a fimi'tion of fl. Overall most of th« <Jiw:ka yi«ld nwnltH wbk^i agr«« with
tb« Standard nwthtx) witbin tb« ntatüttica] t-irora. Tb« «Htimat« of th« «ynt^matir. «nt* on
th« cnwa n«cti«n normaliiiation param«ter A dt>m ni>t indnd« th« <JiP<Jts whüji ntqnir« a
Variation of tbt> kin«matk-Al boiindariwi. Tb« higgust itmtribntion to th« utwxrtainty im the
determination of A com«i from tb« nm to nin vnriatk>ns of tb« LPS au:«ptan<:« Am to tlw
A*t«'toni poHitkming. An mentioned bt-forpband, thü delw:tors csrnfiguratkro implwnented in
th« MC iiwd for the aix*ptan<« i:i»rr«:tM«w ^umsponds to th« higbwtt geometrü; atx^ptant«
aijiiüVMl during 1994 data taking (nm 9720). Tb« valiw itf A is tb«TKK>r« undt-restimat*^)
iml«Ki tbe nin to rnn ac^^ptant» corrwiions ara appli«d. Tb« total syst«matic oo tht> fit
paranwten waH obUinwd hy snmming in quadratiire «rront of th« mann sign.

In addition to tb« above «rnv», thtre tu an owrall itormalisation nncertaiuty {tberefore
afl«c:ting the parameter A) of 3% d)i« to tb« nncert&inty in tb« fifflt )«v«l Irigger «fficwncy
and to tb« niHwrtainty on th« d«U>nnination of th« himiiiosity.

8.4 Systematic error due to the beam spread

Tb« rJioi«* of th« bin sie« in th*> dN/dt distribution is madt> rnqniring that th« bin sit« Ls
not s maller tlian th« nfflolntiiin in «arh bin. [t ha« bwn described how this rRttolution ix
«trongty affMind by the heam momentiim spread at tb« iiiterju-tion point, and thereforv, how
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Figur« 8.1(h Tb« dnTcmitial oom «rtion do/d|(| for drwp inriartk diffrartiv* «v«nt» in thr nng« 4C<tV1 <
<?' < 30G«»*, 70C«V < W < 210C.-V, 0.02 < ff < 0.4 and T.L > 0.97. Tbc tonn «m* harn am th« rtatHtical
«rron whilc tb* a\Aft «TOT har* arr tbc MatiMKal wd »y-rtianatir «TOT* mimawd in

t,„ th« appaivnt valii« of t, giwn by -(rj + rj)

atat total s**tt«ring mm aw-.tkm.

Tb« DonnalkM) dintrihiition of particlm in a. b«ain with a Gaiunian «patial dintribiitkin
is givttn by:

«PPfp ^ l /__£_ _g_\ l * t \ »/

If th« crtKH swttion ia paratntttrized HH:

and intnxliK ing aiimiithul syinmntry:

(8.8)

(8.9)

120

Figllri* 8.11: Notation and mommtiim vrcton ia th« traaüvenc plan«.

Since (tydt = dfitpr = pyd^dpr in thtt elemtint of tranRwrw* pbasn npMt>, area, m <uui btt
written äs dp,dpt. S«> the c:nK« HMction (^n b*t writUtn in its ganssian form:

(8.10)

With Pig.8.11 in mind, th« comhinwd (cross s«:tion x prohability) for a pn>ton at b,,bv

in tranawn« plan« muittering with a (Jtang« in tht> tranflvenM nH>mentum p,, p, in:

'
where

Changing variahbw sntJi that r,
<m« hax:

,
(8.12)

b, äs th« indfpwidfiit variable, aiid similarly in y,

WliRii itit^grating ov«r p, and p, to obtain the apparent di«tribntioii in r, tli« p, and p, partH
factoriiH so, for tlie p, factor tlwre is an i

(8.14)
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Chapter 9

Analysis of deep inelastic diflFractive
events and measurement of the
diflFractive structure function F2

from 1993 data

Tb« analyitt* of tbe 1993 data i« pnmtnted, baiwd on tbe «election wnkh haa mad« tbe ob-
iwrvation of diffraiTtkin w^ttering feasabl« at HERA. Tb« grom pointH of th« analymii, th«
nwtbod and the afiitevement» are dnaroed bere an a oecessary prologtie to tht- meatniremeot
oerformed in 1994 with tb« proton tagging.

9.1 Observation of diffractive scattering

Without th« tagging of an intact proton «merging from the interaction, tbe meamirement of
dinraotion at HERA hau been based [114, 115, 116, 117] im th« Identifikation of a partiwdar
topokigy in tb« final ntata (!.«. tbe prewnc« of a large rapidity gap btttwe«n th« nutgoing
proton dirertkm and t hu remaming hadronit: final «täte, Fig. 9.1) whki nh»ws to be mnsistent
with the extliange of a «)k>url«w ubjt*:t in the 7* - p system.

Th« prenenc« »f a rapidity gap, whirh on th« contrary is suppröwed1 in non diffractive
DIS events, wber« colour is traiwferred betw««n tbe Hcattered qiiark and tbe proton remuant,
hau been iised an a ««lertkm criterinm in tbe foltowing analvsw.

The maximiim pR»iidorapidity, TJ™,, of au event ü defin«d HM th« pneud»rapidity »f tbe
ohjwrt («itb«r a c^loriinKt«r cliixter «r a trait, att wcplained in chapter 7) lying moiit rk>a«ly
to tb« ontgoing proton direction. Small valiK» of i]mmt ntrivspond to larg« angles betwtwn
the pn>dw«d cal»rimet«r depo«it and th« outgoing proton. Wben tbe dwtribntion of rr«., for
the data wlected with a DIS trigger Ls »>mpared witb tbe predi<ttion of a DIS Monte Carlo
(Fig. 9.2), a clear exctws of data is observed hek)W nm„ = 1.5, conresponding tu th« Urge
rapidity gap ewnta. An a i:iHJ.seqiit-nce of tbis obaervatkin, an effort han be«n mad« to i«:liide
such pr<n«ww in the DIS g«n«rator» (ARIADNE and LEPTO).

'Thr prohahilhy of prodiiring an rvntt with a rapiiltty gap of giratr thao 3 nnrt» by rffetn in pirtuthativ*
QCD has hfFD nitimatnl for n»*i\t >ntic|iiark pair prorfurtkm at LEP ran(in to b« helow 10 3, ronMütrot
with mM.t»mn*at<i at lo»«

124

Figur« 9.1: Layout of a DIS large rapUÜty gap «n«at In tbf ZEUS
drt«ctMt in tiw nw diroctioo (RCAL).

. Thit M-Attnfd cJfrtroD

Tbe proDettieR of tb« evwnts «eletted U> hav« !)„,„ < 1.5 indiiyUe that tbe tmderlyiDg
mechanism w of kwlrag twist («ame dependence on Q1 of all DtS eveot«) and diffractive
natnre {th« fraction of DIS events with a large rapidity gap do«s not decreate mpidly with
iorreaHing W, an expected for a Regge traj«:tory with intert^pt > l , tb« so oüled pomemn).
Tbe hypotbeHW of ponu>n>n «xchange tan ab» be inferred from th« flatnww of tb« fj„„
difitribiition bekwr 1.5 if one c»n»ideni that, a«x»rding to R«gg« theory, th« hühavkmr of the
total croftn sectkin an a function of «nergy w of tbe form: TTOT « nafa)~l whicii leads, «im*
n "v c*A*, to a constant uroea iwctkin an a ftim:tkm of th« psttiidorapidity ij for tb« <:w* wbere
th« exiJianged ohj«ct has an int«r(»pt rr(O) ~ 1.

An improved criteriiim (w.r.t. a simple cnt on ijmtf) to neparnt« diffractive from IUID-
di(frai:tive events is pres«nted her«, which IIHHS th« dirwüon of tb« total badnmic en«rgy flow
of th« event, d«termin«d from all tb« deteiied partirl«» iii th« final stat«.

