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Abstract

We propose models for elastic and diffractive .J/y» production based on pomeron exchange
and vector-meson dominance. The production mechanisms are compared with results from
fixed target photo- and muoproduction experiments. This includes integrated cross sections
as well as differential distributions. We investigate the overlap of diffractive J/¢ production
with inelastic production as modelled in the colour singlet model. When properly adding
both contributions. we can explain the excess of events seen at large = = Ej./E,. Using the
energy dependence of the respective models, predictions for elastic. diffractive and inelastic
J/v> production at the electron-proton collider HERA are made.

On leave of absence [rom Dpto de Fisica Teorica, Univ. Autonoma de Madrid, Spain.

b : : s o !
Partially supported by the exchange programme CICYT-Kfz.. Karlsruhe.

CERN-TH.6103/92
February 1992



wvudl



i~ |

"06°0 < z :Suwall UWINS ‘PIAOUIaL Jou
wolj uoynqyuod (7 ‘f = p) uenponpordonuwt DN 10§ ‘GFQ < T :SUPLW WINS ‘BpRI jou
$1011991100 FULITIWS ‘POAOWRL 10U i UIOI] UOIINLIILOD ‘(3 = A7) uorjonpoirdontu 5 10
SUOLDALI0D M ASD G > Ty )J] suvaw d13se]d ‘(9 = ) uononpoidonw 4.j¢ 10 ‘si011
arjewialshs pue [earysiyess spnpoul syuswiiadxe uorponpordojoyd aufy Joj s1o1ia ayJ, (a5
paeMIO)) O1)5E]2 SURDW WINS (g = N) FIVN 40 “uorjeidossip ja81e) aarjovayip sueaut ((
‘onse[a suesw se[R (G T = N) J] 10 OUse[oul Ieal pue dlise[d plemlo] sueall ([(]
‘2195B[2 Jeal pue DIjse[d plemlof sueaw oyl (d = ) SJLJ 10 "X + @/ d+ffr — NL
‘uorponpold di/p sanpRIyIp pue dnse[e 10} sivteweied adojs pue suordws ss01) [ a|qe],

0=2| p=» 0=2 A2 052
90=9|¢%=9 ZL=q| 8Lz £01 GLl =g/
0=2| p=2 0=>o APD 00T
PZ=9|L1=¢ gr=9q| 91 87 6 [PPOW
0=>2 AD 00T
0FE1=9 0z FLal [01) DN
YI0F990="129 A2D 001
90Fze="'4g 0zFael [6] oWd
A2D 801
ZIFLOG [8] ddd
0=1%g A2D 001
goFse='g 0EFO¥I [9] PIVN
A29 601
LZFePL | vIFre|0eFee || [¥] SdId
C1F6C=2 A?9 001
CIFOs=q | crFoee|riFeo| reFrcr | 2] a
uing aa ousey || wng ada sy
(Tdtg—) dxo v + (tdig—) dxa 10 B
(¢ +19)dxo ~ gp/op :edog [qu] o

6 p] uotisws ss010 Jo| RIS
onur e sey Pgm 'd 4+ (X + /) — d 4+ L uonemossip uojoyd satseljip woy paysm@unsip o oLy

Te[eosost a3 st ()L pue syrenb qysi 03 Suipdnod uotawod ay) saquosap = APD b = f aloym

(1) : —lqzmonwhcunﬁ (Wuge)ei=1
[g] opryjdwe siysepo uojord
~uojoid 2y} jo o} Butmo|joj ayy 01 pa uosawod ayy jo sarradord pauorjuswi-siofe sy,
“19139] sty jo ed ise] 9Y) Ul ssaippe am uonjsanb sy
'ssacoxd (11 2y3 03 uotisuel) syt Apnis o) pue [@pour §7) o1} Jo aduel £)ipifes 2] RIS
0} @oueprodul [R1ONID jo st 31 pua siyy of, °[g] senjea & [ews e aepnonded ur 'y e
suoisij[oo da ut £}1suap uon|3 2y} 12RIX3 0} [00] © s pasaddns os[e st uotyanpord i/ susepaul
‘uojord 3y jo uotynqunstp uon|3 a1y autunizlep 01 [1] HIWN 241 £q perojdxe sem joey sy,
‘uojoid a1}y jo Lpsuap uon(d a1y} Jo aqoxd panp e st b 4 fifp +— b 4+ L ‘ssovosdgns jueas|al
oy, ‘[11] Ppow (§0) jo[8urs-mojos pajes-os aiy Fuisn ‘Apaneqanilod pajenoped aq ued
uorponpoid qifp oyysefaut ‘X py 10 3 a8re| Ajustdyins 1y "uotjonpoad ¢ /p stysejaut ojut sFueyd
0} pa32adxo SI UOI}OBAL DADRIYIP YY) ‘Sasealoul Y Wajshs dluolpey Fuiurewal a1y jo ssew
21} lo/pue Iajsuely WINjUIWOW 3y} Sy “uoijonposd qfp siisels 10j Isjfewls usaa pue ssaoid
aq 243 10j [[ews st v/ ayy pue uojoyd ay) ussm)aq } 1ajsuely winjuswou 3y) A[feards |,

