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Prompt Photon Results from the Tevatron

F.S. Chlebana

Fermi National Accelerator Laboratory, MS 318, P.O. Box 500,

Batavia, IL, 60510

Results are presented for prompt photon production in p�p collisions at
p
s = 1:8 TeV from

the CDF and D� experiments at the Tevatron. An updated measurement of the inclusive
photon cross section from D� is presented. Results are compared to QCD predictions and
discrepancies with theory are discussed. Angular distributions of the  - jet system are shown
and found to be in good agreement with QCD expectations. The diphoton cross section is
presented and compared to QCD calculations. The measurement of the pT of the diphoton
system provides information about soft gluon radiation.

1 The Isolated Photon Cross Section

Results from CDF and D� are presented for the measurement of the cross section for isolated
prompt photon production at

p
s = 1:8 TeV. Prompt photons are produced in the initial collision

rather than in the decay of hadrons. For ET < 100 GeV prompt photon production is dominated
by the Compton process gq ! q which is sensitive to the gluon distribution. A measurement
of the cross section can be used as input to global QCD �ts to help constrain the gluon density.
The measurement of isolated photons is less complicated then jet reconstruction since it is not
dependent on fragmentation or the clustering algorithm. The minimum and maximum momen-
tum fraction that can be probed is related to the transverse energy, ET , and the pseudorapidity,
�, and is given by

xmin = 2
Emin
Tp
s
e��max ; xmax = 2

Emax
Tp
s

e+�max : (1)

The results from CDF and D� provide an important quantitative test of QCD in the range
0:013 < x < 0:13.

Isolated photon candidates are selected at CDF by requiring less than 2 GeV of energy
deposited in a cone of radius of R =

p
�2 + �2 = 0:7 centered around the photon candidate. D�

requires less than 2 GeV in an annulus between R = 0:2 and R = 0:4. Both experiments require
that the candidates have little hadronic energy, HAD/Total < 11% for CDF and HAD/Total
< 4% for D�. The energy deposit is required not to have a track pointing to it, have a good
shower pro�le and be within the central pseudorapidity region, j�j < 0:9. Cosmic ray muon
Bremsstrahlung is removed by a missing ET cut.

The previously published D� results3 have been updated and compared with the CDF data2

in Figure 1. In the top plot the data are compared to the NLO QCD calculation of Ohnemus et al.3

using the CTEQ4M 4 parton density functions (PDFs) with � = pT . Good agreement is observed
over almost �ve orders of magnitude. The bottom plot compares (Data-Theory)/Theory to the
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Figure 1: A comparison between the CDF and the
new D� data show that the two experiments are in

good agreement.
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Figure 2: The preliminary D� isolated photon cross
section for the central � region (top) and the for-

ward � region (bottom).

expectation using CTEQ4M shown as the dashed line, and CTEQ2M 5 shown as the dotted line.
The CDF data are represented by the squares while the D� data are shown as the circles. For the
CDF points the error bars represent the statistical errors and the one sigma correlated systematic
error is shown as a band at the bottom of the plot. For the D� data the inner error bars show
the statistical error and the outer error bars represent the systematic error. The CTEQ4M PDF
provides a better description of the data at low ET . This set includes the Tevatron inclusive jet
data 6 resulting in an enhanced the gluon density in the high x region. D� has also measured the
photon production cross section for the forward � region, 1:6 < j�j < 2:5. The results are shown
in Figure 2.
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Figure 3: The NLO QCD calculation with added
parton showers relative to the NLO QCD.

Figure 4: Results from a global QCD �t to direct
photon data from several experiments.

At low values of ET the data tends to be higher than the expectation from the NLO QCD



calculation. Several explanations have been suggested to account for this. One explanation is
that the QCD calculation does not contain enough initial state gluon radiation. To simulate this
e�ect Baer and Reno performed a calculation 7 which adds parton showers to the NLO QCD
calculation. The calculation with additional initial state radiation is compared to the NLO QCD
result in Figure 3. The rise at low ET is reproduced but the calculation predicts a de�cit at high
ET . Since both the theory and the data have normalization uncertainties it is di�cult to discern
an excess at low ET from a de�cit at high ET . It has also been pointed out that these QCD
calculations do not contain pT resummation.

The results of a global QCD �t 8 to recent direct photon data from CDF and UA6 together
with UA2, R806, E706, WA70 and the standard deep inelastic scattering and Drell-Yan data
sets used in the CTEQ2M analysis are shown in Figure 4. The ratio of (Data-Theory)/Theory
is plotted as a function of xT � 2ET=

p
s which approximates the parton momentum fraction for

events with the photon in the central region. The small errors of the CDF data dominate the
�t resulting in an increased gluon density in the x region where the CDF data exist. Due to
the momentum sum rule, the increase in the gluon density in the low x region is balanced by a
decrease in the gluon density at high x. One can get a better description of the Tevatron data at
the expense of a worse description of the prompt photon production from other experiments which
probe higher x values. A change in the gluon distribution does not lead to a good description of
the prompt photon data.
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Figure 5: Angular distribution of the  - jet data.

The calculation of the inclusive isolated
photon cross section contains a convolution
of the matrix elements and the parton densi-
ty functions. Information about the matrix
elements can be determined from a mea-
surement of the angular distribution in the
CM frame. The angular distribution of the
 - jet events is shown in Figure 5. The CD-
F data are shown as the squares while the
D� data are shown as the triangles. The
data are in good agreement with each other
and the prediction of the QCD calculation.

2 Diphoton Production

The diphoton cross section measured by CDF is plotted as a function of the photon's ET in
Figure 6. Both photons are required to be within the central pseudorapidity region, j�j < 0:9.
For each event both photons contribute to the plot. The results are compared to the NLO QCD
calculation of Bailey et al.9 using the CTEQ2M PDF. The results from D� are shown in Figure 7.

An estimate of the intrinsic transverse momentum of the partons can be obtained by measur-
ing the total pT = j~p1T +~p2T j of the two photon system. The pT of the diphoton system measured
by CDF is shown in Figure 8. The inner error bars represent the statistical error while the outer
error bars show the systematic error added in quadrature. The D� measurement is shown in
Figure 9. The statistical errors are shown as the error bars while the systematic error is shown
as the band at the bottom of the plot. The next to leading order QCD calculation provides a



Figure 6: The CDF measurement of the diphoton
cross section compared to the calculation of Bailey

et al. using the CTEQ2M PDF.

D0 Preliminary
pp

-
 → γ γ + X,  80 pb-1

| η | < 1.0,  ET
1 > 14. ET

2 > 13.

NLO QCD(Bailey et al.),CTEQ2M,µ=ET

PYTHIA Smeared, CTEQ2M

Systematic Uncertainties

Figure 7: The D� measurement of the diphoton
cross section.

better description of the D� data at high pT than the leading order calculations of RESBOS and
PYTHIA. At low pT both experiments observe that the data are lower than that expected from
the NLO QCD calculation. The PYTHIA calculation shown in Figure 9 includes multiple gluon
emissions and is in better agreement with the data at low pT .

Figure 8: The CDF measurement of the pT of the
diphoton system.
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Figure 9: The D� measurement of the pT of the
diphoton system.
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