Tbe DIS event M*l«i:tii>n in 1993 was similar to that descrihwd in diapter 6, thn DA
variabl«fl were tuwd to rw^mstnit-t th« kiuematit» and tli« following offline ciits wer« appliedi

• E1, > 5GfV, to ensnr« good electnm idnntifi<Jitii>n;

VJB > 0.04, to givH siiffkient accnracy for tbe DA re»)nittrii<:tion;

f > 35 GeV (with respw:t to th« meamired interaction point), to rednt» radiative
cxtrrectiomt and photopn>diH:tion bacJcgnnind;

V, < 0.95, to rediice photitprodurtion hadtgroimd;

the impju-t point of th« electron on tlie fare «f th« RCAL wa». reqiiired to li« ont-
side a Hqnar« of sid« 32 rm («ntred on th« beam axis (box rut), to «mure that the
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Figur« 9.2: The q».. rfintribatk« for DIS rvrata (riota) comjwu^d with the pmürtion of • DIS Monte Cwk>
(«olM linr) whlch do«t not rontaln the smtilatk» of DIS diffnwtiv* evrntü.

«l«rtron Hhoww was fnlly contained within tbe oüorimeter and ibt position t«uld h«
n*:«instriM:ted with sufficient acmiriwy. Tb« SRTD was not implemented dnring 1993;

• a vertttx, an ra»nfitni<:ted from VXD+CTD tracks, was required with \Zvtf\ 40 «n.

A total «f 31,083 «veots was selerted in this way cocnwponding to an integratwd lumincwity
of 0.54pfc~' (with «a eatimat«d error of ±3.5%). Uaing th« nnmher of events pnxturad by
unpaired «bictron and proton hiinchea, th« rontamination frnm beam gas backgrunnd and
fn>m »Mmk-ray miions wwe «ntimated to be lern than 1% «neb. The background in th« total
DIS Kampfe du« tc> photoprodiiction wax entitnated to be (2.5 ± 1%) from a fit to the «hap«
of the £ di«tributMHi befoc« tbe abom mit on S was apptied [118].

9.2 Selection criterium for diffractive events based on a com-
bined r^^-Öh cut.

R>r valn«s of ^^ (d«finnd äs in chaptitr 6) iip to 1-1.5 {aa it rjin he S*WD in Fig. 9.2) th«
non-diffractiv« DIS baiJcgniiind n a nttgligibfe haiignHiiid to th« diffrattiw aampl«, whi<Ji

126

increattt-s for valms of i}m.r abov« 1.5-2. In prevkuis analysis of tbe ZEUS data
ftf [113, 114]) diffractive ewnts wvre s«Ie4:t«d by cutting on rj„at < t .5. Tbis oit iwlects a
ratb«r pur« sample of diffnu:tiv« ttventti, itwfiil to establish a Signal bnt it litnitü a<xwptan<»
for ttwmtif with largü MX-

Th« Tjnut-t'ut i» d«p«ndent on th« inost forward condftnsat« hut do*s not nmt th« iufiir-
mation fn>m th« füll eiiürgy flow. LargRr aixwptan<^ caa bt> a<:hi«v«d by including mor«
infornuvtk>Q from the badn>nic eiiCTgy flow. Simw in ditfractive M^ittering l\w. pn>ton remains
intact or, in tbe I-JUM of doubl« di.ss»K'Utiv« «v«nta, dis»K;i)ites ind«p«tid(>ntly froin th« pho-
ttm, th« hadronic at^tivity in the d«tector in gKn«ral will not follow th« proton dirnrtion. Tb«
hadronic aogl« flt, defined an:

(wh«r« p", iü the vw-tor »>u.strticted from th« «nergy E,, polar angl« 6t ajici azimiithal angle
4>i of the (^Uorimuter <^U i), ntpr«K«ntH the average directiou of th« hadrouk at'tivity. Non*
diflractiv« DIS «venttt hav« nuiKtly ixxßk V\OSK to l bw^iiWH of tb« «)lonr flow b«tw««n th«
struck qiiark and the otttgoing proton System, whÜR a Hiibstantial fractiou of diffnu'tjve ewuts
is foiind at «w^j, lewtthaa 1. Fig. 9.3a, h nhow matter plot8 of rj„„ wnmsff,, for the diffractiv«
aud non-dilfractiv« DIS Mmt« Carlo wampl^s, A cut cnstfj, < 0.75 aimhined with jjmar < 2.5
allowü a larger act^ptaiH» of diffrartiv« «TOnts than the ijmft < 1.5 ml, at the priw of a
slightly higher backgronud whicJi ha« to b« mibtracted. Tbis (^>uibiued cut, us«d to tKtlect th«
diflraiiive sampfe, is rjüled in th« folkwing th« tfm,, - ffk <-»t.

In ordttr to mtimate th« fractkm of «venttt wh«m both tbe pboto» and th« pniton duutociate
and th« proton systum i» not d«tei:t«d, tbe ratit> of double to singt« dissodativ« events in th«
mwisnred W rang« is taktm, from pn>t«n pniton nwasiiremenLs, t« b« appnotimately 0.76.
As ühown in Fig. 9.4, it is foiind that exdtt-d pmton statea with mass MN < 4GeV woiild
pass the diflrarttw sekH'tion cutn. B«yond this rang« tbe «nergy depositiou in th« forward
i^lorimet«r is typic^ally above 400 M«V. Th« overall accftptanc:« for doubl« disstMiiativ« «vents
ix 23%. Tbe «stimated doubl« dissodativ« mntribution Ls therefore ~ (15 ± 10)% whitJi Ls
«xp«t:t«d to be ind«pendent of ß and Q* and not Vary Hignifit^intly with r-tp. This rraiilt
iwsumes factorüation in tl«gg« th«ory, i.e. that th« nu«:le»n mawi spectrum and th« ratio of
doubl« to single diasiK:iativ« «wiits Ls similar to that nteasured in pntton-pnAoo a>Uiskinfl at

9.2.1 Estimation of the difiractive component

In thüt HKctkm, only tb« sbap«» of the distributMinx and not tb« absolute normalisations of
th« difiractive models are tnnsidered. The jjmaf and Öj, distributionK an* tuted to determin«
the fractkm of diffratiiv« «veuts paming tb« DIS sek-ction criteria. A linear »nnbinatktn of
diflractiv« DIS («itber th« NZ or the POMPYT1 Monte Carlo) and non-diffractive DIS Monte
Carlo eventfl are fitted to tbe data.

Th« i)„„ and 0* distrihutionH w«re first fitted iwparately to rhecJc <x>nsiHt«nry b«tw«en
tbe rtwulta and tben tog«th«r to obtain a global iwnilt. Fig. 9.5 shuws th« fit» to tbes«
Hjstribntkjus. Tb« part of «ach distribution that »irrespfmds to th« forward regiou of the
d«to:ti)r (high vatnen of TJ„„ and hiw vaJiies of 0k) was put into on« Kingl« bin to rwdm*

Two mnplfs imr gpnprntnl rarmßoiuiifig to two ilifffTfot poro^ron ^tnirtiirpfiitiftioD^ & h&nt oimkontt
fnDCtion (HP) aod & «ft quurköok^ ütrurtwrc fimrtion (SP), v <tnrribnl in dinptrr 4.
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F ig! Ire 9.5: PacraUg« of DIS d»t« M a funrtioD of Qm>r and l», Tbe data aie dewribed hy tbr mim of
tbe diftkrtive and aon-diiEmttive contribationK obtaionl from Monte Carlo Simulation, with relative frartions
deUnnined by • fit to the data. Tbe darfiM tin* cormpondn to tbe dlf&artive coatrihiition and tbe mm of
tbe ittffrartive ud w»-dift«^ive Monte Carlo modeh h bdiratMt by tbe füll l ine,

Awxirding to Monte Carlo »tiidim, th« fim.» - 0* mt radm:«» tb« non diffractive DIS
ciwiponent by ~ 60% and tbe diffi-ai:tiv« <»mpoa«mt hy ~ 20%, giving a coDtamination from
non diffractiv« DIS of Iww tban 15% in thtw« (Mx , y) intttrvabi. Thw ha<*gronnd w siibtracted
from tb« data hnfore comparäon with tb« diffatctivü Monte Carlo pnxtictions.