1 Qe ul paisiy st 1a)ia)
siy} 0} yndut [eyuswuadxa ay L, *[01] DN 10} 06°0 < = ‘[6] DT 10} ¢6°0 < = "IN ® asoqe
st 4 /Mg = z ajqees Aypusepaul ayy jiao ([8] dJAH) AP ~ ULY) 5S3] SI 19jaUILIo[ED 21}
ut yisodap £B1oua 2yj 1 ouse[a, s paf[aqe| a1k sjuaaa ‘uonpnpoidonur up (1 ‘g ¢] f/f oy
patuedwodde yorly [RINBU 10 padieyd ou Ji s)uaas ([(] 10 D1)5L|a S8 PIYISSE[D 2¢ P[NOD S1Uaaa
¢/ syuauniadxa uoronpoidojoyd uy ~ded Aypider ofie| v £q waysis dwuorpey Sururews, ay)
wouj pajeredass st ¢/ oYy yey) ut uotppnposd i p drysejaut wolj siayp ssacoid aq 2y4J,

"X+ qfr —d+ Lt uojoad sy jo ((1(]) uotyeossip
2AIDRIYIP Bl q_:. jo uorpnpoidojoyd o) seapl as91)) pusixa oW “sdejewered mou Aue Fur
-1mbaI jnoyjim ‘7 ut 98uel spim ® Jaao [njssadons L|qeyrewal st uondussop ayy ey Sunjou
Ypiom st 1] -[g] Bunayyess uojdal ur parnseatw st jeY) L4 UOIIDUN] 21010018 a1y jo sui1a) ul
uorjeL0ssip uojold sAlIRIYIp 21R[NI[RD 0} “[¥ J0 Joyspuer] pomol[[e sif[, ‘sessedoid djsejout
23 03 papuaixa aq ued uojoyd ay) a1 1ayjel sajdnos uosawod oy jey) uoduinsse ay |,

d+ fifp — d 4+ L ‘Buiaayjess diyse)o aqL1asap am Kum SIY) U] ‘suosaul afp
Jo uotponpoidojoyd o3 yuil 3y} Yst|qe)sa 0] pasn U} SI ADURUILIOP UOSIUI-10}I9A Jo Jda0U0D
ay ], ‘Fuuieyyess uojold ¢t/ 03 seapt asayyy S[dde am ‘uosoun i a3 Jo 1030} wioy oy Suge
-pout pue syjrenb wreys 0y urjdnod juazayip e 1o} Fulmoje ‘suondumsse 3821} Wold) Futmof|oj
a[na1 yienb-aaryippe oy3 Suis) -uojoyd Iefessost [+ = ) e a1 sytenb o[Fuis o} sapdnos u
'12A0910J '$9Z11070%] 1R anpisor ® yym 3jod o350y pajejost ue st uolewod a1y jey) aumnsse
Aoy, [g ‘T] 12 %o poyspue &q ‘yd — dd uotjeidossip uojord SAlIRIPIP S [[oM SB ‘su01}
-298 $5012 uojoid-uojord(-1yue) [eyoy pue duysea jo uonydissp ayy st jutod Furjreis ung
‘suosawW i/ Jo uorpnpordojoyd vy 0 s3ueyaxa uotewod jo wapt ayy Sjdde
0} 1dwayye am ‘ssadons [ediFojousuwousyd a1 usalB ‘yuq suop aq 0} surewal s Ot ym
quip oy, sotwreudp umouyun o} Furjiosar noyjim Bjep a[qe[reat Jo uorjdildsep [njyie] v
mo[e A3y} 'suoloeal d{UoIpRY 1J0s snolrea Fulipnis £q paysi|qeiss usoq aaey uotowod oy jo
santadord afdunis A[FumBuirjut pue oseq a1y, “[1] afueyoxe uesddar pue uoiswod jo sinyoud
Y} ULIM paqadsap A|[njssa0ons a1k sasseoond lajsurI-WNUaWOW - |[eWs ‘XFIaua-ydiy



yorym ‘uojord o1y jo Buriayyedns satpRvIIp K¢ [[oys-uo jud sUIPUM tosow ¢/ [[oys-Ho ue o)
sajdnod uojoyd ayy assf] uojoud sy Jo ([(] vta uonpnpord G/ aaneiyip £pngs om yxaN

(01) TquiLs 60= ([ —d+p/r)e

{UO1198 $SOID DIYSE[I 21} WOol)
pajorijxXe 9q LBl UOIYIIS SSOID UOI[INU Qfr oyy yeyy ojou am Juissed up a|qe], “Jo ‘ejep
juasaid 03 9oadsal [jim g Jo 10j0e} B uel) ss9] :asealdul Suolis e joadxs jou op am [apour
Ino ut ‘yseljuod u] Q[ jo lojre} ® Aq asealdul ue o) spuodsariod suyy ([2] se1Burous g1 9e
94,0, ~) SJUDAD DI)SB[ JO UOTIIRIJ JUR)SUOD B Iay)in] FUlLNSSY *SUOI}IS S80I ([(] pU®R RIGERE
jo wns 3y 10f qr (90 F 7'¢) spIeIh sa1810us y i} 01 dn A39)/qu (z0°0 F 1°0) jo adofs 4313us
ug yjim uolyeloqe[jod ] 3y} jo jy Jeaut] o} Afealeu Juljejodenyxy ‘A9 06 ~ e N oy dn
a[quinseall 2 [[1M SUOIIas ss01d uojold-uojoyd atoym *yyF [ Wodj eep Suiwonyjio] yym
11 aredwos 03 Sursatajul A19a 3q [[tm }] “pL{EA 3¢ 0} ZIESUR INO 10} o5 MO| 00} € saiFloua
juasaid yey) apqissod [[1}s SU L ‘1001100 21am vlRp I} J[ “PAIPNIS 9q 0} pey °J2p WNLI2INOP
2yyy ut yead Jua15Yod 2Y) jo SoUANUL BY) OS|e D12 ‘UOINqLIISIP 7 3} Jo aduapuadap AB1aus
‘UOIJRUIUIRIUOD D1]SE[QUL SB YINS SJ03]Ja SIPISA( ‘3IUls [RIALI)-UOU 1 SIsA[eue oy ], "A[[edrjsiye)s
yrom 007 219m eyep uadospAy 21} 20UIS BIRP WINLIHNAD S]] 95T 0] PRY UoIjRIOqR|[0D (] 1)
%}ubﬁ jo souepuadop £310u9 oYy jo sisk[ete 1aY) U] ‘GE'(-9L°( ~ P pue qu 0g—§ ~ V¥ ‘AS10u
yim asi1 JaFuol)s v 19jpad 0) Woss BEp oY) ‘[opOW INO UL LT = » pUR qUZ = ¥ S[UM

