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Differences in the structure of events associated with a high PT n
° 

or a single photon were observed at the CERN Intersecting Storage Rings . 
On the trigger side , the average associated charged multiplicity is signi­
ficantly lower for single photon events  than that for n° events , and the 
rapidity and azimuthal correlations between the trigger particle and an 
additional particle depend on the nature of the trigger particle for small 
6y and 6¢ . On the away side , only small differences are seen . This is 
consistent with the hypothesis that the n° ' s  form a part of a trigger jet 
while the s ingle photons are produced directly in constituent scattering 
processe s .  

RESUME 

Nous avons observe aux anneaux de stockage du CERN des differences 
dans la s tructure des evenements associes a la production d ' un TIO OU d ' un 
photon de grand PT . Dans l 'hemisphere du "trigger" , la multiplicite 
moyenne des particules chargees est sensiblement inferieure pour les evene­
ments a un photon que les evenements n° . La rapidite et les correlations 
azimutales entre particules "trigger" et particules additionnelles dependent 
de la nature de la particule "trigger" pour de petits toy et 6¢ . Dans 
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l ' autre hemisphere , on ne voi t  que de petites differences .  Ceci est compa­
tible avec l ' hypothese que le n° est une particule d ' un jet alors que le 
photon est produit directement par les processus de diffusion des constituants .  
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I .  INTRODUCTION 

The production of large PT s ingle photons in hadronic reactions has 

recently gained considerable interes t  in the under:;tanding of the consti tuent 

s tructure of hadrons . In the framework of QCD , large PT s ingle photons are 

expected predominantly to be produced directly in hard scattering processes 

between quarks and gluons . The "Compton" s cattering gq + yq (Fi g ,  la) is  

thought to dominate in  proton-proton interactions at small x
F , with contri­

butions also from photons emitted in bremss trahlung processes  l ike qq + qqy 

(Fig . lb) . The s ignature of the first diagram wi l l  be a large pT photon 

:fi g .  1 :  Examples of lowest  
order QCD diagrams producing 
s inele photons directly (a) 
or as "bremss trahlung" (b) . 

unaccompanied by other particles , recoiling against a j e t  of hadrons , 

originating from the fragmentation of a quark . Large PT mesons , on the 

other hand , are believed to be produced in the fragmentation proces s  of a 

large PT quark or gluon , originating from the hard scattering of proton 

constituents . Thu s ,  a high pT meson i s  expected to be the leading particle 

in a jet of hadrons , recoiling against another hadron j e t .  The different 

production mechanisms for large PT mesons and s ingle photons will  thus l ike­

ly be reflected in di fferences in the s tructure of the as·sociated events . 

The present experiment aims at revealing some of these differences between 
0 events with a high P

T 
TI or single y ,  

I I .  

Fig, 2 :  Two phases of the apparatus of the A2BC collaboration , the 
close (I)  and the retracted (II)  geome txy . 



2 .  APPARATUS AND EVENT SELECTION 

The experiment was done at the CERN I SR with two rather different 

setups (Fig . 2) l ) . Photons were detected as electromagnetic showers in 

lead/ liquid-argon calorimeters positioned at 8 = 90° . The trigger requirement 

was a large energy deposition in any one of the calorimeter modules (E > 6 GeV) . 

The segmentation allows separation of showers with a distance of 6 cm, 

corresponding to 3 GeV/c (10 GeV/c) TI0 ' s  in the close (retracted) geometry . 

A single y trigger is defined as a single shower in the calorimeter module 

while a TI0 is taken as two showers reconstructing the TI0 mas s . In addition , 

we impose on the single y s ample , a fiducial volume cut ,  we require showers 

to have a radius less than 13 . 5  mm and demand that all energy (within SO MeV) 

in the calorimeter module be assigned to the trigger particle . The las t 

cut introduces a physics b ias by rejecting events with any particle close 

to the trigger . Exactly the same cuts were imposed on the TI0 sample . In 

this way, the background of false events in the s ingle y sample in the close 

geometry (Fig . 2a) i s  believed to be 30-40% at  7 GeV/c trigger momentum. 