Pig. 9.6 Rhom tbe x, <?, W, xa>, MX and ß distributionji after applying tbtt i;,»., -
0k eilt, requiring the data to b« in tb« atxwptHd rangm of (Mx, y) and snbtracting th«
DIS hackgroiind indicated in tbe figiira. Tb« «rntnt on tb« data pinnts are cakiilatod by
siimming hi quadratim th« atatfittical «mir (whkii i« tb« dominant «rror) and 50% of tb«
total mihtracted DIS batfcground (whkh i« taten an an nppnr limit mtimata of tb« uncertainty
diw to the DIS badtgroiind). In addition, tb« predktiona from th« two diffrartiv« modebi
(NZ and HP) ar« shown.

In gttn«ral, both mod«ls d«ff^rib« tb« data. Diff«wic«fl am ohswwd in tbe Mx and ft
diHtribiitions, wb«re tb« HP modd nndenstimates th« ohs«rv«d numb«r of «v«nt8 at low ft
valtitw and dora not repnxliHK the «hservwd Mx dffitrihntkm at larg« Mx. Th« NZ mod«l,
imjwporating a «oft «unponent, d««;rib«s tb« oboHrvnd ß and Mx dtfltrihiitk>nn.

A pur« "hard" ß distrihtition cuinnot account for th« data, th«r«fi>r«, Ihn obsnrvnd ß
sp«:tnim wat fitt«d äs a «um i»f a "hard + noft" amtrihiitkm from the POMPYT Monte
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Model

NZ
SP
HP
HP+SP

fmu

% of ditfr.

14.2 ± 2.5
35.9 ± 7.0
10.3 ± 2.0
15.6 ± 1.3

Xtol

4.7
10.5
2.2
3.7

»k
%ofdiffr.

15,3 ± 2.5
15.4 ± 2.6
10.8 ± 2.0
13.4 ± 1.3

vaX*./
4.0
5.0
4.1
5.4

fm„+ö»
%ofdiffr.
14.8 ±3.0
33.0 ± 6.0
10.5 ± 2.7
14.6 ± 1.4

Xtal

4.3
24
3.0
4.6

Tahle 9.1: Fraktion of dü&ariive eve&U and ** per degm of fn-edani (\*tf) valiies ohtained fram fits iiflia
NZ, SP, HP or HP+SP.

Carlo. Thn resulted in a contribntion of ~ 60% and ~ 40% fnim HP and SP, r«sp«i:tively.
Tina HP+SP mod«l is also showu in Fig. 9.6. Comparison with th« data indirata that auch
a tnod«! also d«Kcrib«s th« ohs«rvwd ß behaviour.

To investigat« th« ß distribiition in more dtttail, «acJi ( M X t y ) interval was divid«d inti>
two Q* hin«:

Q3 = 8-20, 20-160OV1.

Tb« results, tog«th«r with tb« predictions from tlie diffractivt* models ar« shown in Pig. 9.7.
lu the low y iutervabi (Fig. 9.7e and f) the Mont« Carl» model« reproduc« th« shHpe of th«
data r«asonably well. In the higb-y and kw-Q3 intervak; where th« maK» «xtendH t» larg«r
valiiMt (Fig. 9.7a and r) and th« «oft mntribiitiou w important, th« NZ model b«st dtwcrib»!
the data. Th« HP+SP modttl reasonaMy describKH Ihn data and giws an improvwd dmcription
compamd to thu HP mod«l in «ach (Mx,y) intarval.

Using th« NZ model, th« (»>mhin«d fit to th« tj„„ aud &k dixtribntiotiR wa.s p«rfortn«d in
bina of W and y, resp«<:tivKly, ««parately for th« two (J* interval» indic^ited aNnn*, to «xtract
tb« frai:tion of diftaiitiw nwnts äs a fnuctmn of the»i varinhlHs. Pig. 9-8 shown tb« dinractiw
frat-titm äs a function of th« oh««rved W and x for difltsrent valn«s of Q3, a)rr«(:t«d for th«
a<x:eptan<!« of th« <-'its to s«ln:t diffractive «wnts, whicJi is hownvpr mod«l d«p«nd«nt. Th«
rKNiiltH obtain«d iwing th« HP+SP mod«l agm» within statistit^il ernirs. Tb« nsdilt« i«xtrai:t«d
iLiiug the HP mod«l giv« a nonnalisation whuJi üt ~ 30% Itmnr, hut with th« sam« d«p«nd«n(»
on x, W and Q*. Th« fit« ar« mainly sensitiv« to th« bald (»mponent: a birg« iim*rtainty
on th« diffrattivt- contrihntion to the DIS sampl« (»m«s from th« soft part in tb« pomenm
atmet um fiim:tkm, whidi is «npprwewd by tb« applied cntn, espucially at small valiH» of W.
In all caswi, uo ntn>ng d«p«nd«n<« of thn ratio w obserwd äs a function (»f x, W or Q*.

9.3 Meaaurement of the diffractive structure function

A« d«w:ribttd in rbapter l, th« differwntiaj eriws RHction cjin h« «xprwwHd in termü of thn
diffra^üv« strmrtur« function Ft äs a fnniÜon of ft, XJP and Q1 in th« following way:

dßdQ*dr.,P (9.2)

Details on th« extraction pnx^dure of the cross sw'tiun and the «tnirtnr« function fn>m th«
obfwrved uumher of data«v«nt« can be foitnd in rhapt«r 10. Amtrding to Monte Carlo iitiidi««,
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the resolntion of Mx, reconstnicUxi with the tripl« SDR!« metbod desi:rib«d in «ihapter 6, i«
appraximataly 27%, iiHtepradent of MX . Tb« MX reconntniction in afiectad hy enwgy kx»
in inai-tivw maierial in front nf th« uüorim«t«r and tb« ponitkw d«termination of hadrons. In
order to red mm migratkras at mnall maasw, th« «•!! tmergy tbratbokh for wobited c*lh wer«
int:r«as«d. Monte Carb studies nbow that, «xoept for vwry mnall mames (< 3OV) wnere
calorim«t«r wä» boaum» important, M* fa nyntematkaüly sbifted by 10% to smalkr vahitw,
indepradtrat of y and Q2. In order to compensate for th« nhift, a unrrection fiuior of 1.10
WM appti«d to tb« Dwamirad Mx valtKK fnr th« nVterminatinn of tb« diffractive gtritctiire
fiinction. Tb« ranlntion nf xjp in approximately 25%. The rasolntion of ß vnries mnnothly
with ß from 40% at 0 = 0.1 to 20% at ß = 0.8.

Tb« statvctk» of ttw 1993 data allowa foiir rangm in (f to he «el«ct«d abow a lower limit
of 6GeV*. Tb« overall aco-ptam* dim to tb« DIS and diffractiv« cnt* in tb« »elected bin«
givun in Tabl« 9.2 w alwayn gn-ater than 50% and typically =: 80%.

In order to nontrol th« inflnemie of photoproductkm bai&ground, radiativtt corrections
(whkh w«re not imptanentad in tb« MC» iwed for tbe 1993 data analjffl») and FI (»ntribti-
tious, tht) analysis in rentrk:ted to y < 0.5. An a (»niwqiHtnc« th« minimiun M-Atter«d «lectrnn
energy ntqnintment in raist-H to 10GVV. It wait liwJwd that tb« nensitivity to Ft ifl smaller
than tb« quoted «rront in all bin«. Ptirthermort), th« regkin /? < 0.8 is fwktctad to «ttliide tb«
region of low majMtw wber« v«c:tor nwtwn prodnction in dominant.

