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A measurement of the differential cross section &u/d&dq of isolated prompt 
photons, pp 7 + X is presented for two pieudorapidity ranges, 171 < 0.9 and 1.6 
< 171 < 2.5, at 6 = 1.8 TeV. The data wxe accumulated during the 1992-1993 
tevatron collider run (lA), consisting of 13 pb-l of integrated luminosity. The 
background is estimated by measuring the bngitudinal shower profile in the four 
layers of the ekctromagnetic (EM) calorimeter. The results show good agree- 
ment with the next-to-leading-order QCD (NLO) calculations in the range 30 
5 ET 5 80GeV. A preliminary measurement of isolated prompt diphoton pro- 
duction, iip + w + X is also presented fa the pseudorapidity range iql < 1.0. 
The data sample corresponds to an integrsaed luminosity of 80.0 pb-’ from the 
19941995 run (18). Preliminary cross s& measurements of &Id&, &/dM 
and (l/u)b/dKT are reported and compared to the Pythia Monte Carlo. The KT 
(defined as KT = IPi + P: I )  of the two +ton system is measured in the range 
0 < KT < 22 GeV. The shape at low KT data favors NLO QCD with an intrinsic 
( K T )  = 2 GeV rather than the Pythia Monte Carlo or the NLO QCD calculation 
without an intrinsic ( K T ) .  

- -  

1 Introduction 

The production of prompt photons with 1-e transverse momentum in hadronic 
collisions (zip) is a clean process to test QCD and extract information about 
the constituents of the hadron. 1*2 A memement  of the prompt photon cross 
section has the advantage that the photm transverse energy is not rtffected 
by fkagmentation and hadronization, resatEing in s m d e r  experimental uncer- 
tainties than those obtained in jet  cross sections. Next-to-leading order QCD 
calculations are available for both single %4 and doable photon production ‘v7, 

and can be directly compared to the exptpJmental data. 
has several feat- wen suited for the detection of 

prompt photons. The uranium-liquid a r e  calorimeter has good electromag- 
netic energy resolution U E / E  = 13.5%/@$1.4%, fine transverse granular- 
ity Aq x A# = 0.1 x 0.1 (0.05 x 0.05 at shower maximum) and good rq5 and z 
shower position resolutions. The EM calahe ter  has four longitudinal layers 
segmented as 2 + 2 + 6.8 + 9.8 radiation lemgths. The fine depth segmentation 
provides a method to distinguish the prompt photons from the background of 
photon decays of TO and q which are c o p i d y  produced in jet fragmentation. 

The DO detector 

6 



Proceedings of the American Physical Society Division of Particles and Fields '96, 
Minneapolis, Minnesota, August 10-15,1996 



.- 

Disclaimer 

This report was prepared as an account of work sponsored by an agency of the United States Government. 
Neither the United States Government nor any agency thereof; nor any of their employees, makes any 
warranq, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information. apparatus, product or process disclosed or represents that its use would 
not infringe privately owned rights. Reference herein to any spec@c commercial product, process or service 
by trade name, trademark, manufacturer or otherwise, does not necessarily constitute or imply its 
endorsement, recommendation or favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily state or refzecr those of the United States 
Government or any agency thereof. 

Distribution 

Approved for public release: further dissemination unlimited. 



DISCLAIMER 

Portions of this document may be illegible 
electronic image products. Images are 
produced from the best available original 
document. 



The central tracking chamber has high hit-finding and tracking efficiency and 
good rq5 resolution cr(rq5) = 200pm, which is used to find the position of the 
event vertex and help to reduce the isolated EM jet background. 