Charged hadrons were detected by multiwire proportional chambers and 

s cintillation counters in the close configuration, and by a scintillation 

counter array surrounding the· intersection region in the retracted configuration . 

No momentum or charge information was avai lable . 

3 .  RESULTS 

The observed ratio y/TI0 is shown in Fig . 3 
2) 

as a function of Pr 
together with the curve for the expected ratio from known sources of photons , 

such as electromagnetic decay of TI0 and n .  At Pr = 7 GeV/c the d irectly 

produced s ingle photons form around 70% of the total photon signal . 

2 5 7  

Fig . 3 :  Observed ratio y/TI0 at IS =  63 GeV . 
The outer error bars include s tatistical 
errors . The curve shows the expected 
ratio assuming no direct photon production . 
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The data was separated into samples containing a IT0 or a single y 
3 )  candidate . Fig . 4 a  shows for the retracted geometry the average multi-

plicity of hits in the scintillator array associated with IT0 ' s  or single 
y triggers .  In this geometry , no rapidity o r  momentum information was 

available for secondary particles . At large trigger-pT we observe a lower 

associated multiplicity for single y events than for the IT0 events . The 

Pt dependence mainly reflects the changing purity of the photon sample , and 

the result is consistent with a nearly constant multiplicity for the directly 

produced photons . Figs . 4b and 4c show the same quantity, restricted to the 
trigger side C l 6¢ [ < 24°) and the away side C l 6¢ I > 1S6°) ,  respectively . 
On both sides , the single y multiplicity is consistently lower than for IT0 ' s ,  

but the effect i s  most pronounced on the trigger side , where the single y 

multiplicity after background subtraction is consis tent with being constant . 
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Fig.  4 :  The average number o f  scintillator hits for IT O  (dots) and single y 
candidates ( crosses) 

We now turn to the results 4) from the close geometry where the 

modules not containing the trigger particle allow a determination of pseudo­

rapidity of secondary charged particles and of four-momentum of secondary 
rr0 ' s .  The trigger particle i s  required t o  have pT>6 . S  GeV/c .  The accept-
ance limits the azimuthal difference 6¢ between the trigger and a secondary 
particle to the ranges 20° < 6¢ < 70° and 110° < 6¢ < 180° . 

The normalized distributions of the difference .l:iy in rapidity between 
the trigger and a secondary particle on the same sid-e (20° < 6¢ < 70°) are 

shown in Fig .  S • Figs . Sa and Sb show the distributions for charged 

secondaries in IT0 and single y events ,  respectively . The line represents 
the expected 6y distribution, when normalized to the same number of events 

with 6y > 0 . 6 .  A clear excess is observed at small 6y for IT0 triggers in 

qualitative agreement with similar distributions for charged triggers S)  

while the single photon candidate sample shows a much weaker effect . In 

fac t ,  a subtraction of 3S% background in the y sampl1e due to the merged 'TT0 ' s 
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Fig . 6 :  Azimuthal difference between 
a n° (do t s )  or y-candidate trigger and 
a s econdary TI0 with Pr > 0 . 5  GeV/c . 
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Fig. 5 :  Rapidity differ­
ence between 1 .  trigger 
particle and 2 . secondary 
particle for different 
identity of particles . 
Pure Y is defined as a 
s tatis tical subtraction 
of 35% of the Tio sample 
from the y-candidate 
sample . 
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FJg .  7 :  The relative probability for the y candidate s ample and the 
TI sampl e  to find a second particle of Prz in the 6� regions indicated . 
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gives the result in Fig . S c .  N o  exce s s  over the uncorrelated background 

is seen for these "pure" single photons . The general features are the same 

for secondary rr0 1 s  (Figs . Sd-f ) . An even s tronger correlation effect is  

found for  secondary IT0 ' s  with PT > 0 . 5  GeV/c (Figs . Sg-i) , but  also here no 

correlation is seen for single y events .  

In Fig . 6 we show azimuthal differences between the trigger particle 
0 . and a secondary IT with p

T 
> 0 . 5  GeV/c,  analogous to Figs . 5 g-h . One 

observes a significantly lower density on the trigger side for single photons 

compared with ITO triggers , while no big differences are found on the away s ide . 