Th« l«wi of pbotoprodnrtion rtaijtgronnd i« «stimat«d in bin» of IJP and Q* by fit* to tb«
S distrihntion« {HH« [118) for details).

Th« hin» are n«l«ct«d to hav« X&. < 0.01 and ß > 0.1 whtn» tb« non-diffractivK (»mpcHi«nt
caa be «afely mtimated. In wwi nf tb« bin» tb« nnmber of «vente HI tben «valiiated by mib-
tnu:tion of tb« wtiinated niimber nf DIS b>u:kgn>imd «wnts, hamtd on th« ARJADNE Monte
Carlo prngram with th« nnrmalüuUkm dn«-rib«d in th« pr«vH>tra nection». Th« onntribution
of th« DIS hwigroiind ia giv«n in Tahl« 9.2. 1V> unfold tb« Kffects of ai:u?ptan<» and imtnt
mtgratinn th« NZ Monte Carlo ha« b*wn used.

9.3.1 Systematic errors

S«v«ral systematic <iwis w«r« p«rfonn«d to «stimat« th« untwtnintk« diH> to tb«
rutfl, backgroiind mtimat« and tb« nnfnlding. Sytttenuttic errors dii« tn tb« DIS «v«nt n«ln:tion
w«n> «valiiatKd in th« folknving way (HKH chaptw 10 for a deUifed diaciuorion):

• differwnt algorithmn WKTK iimd lo id«ntify tb« st^ttered «k*:tron whi«Ji differ in pnrity
and effidem:y. Th« (iwuigwi to F?3) w«r« b«low 10%;

• Ihn cut on E'e WHM dw:reju«d from 10 to SGfV, Th« düng« of Fy ' was kss than 5%
in «ai:b bin;

• th« rua-wit was changwd hy Irm fn>m th« nominal valii«». Thi« resnlt«d in changra
whiri w«re alwayii l«w tban 15%;

• thc 6-r.nt waH raised fn>m 35GrV to <K)GfV, to shidy th« nffw:t of radiativ« «»rrw:tions,
wliirh w«rtt not ini'liided in th« simulations. This r«Kiilt«d in a g«n(*ral shift of c; 10%
towardn «mall«r f f wüne»;
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• th« tfjB-tiit was (Jiangw) from 0.04 to 0.02 and t» 0.06. Thi« afit*:t«d tb« r«gkin «f birg«
x,P wb«r« Ff W dianges by aboiit 10%.

SystKmatk: «rrora du« to tb« diffractiw «v«at nelwiion wwra «valnated in th« foUowing
way:

• tb« effect of a poKtibl« mimnattJi hrtwenn tb« hadronk: «n«rgy «^1« in th« Monte Carlo
and th« data was invnstigat«d hy ttbifting th« hadn>n «n«rgy *»]« hy 7% in th« Monte
Carlo Kimulation. Tb« UM of tb« DA variablen n*inilt«d in (Jiang*» t>n F,0'31 which wnr«
alwayx HmaU«r than 2%;

• tb« fraction of knr mass ewnta wan rediiced hy 50%. DIK to migrationn from ß > 0.8,
tbin cbang« inÖimniwt tb« emall Q3, higb ß bin, wb«r« th« valiu» w«r« xhifted iipwardfl
by-10%;

• th« HP mod«l was iwed inst«ad nf th« NZ ftimnliUkm for nnfolding tb« data. Sonu>
effett WM neen in tb« nmall ß region, wbere th« ponwnm stnK:tnr« fiinütioos diff«r.
Th« changt« to ff1'1 w«r« typUailly tu 10%;

• an a 8yM«matk; duxJc for th« «Ktimate (»f tb« DIS harkgnmnd th« rjm„ <:ut wa» rediuwd
from 2.5 to 2.0 mnilting in changw of tip to 20% in th« higbest XJP bim. Tb« tj„„ ciit
wao aliu increaned fmm 2.5 to 3.0 r«sulting in ifomgKH of up to 10%;

• th« (»*Us witb i\ 2.5 w«r« r«mov«d to chwJi th« d«p«nd«n»! on
contributinn, rewilting in changts whidi w«re np to 5%.

Owrall moflt of tli«* iJn-cks yi«lded r*^iiltn whitii agn* with th« Standard m«thod within
ntatistical «m>rn. Tb« diflWuni«« of th« DIS and diffrartiv« systematic: rhecks (»)mpar«d t»
the Standard nMithixl wer« «>mhined in qiwdrature to yield th« quot«d systenuUii' «rntrx.

9.3.2 Reeulta and dlsctusion

Tabl« 9.2 snmmarittts tb« rKwiltsfor F,0*11. Th« (»mwponding diffractiw <:n»ss sw;tk»n, afijt,
in also giwn. Th« statistkuil errors includ« Htatistiral nnctTtaintit» from thtt Monte Carlo
tnod«ls iifwd for the nnfolding. Tb« Ff (3' resnlts am displayed in Fig. 9.9. Th« data ar«
ohmrvHd to fall rapidly with Xa>, wbil« tb« d«p«nd«w>t on ß and (f app«ani to bt> w«ak.

Dependenc« on IIP

It hart h««n invwtigatHd wbetber tb« XF d«p«nd«ni% of F, ia th« «am« in «at-b fl, Q1

interva], an «xpected if fcictorUation holdn (s*« «jiapter 2). For this purpotw a fit of th« form:

has h««u p«rfonn«d, wlier« th« normalisatkm «>astaiits b< ar« alli>w«d to Vary whil« thc
«xpou«nt a i« th« samt; in nach ß, Q* intHrval. Tb« rtwnlt of th« fit ta:

a = 1.30 ± 0.08 (*tat) ! J^ (*V*)-
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Th« Systematik «front are cakiilated by refitting th« F?(I) valnwi acnording to tb« variations
listed in tbt* SHttkm abiivw and comhining tb« positiw or negative deviatkins fhun tb« central
valne of o in qiiadratiir«. Tb« overall x* vulnra of tbene fit« are in th« rang« 8.2-14.0 for 23
degnws of freedom depending »n tlw syst«nwtic check, Tb« x1 valnea for «ach of th« ß,Q2

intervab are in tb« rang« 0.1-1.1 p«r degm> of freedom. Witbin th« accuracy, thesn data ar«
therefore «raswtent with tb« ammmntiou of factorisation in th« measnml kinematic rang«.

Th« obwerved depend«nc« 011 x,p is comnatibl« witb a Donnachie-LandshofT typ« of flnx
factor which yields a ~ 1.09 and whk:h is hased »n a pbenomenokigical d«scriplion of "sott
hadronic" diffr&ctivw interactions.

IQ th« mod«l of Bnchmüller disnitwed in chapler l, the valne of o is relatnd to the de-
pendenc« of tb« total ntnictiir« function with resp«ct tn x. In (118), a parametrisatbn of
tbH mwiwireinrot of F, ywlded an z-d«pendeni* at wnall-x of Fa oc (l/i) «-»w-n-i«"«««*. Th«
obn«rv«d dependenc« of th« diffractiv« coutrihution of th« proton structnr« functkm on XF

in compatihl« with HIK :h a d«pendence, an it ran h« «wn in PigS.10, wherethK measnrements
of F?w for different ß ara induded toghnth«r with the mKasiirementH of F3/x scakid by a
relative normalisation factor.

