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Motivation |

Donnachie and Landshoff (DL) 7
(Phys. Lett. B296, 227 (1992))
showed that all hadron-hadron

total

described by a simple form:

C,o (h-h)=As®+ Bs™ |
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cross sections can be
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energy dependence of G, ,(yp) at HERA
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O.:(YP) = 0.283 (W2_mp2)0.418+ 65.4(W2-mp2)°-°8°8+ 138(W2-mp2)'°-4525
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The o,,(yp) dependence on W — f/

is particularly interesting + low-energy experiments i

because of the nature of the | -~ DLOS

photon. Y« 0 | —— ZEUSfit .
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The first measurements of o,,,(yp)
at HERA showed that it has a similar
W dependence to that of hadron-
hadron reactions. 50k
Further measurements of o,.,(yp) at
HERA have reduced its statistical
error but the systematic uncertainty
remained too large for a precise 0 Y
determination of the W dependence 1 19 / {%J, (GeV)
. e
of the cross section. Nuclear Physics B 627 (2002) 3 1P
Gtot('Yp) = (57i5)(W2)O'lOOiO'012 +(121113)(W2)'(0'3581'0'015)
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Concept of measurement

Prior to its shut-down on 30t June 2007, HERA was running with constant
nominal positron energy and switched to two additional proton energies, lower
than the nominal value of 920 GeV.

This opened up the possibility to determine precisely the power of the W
dependence of o,,(yp) from a single experiment.

Assuming o~W?¢ & can be extracted from the ratio R of cross sections probed at
different W values. 2¢

R = olWy) _ (W,
c(W,) W,

Experimentally, O = N and therefore R = Nl_AZ.-Ez
’ - A.£ = NZ A1 Ll

The acceptance is expected to be the same for the three energy setups as
the photon energy is the same and RCAL covers the fragmentation region of
the photon — the ratio of acceptances will be canceled.
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Kinematics
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Q*=—¢*=—(k—F)
y =24
p-k

W?=(q+p)°
Experimentally:

X =0y, +4E.E. s g (=
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From e*p cross section to yp cross section

d eTp 1 1 )2 2 1 2
o Py) _ o\ Loy, s ol y)(l_ min | 50,
dy 2 y M Y ?mw

‘ O,o:(YP) can be extracted from o™

Ciot(€'P)=f "Oior(YP)

.ymax
. 1+C1—y3'95 (1-y) @2 (1-y) me 2y }
= nU=Wde _ gllovl(]
f IQ?T [ o mEEyE L ( (1—y)62$mm) dy
.ymz'n
/
1 Eemax/mz'ﬂ Flux uncertainty dominated by
ymz'n/max_ E ) range of integral.
e
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The g% detector and trigger
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During few months before HERA shutdown, | The luminosity collected in the ZEUS

it was running 27.5 positrons and detector was determined in two

protons of three different energies: independent ways (photon calorimeter
High Energy Run (HER) - 920 and spectrometer) by measuring the rate
Medium Energy Run ( )-575 of the Bethe-Heitler (BH) process
Low Energy Run (LER) - 460 et p—>e*yp

Required a hit in the 6m Tagger (TAG6) The 6m tagger was calibrated with the
and energy deposition in the rear part of || spectrometer: Eg =E.-E, ..

the calorimeter. In addition, E,.,,< 14 GeV.
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Monte Carlo Simulation

The PYTHIA 6.416 generator coupled to the HERACLES 4.6 generator (to include radiative
corrections) was used.

The mixture of photoproduction processes generated was adjusted to describe the CAL
energy distributions in the total cross section data.

The acceptance of the ZEUS detector for photoproduction events is determined by the
acceptance of the TAG6 and that of the main detector which are independent, thus:

etp _ N = P = N
O A AL O T A AL

At the generated level:
*Q?<0.001 GeV?
* y range slightly different for HER/MER/LER due to different magnet settings:
HER 274 GeV < W < 296 GeV
MER 216 GeV <W < 233 GeV
LER 194 GeV < W < 209 GeV
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Event selection _
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* The positron position was reconstructed o [en | o7 | 0 | o
using a neural network trained on the MC. R LA
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* Neural network was also used to correct
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the energy of positrons for a small number 0 12 E
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* The energy (E) and the vertical position (Y) : =
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Event selection (Cont’d)
RCAL

* A cut was placed on the fraction of the total RCAL energy in the cell with the highest
energy when it was immediately adjacent to the beam-pipe hole, to reject off-momentum
beam positrons and debris from beam-gas interactions that satisfied the trigger.

This cut rejects about 2-3% of physics events but most of the background.
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Data analysis

The number of selected events was corrected to take into account beam-gas interactions
and overlays with bremsstrahlung interactions.

* background from beam-gas interactions was determined using non-colliding positron
bunches and subtracted statistically (scaled to the ratio of currents).

* Photoproduction events with hit in TAG6 that occurred in coincidence with a hit in PCAL of
bremsstrahlung photon with energy >14 GeV were vetoed- corrected by weighting the
number of accepted events by a factor determined from the rate of overlaps at the time
the event was accepted.

* Photoproduction events that satisfied the RCAL trigger but had no hit in TAG6 that
occurred in coincidence with bremsstrahlung event with a hit in TAG6 that was not
vetoed by the PCAL veto (due to limited acceptance and resolution of the PCAL) were
subtracted.

* The photon flux in each energy setup was determined (different due to different magnetic
fields).
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Results

The Yp cross sections ratio
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Consistent with previous determinations of &.
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Summary

* The energy dependence of the photon-proton total cross section was
measured with the ZEUS detector at HERA and the result is consistent with
earlier determinations of the energy dependence of total cross sections.

* This is the first determination of the high energy (W) dependence of o,.(yp)
from a single experiment.

* This result can be used for estimation of total cross sections at high energies.

Thank you |
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