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1 Introduction
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e HERA Kinematics

E,=27.5GeV

e*()

IE,=820GeV

p(P,)

= —¢? = —(k— k') = 4E.E, - sin?%

{-momentum transter
fractional momenrimn,
carried by the struck quark
0 <z <1

fractional energv ransfer

0 <y <1

cenrer of mass =ner of
the ~*p-svstem

V'S = CENter of inass enersy

~ 300GeV




e The NC differential e™p cross section

d=mieTp—e N
. rfyrf(‘): o

can be expressed:

A) in terms of the Proton structure functions
F5 and Fy:

. i - ; - . Y R _ S -~ . N
= 2L =y FBly. Q7)) = Erly. Q7L =y Q@

B) in terms of the total cross section for virtual
transverse (T) and longitudinal (L) photons:

- P oy ~ RS I
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whereas T = a(1 + (1 — y)?)/(27nQ%y) and
e=2(1-y)/(1+(1-y)?).

e The total cross section o}, for the scattering
of virtual photons on protons is given by:

ol =orly. QN + oy Q7

e The expression for Fy in terms of or{y. Q%)
and or(y, @?) is:
f"lus'._,;*'_ (:)j: = o '\_C‘ Q- ;_r’_T‘T‘q‘,_ . Q‘j\‘ -+ Tl {i'):
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= At small values of z one finds:

- b= p 9
Tror = —@“fQ




2 Physics Motivation

e Kinematic Q? — r-plane (until 1994
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= What we know experimentally:
- Q7 > 1.5Gel?
= Well described bv perturbaiyve QCL
'partonic behaviour:

= Mostlv soft hadron-physics-tvpe hehavions
'Regge-phenomenology

= not-pertirbarive QCD



e Results and open questions from .} i

— Fy(z,Q?) versus z
— o, F versus W?
ZEUS 1994

I- ZEUS SVX 1084
|« ZEUS ISR 19%¢

a ZEUS 199
| GRYV(%)

= Rapid rise of F3(z, @?) with decreasing z
down to Q% = 1.5 GeV?

= pQC'D-model of GRV(94)
describes data for Q% > 1.5(#} -

= Non-perturbarive QC'D-model of DL
(prediction in the framework of
Regge theory for v*p-scattering)
fails to describe data for ()7 > 1.3Gel "
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= Modest rise of o;’;" ~ W?2A (high W?2) with W?
for Q92 ~ 0 Gel"* whereas A = 0.0808 (soft)
(well described by the Regge-model of DL)

= Rapid rise of 0.7 ~ W22 (high W?) with W?2
for Q? > 1.5 GeV? whereas A > 0.2 (hard)
(equivalent to the rapid rise of F; as z — 0)

= What about the transition region ?

— Where and how does energy dependence
change from soft to hard?

— Where does pQCD break down and
therefore non-perturbative contributions
become dominant?

— Gap in Q% 0GeV? < Q% < 1.3GeV™ =
(ZEUS 1995)



e Kinematic Q? — z-plane i 0w

= Two major upgrades in 1995:

— Installation of the BPC

— Movement of two Rear-Calorimeter
modules + SRTD towards the beam pipe

4
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= Enhanced Q?-acceptance in 1995 towards
very low values (@* > 0.1 GeV?)
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3 ZEUS-detector

e Experimental approach to explore the low

2 gie
Q) -region

Q = AE.E - sin®%

o'(k,)
g =27 55 (k) /(

7(a,)

E,=020CaV p(P,) X(Pﬂ’)

Method A: extend acceptance for small v,

= Tag scattered electrons in e¥p-collisions under very small

angles with the BPC (17 — 35 mrad)

= Tag scattered electrons in e*p-collisions with smaller
angles compared to 94-run by moving two RCAL-odiies —
~RTD towards the re-configured beam pipe

Method B: shift event. vertex (+70em,)

= Achieve effectively smaller angles 1J. and therefore smaller

Q*-values

BP(C-South
/ 1
-~ e - —_
R o= P
e | | | BPC-North

{horizontal plane)

shifted vertex nominal vertex



e The SRTD/RCAL at ZEUS

BPC-modules

\ Window (0.016 r.1.)
Beam pipe

SRTD/RCAL

e The Small Rear Tracking Detector consists of two planes of
10mm-wide scintillator strips arranged in orthogonal directions

e The SRTD allows a more precise determination of the scattered
positron’s impact positon (position resolution: - - -.) and
hence the scattering angle

¢ Alignment accuracy: m

e A presampler type energy correction can be applied to the mea-
sured electron energy

e Accuracy of energy scale: .5~

e SRTD/RCAL-arrangement together with shifted vertex runs al-
lows to study e’ p-scattering down to ',” = .



e The BPC at ZEUS

BPSouth BPC-North

138mm

Tungsten-scintillator " EM-sampling” calorimetes
Depth: ~ 24 X,

Alternating harisontal and vertical oriented
8 mm-wide SCl-fingers

Energy resolution: 17 %/VE
Accuracy of energy calibration: 0.5 %
Uniformity: 0.5 %

Position resolution: < 1 mm
Alignment accuracy: 0.5 mm

Time resolution: < 1 ns

Q2%-range: 0.11GeV> < Q7 < 0.65GeV?