2 Isolated Prompt Single P h o t o n  Product ion  

2.1 Bzgger  and Event Sample Selection 

Prompt photon signals can be distinguished from the overwhelming jet back- 
ground by selecting local, isolated and well-profiled EM showers in the calorime- 
ter. D0 uses a three-level trigger systems. The first level trigger (level 0) is 
made of scintillator counters near the beam pipe to detect a @ collision. The 
second level (level 1) is a hardware trigger which makes a fast sum of the EM 
energy in cdbrimetdr towers ( ~ q  x A+ = 
0.2 x 0.2). Photon candidates must have 
their summed energy above the ET thresh- 
olds, which are 2.5, 7.0 and 10.0 GeV. Mul- 
tiple thresholds are used so that data p o p  
ulate the rapidly-falling ET spectrum over 
the whole range of 10-125 GeV. The third 
level (level 2) is a software trigger which 
performs a fast clustering of calorimeter 
cells and calculates the cluster's trans- 
verse energy, its isolation value, and its 
longitudinal and transverse shower shape 
quantities. Shower shape cuts are applied 
to select photon candidates whose shower 
shapes are consistent with test beam elec- 
trons. The candidate events are further re- 
quired to satisfy isolation cut. The three 
level 2 ET thresholds are 6.0, 14.0 and 30.0 
GeV respectively. 

OWine, more sophisticated cuts are ap- 
plied to photon candidates. Fiducial cuts 
are applied to restrict candidates to the re- 
gions of pseudorapidity 171 < 0.9 and 1.6 
< 171 < 2.5. All candidates are required to 

Figure 1: Distri- 
bution of log(EEM1/Etotsl) for E: = 
40 f 5 GeV central photon candidates 
(solid points), and the fitted distribu- 
tion (solid curve) made up of Monte 
Carlo photons (dashes), neutral pions 
(dots), and 17 mesons (dot-dash curve). 
The neutral pion and 17 meson distribu- 
tions at srnalllog(EEM1/Etotd) fluctu- 
ate due to limited Monte Carlo statis- 

tics. 

be'away from the boundary of a central calorimeter module by at least 5% of 
the module width. No tracks can be found in the road of Aq5 x Aq between 
the shower center and the event vertex, where Aq5 = 0.2 and Aq is tuned to 
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the resolution of the shower position along e and the vertex. The EM fraction 
of the shower must be greater than 96%. The transverse isolation energy, de- 
fined as the ET in the cone of R = 0.4 minus the ET in the EM core cone of 
R = 0.2 (R = d m  ), is required to be less than 2.0 GeV. The longi- 
tudinal and transverse shower profiles (measured by a 41 x 41 matrix) must 
be consistent with those expected for  electron^.^ Having found events with one 
well-identified, isolated photon, two additional cuts are applied to  the whole 
event that the event z vertex is required to be within 50 cm of the nominal 
vertex and the missing transverse energy & of the event has to be less than 
20.0 GeV. 

2.2 Background Subtraction 

After the above tight event selection cuts, the prompt photon sample still - 
contains a significant background, primar- 
ily due to 77 decays of ?ro and q when the 
fluctuations in the jet fragmentation lead 
to a single meson carrying most of the jet 
transverse energy. The transverse gran- 
ularity of the D0 calorimeter is not fine 
enough to distinguish two 7's (TO 4 77 
or q -+ 77) from a single prompt photon 
at transverse energy ET > 10GeV. But 
longitudinally two photons from a meson 
decay are likely to start showering earlier 
and deposit more energy in the first layer 
EM1 of the EM calorimeter than a sin- 
gle prompt photon. The distribution of 
log(EEM1/EToTAL) is used to estimate the 
fraction of candidate events which are true 
photons. (see fig. 1) We assume the data 
are composed of true prompt photons and 
meson backgrounds (TO and v). Fitting to 
the distributions of lOg(&M1/ETOTAL) at 
several ET points results in an ET depen- 
dent photon purity, P, with an exponential 
form p = 1 - e - ( a + b * E ~ ) .  

