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Abstracl

The diTiiys /? -t />TT and /f ~» ÜTTIT arc i»ljservo<l in dala taken Ity llie

A l ( ( J l ) S ilelcclor at tlie e"1 e" slorage ring DOIUS H. Tlie t lnta Eani|)li: im Indes

11)0 p 1) ' tullccletl al llit T(l5) rc-Gunance and 31 pb~' conlinuum data taken

al a rentcr-uf- inass encrgy just l )ü l i>w llie Tf(-l5).

Tlie clccays ö •-> l)f> are obscrved fur llie f i rs l lime. \Vt find:

> l)uf> ) - (2.U l 0.7 J: U.7)?'o

Tln:se brancliing ratioa arc Biil isLiintiaÜy largcr l l ian ihnse für tlic ilernys B

l)n , fn w l i i c l i we find:

• llli(H -. Unn -) = (0.10 10.101-0.06)%

° -. DU'} -(0.35 l 0.14 10.12)%.

Sitßgcalivc, ytt i i i ru i ic lns ive evitience js fnni id for llie existciice uf llie decays

fl -i /'"/'(1611U) '". An uppcr liinit of 0.3% at a 90% tnufidt-nce levcl iß fmuid

für the "colür-eupprcsBcd" decay /J° — » ]>nf>Q.

Tlic nicasured brancliing ralius of llit decays /J - > PTT, /^ ITTT arc consislenl

willi othcr incaBUicinents and witli ttietuetical prcdiclitnis hasod upon a spec-

ta lur dccay iiiodcl. Sinnig elft-rts nppiüir to lie iniiior in H decays beyond ll ie

i tn i i ine iucn t in liailrons, wl i c rcns dynainical i-ITccts uf llie l' — A wcak interarlion

iirc i j i t i l c prononnced,
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Chapter l

Iiitrocluction

Objectives of the AllGUS experiinciit

Tlic priinary olijeclive of ARGUS haa beeil to invcül iga te llic pliysice of Lhe

li r p i n i k , I J . H t i c i i l . i i h l l i iough the wcak dtcays of Ihr I) inestii i . The i - , \ j : c i i i u i - i i t

l i . » r : a!sn pruviited valuahlc informalion 011 r l i i i i i n u d [»artklcs, r i l f t < a y s , am! 7-)

ilitcractioiis. Whilc 1) mcsun sliulics are st i l l in an early stagc, llicy havc |iroven

to be a useful pruhe uf ttie fuiidanienlal interactions. A clcar nced exiets für

nddiljoiml uicasutciiiciits of 1) incson decayB. Tliis Ihcsis [K^äcnlB a s lndy uf B

incsiiti dci'nys Lo Dir and

Ilriof liistory of h-quark stiulies

The existente rif tho b i|iiark was infcrrcd from the diecovery of the T resonaritcs,

firsl o l i s i r v i ' i l in a 1977 Fermilnh expeiimeul [ l ) Ih rDi igh llic the renclimi

{
it,
Cu
r t

t x.

A Inoail jn'iik was «hseivcd in ttic fi* ft invar iant innss vvhidi cmild liest lic fit

w i l h l l u t c r t :ä i>nniicrs nn r rowcr l hau llic resühition. l ' . i i l m - l y aiiidogmis In llic i/>

[eeoiiiinrcs iv t i i fh wcrc iutcrpretcd äs cc bouild s la l fs , (In- IKMV rcäoniinrt 's wcrc
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tlie eigenslalcs of SVL('2) wcak donhlcle are rclatcd to tl ic physical < j i u u k & l»y

Ihe nnitary Iransfurmatiuna whi r l i diagüiialize the muss matrices. Since ihcec

liansforinnlions differ for thc iipper and Iower quark members, n i i i ix tng i n a t i i x

remaitiB in llie wealt charged cnrrenl wliich mediales Iroiisitioiis belwcen tliem,

tlnis tlie r t - i i f i o t i for llic j n i i i i f K 011 llie luwer quark iiicmhei's showti above.

'Mir t iaii i i l loniaii i . f tlie chargcd currcnl iuleraclion is then

Hw =

w l i c r e Gp is Ihc convdiiional fenni cunstanl. Tlie current ./,, conlaiiis l n u l i llie

leptoii aiul r n i i i i k c i i r r imts wliich are:

a tu!

V,,

where l',j arc tlie eleniCiiU of Ihc KohayaBhi-Maskutva i nixin g malrtx [7], her«-

«flcr rcferrcd to äs the KM ina t r i x .

'I'he KM rnalrix ck-menta \'fll and l„b govcrn Ute Irausilifiii ratcs for b -» c

an<l fc — > U reEpectively. -S ince Itic l-quark is far i n n r e massive than llie li qua rk ,

energy conservaüon ullmva onty v i r tua l 6 • t traiisitioiis, llie procese believed lo

play nn i inpur ia i i t tole in t he largc U0[}° in ixing [8|. Tliongh the b - q n u r k \s qnile

niafisivc relative lo Ihc qnnrks of the l'irsi Iwn gcncratioim, il lias an aniazingly

long lifeliinc, Tt - (1.18 ± Ü.J1) x IU~"jec |Uj , louger Ihan i l . n l of any lliidron

containing a valcncc c-qnark. Tliis can be cxplaiucd hy Ihc rclativcly sinall KM

tnixing bclwecn Ihe third genenilion und llie first two. I n k l u s i v e und ex i ln s ive

D tlccny ineasiircinenlß have nlrcndy let! lo iiiodel-dcpeitdenl calculalloiiG of |l'ci|

and u j ) | t f i - i i n i i i s an | l ' , . i j , favoring a dominante nf 6 > c Iransit ions in II dcrays

wi t l i | i ; t j ^ 0.05.

Docays of B mesoiis - strong intoraction effects

The ni t t i lc l tlependence in ralculal i ims of il decay rii l tK aiises from Ihc i i i ro i t i -

j i K ' U ly uiiderslouti i t i f luc i ice of s trong inieractions. Tltcse t l fccls aie morc pro-

iioiinrcd in jmrely hadronJc dccays than in semileptunic ones. Thns inca^urc-

menU nf hadronic decays can provkle i i i uch nsefn l informnlioii on sinnig in l t - r -

ar.lion cff^cls Non-s|iectulor efFecls arc expected lo he si t ia l l in 1) de[:ays due

10 laige beliciiy EiipprcEtiioii and the predicted h i n . . 1 1 üize of Ihc fn im f.n t u r fu,

Alltioiigh I ! K _ - so callcd epectator inudcl dcrives !U na inc from Ihe iiieilnces of

llie sjieclator qn.irk w i t t i regard lo the wcak inleraction, the btrong i i i leracl ions

lielween all inil ial and ßnal statc quarks must be taken intn accunnl. FYr tu r -

bal ivc C^(J1) is nsed lo inclnde the short diblaiiLe elfccls of hard glnun exchange

whilc potential inodeh are imo«l al long dislance whcrc hadron fonnation f iual ly

b l i i f l i l s , nlf f u r l l u 1 ! Elrong ellecls. Tlie conneclion between Ihe quitrk and liadron

levcl pictures U still qnitc ainbiguous due to the non-perturbativc na ture of

hadron physics and is ihns enbject lo u variety of Iheoreticnl appruaclieB. Hut
•

11 is wtir l luvhilc I n ontliiK; a melhod *•. hu i i provides a i is t ' ful dcecripiiuu of wc'ik

decn vs of heavy hadions and lias heen nscd In acrm u t i ly describc \) i|ci;iiys ( 12).

In Ute d e t u y b ' cüd llie haniillonicin of the wcak rharged c u i i c n l can be
t

explicilly v . i i t t c n äs

wl ie re qi, -- q--J* , Ihe Icfl-lianded dirat spinoi wavc f u m l i o i i of llu- q n a i k q.

'l 'liis is nul i n l n siinpüfieil nolatioii äs

HH- = VÄf>)(<*)



I.)

Figurc 1.2: Diagrams reprcsenting a fust order l JOD conccliou lo llic weak
hamilloniaii

where the curreuls eaclosed uy parenlheses are color singlels. The elfecl of a

first Order QCI) corrcction can be sliown via a Fierz t innsformatiou |l)| lo be

c i p i i v i i l f i i l to reiiornialtzing the slrenglh of llie exisling weak hiuniltoiiiaii und

a r l d i n g a tenn wliich anpears äs a neutral cunent:

O ( i . i )

vvhcre llie scalc dependeitt coeffictenU al the li niass s< :ilc are r, ^ 1.1 aud

Cj ^ -0.21. Two dingrüuis cunlriliuling tn tlie respixlive Icnns in the almve

liauiillnniati tire sliown in Pigute 2, in wlncli llie quarks are lahclcd willi colnr

iiulicüs. Sincp gliKin exchaiigo mny or may not rliange the toloj imlex uf a ((imik,

tht rnlor of llie b-qnark Umvs lo eillicr llic C-«|iiark (ü), U'üvin^ l ho ü<l systeiu

in ils original color sin^K-t slnle, or to llie d I J I L H I | I (h), li'iiving Ihr üc eyslcru in

a colur singlel einte.

VIp lo lliis p.iint Ihe prorcilure is straiglttforward. 1'he prubleni wt: uoiv

facc is al long dtstances wlierc non-porlurhiiüve QCH' tlferls form color-einglel

hadrons. The proredure of reference |12| is t n lake a sollte w hat pliRiiuinenolngical

I I I

7T

D°

n \\T

f'igiiro 1.3: Diagrams tonlrihuling to the ilccay // - i U x

approach )>y assuiiüng lhal fäctorization and the subsequeiil replateincnt t>f

quark currenU by hailion currenls, can be used wil l i soine cEuil ion. For the

coefTirienla of llie resulting hamilloniaii,

(1.2)

Dsstiming factorization would yiehi

i *•'i « c, \- und «i -~

ln lUht onler in 1/NC wl ic rc /Vd is llie nuiiiber (if tol^r cjutigcs. Hut tluc lo

HiicerlainlieB of urdci \/Ne in l he foclofizaiioii approsinial'mn tlicse c«*cfIiciculH

nie i illinvcil lu l i i ivü a fn'f |Kifitim-ler ^ sndi t l inl

o, - r, t {rj autl i i j ~ f j | fe , .

'J'lic calc ul.ition nf llic decay H * P°ir actually involvcs Imlli «[ aud «j

teniis, rcprescnlcd by llie Iwu diagramsin Figurc l .'.t. 'l !R- ii| tenn is r<'|uescntcd

Ity diagram ( . » ) mul is llie dominant lernt vvhile llic n3 leim U rcpreacul«! hy

II



diagram (li) ivhkh has betsn rcferred lo äs "color-snppn-ssed". Quark color

iudiccs and glunn uxdiaiige are not expBcitly sliown, al t l iongb bulli uf tlie c.^ and

cj Icrms of l In- f i r s t order QCD correcled liauiillonian (equalion 1.1) conliibiiie

to eacli of tlie diagrams sliown.