Finally,  Fig.  7 shows the dependence of the effect on the pT of the 
0 secondary IT (p

T2) .  The ratio R is  defined as the probabi lity of f inding 

a second IT0 at a given p
T 

and given �� in a s ingle y event,  divided by the 

same probab il ity in a IT0 event . On the trigger side,  the ratio R decreases 

with increasing p
T2

, i . e .  single y ' s  have a low probab il i ty to be accompanied 

by high p
T 

IT0 ' s  in comparison with ITO trigger s .  

ficant difference is  observed . 

4 .  CONCLUSION 

On the away side , no signi-

Differences are observed in the s tructure of ev,2nts containing a 
. 0 high pT single photon or a high p

T 
IT Close to the trigger particle,  

the associated charged dens ity is  significantly lower in  single photon 

events compared to IT0 events , and the e ffect increas,2s with increasing P
T 

of both trigger particle and secondary particle .  On the away side , a 

s l ightly lower charged mul tiplicity i s  observed when including a large 

rapidity gap (± 2 units) , whi le otherwise no signifi ,:ant differences are seen . 

The resu lts are consis tent with the "Compton" d i agram (Fi g .  la) whereby 

a direct photon is unaccompanied by other particles on the trigger s ide 

while the away side quark jet is similar to the j et oppos ite a IT0 trigger . 



2 6 1  

REFERENCES 

1 )  J .H .  Cobb et al . ,  Nuc l . Instr . Methods 158 (1979)  93 . 

2) M.  Diakonou et  al . ,  Phys . Lett .  87B ( 1979) 292 ; 
M .  Diakonou et  al . ,  CERN-EP/ 80-02 , to be publ ished in Phys . Let t .  (1980) . 

3 )  M .  Diakonou e t  al . ,  CERN-EP /80-03 , to be publ ished in Phys . Let t .  (1980) . 

4) c .  Kourkoumelis  et  al . ,  in preparation (1980) . 
5 )  M . G .  Albrow e t  al . ,  Nucl .  Phy s .  B l60 (1979)  l ;  

A . L . S .  Angelis  e t  al . ,  Physica S cripta _!2. (1979)  1 1 6 .  

* ( front page) 

The members of the collaboration are : 

M. Diakonou , C .  Kourkoumelis and L . K .  Resvanis : Athens Univers ity,  Athens , Greece . 
T . A .  Filippas , E .  Fokitis and S .  Karpathopoulos : National Technical Universitv 

Athens , Greece . 
A .M .  Cnops ,  E . C .  Fowler , D .M .  Hood , T .  Kil lian ,  T .  Ludlam, R . B .  Palmer , D . C .  Rahm, 

P .  Rehak and I .  Stumer : Brookhaven National Laboratory, Upton, N . Y . , USA. 
D. Cockeri l l ,  C .W .  Fabj an ,  A. Hal lgren , M.  Kreis ler , D. Li ssauer , I .  Mannelli , 

W .  Molzon , P .  Mouzourakis , B . S .  Nielsen ,  Y .  Oren , L .  Rosselet and W . J .  Willis : 
CERN , Geneva , Switzerland . 

0 .  Botner , H. B�ggild , E .  Dahl-Jensen , I .  Dahl-Jensen , G .  Damgaard , K . H .  Hansen, 
J. Hooper , R. Mpl ler , S . 0  • Nielsen and B. Schis tad 
Niels  Bohr Ins titute , Copenhagen , Denmark . 

T .  Akesson ,  S .  Almehed , G .  von Dardel , S .  Henning , G .  Jarlskog ,  B .  Lors tad , 
A. Melin,  U .  Mj ornmark , A. Nils son and L .  Svensson :  University of Lund , Sweden . 

M . G .  Albrow and N .A .  McCubbin : Rutherford Laboratory , Chilton, Didco t ,  U .K .  
0 .  Benary and S .  Dagan : Tel-Aviv University,  Ramat Aviv , Israe l .  