Dependence on ß and Q*

InordwrtoiUimtratethe/JandQ'dKpttndKnfaiof F^'^.Q'.in'), F,D(3) was ibt«grat«d «rar
tb« tnKamired ränge of Z0>. 6.3 • 10~4 < XH> < 10"*, iwing tb« fitt«d XJP d«p«nd«iH». The
n»tüting vaJw« of Ff(ß, Q1) are «hown in Fig. 9.11 att a firactkm of ft and Q3. It flbonld b«
notod that tb«M) nttnilta aanim« that a nniv«rsal xp- dKpendenc« hold» in all regkins of ß and
Q1. In partictilar, tbere is a »intribution du« to region» of r.IP whicb are m>t mtiatnimd and
wb«r« thn hypotbmis of a iiniwnal t a- d«p«nd«nc« has not b««n tentad «xp«>rim«ntally.

Anstuning factorisation and no Q1 def^ndeiM*, th« ft d«p«Dd«n<:« of F, ' üt fittad to a
form:

-u-/«1). 0-3)
with a = 1.30. The «oft (»ntribntion to tb« Ktnictnre fiinction ix givea by th« (l - /))* tenn.
Tb« tniütiplkativH lactor of | H (JHKwn si«Ji that thH int«gral fnwr ß of th« mift uintrihntion
is «quäl to that of tbe bard contribution wbnn r = l, whik tb« p<iw« of 2 in adoptod frooi
th« NZ model. Th« nnnlta of th« fit an-:

fr = 0.018 ± 0.001 (ftat.) ± 0.005 (*v*.).

r. = 0.57 ± 0.12 (atat.) ± 0.22 (itya.),

with a x1 in tbe rang« 1&-23 for 33 degnwt of fnKdom depending on tbe ayaUanatk cberk.
A fit withoiit tbe (l - /))* soft i«ntribut»<>n r«Hiilt«d in T? valwtfl in th« rang« 56-81 ttr 34
d«gn*3 of fmedom. Th» increaflw) v* valiw indif^tefl that a »oft (»mpontnit is requinxl in th«
ponwnm Rtnicinra fiuiction. Tbe F? 3 romlfet are iranpared with tbe obUintwl paranwtrisa-
tk)D. indkatad by th« ttiUd lim, and th« ß( l - ß) hard Kontribution, indi<«ted hy the danbed
lin«, in Fig. 9.11.

Afl a fiinction of Q* for fbox) ß, tbe F/f^.Q3) valiwa ar« approximately ind«p«ndent
of Q* for all ß valiies, which ü («nsätrtent with a pk:t»r« wh«re tb« nnderlying interactkm
is the M^Utwing of a virtnal pboton with noinHJke quark» within tbe ponwron. Fiirtb«r
invwstigatkm on th« pretotnc« of Mailing violations whitJi txnild dimntangle a predominant
gluonir or qiiarkonk: natnr« of tbe pomen>n will neremitate an impmvnd statistka.
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Models comparteon

Finally tbe absolut« prwiictioim of the models for th« cnisü s«ction arn n>mpan>d witb th«
F3 valneH. Fig. 9.12 shows tlie compariwm Detwwn data and th« pr«dirtk>nn of sfvwa]
models of single diffraittiv« disstM:iatk»n for whkJi tbe moDumtum »um ml« for qiiark» ö not
satisfi«d (refer to (Jiapter 2). The twtimaied 15% fractiou of double dist«M:iativK «v«nts ha«
b«en stibtract«d in order to comparc witb thene mod«b.

At high ß valn«H th« predictioos of Nikolaev-Zakharov, Doiinat-hie-Landshoff and Cap«lla
et al. linderes t imate tbe i>bs«rv«d valu«s slightly, hut are generally in magonabl« agr««in«nt.
At stnal]«r ß valiies, the Donnatjiie-Laiiduboff paraniKtriKation, whicb inclnd«» (»ly a hard
c:ompon«nt of th« pomeroti Ktnictnre fnnction, under«(itimat«H the observed F.,0"1. The
Capella «t al. and Nikolattv-Zakharnv prediiiious, whicjj also incliid« a soll component,
are abl« to give a fair d«$icriptk>n at smaller ß valn«!>i. Th« factorisation-breaking eff«:ts in
themod«lof Nikolaev-Ziüchaniv, whi< ii <x^:ur at small ß values, are too small to b« ohmtrvabl«
in thls analysis.

In Fig. 10.11 th« data are compaml with a model for which th« momentnm siim nile
for Ihn pnnwron «tnictiir« function iti amnin«d for the b'ght qiiark flavonrtt (n,d) and tbe ß
d«pendi<nc« in taken fmm th« paranuttrinatkin, diw^iswd above. Adopting th« DonnacJiie-
Landflhoff flnx factor, the ohwnwd F,D<3> Ls abont a factor tbree to fonr behiw tbe «xp«ctation
if tb« momcjitiim sum ntl« is aflHiimed to be fntfill«d only hy qnarta. An nncerUinty arisKs
from th« cboice of tb« pom«ron flitx fa<ior: if the Ing«lman-S<Jilein form for th« flire 6«:ti>r i»
adopt«d tben th« predictkra in rediiowi by appnnrimat«ly 30%. Th«s« aimpariatinii indicat«
that in an IngpJinan-Schlein type model the qiiark» alon« iiwid« th« pomenm do not Nttisfy
tbe montentiim sum rnle.

9.3.3 Summary

Th« analysi« of thH 1993 diffractiv« «venbi >t«l«(:t«d hy a largH rapidity gap events ban started
th« invmtigation of the propertieH of ditTractk>n in deep ineiastic Rcattermg.

The relativ« tsintribiition i>f diffractive «wnts ti> tbe total d««p in«Ustic <:n«n section is
foiind to bav« no stn>ng d«pend«nc« on W or Q3, being compatibl« with th« predk.tions of
R«gge theory (dev«k>p«d in tbe fram«work of hadron hadnra ttcattering) and not ancribable
to higher twist M>rrectionti.

A diffractivH crom n«ction hait b«en det«rmined, alknving a direct comparinon with th«
badron hadn>n data and tbe «xisting mod«ls for picturing diffraction in d«ep innlastk: «Ät-
tering.

Witbin tb« «xp«rim«ntal «rnirx, the mwummnent is ciinsistent with models wh«r« diffrac-
tion i« deflcrihed by tb« «xi Junge of a partid«-lik« pomeron wh«re tbe strnctiire fnnction fac-
torises into a pom«ron fliix facti»r, whi<Ji d«p«nds on IIP aud a pom«ron stnii:t»re functkin,
wbicb n independent of XIP-

The difTractiv« structure fnnction is als» well de»crib«xi by the Nikola«v-Zakharov tnod«l,
which Aot» not reqiiir« th« concept of a particl«-h'ke pom«ron, ia terms of overall normalisatiou
und dep«nd«nc« on the kiuematic variables, XIP, ß and Q1.

The ohtained param«trteatktn fw tb« XIP d«p«ndence in this partk:nlar kinenwtical ränge
(Mx > 3GfV) IH Htill compatihte with that obtained from hadron hadron interaiikins.