Figure 2: The inclusive isolatedprompt 
photon cross section ue = dZu/dETdq 
as a function of photon transverse en- 
ergy E;, for central (circles) and for- 
ward regions (squares). The errors are 
statistical only. The NLO QCD cdcu- 
lated cross sections ct , using CTEQZM 
parton distributions with p = E:, are 

shown for comparison. 
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2.3 

The differential cross section d2u/dETdq for inclusive isolated prompt pho- 
ton production is shown in fig. 2, using a data set of 13 pb-I of integrated 
luminosity (1A). The data are compared to next-to-leading-order QCD cal- 
culations with CTEQ2M parton distribution function and renormalization 
scale p = ET. Fig. 3 plots (ae - ut)/ut where ue and ut are the experimen- 
tal and theoretical values respectively. The experimental cross sections are in 
good agreement with NLO QCD for both pseudorapidity regions for the range 
30 < ET < 80GeV. At the low transverse energy ET < 20GeV, the data 
show an excess over the NLO QCD prediction. At the high transverse energy 
ET > 74 GeV, the data for the central region lie below the QCD calculations, 
which is within the experimental uncertainties. 

Inclusive Single Photon CTOSS Section 
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3.1 Data Sample and Eficiencies 

Isolated Prompt Double Photon Production 

Just as in the single photon analysis, 
prompt diphoton signals can be distin- 
guished from the background of Y+“jet” 
and “jet”+ “jet” by selecting isolated EM 
showers in the calorimeter. The diphoton 
candidates are taken when two or more 
level 1 EM trigger towers pass an ET 
threshold of 7GeV. In the level 2 trig- 
ger, they must have at least two clusters 
with ET greater than 12 GeV, a longitudi- 
nal and transverse shower shape consistent 
with test beam electrons for both clusters, 
and one cluster has to be isolated. 

Rather low ET cuts are used offline to 
preserve good statistics. It becomes im- 
portant t o  understand the ET dependent 
trigger efficiencies and offline cuts efficien- 
cies. The trigger efficiencies in the range 
ET < 2 5  GeV are measured by using spe- 
cial run data with lower trigger thresholds. 

s 7 . . NLOQCD.CTEQ2M.p-E: 
I rl I e 0.9 ?- 

’ 0  20 40 60 80 100 120 
E: GeVJ 

Figure 3: Difference between the mea- 
sured isolated photon cross section ue 
and the NLO QCD prediction crt, nor- 
malized to the latter. The shaded 
bands show the magnitude of the com- 
bined experimental systematic errors 

(1 u) for each of the two regions. 

The efficiencies in the range ET > 25 GeV are determined using an inclusive 
Z -, ee sample. The whole ET dependent efficiency curve is shown in fig. 4 
(4. 
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The diphoton sample is then streamed through 'loose" photon ID cuts, 
which results in a "clean" sample of 3477 candidates. The "clean" sample was 
re-reconstructed using the latest reconstruction package. The final candidate 
sample is selected by applying "tight" photon ID cuts, which results in 418 
remaining events. 

E, (Ge"/C') 

Figure 4: (a) The trigger efficiency 
per photon as a function of the pho- 
ton transverse energy for the dipho- 
ton trigger. (b) The combined photon 
ID cuts efficiency per photon vs. the 
photon ET. The shape is measured 
by developing a detailed simulation of 
the showers of electrons and photons 
in the calorimeter with overlaid mini- 
mum bias events to model the calorime- 
ter noise and underlying events. The 
normalization is determined from data. 

The "tight" photon ID cuts include the 
fiducial cuts, which are /T I  < 1.0 and q5 
position being away from the boundary of 
a central calorimeter module by at least 
5% of the module width, and the kine- 
matic cuts, which are E: > 14GeV and 
E; > 13GeV. Each photon must satisfy 
the following quality cuts. No tracks can 
be found in the road (as in the single pho- 
ton analysis), the EM fraction be greater 
than 90%, the isolation transverse energy 
ET < 2GeV, the tight longitudinal and 
transverse shower profile cut9, and the cen- 
tral tracking cuts which require the ratio of 
CDC hit wires to total wires to be less than 
0.85 and no CDC hits have z position in- 
formation. The ET dependent efficiency of 
the offline cuts is shown in Fig. 4 (b). 