Tu dctermine £ tlie antliors of refereiice |12j f .min i good agrcciucnt willi

much üf Ihe I) dccay datu tiy using £ = 0, a cuniplcle canceHaticm of all colnr-

•upjirenefl Urins, 'l'liis resnlls in a ilestruclive inlcrfercncc belwceu Ihe dia-

granifi of a, «nd ( i j , aclnnlly a I 'auli euppression dne tu identicul quarka in l l i r

final state. This lias Leen used to explain tlie l ifel iuie dtftcrrnce bctween t l ie

I)° nnd />* nifsons |5|. Ollier Lheorelical predicüona nsing a vcry siinilar eal-

cnlation | ! ' i , l ü | wcrc n l sn motivüted by th t s iihservation, A eomewlial d i l fcrcnl

i i | t [ ) i ' i i i t l j , li(!|) sinn rnlcs (I8|, an atteuipt to include llie noa-facl»riza))lc nui-

ptiltules, also linds u near rnncollation in inany 1) dc< ay inoilcs. UnlWli in i i lc ly ,

only cali i i ldlions uf Die liest uiütl iod liave b^en tist-d so far fnr exclusive fi ilcray

lirnnrhing rattos. '['Lese iue li&ted in Table 4.1 in llic finul cliapler wliere llit->

f ü r diacusscd in morc l i r l . i i l .

Motivation for D —+ Dn,Dmr nieasureiiients

Tlie massivcness of tlie B ineson in rclation to the I) inesoti ( n n d tlicrcCore

Ihe inncli larger pliase spacc available für iiiiineruns poesilile ttei'ay inodes) is

alone rcsponsible for rongldy one onler uf niaguilndc lower brancliing ralioa

für tlie simple '2-body II decays relative to corresponding '2 body 1) decays. li

decays typically yicld lugli ninltipHcily liiial status; llic uiran niultiplicilica <>f

final stntc pnrttr lrs aro n . j , .- 5.5 and i i , ~ 5.11 ! i ! l j , in l o n l r n s l t < > l) dccaya

ivhirli liav« Iow ( J i i i i g c d multi|>licities, f t j ,» = 2.5 and N F , . - '2.'2 |2U[ and u i e

inoslly acconnted for liy rcKoiinnt 2-l iody decays ( I 2 | . Tlie l'aiili euppressiot)

lern! is not ejtpeclcd lo ranse n noticnbly lu rgc t f F c i l in U decays einrc tlie

(arge a i i iount nf phasf. sjiace inini ini^es the lossi's ihn* to d i ' s l ruc t ivf iiitwfcrcnfe.

12

Mowever, llic lovv [iinltiplicily decays cliosui fnr thifi Bliidy, wliile acconiiting

for only a sniidl fract inn of all U decays, may be llic niusl favorable nnett for

otjserving sncli an eflect. Decays will i lovv q3 valites for llie oll sliell VV inasaes

such äs H - i L)n~, liave vcry limiled pliabe spure by tlie real riet ton lliat tlie

üd t p iu rk pair liave nearly parallel momenla, indicalcd by tlie Binall size of

llie form factor, /, — 133A/el', wlii tb enters llie calcnlutioci. If tlie cliargeil

and nc i i l r a l 1t lifelimcs are neaity equal, t ) ie interferenr.e is nianifetilcd tbrongl i

d i l fe ienl braiiching taljos for decays aurh äs ß" -> Düx~ and H° -» l ) l - r t ~ ,

whicb difTer oidy by llie speclalur ( juark. Hut if in foct strong tlTecte in H dccaye

are cunsiblenily sinall, <>ne may uae tliis äs an ad van tage für ubecrving effecls

dnc i» t l ie forin of llie cleclro-weak interacliun. A disciiBsion of l hisse efTetls

l i . i ' . f d iipon Ibe i i u ' i i s i n t u n ' j i l B o f t l i i s l l n - h i i . und • . ! l n - r H ileray im « i m i u m c n U i s

prcseuted in llic- f inal clispter.

1:1



Chapter 2

The ARGUS Experiment

Operation of DORIS II

Tlie AIKHJS Experiment relies upon l l i e clficient ronlrt i l uf ils elcilron n m l

posilron beains in llie DORIS 11 storage ring, 'l'he sequence is illusüated in

Fignrc 2.1, Klectrons are boitcd uffofliol filamenU Hiul acceloraled np LD 50 MC V

by L I N A C l before eutcring llie DESY Synchrotron. Tiie positrons, prodttced in

mlUsimis ( i f electroiie vit l i a InngEtei i targcl, are arccleraled n j i lo ü l i t l M e V by

1.INAC '2 and acciiTinilated in tlie Posilron Intensily Acculmillator (1 'IA) betöre

cntering tlie Synchrotron. There llie hunclies are separate); accelerated np lu 5

f!eV in about 20 insec before being ejectcd and sluicd in llie DOIUS 11 slonigc

ring, l h is [ i i i u i - E s is continued unlil cnr rcnLs uf aboul 35 inA aic arciiinulatcd

in cacb s'uigle e' and e buncli . The normal f l l l ing t inie is relativt ' ly biicf, uu lv

a fcw m im 11 es, comparcd lo tlie beam Hfetinies whicl i vary ( n u n l lo 3 iionra.

Rcfdling is nurmally donc cvcry Kuiir tu rclain liigli limiinosily. '[{•<.• avenigt:

lu ininosi ly cultecled per day is about BOQiiA" .

Dnring i ln- peiiod in wliicli llie dala uaed Tor Uns analysis werc litkai, llie

(wo inttraclion rcgions uf DORIS II wert occnpicrl by tlie AIKUIS doiiTlor nml

Ihe (Irystal l) ; ,II delerlor. Tlie sharp 12 in licnding radins of tlie DOIUS M

bending miigncts also produccs a ricli snurce of synclirolron radlatton w l i i cb \s

itscd by I1ASY1.AI1 and otlirr f;idlities Giirrnnnding tlie sloragc ring.

DESY

L I N A C T l
DORIS

IIASYLAH

Figure 2.1: Tbe eequeuce uf bcaiu biippiy to t In- DORIS II slurage ring
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their nse in llie fast trigger sysleni and for liiniinosity nieasuretnent l l in ingl i

t l i e lihabhti evenl rate. The systom inchides l 2811 barrel connlcrs arranged in

20 rings eacli rontainiug fi l connlera and 240 cmlcap connlers arranged in 5

ctmccntric rings. Earli connter is composed of al tcrnating layers of lead and

Gcint i t la tor malerial tolalling 12.5 radialion IcnglliB whercas tlie total ainounl uf

malerial in TronL of llie connlers ranges froni only 0.16 lü 0.52 rndiation Icngllis,

alluvving excellent detectütn cfliciency for pholons v . i l l i energies äs luw äs 50

MeV. A wavekngth shifter bar exleniltng froin llie front lo ihe back along tlie

sidc uf each courilcr dclivers llie ISglit putses to llie liglil guidea Icading tu llie

pliolotubea (int.sidc llie rnngnel coils. Tlie resolution athicved by llie bain;l

connlcis is

(2-2)

wliile tliat of llie endcn|> connlers \s süghlly worse. Tlie conataiit lerni Ja inainly

dne to losses in Ibe s t i p p m t slrucliire

Tlie inuon cliauibers roneist of three layers of proportional tubea, one inside

llie iron yoke and Lwooutside nf lt. They are necded lo uhta in clean ideiitificaliun

of iiinoiiR, which cannol lie done nsing unly tlie dli /Mx and TOF ii iensi t ienients .

Tlte innennost laycr lins a Imver nioinentiiin culoff of 0.7 C»e V due to absorption,

n n i l covers 43% of l l ie solid angle. The onler Iwo layers cover 87% of llie solid

angle nnd l invc a IUWCT cutoff of l .1 CieV. l'he inncf layer is shielded f n u n liatltmis

cnining frixn thc i i i lcraclioii region hy 3..1 absorption Icnglhs and tlie onler laycra

hy 5.1 absorption lengllis, providing reasoriably dean iniion Jdcntiliriition.

l'he inagiietir lieltl innsl lie controlled In vcry liigli pretision lliroughoul Ihe

inner delec.lor for t In; pnrpoae of acrnritle uiomenluii i di- tc ini inat ion and liecnnse

of tlie ildit.ale beain oplks syslein. The Held lines of Ihe iicurl.v limnogeneous

0.8T inagnclic fielt! pruvided hy llie nmin solcnoi<l coils ruii parallel to ihe brani

axis to indnce a circnlnr track cnrvntnre in Ihe p]:mc (ransverse lu ihe beaiti

axis. T<> offs ir t l l ie inf lnenre of Ihe f i d d in tlie heain pipe, coiiipensation n n U

•i\\e inslulled «l eatli end of tlie bcani pipe inside of the dctcclor. To Hniup

utit hela l ron oecillatiniia in the beam and achicve Inglj lumiiioaily, mini bela

quadrupulcH were placeii behind the compensatio» roils.

IVigger System

Beranse of Ihe lurge ba<kgronnds fruin cosinic rays and heuin güs u n d b c a t n - k v i d l

iüteraclioiiG, a fast and eflicicnt inelhud is nceded to redncc llie r a t e of evenls

read ont to Ihe online Computer lo a nianagable level. To arcoinplieli l l i is , thc

A l t t i U S trigger syslem is dividcd nito Iwo slages: a fast prelrigger wli ich can

operatc wit l i in the fi'e bniicli croseing rale of l MHz and a secondury trigger

rcferred to äs the "Lillle Track Finder" or L'l'F.

Tlie pre trigger sy&lem is G t i i c t l y a liardware device wl i i c l i ulilizcs only tlie

TOF and sliower connler inforriialion. Events are acceptcd iijion sat isfyiug one

of hf - . ' i ' i , i t coudilions;

• Total ICnergy Trigger - reijuires inore tliati 7110 MeV of energy di-posiled

in eiich z licmispheie of sliower counlers.

• High Energy Sliower Ttigger - leipiires inore I h a n l CieV in one of |(j barrel

• f iharged I'artitle l'retrigger - recjuires al Icasl one chargrd track Jn eacli

z l ieni ispl iere äs dctrrmiiied by au ovcrlap of TOF and sliower connler

gionps.

• Ooincideiice M a t r i x Trigger - refpiires sä im: ;ts previons l i iggcr cxccji t lhal

Ihe t r a c k s bc in upptisite <t> heiniaplieres.

• ('oaiiiic Triggci - rei|iiires t r a t k s in o[i|iositc </> licinisplieres froni Ti)F

fonnler groups; nued for lests and huckground ehltlies.

• l i i indoin Trigger a randoni gnte of approxiniolcly 0.1 Uz rate to all elcc-

h o i i K ; , ; nscd for randoin n»ise sludifs.

2l



Dii i ing normal ilala lak ing all ttiggers rxccpt (or tlic cusinic trigger nre nseil

äs inpnt lo Ihe preltigger eollcctor. A roiucidence betwcen tlie hnnch crosaing

eignal and one of ihe pretriggers is neccssary lo begin llie sccoudary tngger

or 1,TF wlii t- l i exainincs nn evcnl for evtilence of cliarged tracke w i l l i llie drif l

cliaml)cr nnd TOF Information. The LTF requires Software only lu sture a l i - i l of

dr i f l chamber wire hits inlo i la memories where many possihle sefmcnces tiefine a

gootl Irack. As soon äs tlie track connlcr cxceeds a valne given by ihe prelriggcr

condilion Ihc event is rend ont by Ihe online C o m p u t e r .

