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Figures o}, b) and c):

e ZEUS 1995
—— NLO-QCD, GRV-HO
+ssea NLO—QCD, AFG-HO
....... NLO-QCD, GS96-HO

. -1 0 1 210!
72 Tz

Figure d):

—— HARRIS et al., GRV—HO
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Figure 5: Figures a). b) and c) show the dijet cross section as a function of 173*" in bins of m**. The filled
circles correspond to the entire 2% range while the open circles correspond to events with £ 075,
The shaded band indicates the uncertainty related to the energy scale. The thick error bar indicates
the statistical uncertainty and the thin error bar indicates the systematic and statistical uncertainties
added in quadrature. The full, dotted and dashed curves correspond to NLO-QCD calculations, using
the GRV-HO, GS9%-HO and the AFG-HO parameterisations for the photon structure, respectively. In
dj the NLO-QCD results for the cross section when 0 < ™ < 1and for a particular parameterisation
of the photon structure are compared.
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Figure G: Figures a), b} and ¢) show the dijet cross section as a function of 73" in bins of i7)*" and for
0.50 < y < 0.85. The filled circles correspond to the entire .r‘.’,*" range while the open circles correspond
to events with 25°¢ > 0.75. The shaded band indicates the uncertainty related to the energy scale. The
thick error bar indicates the statistical uncertaint v and the thin error bar indicates the systematic and
statistical uncertainties added in quadrature. The full, dotted and dashed curves correspond to NLO-
QCD caleulations, using the GRV-HO, GS96-HO and the AFG-HO parameterisations for the photon
structure, respectively. In d) the NLO-QCD results for the cross section when 0 < m* < 1 and for a
particular parameterisation of the photon structure are compared.
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Figure 3: Differential cross-section da [d? for isolated prompt photons with 5 < Ef <10 GeV,
for 0.2 <y < 0.9 (134 < W < 285 GeV). The inner (thick) error bars are statistical; the outer
include systematic errors added in quadrature. Also plotted are (a) PYTHIA and HERWIG
predictions using the GRV(LO) photon parton densities; (b) LG and K&7 NLO predictions
using GRV(HO) and GS(HO) photon parton densities.

13



78 The ZEUS Collaboration: Inclusive D** and associated dijet cross sections

ZEUS 1996+97
NLO massless (Kniehl et al.) NLO massless (Cacciari et al.)
el R N e e e Rz [ L ot M U R
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DC 8 -_— ) ol D: 8 | o]
T L * Data:D — (Kmjn, | B r 1
E L — GRV-G HO 1 5 i J
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© 4 - a2 S .
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2 | - 2 [ [
AT S ISP, ISP LU A R IR
- 0 2. -1 0 .
n n°
g G S e L R R SRR e e ToC [ A F A ] & A Lok
£ s L ©po>4Gev 1& s [ (d)p,0 >4 GeV i
5 i b Fig. 4. Differential cross sections
= 15 I 1 do/dn®" for D* photoproduction,
EX i 1T | 1 Q% < 1GeV?, in the kinematic region
o r 1 © i 130 < W < 280GeV for the (Km)ms
l 2 Q 20 T 7 channel with a, b p?° > 3GeV and
2 o - T % E 1 ¢ d p?2° > 4GeV. The points are
b=t o i = 71  drawn at the centres of the correspond-
ing bins. The inner part of the error
1 1 bars shows the statistical error, while
the outer one shows the statistical and
systematic errors added in quadrature.
r 4 The curves are the predictions of the
e "'1' == 'é' - : e 0 ".'1' o ':)' — '1[ +—1! massless charm NLO of [6] a, ¢ and [8]
D* p+ b, d with various photon parton den-
n n sity parametrisations

in Table 1 and shown as full lines in Figs.2 and 3. The
{parton density parametrisations used were CTEQ4M [37]
for the proton and GRV-G HO [27] for the photon. The
renormalisation and factorisation scales as well as the val-
ues of m, are the same as in the calculation of the massive
charm approach.