4 Details on the analysis

e Data sample
= SV TX-Fs-analysis
— luminosity: 235 nh ' 1995-run

— shifted vertex: +70 cin
= BPC-F,-analysis

— luminosity: 1 65 ph™ 1995

— nominal vertex

e MC sample
= Physics simulation
— used to determine radiative corrections
and the acceptance of the detector

— Simulation of e*p - collisions with the
DJANGO-program which interfaces
HERACLES, ARIADNE and LEPTO

= Detector simulation

— based on the GEANT-program



e Selection cuts (SVTX 1995 and BPC 1995)

hadrons 3 = (E-P.) H

= Cuts on the final state positron
— good timing from e* p-collisions
— positron energy cut

- positron identification criteria

— fiducial volume cut
= Cuts iuvolving the main detector

— 35GeV < (E—P,) < 60GeV (where
(E — P,) = (E _ Pz)H+(E _ Pz)positron)

(E_Pz)H

— cuton yrp = SE

— vertex cut on well reconstructed events



¢ Photoproduction background study (BPC)

fake positron in BPC

—_—
+
¢ scattered positron
gscapes in rear
beam pipe
tag scattered positre
hadrons §=(E-P ) H in LUMI-electron
Z tagger
é + Data |
s o4t LUMI tggged events
2107~ SIG MC + PHP MC
5 I SIG MC T,
5 ] PHPMC ar -
€00 = 5
3t -

.
B . * l .
10

10 -

3 3 a0 45 S0 55 6D
3 (GeY)
- Photoproduction background events were generated using the
PYTHIA program and used to subtract photoproduction events
statistically from the data sample
— Good agreement between Data and MC (STIG MC + PHP MC)

= Good agreement between generated MC-background (PHP MC)



e Comparison DATA and MC

Number of events
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e Extracting F> (SVTX 1995 and BPC 1995)
— Bin data in (y, Q*)-bins

% /
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10 | ZEUS BPC 1993 |
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10 -+ 3 -4

— Background subtraction (beam-gas;

0 10 10 107

xﬂ

photoproduction =)

— Measure o7 + ¢o; via:
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5 Results

e Systematic checks on Fy/0,,:(v*p)-analysis
e Models for the low-z and low-Q? region

o F, versus z

® 0:0:(v*p) versus W?2



e Systematic checks on F5/0.,{~*p)-analysis

= BPC-Fy-analysis:

total statistical errors:

total systematic errors:

low y:
medium v:

high y:

= SVTX-Fjs-analysis:

total statistical errors:

total systematic errors:

low - medium y:
high y:

2
310
UCAL energy scale; y;p-cut
BPC-reconstruction

/" dominated by:

Photoproduction background

3117 dominated by:
SRTD/RCAL-reconstruction
Photoproduction background

-



e ZEUS F; results
ZEUS 1995
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— Error bars: statistical & systematic errors

— Fy-results: shown using the Fz-model by BKS

— Normalization ancertainty: BPC (2.4%); SVTX (1%)



e Models for the low-r and low-Q° regior

o 1 Dionnachie e Donespodd

— found a simple Regge picture (sum of pomeron
and reggeon exchange) to describe all
hadron-hadron and #p cross sections

. extension for virtual photons to see contribution
of this non-perturbative mechanism for
Q? < 10GeV? (pomeron intercept: 1.0808)

. (R I A B
& g [N -\ DT

_ similar ansatz as already used by DL including

— detailed analysis on the uncertainties of the

various parameters being used (e.g. pomeron
intercept: 1.07...1.11)

o UPNVT Capellis Wandonon Merno ane.

Tonn-Than-Van®

_ use in their Regge picture one bare pomeron with
an intercept 1 + A{Q?) which interpolates
between the effective soft pomeron and the

effective hard pomeron

— parametrize data with this pomeron behavior up
to Q% < 5GeV? and use it then as au initial
condition for a pQCD evolution



b PR S P .. . i .
o (BN talnick. Booevn ol Voo

— assume valence-like input distributions at
Q32 = 0.34GeV? which are then evolved using
NLO DGLAP equations

~ rise of Fy at low-z is generated dynamically

— prediction is not valid close to the starting value

Q}
o BN :Badelek and KNwiecinskil

— describe Fy using the generalized vector meson
dominance model (GVDM)

— the low Q*-region is controlled by the
contributions of low mass vector mesons whereas
the higher mass contributions are described by a
standard set of structure function
parametrizations, e.g. GRV(94) and are assumed
to be given

o ARBY “Adel Barreiro and Ynduraini

— introduce to the soft behaviour of F5 with
decreasing z for Q% ~ 1GeV? a harder
contribution (~ z~** with A\, = 0.48 independent
of @*) to prevent F» to decrease with z — 0 for
Q? < 1GeV?

- assume a, to be independent of Q? for

Q? < 1GeV?



ZEUS 1995
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ZEUS 1995
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ZEUS 1993
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o ZEUS 040:(~7"p) results
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6 Summary

o Fy/010(7*p)-measurement was presented at low Q?
and low z at ZEUS :

. — o=
D107V < e Tl

0.11GeV2 < QF & v el -

corresponding to 90GeV < W < 230GeV .

where:

statistical errors: ...t/ 3.7%

systematic errors: .../ 3..14%

from two analysis: =~ .7 SVTX 1995 Preliminary
e Our combined results BFP(" 4% and SVTX 1995

Preliminary suggest:

»pQCD-calculations {e.g. GRV(94) using NLO
DGLAP-evolution) can account for an increasing
fraction of the cross-scction. The transition from the
region of soft processes to the perturbative region
appears to be smooth within current experimental

errors and occurs at a (Q*-value of approximately
1GeV??