Data flow

Data takui by llie A I K J U S dutccUir inakes llie loug joiirney froin tlie pulses

received by llie i inlivii lual dclector components to llie Software formal uscd f i>r

dala analysis tlirougli a mult iple slep proccss of dala reduclion and Iraiisfcr.

Froin llie i i i i n i i i ' i i l an evcn t is read ont online lo tlic [ loint al nrbicli i l cnn bc

aiiiilystd, Ihc dala Üow pruccss can be sniniiiarizeil by Ibe flow cbur l stiown

in Figtire 2.4, which shows bolh tlie data flow Loiiipnnentti and tlie nie t hu de

dcvcloped lo acccss infonnation. The first uiajoi diatinction inade is between

online and oflline components, where online is dcfined by tlie high rate of data

l i h i i i f r r nceded nnlil il is duniped onlo tape, allowlng tbe morc linie coiisniuing

ofll ine data proccssuig to follow later.

Tlic online inonUoringof opcrating parainelersof llie de t ec t or and elcctronics

\s provided by a M1K 11/2S mini Computer. Significant devlalions Crorn notiiinal

valuea will canse an alarni to occur which, drpending on ihe eever i ly levi-l, niay

slf.|» tbc dala lak ing or issne a warning. l'hc [irobh-in 1s lotated thongli a display

iiulicating ihe dtvianl valne. Nonnally tbo corr^cl vatnc ig imi ik ly restorcd und

dala laking r es u tn ed.

Tbe fonr online dala flow coinponenls ful lowing tlie dole* tor servo lo handle

an cnoriiions amonnl o[ dala al a high i ; i U - , Tbc biginds received in euch delector

componenl Hre digiü/cd by ihe C ' A M A C modules tvhich read onl Ihn i l a l n tu

UATA Fl.OVV DATA

O N I J N E

OFFLINE

M I R 11/25
statte monitoring

lask & parauieter
iimins

online moni tor ing
piogiani

EX D ATA tapca
MONITOR lile

1'ignre 2.'l: S u i n i i i i i i y of dala Hmv and dala uccess



Ihe C A M A O microprocefiflor. There Ihe rump i rU ' evenl rccurd is conslmcted

and scnl to tlie I > K C 1*01* 11/15 Computer. 'J'lie 1*1)1' scrves In syiicbronize

Ihe raw data (Iow from t l i c vaHoiis coinponents and lo allow Ihe I IS IT coiilrol

i . f pnrametcrs and online lasks sin L äs udibration prnrediirua. The diiln n i e

transfcrred l - > llie VAX 11/780 for llie purposc of online luoiiitoring and lo

ensiire adequalc da ta fluw witli llie larger nictnory and proccsMng povver of

Ihe VAX. The inonilor syslem f i l l s various hislograms wliich indicale details of

iletectitr pcrfurinaiicc and coiiliniHiusly Updates run slalns Information hm l i äs

Iriggcr rates nud dala lraiu.f i . -r rates. 'l'he data are ihcn Geiil lo tlie IHM lo

be stnrei! 011 d isk . A f t e r roughly 40,000 evenls are accnnmlated tlic r l . i l a are

Btitoitiatically dnmped onto a tape duriitg wliich the final evenl rccord fttrinat is

m ade. Every Iwo lapes are copied togciher lo EXDATA liipct ivliile catibralion

r n i i i j an: co|iied onto ( I n - MONITOR f ik 1 und dala l ak ing rnn Informat ion onlo

Ihe RUNFILE. Tliia emls tlie online pnrtion of Ihe data flow proccss.

The data slored on the EXDATA tapes in the form of various eigniils aurl i

ns AD(! and T f ) ( ! valnes tnnst be reconstructeil to yield track and veilex in -

formalion. Thu AKf iUS reconslruclioa program brgins with the d r i f l «haml i r r

i i i furmatton. A patlern recognition routine f i r s l locatcs track candidak-s using

only wires parallel to the beam a x i a . U p o i i incliiding possible stereo wires a track

fit routine thcn calculates a l u i i c n ! trajectory by a miniiniini \ procetlure. Tlic

track fit is itcrateil innny tiinrs incliiding inore Jclector informaiion such äs

UIP inhoinogfiicily nf tlic mngnetic field, reinainuig nnasBociated wiree, cncrgy

luss (tue lo spcrilir ionizalion, k inks due lo tnultij t lc srattcr, VI>O infbrmation,

nnd f ina l ly , llie vcrtex ronal ra i i iL . Verlices are also loralcd liy a iiiiiiiiimin \

prcicednre. Tiacks w i t h iinacce|>lably liig)i x1 valnes are disrardcd und Mit- pro-

cedure iteratcd nnl i l an acrcptable vertex is oblaincd. Sinte A'" um) A dccays

oflcii yield one Irack cumpatable wilh llie pri inary verlex, a siibaequenl rnn l inc

searches through all possilile npposjlely cliargcd pairs of Iracks wl i i c l i ttit not

already bclong to the E Ü I I I P vcrlcx in orilcr lo lucate innre posüible vcitircs.

2-1

( 'ha ig t -d pu i t i t l e i t l t i i L i l i i i i l i o n is douc usiiig Ihe dE /dx and '( 'OK i n f o n m i l inn

logelhiT \ v i t l i llie ino inentu in deterinined froin the Irark f i t . 'l hcoroliral dE/dx

valnes and tlicir nncerlaint ies are calcnlated for eacli par l ic le hyputlu-sis an<l are

useil lo conülr i ic l Ihe \ valnes:

A similar \ calculatmit is made froin the TOF valucs. Siumuing botli \* con-

( r ihnt ions , n normalized likclihood funelion is conslnuted:

I
' II U/ tCJiJ*y ^ - f £. f

' ~ ^ ~i— T~/7 i

a l l e re i», is a weighl assigned lo the ilh niass hypolhesis. The nilios of Ihe

weigl i lB ate norinally choaen to correspond to tlie re la t ive part icle abnndanccs

observed in tlie dala. Tlie stundard sei of wcights, wli ich c.in be chosen dnring

dala analysis , is:

c : fi : Ä : K i p
1 : 1 : 5 : l : l

Unless otliervvised specified, in order for Ihe particle idcnlificalion to be consid-

ercd acceptable, LUi > 1% is rccmircd.

Separate likclihood fi incliona are constrntled for elcctnm and innon ideu-

liflcation nt i l iz ing information from tlie sliower countcrs and mnon chambers.

Kor elcclrons, llic lateral sj>read of encrgy depositotl in llie showcr countcrs JE

lypically Einall wl i i l e ile lolal energy depoüition is ncarly cqunl to its momcn-

t u i n , wli tTPiis hiulruns havc a larger lateral sprcad and deposit R ign i l i cnn t ly less

Ihan Ihc i r lolal cncrgy. Muons with /' > \ClcV ty|iiciilly deposit a very sinall

f ra r l ion uf llieir encrgy in tlic conntcrs and cau he Iraccd to a nimm chamber

l i i l w i t h l i igh efliciency. l'holon i i ic i i t i f i cn t ion is dono nsiug isolalcd clitstors of

sliower coi in lcr t ) not assotiii led wi t l i clinrgcd l i u rks . A cji l i l inited energy corrcc-

lion r i i n l i n e is neix-ssary tu accoimt for leakiigcs nnd var i i i l ions of colleclcd lighl.



D r r h y s "f higli i i in i i in i l i im JT°'s can rcsnlt in l wo ulirceulvcd pholrm sin »wer B fnr

wliicli Ihc currertioii is iiiappropriaie; llie energy of llicsc caudidatcs is llierefurc

uncorrected dming da t a analysis.

'l'lic reronslrucleil ilata are wrillen tu EXPDST (Dala Suini i iary Tapcs).

'J'hese data can Uien he nsed für analysis, allhougli t l ,e amnunl of Information

and Ihc da ta formal make Ihese tapes impractical for analysing a large iiuniber

of cvents. Fur i n d i v i d u a l t -vcn l s of inlereit, an inlcractive version of the recon-

elructiun program was devcloped lo stuity Ihe eventa vieiially. An example of

its evcnt display capabilities is shown in Figure 2.5 \ \ l i i t h cuniains a candiilale

5° —i /) f/)~ decny. 'J'lie vjew ib a projection in Ihe r-^ plane, sliowing tlic VDlJ

and thif t chatilber litts, TOF counter liils. and deposiled shnwcr energy.

Pitr U i f pnrpiiscs of c H u i e n t data analysis, a fast and elegant inetliod is

jiDSsilile Lliruugli llie nse of K A L (Kineinaücal Analysis Language). Th« recun

slmcled duta froin tht EXPPST'n are firet reduced to a M I N I f o r m a l wl i i rh can

tlien l»c rcnd by Ihc KAL prograni. Thougli llie program ie w r i t l r n in eUndanl

Fortran IV language, it receives äs input a eimplifit-d language whicl i g rcnt ly re-

diices Ihe need f<i r nsual programming slructures and pruvidcs inany f ieq i ien l ly

useif funclioiis tlirough simple BtalcincnLs, greatly reducing posslble prograin-

ming nnd celculatioo error.s. Output can be accuinnlated in ( i K l 1 (Grapli ical

Editor I 'rograin) filcs in l l ie form of plots or "t i- tuplcs", n diinensioiia! u n u y s

of n variables np tu n- 12, whicl i can be nscd to makc fu r l l i e r cnts on Un- dala

af le r the data pruces&ing is nuupleted. 'l'liis savcs l l ie n&i:r an eni i r inoi is nmoun t

of lime in analysiiig the data.

The lo l id iiiiioiiiil i , f «lala collectcd äs of l 'nl! of J ' J W t i is lislL-d in t V.l . K- 2.1.

'J'lic data Uiklng poriuds are i l ivided inlo ei per i m eil t s «l i ich ilt-iinle a pcriod

of coiiliiinons ninning. l 'Iarli cx|ieriiue(it is sn l id iv idod in ln rnns wl i i c l i nirn-ly

i n d ! . . i t f clianges in i ; i . v da l . t lapes. (_ 'o i i l i i iu i i iu dal;i i t u l u d c dal i t h i l i f i i away

frnin llie T resonanccs, nmstly belwecn Ihe T(35) and T(4.?) resinianres. 'l 'he

sinall ainonnt of experiment 3 dala are nsnally exc lnd td from dala an&lysia dne

t i t l l I t ' t ' D

l\ BICif,
in in 'ti4]6
fn.il a!
LIAI O Bill

• \y Cii

U

Decay

/)'

z)11

M ((Je V)

0.132 :f 0.0(6
0.75310.02»
1. 876 i 0.013
5.282 1 0.00-1

Ö.5-J8~1 0.02!»
2.251 1 0.037
2.221 ± 0.009
().2<H 4 11.0)8

.5: Display of an evcnl w i l h a well ineasureil H" t and idü t e reronstrnclcd
Ihe tli-rny fl" . /)'/!"•
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E„„.

T(IS)
T(25)
T(4S)

floiitiniium

Inlegrated Liiniinosity (p6 ')
Exp. 2 Exp. 3 Exp. 4 Exp. 5 Total

TA
36.8

9.1
3.4

11.3

2.7
:i.y

48.0
20,1

23.3

13.4
21.8

45.0
36.8

1(13.2
49.2

Tahle 2.1: S n i n i i u i r y •>( AIUHIS dala collcclcd llirough 1<J8G

lo mistalile dclector ciinditious. Tlie dala nscd for ihis stui iy i i i t l i n l c

of T(-IS) data and 3lpfc of continuum data lakcn al tlie ccuter-of I I IBSH energy

10.43 (JeV.