The predictions of the two massless charm models give
similar shapes of the differential cross sections (Figs. 2 and
3), but disagree with each other in absolute magnitude by
~ 40%. The cross sections obtained by these predictions
are mostly below the data. In particular the data are above
the NLO expectations in the forward direction. The con-
tribution of D* produced from bb in our kinematic region,
not included in the NLO curves, is predicted [5] to be be-
low 5%, in agreement with our MC estimation (Sect.4).
This fraction is found from the MC studies to be slightly
higher in the forward region, where it is up to 7%.

Using the MRSG [26] parton density parametrisation
of the proton has no significant effect on the predictions.
In contrast, the calculations depend on the parton density
parametrisations of the photon and in particular its charm
content. In order to check the sensitivity of the do/dnP”

data to the parton density parametrisation of the photon,
we compare the results for pf * > 3GeV and pf " >4GeV
in Fig. 4 with the two NLO massless charm predictions 6,
8] obtained with the photon parton density parametrisa-
tions GRV-G HO [27], GS-G HO (38] and AFG [39]. The
differences between the various photon parton densities
are at the 20% level or less in the integrated cross sec-
tions, but in the differential cross sections considerable
differences in shape are observed. For the massless charm
scheme of [6], the GS-G HO curves [38] are closest to the
data. However, in the GS-G HO parton density function
used for this calculation, charm and u-quarks contribute
equally.

7 Measurement of D* dijet cross sections

Given the discrepancies observed between data and NLO
predictions in the inclusive D* measurements, it is of inter-
est to study the kinematics of charm production in more
detail. The measurement of jets in the final state allows
the kinematics of the hard scattering process to be recon-
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Figure 3: Differential cross sections for the photoproduction reaction ep — D, X:
(a) do/dp? and (b) do/dn® compared to the BKL model [6]. Colour-singlet (dashed
curves) and colour-octet (dotted curves) contributions are plotted separately. Their sum
is shown as the full curves. The pf’ points are drawn at the position of the average value
of an exponential fit in each bin. The P points are drawn at the middle of each bin.
The inner error bars show the statistical uncertainty, while the outer ones show the statis-
tical and systematic errors added in quadrature. Normalisation uncertainties due to the

D; — ¢ branching ratio are not included in the systematic errors or in the theoretical
calculations.
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Current Situation at HERA, H‘wm%’g

Vs = 318 GeV

Where are the resolved photon processes?

Detector l !

A
i
Direct /
920 GeV Protons\ // 27.5 GeV Electrons
Pt
o
Resolved |
VW é

Detector ‘

Due to large asymmetry 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.



Potential Situation at TERA,
V8 = 959 GeV

Where are the resolved photon processes?

Detector

N

Direct

920 GeV Protons _ /250 GeV Electrons
/-

==
Resolved
2

Detector

Due to reduced asymmetry in beam energies:
e Direct photon processes aré more in rear part

of detector.

e Resolved photon processes in central and
forward parts of the detector.
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e Prediction with GS96-HO is significantly larger.

e Almost all cross-section

photon.

