
INVESTIGACIÓN REVISTA MEXICANA DE FÍSICA -J-I (2) J:B~135 ABRIL 1998

Energy and angular distributions of ZO-production at LEP/LHC energies
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\Ve dücllss the cncrgy spcctrum and angular dislributiollS oC ZO-produclion in lhe proccss e- + P ---j. e- + ZU + X in lhe contcxt of Ihe
standard mollel SU(3)c0 SU (2)L0 V(l) of (he strong and clectrowcak inlcraclions at LEP/L1IC cllcrgies. We find thallhese distrihutions
are strongly peaked, which Illcans Ihallhc ZO.bosons will be mainly prodllccd in a srnall. well detennined regioll 01'phase space.

Keywords: Hcavy hoson production. ('1' collisions

/)ücuti",os el espectro de energía y las distribuciones angulares de la producción de ZO en el proceso c - + P -t f~- + ZO+ X en el contexto
del modelo cstandard SU(3)c0 SU (2)t.0 U(I) de interacciones electro débiles y fuertes en las energías LEP/LHC. Se encuentra que esas
distrihuciones son muy picudas, lo que significa que los bosones ZO serán producidos en unn región pcqueñn pero hien dellnida del espacio
fase.

{)('scripwr('s: Producción de bosones, colisiones ('1'
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hadronic vertex. A first estimulion 01'lhe ZO-produclion rates
was given hy L1ewelyn-Smilh and W¡ik ami 1977 [5]. Olhcr
uuthor have reported also calculatiolls for this proccss [G-8].

In Ihis papcr our aim is to discuss lhe energy EA: ami an-
gular dislrihulion Bk. (jJ¡,., for given .17 ami .11,¡.l'. for given en-
ergy ami polar anglc 01"lhe scattered electron [9]. Hencc we
wrilc dowll explicitly the kinematical Iimils fOl"lhe produc-
lion angle Eh, of the hoson Zo:

The difTerential cross seclion d(JCP for (1) is calculatcd in
the parton Illodel from the cross scction daeq of the parlo n
suhprocess e- + q -+ e- + q + ZO amlthe parton dislribu-
lion funclions f(/(.r' ,(J"2) , \vhich are the prohahilities to f1nd
a parton q with the fraction :r' of the nucleon momentul1l:
1¡l1 = :rljJ:~ in a scattering proccss with momentum transfer
square (J"2.

\Ve discuss in another work Ihe dependence 01' Ihe dir-
ferenlial cross section on lhe dimensionless variables x and
.11 wilh lhe airn lo compare the production from the leplonic
vcrlcx amllhc hadronic vcrtcx [10].

\Ve will reslriel here ollr discllssion of Ihe energy and an-
gular distrihulion nf lhe ZO-production to the region which
is experimentally easily accesible and where we have a large

ami use il lO introduce a parameler r, delined as folIows:
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LEP/LHC will provide us with the possihility lo ohserve CJI-

collisions with a maximal energy Emax = GO GcV 01' lhe
eleclron ami E;:lax = 7 TeV 01' lhe proton [1]. Even that al
LEP I has been already measured with high precision most of
lhe ZO boson properties, one orthe inleresting experimcnls al
LEP/LHC will he electroproduction of weak bosons because
lhat would be a way to test lhe different parlo n distrihulion
funclions which exisl in lhe litcraturc. In lhe case of the neu-
Iral gaugc boson ZO, its decays to leplon pairs will provide a
clear signal of its production. Neutral basan s CHnbe produced
through neulral current and charged current inleractions. The
production rale ror neulral current processes is higger Ihan
lhal for charged curren! processes, because in lhe lalter case
photon-exchange diagrams do not contribute in lhe lowesl Of-
der 01"(l. Moreover the production 01'a ZO in ep-scattering in
Ihe case 01'the neutral current process with an elcclron in lhe
final statc is easier lo detecl than that in lhe charged currelll
proccss wirh a neutrino in the final state. Therefore we dis-
cuss in Ihis work ZO-production in the deep inelastic process

1. Introduction

usmg Ihe standard modcl SU(3)c@ SU(2)/>@ U( 1) of Ihe
strong anel elcctfOweak inleractions [2] and the parlo n
model [3) with the partan distribulion functions uf 1. Botts
el al. [4], which take inlo accounl scaling violations and lhe
charm contrihution. We will take Mz' = 91.2 GeV ror the
milSS 01' the ZO-hosons and sin2 ew = 0.223 for the elec-
lroweak mixing angle.