>....C_:v
. .
(6) e

0=

i

2P

Aq eyep 119y) srewiixosdde ued am afuel sy uf “A9n) 00E-09 = Y 28url 2y ul uondas
ss0I) ose[a o} Jo aouapuadap AB1ous ay) pamnseawl ose Loy, ‘[ 9[qrl ‘Jo ‘uorjeIOqR[[0)
Al 243 £q painseaw se adojs 7 oy} yjim juawsaSe pood ureiqo am gf 10] anfea sIY) YA

-APD 1100 = ,(.¢)
ule)qo pu® anfea Sd.Jd 24} Woij g Xy 03 asoys ap\ [ 9[qe], 295 ‘siolls [pjuswiadxa i)
ulgym 9918e (A29001 = “94) A2O L'ET = s/ je suoiyoas ssod drjses 1ay ], ‘uonnpold
i/ d1jSEPUL pUR JAIDRIPIP WOI} UOIJIRII J1ISR]9 2] 21elost 07 a|qe oM ‘[§] §d L pue
[2] Al ‘syuouwrtodxa om], "A319us "wWd Y} Jo UOIIUN] B SB UONDAS ss01d d 4 fp — d 4 L
anseje ay) spipaid [ppowt ay} Jajewered a(Fuls sy} uo paseq ‘paxy ore g jdadxs (g) pue
(¥) "sby ut ppows ayy jo s1xjewresed oyy [[e jey) szseqdwo oy A2D qu (,6) 628 = (dd/r
— dL),0 :APD 01 = “ e ‘spPIA pue piremsojjydresss si p 1oao (g) jo uotjesdajur oy,
1aded sty ut patopisuod saidiaua atyy 1oj
9.-G noqe ‘[ews 1ayyel st ado[s 7 91y uo 1013} UL} h /) Jo 10 ) JeY) djou A
"} [[eWs je pijea st ydiym g7 onfea a4y uey) 2 eudordde atown oq pinom 601 & g anfea e
2APD T > 1— > 670 28uel 7 papuaxo 3y} SULIDPISUOD UIN|AY 1010%) w0} uojold ayy 1o (1)L
asn Inq 7 [[e Y2 2a0qe usald se Mg yypm ‘10j0ej utlof i/ 3ty 10§ (9) asn am Suimoyjoj 2y uj
o T N ap
(s) u«?u& d aﬁ__E s ouy ,.ﬂm_w
(s0)30] pg+*rge+ige = g

Il

alalm

o

o=
p ld
L) “{rrg}dxs — =
A A H. Tbﬁ _Tb_mv

Se U2)JLIM 3G URD (G) Jo UONQUISIP-} Y)Y J-[[RWS 3 *,_ADD £7°0
~ g%01 ~ Mg urerqo sm ‘s ‘snipe1 uojosd a1 jo [g1] pa1y) ouo jnoge st My snipes tlr
ay) sy .uh\ima dg = Mrg sn soatd s1y], ‘uoipey jey) Jo snipes parenbs gy oy sajeds ff
uoipey ® Jo 10)0¥} ULIO} DIjSe[d AY) J0f Hg 19j9wrered adofs 9y} JeY) SUINSSE oM SIOWIAYIN,

(9) C(pMrg)dxe = (3) Mg

7| [rewis A[justoyns je pijea 1090%] ULO} i/ oY) 10} Zjesue Fuimoy[oj 2y ayew apy
[e1) 0281/1 = MEf [oxy ey om asaym

(d H_.a__‘__arwbu oLy (dpfp — &.rubw
‘@2uRUILIOp U0SAW-10122A Fupjoaur 4q paysijqeiss A[jeuy st Juiageas
dL oy yuy| Fuissiwt ay ], 'syrenb qydif o3 Fuidnoo ay3 sayryuenb Piym ‘g jo peajsur g ‘uosew
a1y jo syaenb urreyoy ay) o3 uosewod ayy jo Fuidnod juslayip e 10f mojje am (p) by uj

e,

1 H.A ._ﬂ:_.»«.rubﬁ

T8 2AL1IE am uosaul 3y ut pue uojord ayy ut syrenb jo
IaquInu JuUIISYIp 3Y3} 0 paje[al 10j0%] Juelsued ayy os[e SuipslIe) “1030®) LI} diiseld ¢/
243 Jo arenbs 3y} 0} s1010e} W0 dryse[a uojosd 3y} Jo auo jo arenbs ayy FuiBueyd £q (g) woiy
poiajut aq ued (e[ 9 298) d+ ¢t/ — d+ it/ 10} uoissardxa Surpuodsaiion oy [, “Sunayyess
ouse[e uojord i/ 0y paziferauad aq Afises urd Juliajyess oryseps dd jo arnjard aaoqe oy,

