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Direct Photon Production

Annihilation

Data at large-pr test pQCD . N
calculations and help constrain S
parton density (PDF) and
fragmentation (FF) functions.

Only two processes contribute at g / %%g
leading order to the direct-photon
cross section: gg Annihilation,

and gg Compton Scattering. i \Nf“ !

Direct photon production is
sensitive to the gluon distribution.
g s@@&\ q

Compton Scattering
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Experimental Issues

Direct photon cross section small relative to jets
o(v)/o(jets) =~ 10~

Potentially significant backgrounds from jet
fragments (primarily 7«° and i decays)

Detect individual photons and reconstruct
neutral meson decays

Statistically subtract remaining background via a
detailed Monte Carlo simulation
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Detailed Monte Carlo Simulation

Detailed GEANT detector
simulation with HERWIG | pasoene
event generator

Used to calculate
efficiencies, unsmearing,
and backgrounds

w0 and n) spectra N sewsmoe
weighted to match data |
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Parameterized Simulation

Parameterized detector
response

Entries per 10 MeV/c?

Fits to measured data |
Used for systematic LR

studies o Toiont s (Vi)
. calorimeter energy
calibration
» resolution unsmearing | ——— GG
» direct photon
backgrounds
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Direct Photon Backgrounds

—— All sources Total 7’ contribution
Asymmetry
Coalescence
- - Conversions
Fiducial
Efficiency

pBe at 530 GeV/c
PMC

Vast majority of the background is due to «® decays
where one decay photon is too small to reconstruct
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Direct Photon Signal

7 Be at 515 GeV/c pBe at 800 GeV/c pBe at 530 GeV/c

® Data (unsubtracted

— Background

7.5 10.0

pr (GeV/c)

Large signal to background in all samples
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Results

Direct-photon cross sections
were extracted statistically
using using fits to Monte
Carlo simulations of
backgrounds

515 GeV/e w—Be
(—0.75 < Yorn < 0.75)

Y production on Be targets

o

~
o=
o
Q
—
Q
=
(=
St
Q
o
(‘Il
>
5}
O
e
e
N\
o
e
3
©
i)
83

800 GeV/c pBe
(_1'0 S Yem S 0'5) ® 515GeV/c T beam

- ® 800 GeV/c p beam (x 107
530 GeV/C pBe _ A 530 GeV/cibeamEx 104;

(—0.75 < Yorn < 0.75)
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Comparisons with NLO pQCD

NLO pQCD calculations

Y production at 515 GeV/c

0 7p [nb/(GeV/c) ]

do not agree with [N ¢ B MG per o

measurements of direct
photon production and
exhibit large scale
dependence.
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Comparisons with NLO pQCD

NLO pQCD calculations

Y production by p beams

do not agree with T~ o 500 GeVI B

A pp at 530 GeV/c [nb/(GeV/c)z]

measurements of direct
photon production and
exhibit large scale
dependence.

PDF uncertainties, while [
large, do not have Y -
sufficient flexibility to S
make up the difference.
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Photon Production at Hadron—Hadron Experiments

y

E704 Vs=19.4 GeV
E629 Vs=19.4 GeV
NA3 Vs=19.4 GeV
WA70 Vs=23.0 GeV
NA24 Vs=23.8 GeV
UAG6 Vs=24.3 GeV
E706 Vs=31.6 GeV
E706 Vs=38.8 GeV
R806 Vs=63 GeV

Data/Theor
>

R807 Vs=63 GeV
R110 Vs=63 GeV
CDF Vs=630 GeV
DT \s=630 GeV

CDF Vs=1800 GeV Direct photon production

D& \s=1800 GeV by proton beams
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¥ Production at Hadron—-Hadron Experiments

y

E704 Vs=19.4 GeV E706 \s=31.6 GeV

E629 Vs=19.4 GeV B E706 Vs=38.8 GeV

NA3 Vs=19.4 GeV & R806 Vs=44.8 GeV

E268 Vs=19.4 GeV R806 Vs=52.7 GeV

E300 Vs=19.4 GeV v R806Vs=63 GeV
WA70 Vs=23.0 GeV R807 \s=63 GeV 45" *
NA24 \s=23.8 GeV K

E300 Vs=23.8 GeV
UA6 Vs=24.3 GeV

E300 Vs=27.4 GeV -""m
R806 Vs=30.6 GeV W#‘#’ N?

t

Data/Theor
>

A PHENIX Vs=200 GeV
O UA1 Vs=200 GeV
UA1 Vs=500 GeV

duct UAI1 Vs=630 GeV
T production UA2 Vs=630 GeV

by proton beams ® UAI Vs=900 GeV
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Beam Ratios

NLO pQCD has reduced
scale dependence and

significantly improved | _M)
agreement when compared to e

ratios of direct-photon cross

sections.