In lho lowest order in (l' two typcs 01' reaclion mcch-
anisIlls will contri hule: ZO-production at the leptonic and



A. GUTIÉRREZ-RODRiGUEZ ANI) A ROSAI)()

eross scclion, i.e.,.r > 0.01 ami y> 0.5. BUI thcrc Ihe pro-
duclion from the Icplon \'erlex dominates hy far [10] anJ we
can idcntiry lhe scale parameler as usual. (j2 = Q'2 = ...,..¡-Iy'
and \Ve ha\'l.~

d(1t/! ;:::;:;drr;/;,tonic = ¿.!d.,.1 It/(.r'. Q'2)da~t'~}IOlli(" (4)
'/

The panon distrihulions can he used only rol' (j''2 nol loo
small. Thcrcfore we !leed a cUlorf rol' Q'2. Furtherrnore in or-
del' 10 separate tlcep inclaslic from elaslic scatteringn a cut on
Ihe invarianl mass ~r01' Ihe unohserved parliclcs in the final
slale is rcquircd. The culs rol' Q''!. and lV constmin furlher
lhe physkally allO\ved region rol' lhe process (1) as ro!lows:
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Nole lllat a cul lI"l'llt un lhe invarianl mas s 11" implics a cul
on ej":

ej"
H'~"t

,.r' , .r+I'/1/
> 11"" --, > 11',,,, ( / )- 1 - .r' - 1 - x + JI Y

(6)

FHalRE l. drT/dl'l/.I/.1S fUIlC(inll nI' .1'; for,l/ = O-S (curve Al.
.1/= ti.!) (curve Il). aml!l = 0.9:; (curve C). with Q~~lt = .1GeV:.l:
anJ for !I = !l.S (curve A'). ,'1 = O.!) (curve Ir). and y = 0.95
(curve C'), wilh Q~111= 10 (/l,,\'2 (v;. = 1. 29G GcV).

FI(;UHE 2. Logarilhmic plot ol"thc JcpenJcnce 01"da¡dnly nn EA-
alld l' ror.1" = (J,OOXami y = 0.95 (v;. = 1. 296 GcV).

lhe h•.14.:kward direetion and that lhe ('osfh distrihution has a
sharp peak hefo!"e il reaches ilS kinematic uprer Iimil given
in (2). \Vc also Ilavc ohservcd thal most 01' rhe ZO.hosons
are prol!uced in lhe planc \\'hich is spanned hy (he mOlllcnla
of lhe illcollling and oulgoing 1cplons, i.e .. sin epA- ~ O. Thc
reasoll ror lllese sharp cncrgy and angular dislrihlltions is
Ihal lhe difercnliallToss seclioll hccol1lcS largc whcn (/'2 =
( " j" h'. . j'.' '.,~ JI - /' - ,,' - approac es lis 1l111llmalvaluc. (, - :::::::C21'i\",'

"ilh l' = ,\fY, = .llf./.IEE".
Taking an energy in Ihe center 01' mass 01' 1,296 GcV.

(l~lt = Q;llt = .1 GeY and l1'("lll = 10 GeY:~ we gel for
lhe tolal ZO-produclion cross scclion aT = 5.8 x lO-:r¡ cm:!.
Thesc culS are suited rol' Ihe partan distrihution functions ofJ.
Botls el 01.1.1] which we use in our performances. This lotal
cross seclion rale leads lo a tOlal prodllction ol' around 2l)() ZO
hosons 1'('1" mlllUIfl ror an inlegraled luminosity of 500 ph-I ,
which is cxpcelcd lo he reached al LEP/LHC.