A.vn_ ' T__a.v.'nhm___.‘uum:ww._f_m.r*hﬂw ﬂ::_ruq.ﬁﬁu

(¢) H(5,2),681 = 27[(L)wi] g = (dd),,,0
10011098 SS0ID [B10} 243 SUIR)qO suo “apnjduwre ayj jo jred AreuGewn oY) wou]
£f L i
(2) el ~ = o1 = P

U olal  (dd)y,op

(1)

woip Fuuayyess dd J1se 10} UOIIIS SSOID [RHUBISHIP BY} UIRIqO 0) plemiojySieirs si 9]
"APD 065G ~ s/
‘saldiaus yHHH [ewixew 0y dn L[qewnsaid ‘saiB1aus juasard e pajoajdou 2q Aew asay)
1eyy smoys Buuayyeds ousepd dd woiy eoustadxe “jax  A810ua toySiy e juepodwi siow
8W033q suoljnqtijuod sfueydxa-uolswod-s[diynw pue -s[qno(] *(1) Ul 3 2pn[AUL J0U PIP am
2I0jalay ], ‘syrenb sousea jo 9Bueyoxs Y] Y)Im PajeIoosse s1 UOIINGLIUOD SIY] 3UTS Fulla))ess
uojoid-uojoid(-rue) Jof ased Yy st se Juuayyess uojord qifp oy sFueypxa uoefSoy woyy
uolNqLIuod ou s AIAY [, ‘suoljnquiuod afurydxs—uosawod-apdiynw pue -s|qnop j9[Fau

pue uornqujued afueydxs-uosawod-a[3uts a1} Junoooe ojur axey L[uo am Fuimoljoj a1y uj
‘(1] se1810ua uo1jeAa], 03 dn UOI}29s SSOID
uojordiyue-uojord 2y} Jo ISl PaAIIsqo BY) Yjim 2DUBPIOIIE UL SI 3 JO anjea 3y ], "GQ'() = ?
pue ,_ADHGCE0 = Ooym ‘o434 = ﬂ:n.c iredul] 1ayjel aq 0} punoj sem A10)dalen)
oYL “(zwp)/1 = La10ym ' (LAPD TL'0/3—1)—(+—1)(46L°Z— 1) = (1) :2030e} wwiof sen(



J0j JuNO2DR JYSIUI YoM SUOI}IVLIOD JapIio-Fuipes|-0)-1Xau a1, g Jo 1010e) © Aq paonpai s
1039%] 3f By} ‘suopaliod satjeipel (O Fuipnpu] c[o1 *8 ‘9 *¥] yipim Lesep swoyda) sy 10]
uoissardxe Ioplo-jsamol ay) Fuisn uaym (juotntiedye oy uo Futpuadop) ¢ 0 § Jo Japio ayy
Jo ‘adrey A[arey st 10900y 3y oy Jo anfea oy, “1019ef 2B1e]  Aq JO ‘1oaamoy ‘st uoljRZI[elULIOU
oy ‘suotjnqusip z pue Td @/r sy jo adeys aiyy asupoidar 03 ajge s1 ppow g7 Ay,
R/ 93 Jo yipim
£e00p otuods] paanseall a1y} WOI) PAONPIP 3G UL UOLIIUNY IARM SIY [, ‘WSO a1[} Je uorouny
oAEM 31 BUISH b/ S} OJUI POWIOJSURLY PUR WIDYSAS aaRM-G UR S A[[2D1)SIATYR[2I-UOU pojealy
ST 1ayje] Ay ], "Woysks 20 oYy uo pasodwi aie @/p oYy jo sjure1suod uids pue Iojod 21ym
b + 99 « b + L ssedoidqns oy eia spasdoid uorpnpoid A oosep o[11] [epow (§0) 19)8uts
Inojod 2y Juisn (DO oaneqanyiad ur pajena[es aq uws ssasoxd snpy 1ey) uorpdwnsse ayy
uo paseq st wsiwndo oy, (1 ‘¢] uojoid oty jo wonnqusip uon|F oy Joe1ixs 0 Kem v se
1sa19qul pajoelrje sey sseoold 1ayye] o oouts jueprodun nsenb sy, cuonnpoid pfp

