
Vol. 33 (2002) ACTA PHYSICA POLONICA B No 10
JETS AND PROMPT PHOTON PRODUCTIONIN TWO-PHOTON COLLISIONS AT LEP�Albert De Roe
kCERN 1211, Geneva 23, Switzerland(Re
eived August 19, 2002)Di-jet and prompt photon produ
tion is studied in 
ollisions of quasi-real photons radiated by the LEP beams at e+e� 
entre-of-mass energiespsee from 183 to 209 GeV. The data have been taken with the OPAL andDELPHI dete
tors.PACS numbers: 13.65.+i, 13.87.Ce1. Introdu
tionTwo photon intera
tions studied at e+e� 
olliders traditionally provideinformation on the stru
ture of the photon and tests of perturbative QCD. Ate+e� 
olliders the photons are emitted by the beam ele
trons (positrons arealso referred to as ele
trons). Most of the photons 
arry only a small negativesquared four-momentum, Q2, and 
an be 
onsidered quasi-real (Q2 � 0).The ele
trons are s
attered with very small polar angles and are generallynot dete
ted (tagged). Events where one s
attered ele
trons is dete
tedare deep inelasti
 s
attering e
 events whi
h lead to the determination ofstru
ture fun
tions, similar to the ones of nu
leons.Here events are sele
ted where both ele
trons are untagged. Intera
tionsof the photons 
an be modelled by assuming that ea
h photon either inter-a
ts dire
tly or �u
tuates into hadroni
 
omponents. At LO three pro
esses
ontribute to di-jet produ
tion in photon�photon 
ollisions: the dire
t pro-
ess where two bare photons intera
t, the single-resolved pro
ess where abare photon intera
ts with a parton (quark or gluon) of the other photon,and the double-resolved pro
ess where partons of both photons intera
t.For the prompt photon produ
tion 
hannel, the relevant diagrams aresingle resolved and double resolved 
ontributions, with predi
ted total 
rossse
tion of about 0.13 pb by PYTHIA [1℄.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(2965)
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kIn both the di-jet and isolated prompt photon pro
esses the resolvedpartoni
 stru
ture of the photon is involved and 
an thus be measured. Inparti
ular the gluon density of the photon enters at the Born level, unlike ine
 s
attering where it enters via s
aling violations. In pra
ti
e the expe
tedevent rate in the prompt photon 
hannel is too low, and this 
hannel 
anonly be used to 
he
k the pQCD predi
tion.2. Di-jet produ
tionOPAL has measured the produ
tion of di-jets in the 
ollision of twoquasi-real photons at psee from 189 to 209 GeV with a total integratedluminosity of 593 pb�1. The jets are re
onstru
ted using an in
lusive k?
lustering algorithm [2℄. The two jets are used to estimate the fra
tion ofthe photon momentum parti
ipating in the hard intera
tions. The transverseenergy of the jets provides a hard s
ale whi
h allows su
h pro
esses to be
al
ulated in perturbative QCD. Fixed order 
al
ulations at next-to-leadingorder (NLO) in the strong 
oupling 
onstant �s for di-jet produ
tion areavailable and are 
ompared to the data, providing tests of the theory.Di-jet events in OPAL data [3℄ are sele
ted by requiring at least twojets with �jet < 2 and a mean transverse energy �EjetT > 4 GeV. In additionjEjetT;1 �EjetT;2j=(EjetT;1 +EjetT;2) < 1=4 is required to prevent low EjetT jets fromentering the analysis. In events with more than two jets, only the two jetswith the highest EjetT values are taken. After applying all 
uts 32860 di-jetevents remain. The estimated ba
kground in this sample is about 5%.In LO QCD a pair of variables, x+
 and x�
 , 
an be de�ned whi
h estimatethe fra
tion of the photon's momentum parti
ipating in the hard s
attering:x+
 � Xjets=1;2(Ejet + pjetz )Xhfs (E + pz) and x�
 � Xjets=1;2(Ejet � pjetz )Xhfs (E � pz) ; (1)where pz is the momentum 
omponent along the z axis of the dete
tor andE is the energy of the jets or obje
ts of the hadroni
 �nal state (hfs). Atparton level for dire
t events the total energy is 
ontained in the two jets, i.e.x+
 � 1 and x�
 � 1, whereas for single-resolved events either x+
 or x�
 andfor double-resolved events both x+
 and x�
 , are expe
ted to be signi�
antlysmaller than 1.Di�erential 
ross se
tions are shown in Fig. 1. The left plot in Fig. 1shows the di�erential di-jet 
ross se
tion as a fun
tion of the mean trans-verse energy �EjetT of the di-jet system for the full x
-range, for either x+
or x�
 <1 (dominated by single resolved pro
esses), or x�
 <1 (dominated by
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esses). The predi
tion of perturbative QCD in NLO [4℄using the GRV-G HO [5℄ parton densities is 
ompared to the data afterhadronisation 
orre
tions have been applied to the 
al
ulation. The 
al
u-lation is in good agreement with the data, ex
ept for being too low at small�EjetT for x�
 <1. The NLO 
al
ulations do not 
ontain e�e
ts from underlyingevent su
h as e.g. multiple parton intera
tions (MIA). The three plots onthe right hand side of Fig. 1 show the di�erential 
ross se
tion as a fun
tionof x
 for the three regions in x+
 -x�
 -spa
e des
ribed above. The shaded his-togram on the bottom of ea
h of the three plots indi
ates the 
ontributionof MIA to the 
ross se
tion as obtained from the PYTHIA [1℄ MC genera-tor. It is evident espe
ially for x�
 <1 that the MIA 
ontribution is of aboutthe same size as the dis
repan
y between the measurement and the NLOpredi
tion. Furthermore it is interesting to observe that there is almost noMIA 
ontribution to the 
ross se
tion if either x+
 or x�
 is required to beless than 0.75, while the sensitivity to the photon stru
ture at small x
 isretained. Hen
e this region will allow to test di�erent assumptions of thegluon distribution in the photon.