In th« measnred (f ränge, th« pomenm stnHiiire fnnction is apprincimately imlependent
of Q* at fix«d ß cotwistent with an iind«rlyiug hiterai'tion wb«re tb« virtual pbitton HfAttem
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»ff point-like qtiaikn within tbe pomenra.
Tb« ̂ -deptmdew« of th« pomeron «tntctiirtt fiinction requires a »oft compontint in addition

to tbe bnrd one found hy th« UA4 «xp«riinsnt.
Finally, in an Ingt>Jnuia-S<:hlem typ«> mcxfel, wbere onninonly i»«! pomeion fliut betör

normalisatiomt ar« ansiinutd, it ia fonnd that the qiiarkii witbin tbe pom«n>n do not twturatK
tb« tniimentiiin «am mit*.
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Figlire 9.6: OhMrrM dettrihiitio» of z. <?*, H', TIP, Afx amt ß for thf wlfrtml (Afx.v) intnvah. Un-
ranrcttA d*t» u« indiratnt hy th*1 dots. The man trr tbr nUtvdirAl nron rombinitl in «inMlrmturr wrth
50% of thc non-tliffrartivp DIS barigroiinil. The pmlicllon* from HP (füll lin*), HP+SP (dwihnl linr) and
NZ (dnttrd lim) mod*h azr ühown. TV non-iliffrBMnv DIS harkgroniul whirh hu bmi *nbtrarU>il from th*

th? «hatlfd unt.
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<?
(G»V*l

10
10
10
10
10
10
10
10

1«
16
16
16
1«
16
16
16
16
16
16

28
28
28
28
28
28
28
28
28
28

63
63
63
63
63

fi

0.175
0.175
0.375
0.375
0.375
0.65
0.65
0.65

0.175
0.175
0.175
0.375
0.375
0.375
0.375
0.65
0.65
0.65
0.65

0.175
0.175
0.375
0.375
0.375
0.375
0.65
0.65
0.65
0.65

0.375
0.375
0.65
0.65
0.65

*JP

0.0032
0.0050
0.0013
0.0020
0.0032
0.00079
0.0013
0.0020

0.0032
0.0050
0.0079
0.0013
0.0020
0.0032
0.0050
0.00079
0.0013
0.0020
0.0032

0.0050
0.0079
0.0020
0-0032
0.0050
0.0079
0.0013
0.0020
0.0032
0.0050

0.0050
0.0079
0.0032
0.0050
0.0079

#evKDtn

54
32
62
43
15
56
20
23

48
50
33
54
54
52
44
49
38
43
29

35
32
26
35
41
19
30
35
25
23

17
16
22
17
11

#non-dift
hackgrttind

7.1
5.2
0.9
2.8
2.8
0.9
0.9
0

5.2
4.7
7.5
2.8
3.3
3.3
3.8
0

2.8
1.4
0

3.3
8.0
1.4
1.9
3.3
3.3
0.5
1.9
1.4
1.4

2.4
3.8
0.5
0.5
2.4

Otill

(nb)

0.128
0.116
0.144
0.152
0.097
0.077
0.074
0.055

0.105
0.117
0.111
0.106
0.114
0.122
0.104
0.054
0.070
0.060
0.066

0.081
0.085
0.080
0.087
0.087
0.071
0.043
0.045
0.046
0.036

0.043
0.036
0.030
0.031
0.022

Jf" ±8tat. ±nys.

9.7 ± 1.6 ± 2.8
5,0 ± 1.1 ± 2.3

37.7 ± 5.2 ± 6.5
22.0 ± 3.7 ± 3.7
9.2 ± 3.0 ± 4.5

47.7 ± 8.7 ±29.9
29.1 ± 7.0 ± 8.5
10.9 ± 2.3 ± 6.9

9.5 ± 1.6 ± 2.1
6.5 ± 1.1 ± 1.8
3.8 ± 0.9 ± 2.0

38.2 ± 5.9 ± 5.3
20.1 ± 3.1 ± 3.6
13.3 ± 2.0 ± 3.6
6.2 ± 1.0 ± 1.8

39.8 ±11.6 ±13.8
32.5 ± 6.3 ± 6.5
13.3 ± 2.5 ± 3.7
8.5 ± 1.6 ± 2.3

6.4 ± 1.3 ± 1.4
3.8 ± 0.9 ± 1.7

23.4 ± 5.0 ± 3.3
15.7 ± 2.9 ± 2,0
7.5 ± 1.3 ± 1.5
3.1 ± 0.9 ± 1.1

26.5 ± 6.4 ± 9,4
15.7 ± 3.4 ± 2.5
9.2 ± 2.1 ± 2.5
5.4 ± 1.3 ± 2.9

«.8± 2.0 ± 1.7
2.6 ± 0.9 ± 1.5

10.8 ± 2.9 ± 0.8
«.2 ± 1.7 ± 0.9
3.0 ± 1.2 ± 0.7

Tahle 9.2: ZEUS 1993 F, ' rwukn, Tb* ovnall normaliMtioii uD(*rt»üntjr of 3.5% ^ not incliittnl. Tbf
<lat« rnntain «n mtinuitnl 15 ± 10% bsrtkm of nmihlr-dnuriitivp eveuts.
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9.9

1.5

».25

•.l

l»

l*

l»

M

l« l»'
Xn

l» ' M

12 2t
Q2[GeV*l

Fignru 9.9: Tbc mmlM of *"/""(/!, Q*.«») rompamt to tbf pammrtriMtton di*nt*v<l in th*> tfM. The
i n u« crror bar» «how thc ütirtisttcal ivran, thc ontn ban rarmipontl to thc <<tati«tir&) and DIS c*cnt !«clcrtion
«ynnnktir nran addcd io qnailmtiirr, and thc füll liai> raimponili to tbi- sUtirtiraJ an<l tot«] «ystrmatir cnon
aHdnl in quadratnrp. Note tbat tbc tUta iüchnlc BD mtimktnl 15% rontrihution diir to doubl* dmoriatinn.
Thc ovcrnll nonnaÜMtion unmtainty of 3.5% diif> to tbc himinonit)1 nnrcrtainty n not inrhidnl.
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Chapter 10

from 1994 LPS data

Sinia- Ihn pseiidorapidity of a syrtem of mass Mx prodiitvd at a center of mass energy W in
proportional to Jn(Mj/tV3), th« analysis of diffnw:tive eventa baut*! on a large rapidity gap
requirement (i.e. Iow vaUii«s of patnidfvapidity) will imtn«diat«ly translat« into the nelei:tk>n
of kiw MX states {the ilpner limit d«p«n(ling on tbe W rang«, Hut tipically never exoueding a
valil« of 20OV). One of tbe adviutages af tbe analysw baaed (in tb« tagging of the fortbgoing
proton with tb« Leadiug Pruton $pw:tn>metKr «msistH in tb« abolitkm of tb« npper Mx

boiindary (tb« prarnnK» of a rapiditiy gap is not any longer synomm of diffractkm), leading
to an extraxkm of tbe rneasured rang« to ktwer ß and higher TIP statt». Tb» can be »esn in
Fig. 10.1 wbere th« distrihntion of tb« evwnt« Nel«:ted witb the nse of the LPS in the (IIP, ß)
plane ix nompared with th« bin* {for one Q* ränge) nsed by tbe 1993 F,D(3) analysis (indicated
by tbe danbed line*) and tbe «ctwisktn «nabled by the prment data (solid lines).

The aetond advantage of tbe LPS analysis for the determination of diffractive cnws tux:-
tionn is tbe noUtkm of a pnxswt pnrely mediated by pomeron «xiJwnge. As it has been
pointed out in chapter 6, the flel«ctk>n haswl on K psendorapidity gap requircment does not
rej«ct eventü wh«r« the dif&af^tion bappens on pions or tte<»ndary reggeon» ratber than on
tbe proton and where tb« ontgoing proton cames only a «mall fraction (< 80%) of th« in-
coming momentiini. This (»ntribution fju> be a» big a» 30% of tbe ohtwrved rn«s nectkm.
Tbe reqiwst of baving in tb« final «tat« a faxt positiv»- particl« with > 97% of tbe iw»m-
ing proton momentnm «xclitdett rontrihiitiontt from <Jurge «xi^ange and atnmgly Umits th«
contaminaiion from neutral reggeon excbange (mainly ir,/i and /). With this uinstraint th«
puratt xanipl« of pomeron diffraction on proton» can be achwved, allowing a predskm ntiidy
of itH (iiaracterMtica «lieb a« faiioriwitkin, Q* evolution and behavioiir an a fimction of tbe
rantre of mam energy.