21se2UL 07 podauuod st uohanpold difr oatjaeiyip moy jo uonsaub oy ssaappe A|peuy ap
T 9YRL CJo f[epour ano ul qu gy
0} osEIOUL Js3pOUL 3y} Ypm pareduros og 0} st sIY L, A9 06T = Y5/ e (qrf) ~ o uorjoas
$5010 afi1e| £19a © Ul sy[nsas LF10ua Y5 || [punxew oy dn viep £810us-mo 3y duiyejoderyxa
Areaur] ‘[epow ayy £q pajoipaid weyy asealdUL 12daals v dajald 0y waas vjep oy ], :uoijonpoid
/[ onse[2 jO JRY) 0} IR[ILIS SI UOIJRAIISGO DU [ "BIEp SNOLIRA i (uonponpoad (¢ snyd
onse[a "at1) uorpnpold ¢if £ oysepe weaq jo aauspuadop Af1ous o1y oeduwiod am ¢ -Fi ug
BIRP 1M (9]) UOIINGUYSIP [eNUSIAIP P[OJ-0M] 3} JUOIJUOD 0} SHI] P[NOM
auo ‘Aqreap] “ejep ayy o) osje parjdde oq pmoys (11) sino 21} ‘uosureduwod asaid alow v
10, "PIpn|IUL 21 SjUAAS DIISRIPUL JO SUOTIRIF UL uay], [ 9[qe], Jo ‘i /Mg = = uo
0 & y3noayy A[uo Fulajjeds Drisels, aulep pnod Lai) aouls ‘apqrreduwon Ljoalip jou are
uoponpoldonur woap sj[nsal Y], UOROSSI 1981e) aANDRIYIP sk [[om se Fulioyjeds d1yse[s
sapnput Appsoaid vonyuyop syl ([F] SdLd Ay siuess onsele weaq, paqed) Nl ey
satuediiorde Yorl} [eIpnau Jo pafreys ou ey Justiadinbal ay £q Fuuayjess ornses, sauyap
UolRIOqR[0D PIYN 24, "zAPDZ > 1— > ;A9 G0 28uet oy ut g ‘81 jo suonnquysip 3
W2Ia1p a3 Fuilly usym urejqo om Jey} sodofs ) jo sonfes o) 21T am aloym [ d|qe], Ut
U9as 9 uwd> se ‘uaainseaws [g] YN 213 Yiia Seonu saoade wns gy jo adojs ayy “yor) ug
‘uononpod ¢/ p aaroelyip Fuipnpul Uaym g moqe jo 101) B A pasnpar st ssavoid onse
2y3 jo adoys ayy yeyy os ‘adofs 1oyjey YoNI ¥ SUY UOIIEAT SATIRIIP aY [, ‘sasseooid om) a1y}
Jo wins 34} Jo UOHNYLIISIP 7 3} MOYS OS[ ap) “ARD) )] = "4 ¥ UOIJROSSIP j951e) aaljorRIyp
e uotjonpold ¢/ p pue uotpnpord ¢/ ovse|a jo SUOLINLIISIP § 9y} 2aedwiod am g B uf
'ssacold (] pue ansefe oY) jo wms ayyy 10 [01] DWN pue
[6] DA ‘(9] PIVN woip vyep yym juawaaife pood Ale[iuis puy op\ *10115 [ejuswLRdxs
Y} UIY}m SLIOUIIYIP Y7 "ok L7 Jo Inolaryaq .7 Mo| FJuolim pouoljusi-3Ioje oY) uioif
paadxa st uoIRwISaIapun SIY [, * ¢ SUILLIYISP O] PIsh am UO[1DIS SSOID DIJSE|D JSOYM Bjep
SAId 241 mopeq AySis A[uo s|je) ojel (J(| 93 ‘Pury Ia1}o 91} U() ‘suoijoipaid 1no ueyy
Ltw‘ac_ are _h_ UOIRIOQR[[OD L] 21 JO 2)el ([(] 2} pue d1)sefa ol YjO¢ "BIEp Yjim .hm; ssaooad
Jnjsela BY) Yjim uIns s se [[om s (9] ) ssevoad ([ poresdout ayy oreduwiod am [ 9)qe], uj

(L1) TS0 > W > (Fuettu)  f peng > |y

“qlg]
IV PUR 1 sajqellea [ED1JRIIAULY 21} U0 $IND J MO||0] 2]} chEE ERY Cm:m_.fw.u .p:f:ﬂcc_rta_
211 st uotowod Y} Jeyy wlusus of, C[epour dajetieied oz v st (g1) ey} aziseydute oy

(91)
i s W wup My JVPIP
r)e, | hﬂ|v w__...___m..,. RINY B
(D*2) of I z-()doz \ § NT ) r;i T wxy (Y p/f—dl), op
“ﬁw—mwm—ﬂﬁng

Appeas st (o1 B1g) ¥ + ¢/r «— d + L ssav0xd sy 10} (1) 09 snoJojeur uotssardxo ay ],
“ffr ey 0y apdnoo
jou S30p [PIYM U0sIW § 9} JO UOHNGLIJUOD S} JUNOIOE OjuL saye) | 2duls aaay parjdde aq
jou p[noys 1012} uol3221100 sy, *ss2201d ([(] 24} 10 pasodoid sem enuLIo) payration v qlg]
R _.: el ey :.N_.—._m o0 ud:}—WEOW e -.—m Jnsal Ommmw —.:.—.m Sanea _—GEM K1aa e .ﬂ_w.m.mu 2113
Moloq ey snyy B ssavoud (1 2y} 10j suoryoipaid 1no ‘(gr) Fusn uay gy eyep dd ayy 1y
010 = ;0 12 G0 10qe 3¢ 0} ‘o0 ((9€°0 + ;0)/,0) (S1) ut wasy ys¢] oyy sermbor apnjijdure
uosgwod sy} Jey) umoys sem 3t q[g] JPY ur ‘povy up g = .02 12 umop jeaiq |m £Fojeue
uojoyd-uoiswod 2y} ‘uolowod a1 10} pajoadxe jou si Inolaeyaq e yons ooulg  uojoyd
oy 10} aouetreaut adned {q pasnbar st se g = (0O 1e soystuea (g1) uonuzinjourered ayy,

980 + 680+
(c1) |,®|:u 1) g90-% 8970+ { (T=1) g7 66°€ = (.0 T)2
801 z FE0 z

Alg] jo
uorjeziijourered ay) asn [[eys 5y pi[ea A1e SUONOUNJ 2IN1ONIIS Jo suoezIaweted plepue)s
YRIYm oa0qe *; ASD) MO} ' uey) I9[[ews 1w (Z[) "be ut paajoaur senjea @) [eord£y sy,
il [, .17 { (O