Plotted vs 7+ = 2pr/+/s 10
compensate for different
average parton-parton
collision energies.

Little difference between LO and NLO pQCD.

pBe — yX at 800 GeV/c
pBe — yX at 530 GeV/c

6(800)/0(530)
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Beam Ratios

N
)

NLO pQCD has reduced
scale dependence and

T Be — yX at 515 GeV/c
pBe — yX at 800 GeV/c

c6(515)/6(800)

—ememe NLO Theory

n

significantly improvead < omen
agreement when compared to  [ERG
ratios of direct-photon cross

sections.

Plotted vs p+ since the
average energy per colliding
valence quark is similar.

Large difference between LO and NLO pQCD.
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About k£ Effects

kr refers to the magnitude of the effective
transverse momentum vector of each of
the two colliding partons

—~
2
>
[0}
@)
~
N
=
-
\Y

Average k1 values significantly larger
than expected from non-perturbative
hardon-size effects have been observed
in Drell-Yan and diphoton production, and
have been interpreted as resulting from
multiple soft gluon emissions.
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About k£ Effects

o
o)}

kr refers to the magnitude of the effective
transverse momentum vector of each of
the two colliding partons

NLO Theory LO Theory

0_0
W — Resummed Tc 'Tc <k;>=0.0 GeV/c

40 GeVl PYTHIA Con 5 Gevi <k;>=12 GeVie
p}>4.0 GeVig (<k>=1.1 GeV/e)| DPF>2.5 GeVie ,
M>10 GeV/c? T ' Ap>105° — <k >=1.4 GeV/c
Ap>105°
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Average kr values significantly larger
than expected from non-perturbative
hardon-size effects have been observed
in Drell-Yan and diphoton production, and [RZIEESEEEesttEA

have been interpreted as resulting from

multiple soft gluon emissions.

©
o

kT is expected to modify

Pout (GeV/ic)

back-to-back alignment of final state objects
magnitude and shape of high-pt inclusive cross sections
fragmentation distributions in jets recoiling against high-p triggers

Michael Begel DPF 2004 3



Single Particle Inclusive Production

In many respects, k1 affects pr
distributions like resolution
smearing. Distributions may show
an effect for pr > (k).

Resummed pQCD calculations
should properly include k+ effects.

High-order pQCD calculations
partially represent this effect by
including additional radiation. D — |
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Modeling k Effects

LO pQCD calculations model incident-parton k1 using Gaussian
smearing. This smearing is not available in current NLO pQCD
calculations. Approximate treatment:

pBe — yX at 530 GeV (E706) /]

-0.75<y,, <075

NLO LO P,
o X K™ (pr), - mmisee

(kp=1.0GeV/c /

where,

KLO(pT) _ ol ((kT))

aLO ({(kr) = 0)

Double-counting of contributions is
expected to be small:

(k) for calculations of K¥© (pr)
taken from data (match distributions of
(pr)RESUMMED 1 5 GeV/c (/s = 31.1 GeV) high-mass pairs to LO calculations)

>NLO

(pT ~ a few hundred MeV/c
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Inclusive Production with k+

kr-enhanced NLO pQCD :

. 3 roduction on Be targets
compares well with both S " ssosorian
direct-v and =° data. .
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A 530 GeV/c p beam ( X 107 )
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Chosen k7 values were
iInfluenced by studies of

two particle correlations 1 o
but are model dependent.  EESEREEE

This is not a measurement
of k.
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pBe at 530 GeV/c
s v [pb/GeV/c)]
7° [nb/(GeV/c)*]

Stat and sys uncertainties combined

3

Edo/d’p (pb GeV ™ per nucleon)

3

Edo/d’p (pb GeV ™ per nucleon)

NLO Theory

W=pp/2
CTEQ5M
- <kT> =

{1.20 GeV/c (y)

1.10 GeV/e (1)
--- (k) =0.0 GeV/c
7° uses KKP fragmentation

A pBe —» X

(Data-Theory)/Theory
(Data-Theory)/Theory

10 11
pr (GeVic)
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NLO Theory
W=pp/2
CTEQ5M

3
(k)= {1 0 GeV/c (y)

1.10 GeV/e (1)
--- (k) =0.0 GeV/c
7° uses KKP fragmentation

Inclusive Production with k+

pBe at 800 GeV/c
o v [pb/(GeV/c)’]
7° [nb/(GeV/c)*]

Stat and sys uncertainties combined

® pBe —» vX

10 11
pr (GeVic)
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PDF Comparisons with &k
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Y production by p beams

e pBe at 800 GeV/c [pb/(GeV/c)’]
A pBe at 530 GeV/c [nb/(GeV/c)2]

Y production by p beams

e pBe at 800 GeV/c [pb/(GeV/c)’]
A pBe at 530 GeV/c [nb/(GeV/c)2]
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. NLO Theory
NLO Theory 4L W=py/2
CTEQ5M
W=pr /12 .. ) Q )
CTEQ6.1M MRST2003C
1.3 GeV/c (800 GeV/c) ) CTEQ6.1M
(kp) =

1.2 GeV/c (530 GeV/c) k)= 1.3 GeV/c (800 GeV/c)
™ 11.2 GeV/c (530 GeV/c)
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Conclusions

High-pr direct-photon production has been measured in
interactions of 515 GeV/c w— and 530 GeV/c and 800 GeV/c
protons with beryllium and hydrogen targets (hep-ex/0407011).

