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/Witten (77, LO), Bardeen & Buras (80, NLO):

B a@
as(Q3?)

+ b(x)

«

a(x), b(x) calculable, but divergent for x — 0

non-perturbative Input (VDM) needed
=> largest systematic uncertaintly

Scaling Violation

hadronic contribution is about 15 % at & = 0.5, Q% = 59 GeV?

Important prediction of perturbative QCD
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PROMPT BHOTON PRODUCTION
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Structure at TERA
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Introduction to Photoproduction

Leading Order (LO) picture:
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Current Situation at HERA,
Vs = 318 GeV

Where are the resolved photon processes?

Detector ;

Direct /

920 GeV Protons
\> / 27.5 GeV Electrons
W o
Detector ;
Due to fargs asymmeiry in beam energies:

e Direct photon processes are centralised.

e Resolved photon processes in forward parts of
the detector.

e Resolved processes have a large cross-section,
but alot is lost in the forward region.



Dijet photoproduction at HERA; lower EJ¢t

Here 5" > eV, data compared with MC:

Obs E_;et]_ “{]JOLI. + B Jet’)em”ﬂtz
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e Large resolved photon cross-section.
BUT:

e Need additional soft physics model to “describe”
data.

e Additional soft physics is abhstacis o
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e Answer: goto higher %‘f‘{



Dijet photoproduction at HERA; high EJft

RNy

H H

14 Gey, data compared with MC:

ZEUS 1995
__iPYTHIA 5.7 DIRECT + RESOLVED
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e T he need for additional soft ghysics now gone.

e Obstacle i mhaton atryuchors oy
e Much racduced resgived pholon Cross-secltion,

o Loss of sensitivity at low z9PS- resolved at higher
values.



Potential Situation at TERA,
Vs = 959 GeV

Where are the resolved photon processes?

Detector

N

Direct

920 GeV Protons /250 GeV Electrons

<

NS

~

P>
=

Resolved \
J

Detector

Due to reduced asymmelry In beam energies:

e Direct photon processes are more in rear part
of detector.

e Resolved photon processes in central and
forward parts of the detector.



Cross-Section Definition

Using 250 GeV electrons on 920 GeV protons.

Take the ZEUS 1995 high dijet analysis *

O? < 1 GeV?

Two or more jets using kp algorithm:

B2 > 14,11 GeVv
~1< <2

With reference to ZEUS 1996/7 analysis T look at
raising the E{ﬁt cut.

*ZEUS Collab., J.Breitweg et al., Eur. Phys. J. C11 (1999) 1, 35.

fzEUS Collab., “Measurement of Dijet Photoproduction at High Trans-
verse Energies at HERA" EPS-540.



How Predictions Generated
Using NLO program:

e Three photon structure functions: GRV-HQO,
G596-HO and AFG-HO. Proton structure func-
tion, CTEQ-4M.

e Renormalisation and factorisation scales, ; = };

e Variation of scale, Z:: arnc /2.

e Use two NLO programs from Frixione and Ri-
dolfi ¥ and Klasen and Kramer §

(NB. All plots with F. & R. except for comparison with
K. & K.)

Using PYTHIA MC (in default mode):

e Two photon structure functions: GRV-L.O,
SAS-1D. Proton structure function, GRV-LO.

e Also a charm plot (at lower E?Fet).

e NB. only £ ~ 200 nb~1.

Is. Frixione, Z. Kunszt and A. Signer, Nucl. Phys. B467 (1996) 399;
S. Frixione, Nucl. Phys. B507 (1997) 295;
S. Frixione and G. Ridolfi, Nucl. Phys. B507 (1997) 315.

3M. Klasen and G. Kramer, Z. Phys. C76 (1997) 67;
M. Klasen, T. Kleinwort and G. Kramer, Eur. Phys. J. C1 (1998) 1.



Cross-Sections in

obs
Loy

jetl —pjetl ~jet2 | —.plet2
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e Large cross-section at low aom

e Large variation <o 0 steiictire funed
particularly at lower EJet



Differences in PDF
Look at differences with respect to GRV-HO.
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e GS96-HO about 30% higher at low z9°*.
Difference decreasing with increasing :cObS

e AFG-HO generally 10% lower than GRV-HO.



PYTHIA MC Cross-Sections in a;gbs

black — GRV-LO, red — S$S3s-2D
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e Sensitivity to PDF also seen



Cross-Sections in Ejftl (1)

One jet must be forward:

(?3102; 1<ni®t<2, 0.2<y<0.85
E ----- NLO, GS96-HO
=10 —— NLO, GRV-HO
'%J" ----- NLO, AFG-HO
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e GS96-HO clearly above at lower Efﬁtl and

forward 75",

e All three PDFs converge at o



Cross-Sections in Ejﬁtl (2)

Both jets central or rear:
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Starting to lose sensitivity for:

e jets in the raay diveotion

e jets of higher £

,Jet
T



Cross-Sections in ni€t
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e Prediction with G596-HO is significantly larger.

e Almost



Magnitude of Differences
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~ross-sections sensitive to choice of PDF; up to 35%!



PYTHIA MC Cross-Sections in rjet

black — GRV-LO, red — Sas-2D
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e Also sensitivity to choice of PDF seen.

oA,

e Absolute cross- sectlons similar to NLO

prediciions - doing something right!
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PY THIA MC Magnitude of Differences

black — GRV-LO, red — Sas-2D
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e Differences up to about 20 %, but large errors!



Cross-Sections in net
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Magnitude of Differences
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Again, differences up to 35%!




Scale Dependence for mgbs

Cross-Section

. *;:ff E N - . 5 H P I A P
Region, E5* > 14 GeV, with GRV-HO:

Scale, p = E%jetl, then varied by a factor of two.
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e Scale uncertainty is larger than at higher 2%

e Uncertainty is about 15%.



Scale Dependence for 7%t Cross-Sections
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e Uncertainty is ~ 10 — 15%.

e Uncertainty is not small, but less than the
difference in the PDFs.

e Dilemma; increase E_:’ﬁm, reduce scale
uncertainty, but also reduce PDF sensitivity!
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Comparison of two NLO predictions

NLO from F. & R. and K. & K. for
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e Differences about 5 — 15%.
e T he differences are smallest in the region where

the PDF difference is greatest.

Preliminary comparison, requires further work - Both
codes were run by me!



Photon Structure with Charm

Take another favourite ZEUS analysis:

Q? <1 GeV?,0.19 < y < 0.87
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e Large enhancement of resolved photon cross-
section.

e Differences of 20 . 4% aoen



Conclusions and Outlook

Promising first look shown.
— Studied high F{St production and a quick

ook at charm.

Both NLO and MC predictions show sensitivity
to choice of photon PDF.
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Differences between PDFs un o

Plan to work on differenes between NLO
calculations (M. Kiasen).

More MC data needed with more structure
functions.
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