7l

‘suotssadxo o) £q uaaI8 are ) pue T sajqenea oy,

I

(¥1) = 0

(e1) Prptrtn)e=(0')y <= ((p+p)6/1+ (2 +n)6/t)z = (,O'L)ipma

:fem Juimol[o] ayy u
uorpuny Futiogjens duysejaut dosp Tyqa piepues o} o) pare[al st L7 uorjouny a1myangs oy [,

g IV LY VPP
(z1) UV o | — = 1) e IV/5) (1) Ugg) o = o
T N z-()otz z 1 E&Qn_.bm_

uoy) st yd «— dd 10§

UOI}298 S0 [erjuaaffip Y |, (g1 "9 29s) uojoid Juapiout 1ayjo 31} JO UOIIBIDOSSIP 21} Wo1)

Burynsar wasks oruolpey a1} Jo sseur jueLRAUL Y] St fy pue (uolewod paFueyalayul ay) jo

fypuyseipul oy ) uojord [BUY puR [B1jIUL 9y} Usam)aq Jojsuel) Wnjuawow parenbs ayy st} aioy

WY (S g o i
g () (1) S [ aoeerteR) 0 )

11090%] U0}
anse[aul 9y} Jaao [eigajul ue £q paseqdal st (g) ut s10)oe) wiof uojoid dyse[@ 2y jo auo Jo
arenbs ay) jt paquiasep aq A[|njsseoons ues wiep yd — dd a1y er) [¢] moys £ay, Buuayyess
dd ur uorpea1 snofofeue ay) jo ‘| ja yoyspuer| Aq uondiinsep ay) yjm jIe)s om uredy
“fyrpider ul pajejost st pue ‘3 [[ews je o'l ‘Aj[esrjsejo-isenb s1o)je0s /ooyl dnosyeanq



"SUOISSTIOSIP
Surjsalaqul 10} [Ap " pur uL{sKY " ‘Poyspuer] ‘g ‘Bunp [ ‘oleaieg ] yURY) O] JUEM 4\

sjuawWIZpaMoudy

‘uojoud a4y Jo Apsuap uon|F oy}
12e1)X3 0} pasn aq A|qet]al ued uornpoid Gi/f J1)SE[BUL JRY) JUSPYUOD SN SANRW [ = Z 0}
dn uonnquysip z ajoys ayy aquosap 07 a[qe Jutag -z afIe[ Je PaAIasqo SHUBAD Jo §50X3 A}
urejdxa ue> am ‘[Ppow Gy 3y ut usald se uononpoid oijsejput 0y uondnpoid ¢/ aaoriyIp
Joj uotpipald 1o Suippy -pajeme Kzefes are yygH 12 uorpnpord ¢/ jo sjustusinsesw
Bunuodyyiog -ejep jusserd £q pairajead aq 0 Palads TeYM URY) [POW INO UL IINEaM SI

‘1anamoy ‘AF1aua Ypm asu 1LY ], “RYEP JUaLInD )N Juoutdaife ul aie uotjonpoidojoyd a/p
SATPRIYIP pUB d13sE[2 Y104 Jo suolnquisip ¢ oy J, ~aanjoid resisfyd Suifjrapun ayy jo saqoid
SAT}ISUSS e SUOLINGLISIP 3saY) Jo sjuawainsealy -uonponpoidojoyd ¢/ jo suonnquuysip
[e1IUSISYIP 91} o] se [[am se soudpuadep AFious ‘urs a1y Iof suordipaid ajiuysp ureyqo
oM 1ajowrered 2a1) aU0 A[UO Y)lAY IIUBUILIOP UOSSW-10109A pue aFueydoxa uolawod—s(Furs
Suisn q/r jo uonponpordojoyd saroriyip pue JIjse[d Pa|[opoWl SARY M ‘UOISN[IUOD U]
"®1ep Sd.I.d 243 03 passnipe
‘g'g = ) ‘'1019%} )y jweisuod ® pue [p[] ‘}oy jo [g uonnquystp uon[d ary Sursn [apow 59
oY} UIYIIM pajenoed sem dN[RA S| Y], qUE'S = 0 PUR 'qQUE] = ;.0 'qUGE = ,0
ISUOI109s §5010 BUIMO[[0] YY) 192dXa am UaY], “w = w ey om 21aym ‘,_(Lw/,P) + 1) 103
-o®}] wo] sjodip e £q [spow am uoljdas sso1d uojord-uojoyd ayy jo svuspuadap 0 PUL
X924 U01129[2 2y} je xny uojoyd ayj 1oy uorewixoidde sureligy-1oyoezsiopy a1 Fuisn
‘ARDTIE = dgt ‘'VUAH e suotsifod da 10} sajed uoponpoad qifp ayenojes am [eury
‘uonnqisip uon(8 jndur ayy uo aouspuadop Juoris s)L s [[om se UOIPORAL diiselRUL K[[R)
-0) a1y} jo aoueprodunl Fuisealdur syy 99s Apewad ued oy ‘(81) 01 Sulprosse payeredas are
uoida1 (I 2Yy) pue uoidal drjse|aul A[[e)o} 9y, ‘“uonpnpordojoyd ¢/p onysejour pue ‘aarny
-ORIQIP ‘O1)5R[S ‘SUOI10BAL SNOLIEA 1) Jo duspuadap £B1aud "urd ay) areduiod am g ‘14 uj