NLO pQCD does not satisfactorily represent our data.

The data are described better by kr-enhanced NLO pQCD
calculations using the softer gluons of CTEQS and MRST2003
than the harder gluons of CTEQS6.1.

Inclusion of direct-photon data in global fits would provide ad-
ditional constraints on the gluon distribution, independent of the
Tevatron jet data, thereby enhancing the discovery potential of the
jet data being acquired in Tevatron Run Il.
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Backup Slides
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Vertex Distributions

Events per 0.5 mm

Michael Begel DPF 2004

Vertex

Vertex
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Detailed Simulation
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py>3.5GeV/c 40<p;<55GeV/c p
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Systematic Uncertainty

o
N
o

Y production at 530 GeV/c

—— Combined Systematic Uncertainty

- - - - Normalization

Energy Scale and Unsmearing

Relative Uncertainty

- - - - Photon Background
Beam Contamination

Misc. Other Sources

pBe at 800 GeV/c

pBe at 530 GeV/c

10 11
pr (GeV/c)
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Nuclear Dependence

7 production by 515 GeV/c T beam Y production by 515 GeV/c ® beam

o(Be) / 96(p)

=
©
(@)
~
)
=
©

HIJING IS a PYTHIA-based event generator for nuclear
Interactions. HIJING results compare well with data.
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WA70 & NA24 at /5 ~ 23 GeV

(Data-Theory)/Theory

7 p at 280 GeV/c (WA70)
e v [pb/(GeV/c)]
7° [nb/(GeV/c)?]

Stat and sys uncertainties combined

NLO Theory ">
W=pp/2
GRV92

070 GeVic (1)

(k) = {0.90 GeVie (1°)
(k;) = 0.0 GeV/c

7° uses KKP fragmentation

Michael Begel

Y

Edo/d’p (pb GeV?)

(Data-Theory)/Theory

DPF 2004

7 p at 300 GeV/c (NA24)

e v [pb/(GeV/c)]
7° [nb/(GeV/c)?]

Stat and sys uncertainties combined

NLO Theory

W=pp/2
GRVO2 0.70 GeV/c (Y)
_ . eV/C 'Y
(k) = {1.10 GeVic (1))
(kp) = 0.0 GeV/e

0 . .
1 uses KKP fragmentation

7.5

pr (GeV/c)
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UAG6 at /s = 24.3 GeV

(Data-Theory)/Theory

pp at 315 GeV/c (UA6)
e v [pb/(GeV/c)]
7° [nb/(GeV/c)?]

Stat and sys uncertainties combined

NLO Theory
eory e
l.l=pT/2 I

CTEQ5M TN

k= N

{0.70 GeV/c (Y)
0.80 GeV/c (1°)

(k) =0.0 GeV/c
7° uses KKP fragmentation

Michael Begel
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Edo/d’p (pb GeV™)

Y

(Data-Theory)/Theory

DPF 2004

pp at 315 GeV/c (UA6)

e v [pb/(GeV/c)]
7° [nb/(GeV/c)?]

Stat and sys uncertainties combined

R
NLO Theory 23 ~_

W=pp/2
CTEQ5M
)= {0.70 GeV/e (y)
k1) =10.80 Gevie (@)
(kp) = 0.0 GeV/e

0 . .
1 uses KKP fragmentation

7.5
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CDF & D@ at /s = 630 GeV
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- NLO Theory (u=p,)
- CTEQSM pdf

- — <k =2.5GeV/c
- - (k) = 0.0 GeV/c
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L
pp at Vs=630 GeV CDF |
-09<y_ <09 |

Stat and sys uncertainties combined

(Data-Theory)/Theory
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- CTEQSM pdf
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bp at Vs=630 GeV (DQ)

-09<y_ <09
Stat and sys uncertainties combined
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CDF & D@ at /s = 1800 GeV

d’o/dp, dy, [pb/(GeV/c)]
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7 NLO Theory (u=p)
- CTEQSM pdf
- — (k) =3.5GeV/c
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S
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(kp» =0.0 GeV/c

T T T T T T T T T T T T T E

pp at Vs=1800 GeV CDF
-09<y_ <09

Stat and sys uncertainties combined

Normalization shifted by 20%
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