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Prompt Photon Production at HERA
e+p—e+y+X

DIRECT (LO)
Q2 e Point like coupling to quark
e 7 >e q —— Direct probe of hard process
= Y
—— Test of QCD
b 9 WWHL e Small (No) hadronization effects
- > v (In contrast to jet production)
RESOLVED (LO) e (~) Sensitivity to proton and
e photon PDFs.
c > q
q e Two signatures:

b g ib LLHI e INnclusive prompt photon
> ! e Prompt photon + jet
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Prompt ~ - Data Selection

Photoproduction: H1 + ZEUS Q% < 1 GeV? DIS: ZEUS Q? > 35 GeV?

e Isolated photon candidate:

v candidate ® E% > 9 GeV

e -1(-0.7) <n”<0.9 ;'éus

e NO associated track

e cone R = /A®2 + An? =
with E./ ESme > 0.9

e — -

Y candidate

e At least 2 tracks:
— remove DVCS+Bethe-Heitler
— reduce fragmentation proc.

]

[l
£ |7 P e For prompt y + Jet sample:

et i o I > 45 (6) GeV
n ol e 23 HI
15> 1.8 ZEUS
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Experimental difficulty: photons from hadronic background (=,

Prompt « - Signal Extraction

)

—— Signal extraction on basis of shower shape in calorimeters
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Prompt ~ - Inclusive Photoproduction

do / dEf (pb/GeV)
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e Agreement between H1 and ZEUS

e MC: PYTHIA (HERWIG): shape OK but 30 (40) % too low

Multiple interactions and hadronization corr. reduce o
(cf Isolation cut)

e NLO pQCD: Fontannaz, Guillet & Heinrich / Krawczyk & Zembrzuski
—— good shape description but too low by 30 %
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Prompt ~ + Jet - Photoproduction

25

parton level
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e NLO pQCD:

e Good description of shapes and normalisation

e Jet requirement result in a better description

and smaller LO/NLO difference than in inclusive case

e Multiple interactions
and hadronizaton corr.
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Smaller effect than in inclusive case
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Prompt ~ + Jet - Photoproduction

do/dx, (pb)
D (e)) (ee] B
o o o o

N
o

Fractional part of incoming
L~ photon energy taking part
in interaction

Prompt photon + jet

parton level e Hl
==+ LOFGH

=-=-- NLO FGH

with h.c. + m.i. :

mm= NLO FGH
------- NLO K&Z ;
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=== NL_O FGH
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i

Lp

Fraction of proton’s

hard scaterring

e NLO pQCD + Multiple interactions describe the data
e Ml and h.c. matter for resolved ~ contribution (z, < 0.5)
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Prompt « - Inclusive DIS

2 2
Q)° > 35 GeV
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e PYTHIA (HERWIG): factor 2 (8) too low
e F well described by PYTHIA and PYTHIA

e Poor description of n7 by PYTHIA

e Wide angle QED bremsstrahlung not included in MCs
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Prompt ~ + Jet - DIS

= T o T ~0.6
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e NLO pQCD (Kramer-Spiesberger): provides good description
except maybe at low £ (but large errors)
e Large contribution from wide angle bremsstrahlung needed
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Deeply Virtual Compton Scattering
e+p—e+~y+p

e Factorization theorem:

f —— First Diffractive process
fully calculable in QCD
s | }x (po
Largest gap w e No VM wave function uncertainty
\ i > } Y (Pv) _
N e Access to Generalized Parton

_ _ Distributions (GPDs)
Diffraction:. e+p — e+ X+Y
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Deeply Virtual Compton Scattering
e+p—e+y+p
e Factorization theorem:

— First Diffractive process
fully calculable in QCD

e No VM wave function uncertainty

e Access to Generalized Parton
Distributions (GPDs)
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Deeply Virtual Compton Scattering
e+p—e+y+p
e Factorization theorem:

— First Diffractive process
fully calculable in QCD

e No VM wave function uncertainty

e Access to Generalized Parton
Distributions (GPDs)

e Interference with Bethe-Heitler
which is a pure QED process.

(— Access to Amplitudes in Asymmetries)
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DVCS - QCD predictions

¢ - “Skewedness”, i.e. momemtum difference between emitted
and absorbed parton

HO9(@,60) ¢ o0 _ al@)g(a)

— GPDs:  H%(z,&,t) =0 Ag(x), Ag(x)

~

+ F/, E: no PDF equivalent

GPDs encodes info about transverse motion of partons
and about their correlations

At low x, DVCS is mainly sensitive to H9(x, &, 1)

NLO leading twist calcl. by A. Freund and M. McDermott
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DVCS - Data Selection

~ sample

DVCS + Bethe-Heitler

e —
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DVCS - Data Selection

H1 ZEUS
Ei > 15 GeV 10 GeV
pr, > 1 GeV
Ly > 3 GeV
Control sample T s soe
|\/|a|n|y Bethe-Heitler elast.  no track, Fwd no track
Lumi 46.5pb~! (et) 95 (eT) pb~!
e — T L P
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DVCS - Control Plots

ZEUS
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e Control sample:
Well described by MC

— Detector understood

e v sample:

Good description by
BH + DVCS MC

—DVCS cross section:

1. Subtract Bethe-Heltler
( [ do Interf. =0)

2. 0ep—0++p (1 flux factor)
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DVCS - t dependence

107 Data ° L
i H W Q* [GeV1| 4 3
W [GeV]

10 |

do (Y p — yp)/dt [nb/GeV?]

| | | | ‘ | | | |
0 0.1 02 03 04 05 06 07 08 0.9 1
t] [GeV?]

e First measurement of ¢t-dependence
e Exponential fitin ¢: do/dt o exp(—0bt)

— b =6.02+0.354+0.39 GeV 2 at Q? = 8 GeV?
e No Q? dependence observed within errors

Photon 2005, Warsaw, 01/09/2005 Xavier Janssen —p.14/18



DVCS - Q% and W dependences

'E i e Data
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DVCS - Comparison to QCD predictions

a : " o HI
= 10 | A ZEUS
e ; ?& NLO QCD (Freund et al.); H1 and ZEUS data
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DVCS - ... and to Color Dipole Models

In proton rest frame: o v* fluctuates in ¢g + qgg + ...

« Z_ L
W/ W ! A d 2 m out
RI — .
2 A f R2dz W O dipole \
1-z [
b o U and ¥ calculable
\I/ ® Taipole Modeled
\ 4
Donnachie-Dosch: hard + soft IP o —
c
Phys. Lett. B502 (2001) 74 — 10 H1 & ZEUs
% - Colour dipole models:
T Donnachie—Dosch
~.--. Favart—Machado
Favart-Machado. Sl I T Fovort—Machodo BGBK
GBW Saturation model o | N
- W =82 GCeV s
Eur. Phys. J. C29 (2003) 365 LI S RS

— s Describe Shape and norm. o 10 20 30 40 50 60 70 80 90 100
— F-M sligthly better (when including DGLAP)
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CONCLUSION

DVCS cross sections measurements versus (%, W and ¢:
e First t slope measurement — Constraint theory normalisation
e NLO QCD predictions based on GPDs in agreement with data
e Sensitivity to different GPD models
e Color Dipole models also in agreement with data

Prompt photon production
e Small hadronisation effects — Alternative to Jets to study QCD
e PYTHIA and HERWIG undershoot all measurements
e NLO pQCD undershoot inclusive Prompt ~ photoproduction
e (Prompt ~ + Jet) data are better described by NLO pQCD
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