AD ocmv N

5

(81) " AD A ~ W
L0

:4q ypyewr uorjonpord Gfi/p dariovIYIp pue diyse[aUl d1aym UoIBa1 2deds
—oseyd ay) ezijowreed ued apy -sesu £81aua ‘W) i) se 2 Jo sonjea 1afie SpIEMO) pualxa
0} [9pow §) 3y jo uotdar A}ipifea oyj joadxa am SN, "A20) 00T = s/ Je 660 ~ - pue
zAPD 00§ ~ N ¥e sinooo uotpnpoxd ¢fp suselaur pue sseoid ((] 2y} UsIMIaq uoljIsUEI}
243 1By} puy ap\ “AF10ua ([ sasealdul ssavord (q(] A3 ela uorjonpord i/ p 10) uolnqnsip
z a1} jo 2do[s YL, ‘G6') ~ Z PUR LAID R ~ ,JY 1T YIILUW SUOHNGLIIUOI [IOf “1a1)e}) yonur
St uolynqusip z ay3 uotjonpold i /p onysejoul Joj “yseajuod ul ‘uorponpoid (I(] 10} sasealdap
z se |se] mE:ﬂ st pue z af1e| e syead uonnqusip = ayy ‘Apaeug v mm.:w_ e .h::m:_.Eov
N30 §1USAS d1}SE[AUL Y} seaIaym UOLFaI sseil-mo[ 3 aye[ndod syuars (I(] Ay, A 002

= § Je pajuasald ale z a[qeliea 9Y} Ul pue ,jy UL SUOLNQLISIP oYy q pue g st uf
‘yajew Ajyjoows
SUOTINQUIUOD Om3} 3} 1oy} aInbal am peajsu] "wWns o) 10j SUOHINGLIISIP SNONULJUOISIP UL
§)[nsa1 7 Jo/pue z Ul ynd © £q suornquIuod Yjoq Surjeredsg ‘oz1s Je[iuns jo e suoljnquIuod
10q 219y UOIFaI1 ¥ SI 2191} ‘1910310 “Inotaeyaq ajsoddo o1y smoys ssadoid dnysejaul Yyl
SEAISYM ;Y BUISLIIDUL [IM SISEIIIDP UOIJILAL JATPIRIYIP oY) 1Y) Puy 3z "X +f/ — d+L
ul y waIsfs duoIpey Sulurewial Yy Jo SSeUI JURLITAUL A} ' JV JO sanjea snoLIea 10} UMOYS S
uonnquISIp 2 94, ‘8¢ = Y “#Iep SA.LJ 241 01 parsnlpe 103e) v jueisuod e pue [p[] joy jo
14 uonjeziijawered £yisusp-uon|3 ay) pasn am [ppow §) 213 10 “31q ui (91) 4q pardtpaid

se uopponpold fi/p 2A1RIHIP Yum [apow Gy oyjy ut uorponpoid i/ duysepaut aredwod ayy
'ssavoxd (11 @y) 'l votpnpord ¢/ 03 pajnquyge 9] URD §3UIA3 3531 JeNf)
#oys [[eys apy [01-8 ‘9 ‘¥] uoidax z-mof 3y 1y 0y paydde st 1030v) \ B UM uIAD ‘|opowt
SD @Yy} &q pouredxa 10U SJUIAD JO $530X3 UP §1 2191} ‘UoiFas z-y31y ayy up “Lysusp uonyd ayy
JIBIIX2 0 Pasn aq el UO1123S SSOID UIOF A} PUR JRISUOI SI J0JO¥) \ 31} Je[} SIpn|Iuod
Aqrensn auo ‘(swresy “qey ayy ut i /Mg = z) 60 > 2 voiFar 3y wi rjRp 23 )M [Ppowr G
3} jo JUIWBaITe BY) WOIJ ‘SSABYPAIN "PILNI[EI U2 194 Jou aavl| 10308 y oF1e] o1y



0l

‘261 198 10j sjop-ysep ut pue (] ‘JoY Jo 1€ 198 10f s10p Ul (7 = V)
[epow 7y a1y ur uonpanpoid diyselaul ‘sull pryos se (91) ([ ‘seysep ut (¢) ausee LA fp
Jo uotpanpordojoyd oy suorng

ZACD00E =S (=Y
pue ? : ‘oY Jo 1g uonezinewered uond) apow gy oy ut uorpanpoxd ¢/ aysepeur

pue (g1) uorponpoadojoyd ¢i/p (11 Jo wns 21y 10) (q) z pue (@) gy ul suoNqUISL] ¢ 2ndL]

‘doy 0} woyjoy Wwoay A0 G pue ‘LG ET ] 6 = JV 10} saul] pljos
se (37 = ¥ pue [p1] ‘oY Jo 1g uonezujewered uonjd) jspow g oy ut uorponpoid
snseppul fwoyjoq 0 doj Wolp ;790 6 pue ‘16 g = gy 10§ sjop ut (9) uonpupoad

ZAPD 00T = 1% /1 jo uoronpoidojoyd jo . jypp/ op uo1109s SS01 [RIURIAIP J[(RO(] | HINFL]

‘wns A} pue
(91) g ‘(g) arysepa :doy 0y woyjoq wolj ‘saul] prjos se suoydipald ppour teep () < =
1y 03 [01] DN Jo 1y Pul] pajjop-ysep {(pappe aq pnoys Lurejisoun g0z ©) ejep
uotjed0ssIp jadre) asroelyip snjd onse[a aat)) 01 (L] g Jo 1y aul] paysep saduenny w
=P 6,0 < 2 0SOWNA212 DA ‘sexenbs [[nj ut e1ep A2H ¢ < TvOH [8] ddd 'sereubs
uado ur wyep onysea [g] pIVN $e]2a10 ut vyep onsepa premio [p] §d.L4 “¢/r Jo uoyonp