28

Cliapter 3

Analysis of the Decays B -+
ailtl B -

Feasabilily of H reconstructiou

H f f u H 1 drciding i i j i i n i Hu- i l c L a i l s of tlie selcctiun cr i tcr ia [or l l i c ana lyüis , l l i t

f i ' e i b i i l i i l i l y of It rcconstruction liail lo \>e Bssessed. Tliie i l isr i iEsiun \s iutendcd

to r la r i fy llic annlysis procedure. Two asscasments are madc: i In- nuni l ier o[ U

üccays »nie caii reasnnably expecl lo rrconalrui:!, and tlie levcl aiul beliaviur of

barkgroi i i id lo be d c u l l w i l l i ,

Tlie T(15) data sample of 100/>fc"1 is esliinaled to contain 93,000 T(45) de-

rays wilh an uncet la inly of 10%. \Ve assuine l l iat -t5% u! lliese <lecays are lo

11° H" iiucl 55% lo U* ö~ . Uii l bince we nced oiily orüer uf iiingiikutle eslimales,

we ; i i : i i i ! i i i - abi iul 106 i L ( ; i i i i « i l and 10B r.liarged l) nie&oii decays. Ihittroiüc 11

dccay liiancliing ralids bave lieen measnretl lo bc lypically 1% nr Itss (27,'28].

It recuiiatmrlion efBciencics vary from less L l»m 1% lo a frw percent (rec«n-

slrucliuii eFlicienciea are sinall siiicc ouly excliisivt H decay niodi's n i e iisetl for

1) recoiislructto«, yieUÜng 1) elficicncies of a l i tmt 5%). Taking l"'o ns a typical

valuc for llie It roconsli ui lion cflirienty we do nut exj>trcl lo rccoiistrucl innre

than rongldy K) U uu'sims per decay n lüde.

A sigmd of 10 cvcnls will not be cvtdenl unloss tl ie hackgwiiml Icvel is l«»w.



Tills U-vel is affrcted \iy bolh Die regolulion of llie fiigual and Die elTcctivenesB

cif Die seleclion crileria in Buppressiug backgruiiml. 'l'lic niass resotntion is de-

tcrmmed by tlie dctetlor resolntiun aliii llie effecl of kinematic filling. Mnnle

Carlo slndk's ( inclnding VDC Information) imlicale lliat llie HIHSS resolnlitm

o m is nbonl 30 Mi ' \ , Even so, fnr actiial dal« Uns is h l i l ! loo broad t < > ubst 'rve

such a sni.ill b ignal v. i t l i respecl lo llie barkground levcl. Mass conetraintfi uf

interniediate dccaying partielea such äs tlie 1) mcsou yield mudest ttnproveiiienls

of a few perccnl. A very rfTective kiiietnalic constrainl is possihle due lo llie

pioilnrl ion of t l ie T(lS) al rest. We const rnin t l ie I) encrgy lo half of llie T(1S)

niiiss uf 11)58(1 MeV [28]. Tlie limiling facloi of Ihe lesidlmg rrsiituümi is «ctii-

ally du? lo llie btam energy Gpread wliich is obntii fi McV für DORIS I I . The

cxpecled signal res»lulion, dcrived in Appendii A, is •! MeV, neatly an order of

luagniliide iniprovcineti l .

Dackground sotirces may cotne froin evenls of llie following lypes: QE1),

beain-wall, beam-gas, ronliii t iutii , and T(45) events. The (irst Uirce lypes are

l i t g l i l y Bilppressed by tlie fullowing multi-liadron cnle | ; ( - | J :

1. nd, | n-, > 5

--- 2.5 + 0.35

wherc i/ä is Ihe rcnter-of-iunss energy and llie BUfllinalions n i e ovcr all chaiged

or neutral parliclcs detcclcd in llie evenl. Approiimatdy OH% of T(-I5) evenls

[ i i i a s Diese t u I B . Coiitiuiiiini cvcnls forin Ihe largcsl retiiaiiiing bnckground siiicc

tbesc onliiuiiiher T(1S) evt-nls liy ahmil -l tu l in llic T(-l.S') ilata sani|ih;. AI

l l i nngh t l i i - r r arc usun l ly j r l - l ike , topotogical ruls ciinimt Bi i l l i c icn l ly s n p p i c s K

such events wil houl signif irant ly Inu ling ll ie 11 rcconslruclitm cHuiency. Eiisleatl

(ine ninsl resorl lo otlu'r crileria i» <»rder to snppress tlie coii l i tni i i i i i bat kgroimd,

äs diücusscd in Ihe nexl serlion. Finally, liiere is ha ikgo innd fnun llic T(-l.*>}

ilself w h i c h cnn vary from coniptelely random srletli'ins uf j iar t id i^ froin bolli

II decays in Ihe evenl lo highly coirelatcJ backgrotmd in which a sluw [ l a t l i i l i :

is Die oidy dillcrctice betwcen Die aclnal U dcr.ay and Die decay for wl i i c l i il 1s

analysed. The measnred energy resoluliun nmet be e i i f l ic icnl ly sharp lit BiipjHcss

Glich candidalcs.

Selectiou crUerin

Tlii- spccit ic Ii decay niodcE investigated include1:

'I'lie l> inesona wcre reconstnu:led Dirongli Die fullowing decay

/)° -. K~ir* D1 -, /i-"V

According lo tlie M A R K 1)1 branching ralios |2I|, Diese nuides accounl für

i6 -5 /Öof l)u di 'fays and I4.0%of D1 dccays. Only Dcandidates wilh inonicntnin

less Ihan '2.G5 CcV were selected dne to tlie k ine ina l ic h n . i l uf xp < U.5 for

ull parlicles fruiu IJ derays where xp - pl Eß. Tltere is a large backg ronnd

froin -K - • K inifitdeDtißcation for charged K candidates abuve l {.JeV and an

abujidance of sufl ;r's parl icnlarly in T(-15) decaye. Iloth uf Diese contr ibnte

to a laige pcaking at cva8K — l where 6K is Die angle bctwcen Die K and l)

direi tions in Die 0 re&l fraine. Since ihis dUlii luil ion imiel be flat für decays

of Ihr pscndoECalar U tnesun, Die cnl cosBK < 0.8 er i l iauces Die signal fwr all 1)

ilecay inndcs. /l" cnudidalee arc recunstnn Ud t l i roug l i tlie dccay /i"" - > ui ir~

w i l h llie rc(|uireinent Diät Die x1 "f l'lc secoudary vcr tex lo be s tnal ler Dian 30.

Tiiis sample is <|iiite clt-an and oidy loose culs are n-sjui i t -d , tlial Die iiicasnrcd

niass he w i l h i n HO MeV i>f Die iiuiniiiul h'° inass and Iha t Die \ de. less Dian 36.

Tlie niass of D candidatcs are required lo be wi l l i in 50 McV of Die noiniiiid 11

' Hci'cicjKKs In u spccific cliorgc slale nie in t>c in lcc j i t r l r i l ns imjilyiiig l l ie tlmigc coiijiigiile
i t i i i : »lao Ihrougbout iliU l l i i s l a untc» oll iciwise iu i l jc t tLeü.



iiiass and have R \* l<:ss lliaii 9. All nominal nmsses arc taken fiom rcfercuie | f ) | .

Mass conslraiiits are applieil on each inlennediale stale to improve rt 'snlutinu.

TJie TT" tandidates were leconstriictcd througlt tl ie decay x" -* 77 in wliit l i

each pliotcui was identifU'd front a i f i s l i n c l electromagnctk slmwer. Eadi photun

is reqnired to have au energy grcater t l iar i 5U McV conlained in l wo or imire

fliijLiu'iii showcr counlivs in order lo rcduce Iow cnergy hackground noise. Tlie

77 invariant niass is reijnired to be willi in 50 MeV of llie nominal ir° niass and

liave a ^ J |ci>s Ihon 5 anci is siilisequently constraincd to tlie T° tnass. A second

tnethod was cnipluyed lo rcrutislrnct ff0 candidatcs wliim tlie twn j> ln> t» i i s froin

au encrgelic n° incrge lo form a single duster wj t l i typically largt - lateral epread.

We dcfine the lateral energy sprcad £Ja( äs 5I"_a ^*i('ri " O*/'' «'here t l ie inilejt i

riins over Die conntcis in tlie shower clnsler extliulmg the two wit l i t l ie liigliesl

depnsiled encrgy, r" is tlie center <if gravily üf tlie sluuver, and f is the uienn

<lislance belween tivo acljaccnt connters. VVe can then calcnlale tlie [ractioual

lutcral energy sprcad, fi„, - Eimt/(fkmt l E\\ To eiippresn single plmtnna,

Bingli- clusler ir°'s iniist satisfy /|u, > 0.1 and liave a total rncigy grcaler t l i nn

] (JeV. Tlie energy and direclion of tlie TI° ia llien (alten In be tlie energy and

dircctmn of tlie single cluster.

Titiaily, tlircc D i n u i i i n t cnts are apjilied for the I) sclection ci i ter ia . The

firsl cul is dinsen to auppress the large coiitUuiuni backgroimd. A tliniet axis

St. calmlated fur llic I) r an i l ida te aurl llien for the reniaining partidrs in the

event, The angle a belween Ihnis t axi-s stionld be isotrojiically dislribnted for

D decaye since Imlh li's dcray neaily al rest arid are Unis nncnrrelnled. Bnt due

tu Llic 2-jel stniclnre of the cont ini inm evvnls, whidi have well drfined thr t is l

axee, a dominant peaking occtirs at cosn - i l. Fignre 3.1 shows this d i & t r i b n -

tton for /'ff catididates, whi t l i agrcrs well will i the behiiviur observed for l>n

cnndidalcs i» conliiutiiin i lnta . For Uir candidales Ihe rccjntreinenl |r<»j(«| • (1.8

is rlioseii iv l i i l c fnr Dnn cnndidales which yidd a Icss, eharpiy pt;;iking bchnvior,

Ihe reqnirei i ie i i t | ruj(*j < () 7 is chosen.
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Tlie second cut uülizes tlie facl thal Hie eneigy of the U is Ibe samt äs l l ic

beam energy Kteam- Tlie ineasured energy Emta, for each Dir and DJIJI canüidate

niuet satisfy \E,nta, Ettam\ 2ff£ wliere aE U Uie ineasured eucrgy reaululrou.