Nexl we prescnl lhc dcpendence on :r and y 01' lhe eross
seetion for lt'nlt = 10 GeY'!. ami lwo diffcrcnts values uf
Q;1I1' namely.1 (leY'!. ami 10 Gey2. \Ve show in Fig. lour
results for ('/J-seatlering al LEP/LHC wilh an eleclron cnergy
nI' E, = (JO (le V antl a proton cnergy Ep = i Te V. \Ve
can ohserve in Fig. I Ihar lhe cross section ¡ncreases as .1'

appmaches lO () and 1I lO l. \Ve also see lhal the differcncc
helwccn lhe results rol' Q;.711= <1GcVz and Q~~t= 10 GeY:!
is gcncrally smal!. 11hccomes higgesl 1'01' small .r and y ----¡. l.
for example we lind for.r = (J.l and y = 0.9 a relative dir-
fercncc 01' 10%.

Our rcsults for the dcpcndencc 01' Ihe cross seclion on
Ihe cnergy EA: ami Ihe polar angle 81; 01' Ihe produccJ Zo-
hoson, IO~llt [(d" /d "OS H¡.dE¡.d,l'd1/)/(d" /dJ'd1/)] VS. E¡.
:Ind r( Eh ('os Hd are prescnlcJ in Fig. 2 rol' .T = 0.008 and
y = (J.!).), lak.ing (J~7It= <1GeVz and ~V(,lIt = 10 GeY'2 (1'01'
these valucs 01'.,. anl! y we nccd lo take ¡nlo accounl only lhe
rOlllrihulion fmm the leploll verlcx). Wc sec fmm Ihis fig-
ure lhat the ZO-hosons will he mainly proJuced in a small
EA- inlcrval and rOl' l' ~- J. The latlcr means acconling to Ihe
deflnilion 01' r [Eq. (3 )]Ihal lhe ZO will he mainly found in

o. n

E. ~ ro c(r, £, '= j Trr.

ll, =912 (¡(j. .• in16~ =Ot~

r=OOOh. y=09j
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According 10 lhe expression given in (6) this happcns when
.t' "" .t + JI/Y and henec¡/ "" (Q'2 / s)/(x + JI/Y) « 1.

These expression for :r', y' give for Ek, tOS H" and ~ill <¡),,:

Ed.l".Y) "" Ey + E"I'/)} + E".•.(I - y). (7)

m,Od .•..y,Ed "" (2Ey- Ed/JEf - J[~. (X)

,in 1>, "" O. (9)

Thcse eSlimates are conflrmeJ hy lhe L1irccl nUllleri-
cal evalualion wilh a ralher goo<.l accuracy. This evalualion
provcd al so Ihal lhe dislribulions in Fig. 2 arc not sensilivc
lo Ihose varialions of lhe culs which we discussed ahove.
\Ve have includcJ in our compulalions bcsidcs lhe pholon-
exchangcs also lhe ZO.cxchange diagrams. As expectcJ. -,-
exchange diagrams dorninale hy faro Howevcr, for (/'2 01' or-
der O(,'lk) "'l-exchangc as well as ZO-exchange aTC impor-
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lanl. Frolll expressions (6) we see lhat lhis \vill happen when
.•.+ ti/Y"" 1.

\Ve can sllllllllari!.e our resulls as follows. If Ihe ellergy
anl! polar ;Ingle of lhe scattered elcclron are fixcd hy given
vallles 01' lhe scaling variables .r and .'/. Ihe noson Zo will
he lIloslly produccd will1 cnergy E" ~ Ey + £1/.1"(1 -,1/) +
,lff:l(lyE). pola/anglnosO, "" (~Ey - E¡)/JEf - ,If~
anl! alimuth;¡l angle :-in 6/.: ::::::(J. ()lIe 10 the numhcr 01' ZO
hosons whieh will he produced al LEPILHC (290 yearly), il
SCCIllSlo he possihlc lo rcco!1strucl expcrimental1y lhe IHIITO\\'

kincm<ltic ('(lllfiguration ror lhe ZO-prodllction.

\Ve cnd Ihis paper pointing out lhallhc rcsonancc.likc he-
haviour 01"Ihe E" and fh distrihulions will help lo discrim-
inate hClwecn lhe production 0'- a standard ZO and the pro.
duction of othcr particles. such as Ihose prcdiclcd hy othcr
theories wilh olhe!" rcaction I1Icchanisllls. for examplc supcr-
sYlIIlllelry [ 111 and suhconslitucnl models. [12]
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