-osdoyoyd (([(]) 2ANPRIPIp pue d1)sB[S jo WS 21} Joj ARISUS "WI'D SUSIIA UOI)IIS $SOI) § 2InB1]

‘(paysep) wins pue *(pajiop) UoIRIDOSSIP JAljIRIYID

uojoid ‘(prjos) 213se[2 1, A3 00F = § ¢ i/ Jo vononpordojoyd 1oj suonynquysip 7y, ainfi g

'u0jold 21} JO UOIRIIOSSIP PALIRIYIP UL SUosaW ¢/ jo uotjonp
-oidojoyd (2) pue *yd — dd uorpesr sy ut uojoid vy jo uorrOSSIP dalPRIYIP (q)

‘s1a81e) uojoud woij suosoul ¢/ jo uorponpoidojoyd snysera () 10) sweaSeip orjewaydg | 21Nt

suorjded aan3i gy

Lk 3ty Jo sduapuadap fF1ole sseul-jo-oljuany o andt |

1 (1661) 26 s4ud "Z ‘Fung, oy-ny pue ugaop 9 [pi]

TS 1k day csSyd e e aoyoy v [gl]

"1 (0661) 6626 "1 s8] doig “jaed “aey v e zopurulel [ [z1]
1251 (1861) £3Q "a9Y "sdyd ‘seuop *( pue 19810 14 [11]

"(1661) W31} sty ], (44 ‘(uotyesoqefjo)y HWN) Juop ap "I
‘g6¥ (1661) 8626 1127 's&y “*[v 19 eise|y " “uonreioqe(io) DWN [01]

‘EF (C861) €261 "1 Ay o1 (£861)
£124 AU PN 229 (0861) €68 1197 s3d [ 12 Weqny [ Tuoljeloqe[o) JWH

6]

1ocdd QG T Tunog] tsaFlour] YSip e suotpoe
IOT 204 TUHUONG W TuonRIoqe|o) dAd [8]

6ol
-137u] uojolyd pue uoids uo ~dwig juj

"£L (2861) 8P 11977 "a9Y TSAYJ e w0 Apjuig Ty Cuoneioqee]) ] (1]
608 (1861) £6D S8 "Z “[e 19 arvieg Y “uoneioqe(o) FIVN (9]
‘uewiadu] ry pue dajuwuysng] M\ CSpe ‘1661 “Biquiel VYT H
ve soslyd uo doysyiopy doid ut deadde 0y “uolla] cp puv Ieopmpg ty'r) Cdunp Cy

69z "d (9861 Banquiv * XGH() 19229
(M P 'L861 ‘Binquiey ‘YYAH 1e $215A1 ] uo doysyiop 01 ut (e je yizowy [ NS [¢]

"GBL (PB61) 26 1197 "aaY sfyd ¥ 12 Aqua(] "H'g ‘uonesoqe(|o)) S L4 [F]
‘069 (9861) L92d "sAyd ‘PuN ‘Pouspue] "A'd pue ouppruuo(] "y (o
‘2ze (PS61) brzg shyd "[2uN ‘Poyspue "A'd pue aupeuuo( 'y (q
‘0L (pL61) 01Q a2y sy ‘yoyspue] "A'd pue zimaiyzsolel "y (e [g]
681 (FS61) LE2H S [PUN ‘HOUSPURT] "A'd Pu® atydeuuo(] "y
‘Ghe (£861) geet 197 'sfiyd ‘yoyspue] “Ad pue aigpeuuo(] 'y
¥6 (1L61) 2ed sfyd 2N ‘sutoyunyjod " pue yoyspue ‘A'd (¢
‘1661 “easuan) ‘adualajuo)) 16, dAH-dT @Y1 1¢ usald
A1l ‘16/LLE9'HL-NHAD uudaid NUgD ‘Poyspue "A'd 32 998 ‘mataol juadel v 10 [

CERLIEREI CHY



[ e =]
(q¥]
0
—
S]
—
0
o
L oL ey leand L L o
o
o o [=TTp]
8 8 8 S 0 - O )
o [« Te] — O o O o
[T —
(eA2D/qu ui) p/op
o Qe x
—
Ty
Il = _
-}
> o

-t (in GeV?)

Figure 2:

I

<)

Figure 1:

11



-t (in GeV?)

0.0

10°1
10-2

(pazijeuwriouun) zNPIP/0p

||||||||I[l|JJ|||||11]:1|||J|||r|||1;||

o el (=] un o e} o Te]
=+ M L] ™~ ] — e

(qu)owbig

0

Figure 4:

0 25 50 75 100 125 150 175 200

CM energy (GeV)

Figure 3:

14

13



91

:9 aang1j

(A5 ur) £Fiauy W)
00T 0S o1

L e e |

S
11111 o1
s q
5
.\
- =
pad =
\‘\.\ I.. o@
- 4 oo1

[P )

¢1

G aanguy

20 00
C (q
1 1 " 1 i 1 i
(zA®D ut) KN
0S o¥ 0] 02 o1 0
o, T T =l T | ]
i %

T T T T T

00

0'0e

oov

0'09

oo8

00

c0

¥o

90

(qu ur) zp/op

(zA2D/qu ut) ;Wp/op