For n decays w i l l i only chaiged particles in (U- final stale, aE is ty))ically 30

MeV; wc du noL acLcpl poorly ineasured caiididales, naincly lliosc wi th ög > 60

MeV. Für Hie inodcs ivill i a TTU , OE "s li'g'i'y currclnle.d wil l i Uie n" m u m c r i L u u i

diie tu tlic nrarly linear rise of the eliower energy rrsnlulion wit l i euergy (eee

ecpiation 2.'2). For lliesc H candidates CTE is typically 45 MeV for JT° inoinenta

less llian 900 McV; tluise willi 0$ > 300 MeV are rejecled. Subse îient lo Hie

energy ml, an energy constraint is performed on tlie 0 candidale, rcsultiiig in

a 1 MeV inass reaolutiou.

l In- t t i ird c n t ntilizes llic deleclor inforinatioii in a cohercnt fasliion in order

to niake a qiiaüty cnt on candidales and to providc a too| Tor dcaling wi l l i

events willi rnulliple cntries. A lolal probabilily is calc.nlaled front ibe sinn of

all \ coottibuttona froin parliclc idenlil lcalion and kiuetnalic tonstraiiUs and

il is reqiiired to be grcaler llian 1% f«r all nuides. Multiple enlrics wii ich arise

i t i f i i u i y froin ibe excluuigc uf Iow iiiomcnluin parLJclcs in tlie decay c.bain or in t In;

evenl, are snpjiresscd by limiling tlie anolyGis to ibe camliilate w i l l i tbe bigbc.st

total probabilily, Appendix B dcscribee aonie of ibe correclinns assuciatcd witli

Ibis Bcleclion niclbod.

Analysis results

The decay uiodcs B' -* I)°TI~ and 11° —t D* ir~ are relatively clcan dm: lo the

distinctive back to back momentaof Uie D and JT at near ly 2-3 (!cV. Mgurc :i.2u

slmws llie scallerplol of Uie U uiomenluin versus tlte invariant inass «f ihe l)n

Byslcm of atl D* candidates. Tlie dasbed line indicules Ui t - kinemalic l n n i i i i l i u y.

k ineinaDcal ly allowed region. A clnslering of eveuta cenleied al a D inti ineii luni

of 2.3 f)eV and Dir niass of 5.28 CeV is dear evidence für t i i is decay. Tlie

projcclirjn of all caiulidaleti onlo Ibe ninss axis is sbown lieluw in Fignie !J.2I>.
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Figure 3.3: Scallerplot of Ihe D lab niomentiini versus the invariant mass of the
Dx~n° System.

For the decays Ü -- U0^^ and D" -• D* n-*0 Ihe lesnlls obtained

using the 2 clnsler n" candidates are presented first. Since the barkgroinid is

eubstanlinlly larger than foi the />ir candidates, Ihe scatterplot of U muiiienluiii

versus invariant mass of Ihe syslcm ia again ueed to search for eviüeiice of 2- body

U dccay. In Figure 3.3 a clcar clustering of cvents is evident Ht I> inoinentuni of

2.2 OeV and al Ihe D mass, a slrong indication of p~ production. For genuine

(t evcnts one expects a disl inclive cas*9f angnlar dislr i i inUnn t ha raLlc r i z ing a

vector ineson decay lo two psendoscalars in a hcücüy 0 stalc. \Vc Iherefure

impose the cul |coj0„| > 0/1, where 9, is Ihe angle bclween one of Die TT'S and

the p helicity axis in Ihr /) resl framc. The invariant mass of ihe n TT" systnn

for B candidates in the signal region, 5.'21CcV < M < 5.2i)(7eV", is s l iown in

t 1 i j ! u n j 3 1 - i 'l'lte i n v a i i a i i l inass of tlie '-': rr° candiilatee wi lh a n n" nuiss in

the f> reginn, 0.50(.'tV < A/*. < \.MGeV er J 1.751',., is ßliown beknv in i-'igurc

3.4b.

The äignal is actually ctean eiiough wilhotit the hclicily angl<: r.nl lu uicasure

ihe enl i rc helicity angtc spcclriim. The acceptance-cortectcd d is l r ibul ion is

ähown in Kigure 3.5 for all candidales in the I) inass und /> inass rcginns det iucd

above. The dt-iivalion uf llie acccptanct: fnncl iun is disciissed in Appendix (J.

A s s u i u i i i g a Hat background contribulion and a backgronnd levcl obtained fruiu

a iil procediire to be diecusscd in the fiillowing secliun, good agreeinent is fuuiid

wi th a [Miic coj'ö, contributkta for the a ig t in l .

1' ln- s ta t is t i i s an- [uxir in llie region cosß* > U dtic lo Ute inerging of phulon

bbowcr clnblers fruin the high monienlnm JT • äs discusst-d in Ihe suleclioii cii-

leria. Thus a siuiüar analy&is was perforined uaing tlie singte t l i ister n°'s. The

poor energy leenlnlion of sucli candidatcs, typiral ly 160 MeV, reqniied a lighler

cul on tlie x1 of Ihe R candidale energy. Itather Ihan Die usnat \ < 4 a harsher

cul of x1 ' ' WHS netes&aiy duc tu background considerations. Furthermore,

the helicily angle was reqnired to siilisfy cojfl, > 0.6 to »lilize Ihe tdiurp coa^S,

disl i ihnlion and llie liigh actejilnnce near coaO. = I . ' l 'he invar iant rnass dis-

t r ihn t inns of Ihe TT ir° syslciu of signal D candidales is shown in l'ignrc 3.Ga

whilc tlie Dnna invuri i tnt niasB distribulioii is shuwn in Mgiire 3,<ib for tliose

events wi lh 7r~7r° inass in tlie p rcgton. In Ihe final t>ection of this chapler we

wi l l ühmv lhat bol . l i tlie singk-- and 2-clnster saniples of fl —t Dp~ decays yield

( j n i t f cniisistent brai i rhing ratios.

The b lndy of Ihe dccay B » i>7T~jr° is not yel ronipIcLe. l l av ing estah-

Ushcd Ihe prcsence of the 2 budy decays B --» />/) , one may scarcli for ihe

p ieHc iuc of olher resonances in Ihe f ina l s tale I>n~Jia. Coinbining Ihe disttibii-

tions of Ihe TT 'H" systorns fr tu n (''iguros .'t.'la and ;i.(ia one obta ins l''igiue 3.7a

Tbc shaded his lugri i in roprcsnils candidales froin l l ie ü eideband, 5.'2()(!c\' <

M •. ft.'2(ifr'cV', noniiali/cd tu llie signal dislrihnlion for Mt, > 1.850'el'. Apai l
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1s shmvn iis a sliaded h is Ingram. Tlii- moie stcqily l is ing bcliavior of Ll ic s idchiind

i n r l i i - . i U - s llie la ige pcrccnlage of continiium evcnts in llie btutkgromul. The

second dis t r ibnl ion, llic prodiietinn angle du n f l) candidalcs ivith rcspccl In i h c

bcaiu axis, sl iuuld bi: consistcnl with smz0ü dne to llie clcclrtmcak prodncli im

mrchiinisiu wl i id i yiulds a Iransveisdy »iilanacd T( 15). Figure 3.11)1» almws

ll i is d is l r i t i i i l iou for all candidates w i t l i an ov i i j aycd sin16g rn ivc ;dj»vc a I l i tL

backgroiind. A ,\ °f 8 for 9 degraes c»f freedoni is oblaincd.

ünckgroiiiul studics

Dclennining tlic backgruund levcl undcr llic U signal ia cumplicaled by tlie

thresbold nl M = f'-Vam- ' 'ie objecliveof llic Inckgroundeiudiea is tu dctcrniiue

Ihc slinpe and Icvel of t he üackgraiind wi l l i reasonable certainty in urder Lo

pcrfonn llie background siiblracllon. Eniphasts is pl;n ctl un llic siiitmllniess nf

Ihc bnrkgrni iud sliiipc i i ud tT l l ie II signal and Uic systcmalic micertainlies.

Tlu' barkgi uiiml w;is sludied nsing •! sc|)aiule nicihoils: coutiiiiiniii i h i t a ,

cvenE i i i ixtug, ü-sidcbanü conibmatkins, and Klonte Cailo. Coiiiiiiiiuin dala

takcu at tln; ctnitei of inass encrgy 10.-l!) OeV was analjrscd idcn t i t a l l y lo tl i«

T(4S) data except Ihat l\n: tncrgy of nach "B caiididate" was ccnslriiim-tl lo tln:

Inwcr benin niorgy. The fi l tci l mass is tlicn sriilcil for (.•oinparison i v i l h T(4.9)

iliila liy L l i P iiddition nf llie fnclui |fl/-j(4i ') - &„<<,}/"• l'^gnrc D.llafiliuivs Uic da In

for all dtrcay inodes including oll cnls, stnled In Uie T( 15) dala \>y l l ie i n U - g t a l m l

li)ininosity ralio of KHIpt" l/;)l;it ' and by tliu 1/s depencteiice tif thc conliiuiiuii

rross s«'i:tion. Coiiliniiiiin cvonts acrmitit für (G'2 t l l ) / c i < > f all backgroiiad in

Ihe H stdcliaiul, 5.2()(?cr < M < 5.206'eC. Dne U. low slalislics n backgnu i i id

s l inpe caiuiot be accnriilely dciived, bul nne indes l bat the dala (fo not e x h i l i i l a

significanl peaking at thc R ina:-.b. TIic distribulion i:, coiiBislent w i f h l i u s l inpe

oblnincft by i i lhcr n ie lh i ids disrnsscd bt-luw.

l'jvcnl i i i ix in j ; w a s usod lo gcnnnlc rRiid'Hii bairkgroiind w h i t . l i s i n i i i l . i l i s l l i ; i

l (i

5 MeV

5 0

0.0 L—•
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100.0

500
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0.0 '—J
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['"igiiru 3.11: llackgruiind slndics nsing cunlinuurn data (a) and cvenl in ix inn
(b).
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exftected froni Isotropie T(-1S) di-cays. l'articlcs frmn separate events are turn-

bined to furin H candidalcs. The firsl meüiml einployed was tu B ton- up lo 20

diarged ?r camtidates from eadi event into a paiijcle Imflt-r lo be uscd in suc-

ccedlflg cvents in conihination witli Ü(T) caiuüdalcs, These combinaliona were

Biibjecled tu tlie H sckclion criteria aml all cuts. l.ikewise, D candidutes were

stored in bnlTciü and combincd wilh T(T) candidales ngain to cuiislrnct It can-

dtdalcs. Tlic melhods are nearly iiidepcndent dne tu a cmilinmd rc|>laceincnt

of linlFers willi patlides from succeeding evuiils diiring tlie dala pruccssing. AH

ImiTcrs lillpil from evenls with cliargcd innllipliuity ivitliin ±1D of tliat tif tlie

ciirrent eveiit were used for analyt>is. Tlie rcsulling dialribiilion is sliown in l'ig-

iirc 3.1lb foi Hie liigli -.hilislich niodcs D** w~ and D°n'n~. One notcB llic

sinniith beliavior Tor such raiulmn nackgronnd.

Tigure 3. l2n sliows tlie I) candldaU-s nse<l for [t rtcaiistrurtinii. Tlie back-

groiind i» rouglily 20 ttmes larger than thc signal and tliercfore one expecle fake

D's to coutribule thc dominant pari of t he B background. This contributJon can

lie ealimaled nsing D combinatlona froni tlie D-sidt-band for "II" rei oiistriictitm.