10.1 Binning, resolution and purity

Althongh the meanitrement of tb« pniton tranüverHe momentnm (and th«ref)>re of t) with
th« LPS giv«ti tb« poKtihility of determining the diffractiv« differential (»oss Kei-tion in all
tbe variablem «f tbe phaiw spate (ft, x,P, Q* and ( or, alternatmtly Mx, W, (f and t) tb«
limited 1994 statistka restrict» th« analysis to a three dimennional Hpat^ and th« iutegratkm
owr t, whkJi wan mandatory in th« 1993 unalysis, han been mantained. Th« improvement
in tenmt of Inminosity and LPS inxtrnmentatkin {i.e. th« additk>n of tbe two Station« 51
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Figur« 10. l : 1994 LPS itau (>lotü) with the rontour of tb» bin* uxnl in the 1993 F?"} iMlym (dvhml
linK>). Ihr nrtnuiion towaid* Ioww (t and high« IIP valuen rnftdr pomible by th* 1991 anulyn» n i
hy the additional Hins ttntwn m solid IIDKL

and 52) during 1995 data taking will mo»t likely allow the detanninaiion of a foiir-fold cnxw
3«:tM)n and giv« an even deeper insight into the mechannm of diffraction than what U hau
been ohtained DO tar.

Tbe bianing in (ft, xp and Q3) for the «xtraction of th« diffractive «tnictnre fiinctkm
ha» bmn detennin«d hy Monte Carlo «tiidies (the rüsolution in reqnired not to exceed the
width of the bin) and hy data sUtistks. The mmlntion in ft and x/p is sbown in Fig. 10.2
and Fig. 10.3 fi>r 5 < Q1 < WGtV in th« bins twlected for th« analysifl. Bin» in ft (xtP)
HIV. mtlected t» have a width of less than 60% and h« equidiNtant in logiaft (logloXip) in the
regkm of no overlap witb tb« 1993 analysis {in tb« region of ovnrlap tbey have bmm chosen
to be twk» th« sin* nf the 1993 Hins), whik a nniqiie hin in Q2 (5 < Q* < 20CVV*} ha«
been «JH>sen acawding to th« statistks limitatk>as of th« data sample. Tbe hin edgen in ft
are d«ßned t» be at 6 - HTM-S • IQ-', 4 • KT1, l • W1 ,2.5 • 10"' and 5 • l(Tl, tbe bin edg«»
iniff.aredefiiwdtobsat 4-10^M-10--\2.5-10-\6.3-10-3>1.6-10-7, and4-IO-'. The
final niimber of biiiM ns«d, after the reqiiirement of having at Iwwt 7 data events in eac4i hin,
in 16.
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Figur« 10.2: Tb« (l rnolntion m tb« hin» rhoosra fiw the nttraction of FD(3), in th* Q1 rang« *< Q3 <
l SOG*V'1. The molution unpHivm towwito Wer vitan of /) «nd higher nlncs of *n>, wbw th* kinrautin
is mftinly rfronstnirteil «Arting wfth the wjrtti*red proton and e-lertron (without • Aaret meAnurcment of th«
hadnmir mass MX in the ralorimeUr). As dr-vrihKl in r.hnptw 7 tb« dctomlnation of MX (and thnrinrc /l)
from thr proton aod flertron kiormatka kadH to a brtM» rmolntbn (» brtor of thm) with r«p*rt to tlw
dirwi mrthcxt

Por pjuji hin a itHrwiion and pnrhy fatitor an> <te6n«d a«:

Enentx generatfd in bin i
Carrectian(i) =

PitritV(i) =

E»ents rerfmfitnu'tfd in bin i

rfcanxtnirtfd and generated in bin i

(10.1)

(10.2)
genrrated in bin i

and eNtimated throiigb MC Simulation. The rmiilts ara sbown in Pig. 10.4 for
Fj hias. Tb« valnt* for th« cnrrection «xc««d laigely iinity sine* they takit
tbc gH«m«tr«-jil jKXKpUni* of th« LPS (tynically < 10%). Tbe piirity is ahow. 10% ü» all of
the hins.

G(KM) agreement hetwwn data and MC is »htaiiied for any of tb« snl«;U-<1 (ß, XSF) hin«.
Fig.10.5 and Pig.10.6 show th« ß and Mx distrihntions for data aod MC in each of th« bin«.

148

Pigllre 10.3: The TIP mwhitinn in tb* hinü riioofvn for the ntrartion of f "(3), in the Q1 rangr 4 < (f <
15W>V*. Tbr rnalutioo improv« towwih kiwm valim of /) «nrf highir valimof xir, wh*w tbe kinnnvtim
is mainly l*f»nrtrnrt«l Start in g wtth tb» Kattranl proton anil rln-tron (witbout & dirfrt omniuvm^nt of thf
hddrooK- ma« M« in the raloriinrt«). A» itosrnbeil in dwpter 7 th« (tetnmtnation nf Mx (anil thrrMbre
XIP) from the prob» and rtrrtron kineinatirs lewl* to a hettn TMolution (a farlor of Ihn*) with ie*pm to
the dlrert rorthod,

In «acJi /), XIP, Q1 hin tbt* dif&active stnirture function F2 was

tL
(10.3)

whure * — -fffff, i» the MC «stimat«d accuptai«« (hin hy hin «>rn*;tion), L IN Ihn luminmity

of thv dala sample, Kr is the kin*nuUic,al factor mtimaUMl at tht; center of thü bin:

K = ronat
-v-v*W

(10.4)

(th« TIP d«rK?ndew% ha« heen varied fnim the valn« of l/x^p ohtained hy thf anaJy»iK «f the
1993 ditTnuiive stnictnre fnniiiou to th*> soft pht-nomfiiologicjU Donnachic LandsliotT valne
of 1/xy0), C, \& tiw hin ivntHring <^>rr«<iioii appli«d to the rros-s section (fr =s l/ßx*,rQ*)
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10.2 Systematic checks

Sewral systematk: ch«fc WKre perfbrmed in ivder to extimate tb« iinc«rtaintit« dne to the
Relection oitn, hnckgnnind detannination and aix»ptaDce «Hrw^tions, As mentioned in rhap-
ter 8, tbt> «ttinute of tb« syntematk unc«rtainty in ntningly afiect«d hy tb« Statist)«» of tbe
data wunpl«, depending on tbe population of tbe bin.

Syxtematir «m>n dit« to tb« deep inelastic satUering «vent sel«:ti<>a wer« evaliiated in
tb« lolkiwing way:

1) tbekiwerQ1 mt wanraised toGGeV tontndy tbe poadblK «ffocta of a fltrong migration
of low Q* eventfl toward« higber valnes. The relative »iwnges in th« F/*13' valut» were
of tb« ord«r of 10%.

2) the iippwr Q' mt was ralsed to SQGr.V to incrense ntatiHtka and diwjt tb« stahility of
tbe bin centi-ring <»rrw:tk>n tu Q'. The F,Dt3' iJianges wer« in general bek>w 20%.

3) tbe cut on £> WM oVcnwaed firom 10 to SGeV to tbe »tndy tbe «fleet of a posxihle mifi-
nmifh of tb« nbower pntfilw of data and Monte Carlo at »mall ttnergieg. The Variation
of F/"3> wafl Um tban 20% in twch hin.

4) tbe ]/]B cnt WM removed. Cbangra anmnd 10% wer« ohmrved.

5) the i etit WM raifwd from 35OV t» AQGtV, to stndy th« «ffnci of radiatiw eorreetkuw.
Thifi remiltod in ehangeR of tb« order of 3%.

0) th« DA variablen were ined instead than th« «lectron ooes to recnnstniet the kinematk»
«f tbe d«Kp üwlantk: «vttnt nsmlting in illang«« of tbe order of 15% and in general bekiw
30%.

7) tb« box cnt was knvered to 12 x 12cm to study the eßectH of the e)Kt:tron pooition
. Tbe <JuuigHs WKT« of tbe ord«r of 10%.