10
-2

10
-1

1

10

5 7.5 10 12.5 15 17.5 20 22.5 25 27.5 305 7.5 10 12.5 15 17.5 20 22.5 25 27.5 30

10
-2

10
-1

1

10

E
–

 
jet

T [GeV]

f 
  •

   
dσ

/d
E–

 je
t

T
   

  [
pb

/G
eV

]

OPAL
preliminary





full x
±
 γ range

x
±
 γ < 0.75  &  x

 
 γ > 0.75

x
±
 γ < 0.75

±

f = 2.0

f = 1.0

f = 0.1

NLO ( 1+δhadr )

0

10

20

30

40

50

60

0 0.2 0.4 0.6 0.8 10 0.2 0.4 0.6 0.8 1
0

10

20

30

40

50

60

xγ

dσ
/d

x γ  
 [p

b]

OPAL preliminary
7 <  E

 jet

T  < 11 GeV

NLO ( 1+δhadr )

PYTHIA  SaS-G 1D
(with MIA) - (w/o MIA)

full x
±
 γ range x

±
 γ < 0.75 &
x

 
 γ > 0.75

±

x
±
 γ < 0.75

0
2
4
6
8

10
12
14
16

0 0.2 0.4 0.6 0.8 10 0.2 0.4 0.6 0.8 1
0
2
4
6
8

10
12
14
16

xγ

dσ
/d

x γ  
 [p

b]

0
2
4
6
8

10
12
14
16

0 0.2 0.4 0.6 0.8 10 0.2 0.4 0.6 0.8 1
0
2
4
6
8

10
12
14
16

xγ

dσ
/d

x γ  
 [p

b]

Fig. 1. Di�erential jet 
ross se
tions as measured by OPALDELPHI [6℄ has analysed 220 pb�1 of data taken at psee=192�202 GeVusing a 
one algorithm with R = 1 to de�ne the jets. The �rst prelimi-nary results of the di-jet 
ross se
tions as a fun
tion of the jet transverseenergy and the jet pseudorapidity are found to be 
onsistent with a previousmeasurement by OPAL.
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k3. Prompt photon produ
tionAmeasurement is presented of the in
lusive produ
tion of isolated promptphotons in photon�photon 
ollisions using OPAL data [7℄, 

 ! 
X, whereX denotes the hadroni
 �nal state produ
ed in addition to the photon. Inthese pro
esses a quark or a gluon from the hadroni
 state parti
ipates inthe hard intera
tion, 
q ! 
q, gq ! 
q, and qqbar ! 
g. The in
lu-sive produ
tion 
ross se
tion for isolated prompt photons is expe
ted to beabout two orders of magnitude smaller than for di-jet produ
tion in a similarkinemati
 range (transverse energy ET > 3 GeV, pseudorapidity j�j < 1).Hadronisation un
ertainties, however, are mu
h smaller than in the 
ase ofjet produ
tion allowing a 
omplementary study of the hadroni
 stru
ture ofphoton intera
tions. All data are used from the years 1997�2000, giving adata sample of approximately 650 pb�1.The measurement of prompt photon produ
tion is restri
ted to isolatedphotons to suppress ba
kgrounds from neutral parti
le de
ays into photonsand from photons radiated by Final State Quarks (FSR) predominantly 
loseto the dire
tion of the quark momentum. Photons are sele
ted with j�
 j < 1and pT > 3 GeV/
. After a series of 
uts, in
luding an isolation 
riterion [8℄on the photon, 130 events are left. The 
omposition of single and doubleresolved events is made with two te
hniques, one based on photon-jet eventswhi
h allow to re
onstru
t x
 and another whi
h uses all events and is basedon the photon transverse momentum xT. This 
omposition needs to beknown sin
e the e�
ien
ies for both pro
esses are di�erent. Both methodsgive a similar result of about 50% single and double resolved 
ontributionsin the sele
ted phase spa
e.The result is the 
ross se
tion is�(j�
 j < 1; pT > 3GeV=
) = 0:26 � 0:04 � 0:03 pb : (2)The measured 
ross se
tion is 1.85 times higher than the PYTHIA pre-di
tion.Di�erential 
ross se
tions are 
ompared to re
ent NLO 
al
ulations [9℄in Fig. 2. The theoreti
al un
ertainty is about 10%. Note that in presentexperimental analysis the �nal state radiation is not in
luded in the datashown. In
luding this 
ontribution as in the theoreti
al 
al
ulations wouldin
rease the data points by about 5-10%.4. SummaryNew results on di-jets and prompt photon data produ
tion in photon�photon 
ollisions using 1997 (1998) to 2000 data from LEP have been pre-sented.
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Fig. 2. Comparison of the NLO 
al
ulations of [9℄ with OPAL prompt photon datafor pT and �.Di-jets show sensitivity to the gluon distribution. When sele
ting a sam-ple dominated by single resolved events the multiple intera
tion e�e
ts 
anbe largely redu
ed. Hen
e these measurements 
an be used to measure thegluon density in the photon. NLO 
al
ulations agree well with the dataThe prompt photon signal is small as expe
ted. PYTHIA predi
ts a 
rossse
tion whi
h is 1.85 smaller than the one observed. The NLO 
al
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