Tiir distribnlion G|IUWII !n Fignre 3.12a represonts tl ie sinn of all D candidates

in llie inomeiiluiu interval wliich coiilributes the majority of tlie B candtdatcs,

2.0GeV < Pf} < 2.65£>el', the sliaileti regiona are the sideband and signal regiona

used für ilic annlysts. 'f'he Hat behavinr of the U background ia alsu obstrved fur

the inlei val /'D < 2.0G'el/. Whercos signal ll's are fittcd lo Ihc numinal D° and

/>f masses (5|, ihe sideband D's are filled lo the mass 1750 M« V with tlie saine

X1 r.nl on the mass nscil for signal D's. A correspnnding high sideband (wlijch

wonld be coiilaininiited wilh aclual D' niesoas in llie If w*ir* mode) is not

used. Tlie i'csnlling II candi<lates for all inodes, tepresented by tlie open (>o[tion

of llie histogrum in Figure 3.12h, accoiitit for (88 i 9)% of the backgronml in the

l! sideband cegjoii. Thc beim v h t r in llie I) signal region IG reasnnaMj sinoulh.

An impofliiHl batkgronnd sonrce nol investigated by the prevmiis annlybis

involves correelly reconalrucl«! D mcsons in T(4.S') events. I'lij.s hirlndcs Ihe
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Mass (GeV/c2)

Figiue 11.13: F(-«-d down fr «in Ö —» /)*°7T" iiito U —» l)°n~ hefure (a) and a f te r
(h ) tueigy cut.

rxample, the D"n " cmubimilkm (nun the dccay cliain [i° --< I)'"-* ~, D'a —• />"ir°

can easily liave a mass cloae lo tlie H mass HJJOII liiwiüg its cnergy conslramed

lu lim 1) piodndion cnergy, äs sliown in llie Monte Carlo dala of Figure 3.13.

Hu t forlunately, lim \* tu t in the energy omslraml rcmoves ncarly all of tliis

background «s indicaled by llie lentaining a inuiu i t shcided. Tlie eilccl of l bis

cnl lins Inten slndied »111 all nf Llie Followjng fced-d«»wn stmrccs:

iulo / ' / t and nlo

'l'lit: i i i i i i s u j i l nf fccd-down froin Dp Jnlo f)n and /*«j itil» Dp tu whicli a

n° is uej-let U:d was f n u m ] Ui liu t-iiliri-ly ticgtigililc dti« lo llio andstnnl ial a inoi in l

polentiaHy dangeroua background reTerred lo äs fced-down, in wliicli oiic or

nmrc sluw parlicles from the acliial I) dccay are neglecled in tlie nnalysis. An

Ji i r lns ive sludy of t l i i s eource was maile using a Monlc Carl» ei innlnt ion of I)

ineson dccays s t r ic l ly l l irougli b -* c t rans i t ions . Tlie generalor used was l, U N D

vcrsjon 6.2 |'2-l). A rtalistic delcclor Ginuilation was prnvidcd liy SIMAIlCt 211

[25]. Then the data was recoutructed identically to acliial data nsing vcrsimi 11

uf Die A l t C i d S recunatnictioii pcugram. The Monlc Carlo ditla sample, J 'united

l > y the largc iLiiionnt uf processing tinie rcquired, conlaius ne&rly II3UOÜ T( 1,9)

decays, correspotidiiig lo 35% of llie aclual T(t5) duta sample. Tlieee dala

were analysed fü r I) candidates willi corrcclly tcconfitrucled I) mesoits; concctly

recoiistniclcd H decay umdes were excludcd. This baikgmund is reprceented liy

the tihadcd liislograin in Fignre 3.12b, which has bccn sraled lo the T(4S) dala.

U is evident Ihat thia source tcnda to populate Die rcgion near llie I) iiiass.

Allhougli il acconnls for only 23 i 8 evenls of H i u 190 evenls in llie U siduband,

it acconnts für 20 l 8 evenls in the i) signal reginn. ('oinblniiig t l i i s w i th llie

D-sidt-baiid analysia, (98 j 10)% of the D sidelmml is accotniled for. The s i n n

uf ihe dislributions sliown in Figure 3.12b apiieare tu have a smoolh beliaviur

and ia f i t led wi lh a Brnoolh fiinclion having only Iwo parii inelortt :

(3.1)

represented by the simmth curve in Figure 3.12b. The paramelcr u servea äs

nortiuilization while 6 delcrnünes the shnpe. Tliough Ibis is slr icl ly phenomrno-

logiral il does havc llie qnality thal in the limiling case of b -t Ü il descrihos a

background niiifoniily distribnted in the Lorenlz invar ian l p h äse spate deinen!

edp - *|yfi"~Ä/>jjir
Altbongh the elfecl of feed-down on Ihe Kackground shnpe id alrt-ady nc-

connled for in the incbisivc Mnnle Carlo stndies, addilional cherks weic inadc

to cnsure thal lliis batkground is snlliriently supprcssed in Ibo ai tu i i l data. l'Vir

S11



of eriergy typically taken ii|> by Ihe missing TT°. Fe:ed down from l)' moili-s ia

P ' i U ' i i L i n l l y inore dangeroui siuce llie inean misaing eiicrgy taken ii|> hy l ln - still

n or 7 is uiily 210 McV. Tlie resolulimi OE «I modcs nontaining only clmrgcd

partkles in Ihe final slalc ia typically 30 MeV, äs Jiscussed previonsly; thus

llie encrgy cut at 'iaK i= (|»ite effect ivc in removing Uns sourte of CeeJ-duwu

äs de n KIII st rat cd in Figure 3.13. Huwever, llic Situation für Ihe Dp~ inodes ia

worse dne in tlie r t ' s n j u t i n i ] of tlie reconatrucled ir°'a. Figure 3.Hu sliows the

Monte Carl« distribution of thc dÜfcrence bclween tlie prudiiclion cnergy and

tlie measiircd energy of l)°p caiulidatcs cnniing from H' -> U'°f>~ (shailtrd) and

D~ —• lFp~ (upcn). A rcasouablc Separation exists and feed-down is s t rongty

BilpprCfiGcd hy t l ie laf: cut , äs stiown in Figure 3.1 Ib which agrecs q i ia l i l a l ive ly

witl i whal is ottscrved in actual data (figutc 3.14t;1). Oascd on tlie Monte Carlo

atudies, tlie amoi im uf feed-down in tlie D signal region (aBsuin ing cqual D'ft

and DI>~ rates) ia only 2 eveuls.

As fnrll ier verification tliat this conlamiiiatioa is s innl l we noIe that f > . .)

down can In.- f n i t i n - r reduccd hy restricting llic analysia U. wetl-incaaurcil c n n -

didates wliirh are ttuise candidates wit l i low n° inoiNeiiliiin. Figure 3.15 äliovvs

VE of t l ie Dp~ and ü/>'~ <:aiididiiles v c r s u t n° iiioiiientum in ai t u a l data. For

/',; < ' J l l lMIt 'V the resulnlioii is less l h a t i 75 MeV for all candidates. Upoii

festricling Ihe analysia lo tliesc candidates, tlie filled !>/> aignal rcdnccs from

16 i 5 eventa to 12 i; 4 events , in good agreenient with t l i < - 75% releution ex-

poclcd; fced-down, liowevcr, sliould be less llian | evenl. Time it is sliown t l i a t

feed-down iloes not cnliance the signals of candiJatcs rcconslructcd wi lh twu

ctnster Tf°'e, within Ihe statistical errors.

For candidates wi th single clnster nc's the Situation is worse stnce the lypiral

rcsotution of 100 MvV is not rmtcli sinaltcr thun the i i iean iiiisbing encrgy in f f ! - ' l

down from B —» D'p ~. Tlnis a l OB cut was applicd to ensnre a b t n a l l fccd-ilown

rate. This snppression is strongly dcpuident on the helicity of the /i" fmni the

1 F i g u r r 3. l k ie|ircauili tvculi fimii liulh llie Dp' and (>/)'" aignnls.

52

50 MeV

100
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0.0
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Fignre 3.1 1: Measnred energy distribiitioiis of I)°p caiutiiltiU-s frnui
ü~ • />*"p" Feeil down (shaded) and t) ~ -• />V (opcii) in Monte Cailu
betöre energy mt (a) »nd alter ( I ) ) , coinparcd wi t l i ac lua l dula (r) .
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tlic Vii lues n l iUi iued hy u maxi imim likclihuod ( i l tu I m t l i l l ie hackgromid shape

derivcd (Vom t l ic D-s i i l rhand and Monte Carlo studics and Uial obsrrved in

Ute aclual dislr ihuliai is . The syslciiiattc errnr in the littet) signal is csliinati 'il

froin llie difFercncc bclivccn tlie sigiial olilamcd using the weighted backgniund

parameter and lliat using eillier of llie paramclurs from ilu- separate frve fils.

There is excellcat agrtrcmeiil belwctm tlie separate lils for the Du anil Dp

inodcs, äs Opposed lo a jiossilde ilisrrepciicy betweeii the RC|>aratc f'lU tn Ihc

largcr backgniund [)/>' and Dun modes, and so tlieee are treatcd scparatcly.

The fil tu nll I)x~ and Dp~ caiidulales is shown in Figure J.lGa whüc the lil lo

Hie remaining inodcs ie showu in Figure 3.16h. Tlie slgnala and uiassra nlilaincd

froin tlic fils are NB = 10 ± 8 and MB = (5279.7 ± 0.9)JI/el' für Figure 3.l6a

and Nu = 21 i 7 Bild MB = (5278.7 ± i.7)MeV for Figure 3.16li. There U a

systeinalic'ernir of 3AIeV on the tnassea l a r g e l y due to the uncertaiuty in the

inass uf the Ti - l .S ' ) i v l i i i . l i seta the masa scale. Upon d i v i d i n g the Dn ~ and I}/>

candidnlcs into separate /?' and U" samples, the fita shown in Figure 3,17u and

Figure 3.171. yicld Ä / D , = (5278.1 ± lA)Me\ and A/B. = (5280.7 i 1 .3 )A(e l ' ,

giving a ninss dilTerencc of AAJj) -- (2.3 I l.Q)MeV, all in exce,ltciit agrecnicnl

wi th uieasiiicincnts i t rcnl ty updaled using A^r(*5) — 10f>80A/cl'' |28,(0|. The

separate /!' aud /'" niassos are used lo fit e;vch signnl of llie i nd iv idua l dcriiy

müdes; the scnsi l ivi ty uf the signals to l) niasa variatioiis of oidcr l McV U

negligible.

To oblain the correcled niituber of Dp~ and Dp'~ s ignals , tlic ovcrlap of

llie Ureit-Wigucra innst (je separat ed. This ia done by invcrtiug Ihu acccplance

matrix in tlie s i n i p l o eqnation

( N», \ %„ f\„'„ W ND, \ ) \' '/P'P- ) \ }(3.2)

wliere tjff is tlie ncccptaiicc of p in tlie ±1.751',, inass ränge defimng Ihr p re-

gion, ifo'f is Ihc acceplance of /i' in tlie saiue rcgion, elf., while JVjj, and /Vy^

:,(,

N
5 MeV

10.0

0.0
520 526 5.28

Mass (GeV/c2)

5.30

Ma3S(GeV/c2)

[•'igure 3.l(i: Kits lo /)T am) l>p candidales (a) and to />/»' anil l>irir
dn tes (h).
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N
100 MC V

15.U

5.0

K- l—J-..—,—..__i_ _1
00 •l ( i

Figure 3.18; Fit to n°n' invariant mass spci - i rum

Carlo JT° acrcptance was comparcd iv i t l i t l ie acreplance uf 7r0 >B froin ihe clcan

leacliim 77 * J T ^ T T n " j no significaiit diHWcncfs are i ibservcd am) a ctmscrva-

t i ' . ( 1(1% Eysleniatic nr ice i ta in ly is atlributed tu the Dp and Df>' recunstruclioii

ellicieuciea obtaJoed froni t l ic Monte Carlo TT° acceplance.