8) a wrtKx was reqnired witb |Z„„ j < 4ft:m. The changwf wwra of tb« order of 3%.
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Figur« 10.5: Distribution of Ingiafl tat <UU (dots) and MC (RAPGAP, solid lio^) in the vlntnl bin.« for
the F

Systematk: errora du« to the LPS diffractive «vent selwttion wwre evaluatixl in tbe foUowiug
way:

9) tbe mit on tbe x^„. of th« taufe was lowered to 6 to study pussihl« miuinatc Jtes betwt-en

data and Monte Carlo. The cbungnt in Ff wen* of the order of 5%.

10) th« cut on the dtatance of approadi to tbe heam pipe A,̂ - was raiHed from 0.05 to 0.1
leading t» »mall changes (of tb« ordur of 5%).

11) the cut on E + p, v»s raised from ItöüßnV to 1670OV. Changes arotind 4% wer«
ohMtrved.

12) a cut on the p, of tbe track was perfonned (0.25 < pf < 0.3G«V) in order to Ktndy
acceptam;« «flectn at the edgex of the m«awir«d pt rang«. This cut aflec:ts severHly th«
statütk* of tbe sample and leads to stnmg flurtiiatioas. Th« changes in F£^ were
aronnd 20%, with higher valnes in th« lexs popnlated bins.

ErrorH dne to the atx^ptanre n>rrei:tion pnxMiiire wertt estimated an following:

13) thtt NZ iiHxinl WHH imod instead than RAPCAP for nnfolding the data. Thedtangra to
F?*} w«re tipk^üly ~ 20 -J- 30%.
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ZEUS 94 PRELIMINARY

Figur« 10.8: Theiwmlttof F,1*"' wjtb tl* paramrtrewtioD obtaiwrf from tbe fit. Tbr innrr MIO» bar* trr tb«
nUthtiod HamrteintiM, wbite th* ontn nror ban rormpond to t he matntical ud syntmutic nomtaintin
attrlfd Ja

Within tbf! pnawnt accnracy tb« data HIV. cunsrntent «ith tb« atwnmption uf a universal xp
depend««*, with tb« incliinion of th« unpreuxkmt«d rangt! of low ft wUites.

In order to utixly tb« /Mnpradeni« uf J, , a fit to tbe paratnetrimtion amtaiutxl in
eqn. 9.3 is perfonned a MHxnd time with a = 1.20. Tbe iwmlts of tb« fit ara:

A = 0.014 ± 0.005

r = 1.03 ± 0.49

with a x1 of 4.5 ftw 11 degrees of frw-dom. A fit withoiit tbe (l - ft)7 suft rontribiitkm
resnlts in x1 of 53 for 11 degraa of fnwdom. Tb» amfinns »n« uf tbe M>ndimioan of tb«
1993 analymtt, i.«, tbat a tioft (»mponftnt i« reqiiiiwi in tb« pomwon stnictnre fiinctkm. Tbu
sUt«m«nt n of mmw «wn mora Rtnmgly mipportüd an tb« nwaisiired ft ränge a shifled, in
f:umparMim witb tb« 1993 analyxn, towardi smallw valiHs of ft wben> a twa «>mpon«!nt of tbe
striMium fnnctkm, if existing, ühoiild dominat«.

Th« /i-dKpendeiw» i« fiirthenimre inviwtigated hy integrating F?(3] over the meannred XF

ränge (6.3 • 10"' < J> < lO'1 w« < JMimtn ia ord«r to allow a comparison with th« 1993 data)
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<^ (GcV*)
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5

ß
0-01
0-027
0-027
0.07
0.07
0.07
0.07

0.175
0.175
0.175
0.175
0.175
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0.375
0-375
0-375

XJP

0.028
0.028
0.011
0.028
0.011
0.0044
0.0017
0.028
0.011
0.0044
0.0017
0.0007
0.011
0.0044
0.0017
0.0007

AU,
27
34
28
19
28
28
5
5
21
33
24
4
7
5

21
8

FUW

0.857
0.678
2.395
0.562
1.515
4.527
15.269
0.683
1.761
4.897
12.462
59.628
0.963
3.113
15.194
49.664

»tat.

0.152
0.112
0.296
0-140
0.292
0.813
4.828
0.258
0.415
0.828
2.786
22.567
0.482
1.176
3.581
18.771

ays.
•to.yia
-0311
+Q«J
-0 I3K
+0.130
-QKG6
•fO.Nl
-0.190
+0333
-OKI*
+ 1.44»
-O.E03
+T.923
-1.1M
+040«
-0.31T
+0.141
-0.0X4
+13OJ
-0.9HO
+ 174*
-1014
1 38.377
-33.TW
+0331
-03M
+ 1.TT4
-OM4
+4.ROJ
-1033
+ M.303
-IB. 3!)

Iahte 10.1: ZEUS LPS 1994 F?(H iwnh*. Tb« «hl*« M« coirirtfd for tbf rtm hy run Bra*ptaw* <tap«n.
dnm wbirfa rf-iulli in *n ovnmll «hift of ~

tbe fitted x{P dep«nd«m*:

=
/O

(10.5)

Th« derivatkm h stnmgly dnpendent upon the aHSiimption that a universal XIP bf»Hs in all
regions (rf /? and Q3, in partkuiar in th« regkina wbere tbb; bypothrais i^ianot bt- tmted. Tbe
F, valiim an a function of ß an* shown in Fig. 10.10 ti>g«tber with th« paramt*trwatk>n
(aolid lin«)obtain«dfroin th«ßt to«qn. 9.3. Th«dott«d line rornsponds to th« hard ft(l -ß)
contrihntion. Th« F®W values and errots an* h*Ht«d in Table 10.2.

O3 (GeV3)

12.5
12.5
12.5
12.5
12.5

ß
0.01
0.027
0.07
0.175
0.375

fd>W

0.072
0.075
0.060
0.100
0.079

•tat.

0.019
0.026
0.026
0.035
0.038

sya.
+ U.D21
-0017
+OOM
-0.033
+O.O3O
-0033
+0040
-0034
+OOHN
-o.oni

Table 10.2: ZEUS LPS 1994 F°m rwnlts. Tb» valii« tar rorreclM for thr nio hy r n n
Arorr wbidi mtakH in u ovnaD »hift of ~ +14%.

Th« 1993 F, valiien and thuir panun«trLsatk>n (da»h«d liu*1), inrlud^d in the tuune pkit,
show a — 30% higher nonnal)satk>n fiuior. The dist:repan<'y is obtterved WU«D«VW the <TIKH
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•ZEUS93-etom«0I-12
. H1 94 (K-el Q*-12 .ZEUS 94 LPS tf-12.5

M
MS

f-OJOHl

«-0.37ZOJS

0-0.027 in
0-004 MI

1-0.17 IPS

IHWI7LPS

M,
1-OOtLfS

Figunt 10.11: *,f-F?m a»»f«nctk«ofr;j>. Compari»n brtwt-«i thd 1993 data, iht 1994 LPS data and
the Hl pT*)iminary daU n mmpalib)* Q1 aad ß rangM.

158

ZEUS 1994 PRELIMINARY
,~J5I

s 1T<M,<3«JG»V 1«J<M,<1TG.V

2M 4M 2M 4M IM 4M 2M 4M 2M 4M
W(G«V)

Figur« 10.12: Thr diffmati»! acm s«rtion jj^- an a fiiortion of H' at Q* = 12,5ßeV*. The inn*r PITOT
ban show tb« MMntind «min »nd thr mtn ban (h« *tatMic.a] «nd uratramtir man addrd in qoadraturr.
TM cnrvr-i xhow thc rmtlta from fitting all CTO« wrtioo-i to th<- fnrin J'1"{f'U''''( * « (H'*)***~* wrtb a
rommon aif, MW tritt.
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