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ABSTRACT 
A prompt photon cross section measurement from the CDF experiment at the 
Fermilab pp Collider is presented. Detector and trigger upgrades, as well as six 
times the integrated luminosity compared with our previous publication, have 
contributed to a much more precise measurement and extended PT range. As 
before, QCD calculations agree qualitatively with the measured cross section 
but the data has an overall steeper slope than the calculations. 

1. Introduction 

We present a measurement of the cross section for production of isolated prompt 
photons in proton-antiproton collisions at fi = 1.8 TeV using the Collider Detector at 
Fermilab (CDF). With six times the data sample, plus detector and trigger additions, 
this measurement is a significant improvement over our previously published results [ 11. 
Prompt photons are produced in the initial collision, in contrast to photons produced 
by decays of hadrons. In Quantum Chromodynamics (&CD), at lowest order, prompt 
photon production is dominated by the Compton process (gg + ?a), which is sensitive 
to the gluon distribution of the proton [2]. The precision of the present measurement 
provides a quantitative test of QCD and parton distributions in a fractional momentum 
range .013 < z < .13. 

, ’ 
2. Events Selection 

The important components of the CDF detector are the same as used in the 
previous analysis [ 11, with one addition. In order to improve the measurement system- 
atic uncertainties, and separate signal from background at higher photon PT, a set of 
multiwire proportional chambers, called the Central Preshower (CPR) chambers, was 
added in front of the central electromagnetic calorimeter. In addition to the detector 
improvement, the photon hardware trigger was upgraded. Additional electronics were 
added at the trigger’s second level to require the photon to be isolated. The selection 
of prompt photon candidates from the triggered events is essentially the same as those 
used previously [ 11, with some minor revisions [3]. 

To subtract the remaining neutral meson background from our photon candi- 
dates statistically, we employ two methods : the conversion method counts the fraction 
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of photon conversions in the solenoid magnet material by using the CPR, and the 
profile method uses the transverse profile of the electromagnetic shower in the central 
electromagnetic strip (CES) h b c am ers. For the conversion method, the probability of a 
single photon conversion is x SO%, while that for the two-photon decay of a 7r” or 7 is 
larger, rz 84%. For th e ro p fil e method, the transverse profile of each photon candidate 
was compared to that measured for electrons in a test beam. For both background sub- 
traction methods, the number of photons in a bin of PT is obtained from the number 
of photon candidates, the fraction of photon candidates that pass a fixed cut defined 
below (E), and the corresponding fractions for true photons (eY) and background (eb) 
For the conversion method, E is the fraction of photon candidates which produce a pulse 
height of greater than 1 minimum ionizing particle in the CPR. For the profile method, 
e is the fraction of events which have z2 < 4 out of all events with g2 < 20. For both 
methods eI and eb were determined from simulation. The conversion method has the 
advantage of much smaller systematic uncertainties and an unlimited PT range. But 
the profile method has the advantage of a better separation of signal and background 
than the conversion method in the low PT region. We thus use the profile method from 
lo-16 GeV/c PT and the conversion method everywhere else. 

3. Systematic uncertainty and prompt photon cross section 

The systematic uncertainty in the prompt photon cross section is due mostly 
to uncertainties in er and eb. For both methods we can check these fractions using 
reconstructed ?y”, 7, and p mesons, shown in figure 2. The measured (expected) CPR 
conversion rate eb for the 7r” is .842 f .008 (.847), for the r] is .831 f .012 (.842), and 
for the p is .836 f .Ol (.834). E xcellent agreement between the measured and predicted 
rates in all three cases, let us use .006 for the uncertainty in eb, which lead to a 7% 
uncertainty in the cross section measurement at 16 GeV/c PT, and a 4.5% uncertainty 
at 100 GeV/c. There are additional uncertainties due to backscattered photons (2% at 
16 GeV/c and 7% at 100 GeV/c), T/K’ ratio (2% at 16 GeV/c and 0.2% at 100 GeV/c), 
luminosity (3.6%), selection efficiencies (4.8%), and photon energy scale (4.5%). The 
uncertainties in the profile method are much larger (30-70%), but the two methods 
agree to within 5% from 16-30 GeVjc. 

From the number of prompt photons in a bin of transverse momentum, along 
with the acceptance and the integrated luminosity for that bin, we obtain the isolated 
prompt photon cross section. In Fig. 3 our measurements from both 1989 and 1992 
are compared to a next to leading order QCD calculation derived using the CTEQ2M 
parton distributions [4]. I nset is a comparison of the two background subtraction meth- 
ods in their overlap region. Although the QCD prediction agrees qualitatively with the 
measurements over more than 4 orders of magnitude, there is a distinct shape difference 
between them (Fig. 4). Th d’ff e 1 erences between the predictions and data could indicate 
that for the first time we are measuring the gluon distribution inside the proton in a 
fractional momentum range where it has not been measured well before. 
References 
1. F. Abe et al. (CDF Collaboration). Physical Review, D(48):2998, 1993. 
2. J. Owens. Reviews of Modem Physics, 59:465, 1987. 
3.F. Abe et al. (CDF Collaboration),subm. to Phys. Rev. Lett. 7.25.94 FNAL-PUB-94/208-E 
4. J. Botts et aI. (CTEQ Collaboration). Physics Letters, B(304):159, 1993. 



~...I....I....1....1.,, i....I....I....I....1....~ 
OJ 0 5 10 15 20 2s 30 40.45 w 

Piztoton P, (GeV/c) 
" OS5 
f 0.0 
g 0.55 
0 
5 

0.1 
z 0.75 
g 0.65 0.7 

" ,e 0.5s 0.1 

0.5 

M] 
0 20 40 40 60 loo 120 

Photon P, (G&/c) 
0.2 0.4 0.6 0.8 1 1.2 1.4 

27 Moss (GeV/c*) 

Figure 1 (left): Illustration of the photon background subtraction methods: profile method 
(a) and coversion met hod (b). 
Figure 2 (right): The 2 photon mass distribution, displaying reconstructed 71’ and 77 mesons. 
Inset is the reconstructed charged p meson peak. 
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Figure 3 (left): The inclusive isolated prompt photon cross section from 1989 and 1992 com- 
pared with a next-to-leading order QCD prediction. Inset is the comparison of the two back- 
ground subtraction methods in their region of overlap. 
Figure 4 (right): The prompt photon cross section measurement is compared with NLO QCD 
predictions and variations of parton distributions. 