The n ia jn r coinpoiient <>f systeiuat ic uttcerlainty in llie bra i ic l i ing ralius is

froni llu- Uackground dctecminatiun, cunservalively (j iven ;is 25% fi»r l l ic />JT

and DU uioilts and 411% für the D ff and t)mt in u des. As inentioncd previuusly,

the 11' parainclcrs and dccay hranching ratlos are vcry niiccrlain; we take ll ie

v.'ilnes given in refereiice [5] äs rnngh estiinates. Though i inccr t i i in l icB in Die p'

parninelers are not includcd in the systenialic errors, llu: Dp1 inodcs contain a

30% uncertaiutj froin ihe //" •-» TT TT" brancl i ing ratii». Tablc 3.1 lists the D

signals, llie buckground wilhin 5,'27GeV < M < 5.2iK.'el'- or ±"2.5a of (be H

niasB, the reconslrnction ellitiencies, and Ihe branching ratios witl i statistical

.im! Gyslematic errors.

'l'he separate n° recoaatructiun nietliods fur Ii~ * D°p~ yicld the branching

rauf» (1.0 l 0.8)% f»r Uie two clusler Ä°'B and (2.3 ± t . l )% for the single clusUr

Trü 's, while for Da -t D1 p~ Ihe branching ratios are (2.9± 1.2)% and (2.5 11.5)%

f . - r llie rcspcctive melhtids. 'l'he branching ra t ios of the separate inethudü are

« j u i t e i . j n i i a l i - i i l for bolh dccay müdes. Only llie weiglited average uf the two

incthods are given in Table 3.1 fnr Ihe Dp and /'// nitides. Tor Ihcse in u des Ihe

backgruund listed is withi» llie culs un Ihe p and p' rcgioiis, natnely 11.751'^, and

4rirp ' . Tor Ihe inodes /)°/i° and D°p'a, where no signals are nbservud, all evenls

in Ihe II signal region and the p and p' regions rcspcrtively are considcred signal

cvcnts, whilc the upjicr liinils given are IVisson 90% coniidence Icvcl l i iniU.

lill
t) l



Detay mode

B- - Dnn~

~./>v
-*UV

- ,» ' , - - , -

fl° -» / > ' i r -

--. D V

-1 D v~

- .D ' f f - J r 1

../)"/

Signal

7

16

5

7

8

13

5

5

< \ 9

Itackground

6 ± 3

7 ± 3

4 ±2

513

2 ± 1

5 ±3

813

1 3 ± 4

RIRciency

0.036

O.OÜ80

0.0016

0.015

0.027

0.0057

0.0014

0.021

0.017

0.0035

Drancliing fluliu (%)

0,19±0.1010.0Ü

2.010.710.7

'3.1 12.71 1.8

0.4010.2210.22

0.3510.1410.12

2.71 1.01 1.0

•4.3 t 3.7 ±2.5

0.28 ±0.24 ±0.13
< 0.7 at 90% CL

< 0.3 at Ül)% 01,

'< 3 at 90% (•!,

'»sing the /)' ninss, width, and brantliing ralins given in refcrencc [5|

rl'iiliti: 3.1: 11raiicliing ral i i ts uf excliibivc dccays investigaleil

112

Chapter 4

Discussion and Conclusion

Coiiiparisous with theorelical preciicLioiis

'l'lie iiieasiireinenla are now comparcd w i th otlier cxih t ing meaatiremciiLs uf cx-

clusive U di ' i . iys lo chamicil mes'ms |27-32| and w j l t i llic predictiuns uf vi i i i ixis

inoüclE jr2,l4,16|. All ineaaured brauching ratiuti togetUet wi th available pre-

ili t t ions nre listeil tu 'l'alile 4.1. Tlie AIKJUS and ('LEO nicasiireinents were

inadc na ing siinilai analyses. All m e äs u reinen t B are updated ua ing llie \ dccny

briincliing ratios uf referi-nce (21| and llie O* f -+ ZJ0^1 brnnching ralio of refur-

ence |22|. A [IG US assnines Ihe ratjo of nen t ru l to cliarged U niesnns proiluced

in T(-IS) iletaya to be 45:55 wliile CLEO assunies the ratio tu be -13:57. The

iniidel uf H u i s s a i i i and Scadrun |14] is abbrevtaled IIS and the [lauer, Slccli,

and W i r l i t - l inodcl [|2| \a abbreviatcd USW. The Körne r niodel [ I f i j is a süght

itmdilicaiimi < > f an eailier work by Al i , Körner, uml K r ä m e r [15J.

All threo [iiotlt Is are actuatly fairly eimiliir äs mentioned in the inlroduction,

c,u li based npun a ui inple spectator dccay prucess and assuniliig facUirization

in t l ic liadruiiizalkni lu nicaons. Fnr the coelTtcienla in Ihe elTeclive hamilto-

niiiu i M ' i 1 eijuatiun 1.2 and lh,- following disciission) Körner and IIS\  nsc unly

t h« Icailing lenii in n l/Ne expansiun, i.e. no tnhir siippreased cuu l i ibu t ions ,

wliercas IIS ignurc the neutral currcnl factoi r-, and arguc für a relative negat ive

sign belwecn leoiliiig and rolor sitjipresbed conlributtuus. IJulh appmanhes yiuld



Dccay niode

H m. nies

D°P-

/ > ' 0 J T -

ü ' i r - j r -

D-'w-x-

ü'^-jr-Tr"

J/+K-

V/V'/f T ( * -

tf'/r
ß" inodcs

^TT

D V

£ > • * » -
£ > • < * *''

0'**-*'*-

»ü0» ff*

WV

1) l />;

/V ' />;

;j"/>;-
/ r ' / - p
J/$Ktt

j/V-ft""

Altf iUS

0.1910.1010.06

2.0 1 0.7 ± 0.7

0.46 1 0.22 1 0.22

0.5 1 0.2 1 0.3

•1.71 1.412.9

0,0710.04

O . l l 10.07

0.2210.17

0.35 t 0.14 10.12

2.7 t 1.01 1.0

0.30 ±0.1510.11

1.7 ±0.9 ±0.9

3.61 1.01 1.8

<0.7

<0.3

l . l l l . J 1:0.4

5^11

7.01 1.21 1.9

03310.18

CLEO

n < 7 i o i a i a . l i
"•'"'-0 13-0.0«

0.2710.J4
n - ic ioi i ton
"-* J -O.J3- 0.01

n -i! to, i s i o o «
u-*'-0 H-O.O»

0.05 1 0.02

fi c0t033|0.1*
U.OJ^O.IB-0 H

0.4610.1210.10

2.610.9 11.1

< 3.9

1.1 i 1.0

0.04 1 0.03

0.06 1 0.03

(IS

0.16

0.71

0/17

0.36

0.64

0.33

'0.73

1.00

0.33

2.93

Körner

0.35

073

0 14

0.05

0.55

1.27

0.17

'1.0

0.95

0.67

5.6

0.10

0.23

IIS W

0.1

1.3

0.3

0.06

0.6

1.5

0.5

'1.5

'1.9

0.00 1

0.8

0.4

2.4

0.06

0.25

'Not" <}>' K 'Not l)'*»

Talilc 4.1: Experiment n i an«) tlienrclical b ranching latioa for cxdusivc II
dctays t" cliRfined im-sons

nt-a i ly l l ie änuic rlTecl on llit: predicted ui lcs , wliicli is nol surpriaing sincc llie

Hiillmrs were inolivatcJ tu dc&cribe llie existing I) dccay iliila rcasmiably well.

l"! DK- i ^ i i . i i i i i t r i ä i i r i t ' ^ ' .11 y for tlic cn l i ulaliou tif hraucliiug ratlos, i i i i n iu ly tlie

KM n m l i i x t l e i n t n t 11' t | anil l l io I) mesoii l i fo l i ine TU, llie au l l in i s i t i l f c r ü l ig l i l iy .

The anlli»rs IIS, Körner, aml DSW use tlic values 1 1 (,J = 0 06,0.0 15,0.05 re

speclircljr iintl TB — 1.2,1.27,1.2 in miila i>f 10 '* acc:»iu)s respcclivtly. Eacli

atitbur aüäiniics eijuul lifcliincs for clmrgcd and neutral 11 mctiuns.

Wc liegin t l ic coinpatisoiis by imting t l i a l llie nieasiued brancl i ing ralios

t»f R -t i)p~ relative lo those < i f Ö —» Dn~ are qnite large, «llliough not in

diüflgreeinent wi l l i tlie preiticled etihanceinenls wl i i c l i vary froin 2 tu 4. VVe

also imte l l i . i l (lie upjier l i n i i t on tlie brancliihg ratio of l l i e dec.ay, 0° - i ü°/>*,

ig uiie urder u( i i i agn i lude luwer ttiaii t l i e brancliing ratius nf t l ic !)/>' inodea,

a str«ng inilicaliun l l ia l l l ie conlribution frtun Ibe "colur siii)|*rcsscd" diagram

(e.g. l i,: i n: l .3))) is indced sinall. Tliis ia cun&ifltenl willi llie IIS W pi eitictioua.

The exisU-nce uf "otlor auppreaged" d iagrains ia supporicd by ü decays tu

charn iuniu i i ) , whicli procced via b > ccj. However, Ihc lirancliing ralins uf Ihcse

decays are une urder uf magiii ludc lower t l ian Ih« decays involv ing Dt , whict i are

also expecled lu ucrtir ijoininantly via 6 > ccs l ; u t Uiroiigh llie nonsuppteased

diagrani involving Jndepeiident i t ' fragincnlatiitii. Thciie measnrcineiils are

CDiisiülcnt wit t i all of t he availablc predictioiiE für decays lo J/V1 and U~.

A h i i l l i f i lest uf tlie ihcoretical treatnient of tlicse l i iagrains is ivl iethcr or

nol t l ie l 'auü-aji |)[ireasioii (dcstnn live intcrference betwcen llie twri diugrui i is)

ran be (ibscrvrd in B decays. Assnining ctpud chnrgi'd and neu t r a l H lifcti i i i i-s ,

we conipaie tlie branching rnlius of thc charged ani l neutral U decays lu / > i r ~

and /V- Al though llie brai i tbing ratlos of U - > />"JF" and D° -> I> f 7r~

am niiisistent witli being eipial witliin tlie ernns, alsu Irne uf ll~ -' /> p

and i)a > D] i> , the iiieasiireiiit-nls favor s l i i ; l i t suppressious in l l ie ü" decays

i . l . i l i ' - f lu llie 0° decays, in agreciuenl will i niust of Du; relevant predictiuns.



Next w n fof i is nur attenlion on Ihe avai lahle measiircmcnts for llic mrrc-

B|)i>riding modes invo lv ing /' and l)' mcsonb. VVe see fnun Table -1.1 lliat the

L-i a i i f t i i n g r i i l i u s i > f cxi'lusive 1) decays to /' mesims an- cuiisistei i t ly very similnr

tu correspoiidin^ II lictays ID D" mesons äs is genemlly predicled, This may hc

nnderstooil on l l ic basis nf Ihe V — A weak interactloii in iitcltisive H dccays In

/) n n d /.)* i i K ' M i i i - . ivhic l i we discnss next.