A large Pythia5 Monte Carlo sample 
(2 million events) was generated to study 
the geometric acceptance of the diphoton 
events. The acceptance values are flat over 
a large range of ET of each photon and the 
mass, the KT and the Aq5 of the diphoton 

system. The average geometric acceptance is 0.688 k 0.002. 

3.2 Background Evaluation 

A method similar to that used in the single prompt photon analysis was de- 
veloped to estimate the diphoton background. Instead of fitting to the whole 
distribution of Iog(EEMI/ETotal), a simple exponential function eATBrET fit is 
performed to the central region of the distributions (see Fig. 5). The distri- 
bution of the data is fitted as a sum of the distributions of photon, xo and 7. 
The diphoton candidate sample is divided into three subsamples, E& < 20 GeV 
and E$ < 20GeV, E$ > 20GeV and E6 < 20GeV, and E& > 20GeV and 
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Table 1: Evaluated purity my7 

Figure 5: Distribution of ~ ~ ( E E M L / E ~ ~ ~ ~ ~ )  for ET = 20GeV of 7, TO and q respectively. A 
simple exponential function fit is shown for each curve. 

E; > 20 GeV. Table 1 lists the fitted purity cyyy for the three subsamples. 

3.3 

The differential cross sections du/dET and da/dM for inclusive isolated prompt 
diphoton production, using a data set of 80 pb-' of @ collisions during the 
19941995 run (lB), are shown in Figure 6(a). A Pythia Monte Carlo program 
is developed to compare to the data. It uses the CTEQ2M parton distribution 
functions and smears the kinematic values of a photon with calorimeter energy 
and angular resolutions. 

For the two photon system, KT is defined as lP$ + P$ I. At leading order 
QCD, du/dKT peaks at KT = 0. Only next-to-leading order (or higher order) 
QCD gives the two photon system a PT push which results in a shift of the 
peak of d a / d K T  to a nonzero value. The distribution of d a / d K T  is therefore 
a good test of higher-order QCD. Figure 6(b) shows a normalized distribution 
(l/a)da/dKT for the data, the Pythia monte carlo, the NLO QCD calculation6 
and the NLO QCD calculation with an additional (KT) = 2GeV. The NLO 
QCD calculation with an additional ( K T )  = 2GeV describes the data the 

CTOSS Section Measurements and Comparison with QCD 

- 
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(4 The inclusive 
isolated prompt diphoton cross 
sections du/dET vs. ET of each 
photon (the upper) and da/dM 
vs. mass of y r  (the lower). The 
Pythia monte carlo is shown for 
comparison. 
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(b) The normalized 
cross section (I/a)du/dKT vs. KT in 
the range 0 < KT < 22 GeV. It is com- 
pared to the pythia MC, the NLO QCD 
and the NLO QCD with (KT) = 2 GeV. 

better at the low KT. 

References 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 

J.F.Owen, Rev. of Modern Phys. 59, 465 (1987) 
T.Ferbe1 and W.R.Molron, Rev. of Modem Phys. 56, 181 (1984) 
J.Ohnemus,H.Baer and J.F.Owens, Phys. Rev. D 42, 61 (1990) 
P.Aurenche etal., Nucl. Phys. B 297, 661 (1988) 
Pythia 5.7, described by TSjostrand in Compui. Phys. Commun. 82, 
74 (1994) 
B.Bailey and J.F.Owens, Phys. Rev. D 46, 2018 (1992) 
P.Aurenche etal., 2. Phys. C 29, 459 (1985) 
S.Abachi etal., Nucl. Inst~um. Methods A 338, 185 (1994) 

12 



9. For more details, see S.Abachi e t d . ,  Phys. Bev. D 52, 4877 (1995) 

13 