is from the resolved




Magnitude of Differences

1<t <0 0<niet <1 1<nift <2
o e GS96-HO
o~ 5.5 5 "“;.iiﬂliii 3 3 soaa ataadugatet
25 [ [ T T4 857
' 5 i‘ 3 i! (] !ii i"i"‘ iii 'y & &
> - . i“ Ll ad
0 c""n'c"ﬁ'ﬁﬁ‘"iﬁ-“'c ST e S v N S 555250000 00 Gana.08. 0.0
(0 Sologoo®an o 50 5 Qo500 5B0aCopo o G80ag C o000 eRa8s 505050 000G <0000500,0,5
g -25 o AFG-HO 0.2< y< 0.85
— llllI!IIIII!lr_ll‘]l}_!ll!ll1iIIII|IIII!II
= 50 ]
0 25 5. 53 5.8 3 8 aslaaadizag
3 L L e e B nii; a5 4a
. s aubE g uARatag 20RN _ guE At gi®
PP N il L g _ = -
I'nl' 0 osooooooooo“ncuﬁcﬁccﬁﬁﬁﬁﬁ% mdacouoocno“doaocugﬂcﬁUacc:aa ﬁﬁﬁﬁﬁuﬁuﬁﬁc anmuﬁﬁccnanﬂﬁnna
-25
& 1 1 1 1 l 1 1 | i | l j— 1 | 1 1 L L l 1 L1 L I 1 1 Ll 1 | L 1 I L_L | L I | 1 1 1
50
25 — 3 — ""“'#
L .l.i I ‘l - Eligsd @
0 nli‘li‘_‘_‘_‘_‘_!_i _§¥§ L1} !::t._ _... ______________ (1171 _i_; __________________
_S.o OOOGOOCOO 0°ua0a0,0500500R0 ODOG00000000000050%56%@ %ﬁwn wb'aa ~005500,°88 5000
-25F
E L L 1 1 I 'l 1 1 1 I 1 1 L 1 1 1 1 L I 1 1 1 1 ! 1 1 1 1 1 1 1 1 l L1 1 1 E 1 1 L L
50
25 5. sasditanngatd
o i_gzat o o8° .o’l'tl“-""ii a il;‘;‘ti - §.
- oF atant o, o, SRS R TR 2] Lot S R IR e
0 ?’3"858833;383%% 590503290 8085;;‘3';0000000000005"00%135 ’ﬁ‘ﬁa“nnc B 5555050{3“00 5o
-25F
: 1 1 1 1 I 1 11 1 l 1 | RS e 1 .| | 1 l L1 1 1 l 1 L1 1 | S | 1 L I 1 1 L 1 l | Ll
50¢
2 f— ] i
5 s [ o.iailol.'..lll s -1 iEag ol A atantttan
S e e o M o o h o SRS L RGBT
0 pe 0‘08905988080805‘;3;3“5 Giet®] 09380303300000000000005 elSleTe Egﬂnccoﬂcnounnooﬁﬁ%%ocnﬁﬁ
-25F
: L 1 1 1 I L | 1 1 l 1 1 1 L 1 L 1 1 I 1 1 L L 1 1 1 1 1 1 L 1 | | 1 1 1 1 I L L 1 1
-1 0 1 2 0 1 2 0 1 2

2

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

S

i A A



Conclusions and QOutlook

Promising first look shown.

— Studied high EJS' production and a quick
look at charm.

Both NLO and MC predictions show sensitivity
to choice of photon PDF.

Differences between PDFs up to 35%.

Plan to work on differenes between NLO
Calculations (M. Klasen).

More MC data needed with more structure
functions.

Other ideas... ?
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Parton parametrizations for the virtual pho-
ton

The notion of the partonic content of the virtual
photon (P2 # 0) can be applied if Q? scale is larger

than P2 (typically P2 X 0.2 Q2).

The parton distributions in the virtual photon can
(?) be calculated in the perturbative QCD for
A2 « P2 « Q? without any input, for lower P2 extra
assumptions are needed.

Drees - Godbole
Gliick - Reya - Stratmann (GRS)
Schuler - Sjostrand (SaS)
Gliick - Reya - Schienbein (GRSch)
Gorski - Ioffe - Khodjamirian - Oganesian (GIKO)
Ioffe - Oganesian (10)
Chyla ®
KL
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Figure 2. Ratios of the cross sections (see text) for the ep — ev.X with y=0.5 and pr=5 GeV. The ratio
to the Born cross section of the contributions due to 97q7 — g (solid lines) and ¢7g? — ¢ and q7qP
and ¢7g? — ~g (dashed lines) are presented for various values of the virtuality P? as a function of the i
Y. For the g7g” — vq results correspond to P2=1 -1077,0.01,0.25,0.5 and 1 GeV2. For q"9” = vq and i
q7q” and §7¢g? — g we take P2= (0.1 GeV?2. i
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FIGURE 2. Upper three plots: dijet cross sections, corresponding to resolved 5 and v} plotted
as functions of 7, Er and a4 for 1.4 < P? < 2.4 GeV?, 0.05 < y < 0.95, Ex > 5 GeV, without
any restriction on 7. Lower three plots: the corresponding ratia of the contributions of v; and
%7, integrated over the whole interval 0.05 < y < 0.95, as well as in three indicated subintervals.
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Resolved Photons at HERA and THERA

Boris Levchenko
INP Moscow State Uniyv.

Let consider NC interactions and denote the components of the incom-

ing e* and p momenta as follows
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and mark the scattered particles with a prime.

A final state is characterized by a set of variables
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