Relation to inclusive D — > D -f- .Y measurements

Siuce Ih r measurements <>f inclusive 1) prottuclion in H dccays liave substaiilially

snialler slatistical errors tlian exklusive H decay nieasureiaeiits, Ihe prccision of

exclusive I) decay hranrhing ratlos are qnile Import an t Lere. \Ve use once agaiii

t l ie hranching ratlos of l)a —> fiT~irf and of D* — * K 'ir'"ir+ froiu reference |2I|

und tliat of D'1 > Wir1 froin reference |22|. The rcsults of Ute two avallalilc

ineas i i rcTi ic t i t s [33,3l) of llie i t i c l u s j v e decays o[ B incsons to />", /) ' ' , ninl l)'1

iiicsnns »rc avcrngcil to olitain the l i rnnching rntios:

IJIl\Ö -» ü° + X] = (48.3 1: 4.7 i 6.5)%
UH\Ü -> />' 4-A' | =(21.9 ±3.6 ±3.3)%
llll\ü -- U* * I -A ' I = (30,0 ± 3.8 ± 5-0)%.

The fnst crror is the s l u l i M u u l and Bj'stemalic errurs of tlic inclusive I) incu-

sn re i i iLMi t s t akun in ijuadrature while Ihc second is the crror in the I) dccuy

hraiR-hing ratlos. Note tlial Ihe three calegoiies are not inn l i ia l ly exclnsive; Ihe

U'1 dccays contnlmle Io llie l)a and /' * chaniiels.

We deutle D nicaons froni B ilecays which are not decay pioi lucls » i f />*

incsf ins äs "dirt-ct" /)'s. Sincc the spcctatur inoilcl a|n>ears lo describe B drcnys

reasunably well, we may assimit: llic following relaliunship:

nil(B

^_|_ X)

j,> H 'A')
X )
A")'

l i f i

I J & i n g tliis nnd Ihe Uancli ing laliu Hll(l)'{ -< L)0*1) = (57 ± 10)% \'2'2\:

OR\B -> D°Jif \] -(7 i. 4)%
i)ll[D -> £1^-1 A'j -(916)%
fl«|S -. !>;? i A'j - ('24 17)%

> l)£-\| - ( 3 Ü ± 6 ) % .

The 3:1 cnliancenieiil of / ) ' [iroduction over dicecl l> production in inclusive

B decaya liappens to cnincidc w i t U the rcspcclivc nuinbcr of spin degrees of free-

doni. Tliis rat io can be understood qunl i ta t ively froin dynani tca l tiFccls c>f (he

V -- A vvcak i i i leraclion. If Ihe IV " cmiplcs lo a kpion-antinciitrino pair ra ther

than a q n a i k an t i i j i i a rk pa i r , the decay process simpUHes soinewhat the dfecls of

slrong iiiterar.lions. For low f/1 values of the off -s l ie l l \V~ , l he rilonientiiin of Ihe

H' " System \a large in Ihe rest frame of the massive b quark , and Ihe momenta

of the i'i' pair will be uearly parallel äs vianalized in Hgure 4.la. The weak

tnlerac.tioii »Irongly favors t e f t -handed liglit ferniions and r i g h t - h a n d c d light an-

lifcriliiuus, thus a ncl U hclicily System, ' l ' l i i s rcsidls in Ihe prodnclion of botli

D and D' mesoiia in the cq System at low y2 valucs. l ' 'urthermorc, since Ihe S)

and / ' ' spatinl wave functloiia are expcclcd lo be very similar nnd extra p l i n s e

sp;ice 6Up|>resfiiou of Ihe only slightly innre massive /)" is very small, we expccl

Ihe i r rales lo [><• very s i m i l a r in t l i i s l i i n i l . Bnt at the l i i g l i q2 l imil tlie l i>

l>a i r l ins a largc opcning angle, favormg al l igncd spins äs shown in Kigure - l . l l i .

l l e l i r i t y conscrvalion reqnires a apin Ilip in Ihe h qnark t rans i l ion lo a c-quark,

thns resnlting in a B - > !>' I rans i l ion .

A p re iÜc l ion |17| for Ihe diret'l l) and /)* rat es äs f i inc t ions of q* (which agrees

nice ly w i t l i Ihe reccnl AIKHJS measnrenicnt [35] of the decny ü° -•> D*ll~v)

is shown in Figure 4.2. The D and />" rales are nearly identical at low qj liul

the 1) ra te falls ulf rapidly with increasing g j whercas the 1)' rate is enhnnced,

in agieuncnl with Ihe above dcsciiption. The ovendl hirge enhanceinenl of L>*

mcstms in I) dccays is ihm explaiilcd by the large ränge of i/* values available
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nf exclnsivc II deriiys and with tfaenretical prciiiclinns imscd u p i . i i a spri ' lüUir

deray model. Siinilar l i ra i i c l i ing ratlos für correspuniling iletays wil l i D' mcsons

can he reconcilfd w i t h tl ie large enbancemcnt uf l)' prodnction re la t ive to direcl

/' | ; [ ! - ( l i i i I t . n i in indnsive H decays throiigli tlie dynamica l elfects of tlie V -- .1

wea k interactimi.

70

Appendix A

Resolution of B signal

Since II niesons prmluccd Ly tlie decay of llie T('J5') at n:st in t l ie hih are

also nea i ly al rest (ß ~ O.lHi) in tl ie lab, the rcconslructed II i t iuss rcsolution

iü dnminatcd l>y llie measured energy resotuliun, cr-t '-- ?•_, whi r l i vaiics ( M H I I

t y p i f i i l l y HO M e V ^ f n r decay inodt-s yiclding oidy cliargcd li i i id slnlc iiaiiii;li;s

in t yp i cü l l y l l i l l M C V f>i r decay m ödes invulvir ig higl) u n - i i i f i i i n i i i pliohms. Tlie

eiivrgy constratut, E& ~ Bkema, reruovea t l ie crror diie tu tlie energy incamircnicnt

and improvca llie ineasured nioincntuni resulution. Im ll ie cliargcd ti ioilus t l i e

urni r in tlie inomenti irTi trj> improves iimileslly frnin 2l) MC V to 15 MeV wliereas

für tlie rundes wit l i liigh moinentuin »liotons llie itnproveinenl is draniat ic , Fmni

120 McV to 25 MeV. Tims, cxcluding t l ie u n c e r l a i n l y <)nc to tl ie sprcad in llie

lieam encigy, one expccls a niass tesolulion of trjij - 7/)up -- O.'J MeV for llie

cliüigcd niodcs and 1.5 MeV at worst.

Taking ilito accomil Lhe Spread in the DO II l S I I Lenin energy of sliglity tnore

t l i i i n (i McV uiie uli t i i t i ia a center-of uiahs energy resolulion i > f zt 9 MeV. Tliis is

in ip iovcd liy the narrow sliape of llie rc la l jv is t ic T( 15) Hn-it- VVigner n dich lias

a n a t u r a l w i d l h of ('2-1 -[. 2) MeV |5|. Tlie prohnbi l i ty of producing llie T(-1S) at

ii givcn cenlcr-uf iiiaE9 energy is simply llie pinducl of I h r ( innssi i in cenlcr-of-

inass o n u r g y diatriblltion ai id ihc |i w.tvc l l [e i t - \V ' igner , sliowu in I^ignre A I. Tlie

rrsnll ing dielrilmlion is m-arly a Cunssian wi l l i a widtl i uf fi MeV. EacIi H ineson

i ' i i i i i i - ; , i iway half of Ulf t-nergy an<l thna half nf llie energy spread, resu l t ing in

7l
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Appendix D

Recoiistructiou efflcieucy

correction for D -> Dp"

The procednre für dealing wi th multiple B candidates in l l i c s inne evenl is to

chuosc tlie cnndidale v, i t K llie maximuui total probabilily. 'l h i s procedure can

prorlnce syslematic micerlainlies in tlie Irne number of H mesons Tlie reron-

slitrlion elliuencies can lie aflected in t wo ways: 1) los a of genuine It's because

an alte! i i R t c liypotlieaU, whidi Eoutrtbutea In llie backgrnmid oulside n( l l ic I)

fiignal, hiis n l i iglicr piobability, 2) an arlilici.il increase in t In- B s ignal duc h.

tlie Substitution of ii spuriuus li>w inuiiicntnii) pa i t i r le for l i ic fu r r ec t ini<Jeteeted

(ine. 'l'lie Tust eifert was foimd to be ncgligible in Mnnte Carlo sludlCS für all

decay inoilcs invcst igatcd. The second cffect was foiind ID be probkuiatic for

tlie t letays U - » Dir~ir° duc ti) cupioug prodiiclinn üf lovr nmiuci i t iun photons

in l) dücnys, < n., >= 5.0 i O.;i i: 0.3 [19|.

Tlie eHVct of subst i tnl ing a spurioua Imv mninentnni plioton fur the real nnc

in the reconstruction of jr°'s for B reconslrucliou, can be delermined fruin Monte

Carlo sludies. Forcing oae B meson lo dtcay to Dp and the ulher lo <lecay

fti-cly actording to llie l ,UND fi.2 fraginenlalHMl scheine [2t| approiimatca llic

f M v i j i i n n i ! i i i of Hie aclnal T{45) decays. Applying the rcconstruclion selcclnin

crileria to the data resnlta in a B Gignal which is I .(M 1. 0.05 liines larger tlian

the iiiiinber obtained by inatching llie reconstructed decays to the generated

7 l

decays. Hut Ibis Enhancement was not I rns tc i i dtie to l l ie targe pholon yicIJ,

< n-, >= 1A, gaieraled by the I.UNIJ 6.2 progrnin für 11 incbon decays.

The prnci'iinrc rlmscn lo ohtain a realislic correclion was to oblain a clean

sample nf higgt-'d l) int'&on decaye from llie d a t a , slore the photoiis oliscrvcd in

Hie [c.iriithiilcr of tlie event inlo |iarticle bnffers äs is done f»r evenl n i i x i n g , t l i en

t l u o w onl llie pholons gcncriilcil by I . U N I ) (i.2 and rcj i larr thein \ v i l l i the data

pholons sloieil in tlie par t ic lc bnlfert i . Since Ihc pholoiiB are nearly isotropicnlly

dis l i ibnled in H ilerays Die replaccinenl doesn't re<piire any kincinat ic rutiiliona

or boosls. Tlien the sclection criteria ivere ngain applied for the reconslrnclioii

of ß -+ Dp' and yields Ihc open histogram sliown in Fignre B l . The shaded

histogram represeuts the corrcclly idenlified B niesons. A fit yields an ei

_
ft HeV

600

200

0.0 fc=»—'
5.20 522 5.24 5.26 52Ü 530

Mass (GeV/c2)
l rignre B. l : Enbanceineiil of B -• Dp signat. The opou hifitogram rejiresenls
cundtdatcB sali.sfying llie B seleclion crileria and t l ie shaded htslugraiil rcjireBenls
correclly identified I) niesons.
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