
Measurement of the total photon-proton
ross-se
tion with the ZEUS dete
tor at HERASummer students program 2007, DESY
Amir SternS
hool of Physi
s and Astronomy, Tel Aviv University, Israel

Abstra
tThe dependen
e of the total photon-proton 
ross-se
tion on the 
enter-of-mass en-ergy W 
an be des
ribed at high energies as W Æ, where Æ � 0.16. Using the re
entruns of HERA with three di�erent proton energies, an attempt is made to perform apre
ision measurement of Æ using ratios of 
ross-se
tions at di�erent W values. Thea

eptan
es of the ZEUS dete
tor for photon-proton intera
tions were studied withthe ZEUS dete
tor Monte Carlo simulation for the three di�erent proton energiesand found to be the same.
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1 Introdu
tionDonna
hie and Landsho� [1℄ showed that all hadron-hadron total 
ross se
tions 
an bedes
ribed by a simple Regge motivated form as �tot = A � (W 2)�P (0)�1 +B � (W 2)�R(0)�1,where A and B are pro
ess dependent 
onstants, W is the hadron-hadron 
enter-of-massenergy, and �P (0) (�R(0)) are the Pomeron (Reggeon) traje
tory inter
epts. The �rstmeasurement of the total 
p 
ross se
tion at HERA [2℄ showed that also the total photo-produ
tion 
ross se
tion has a similar W dependen
e. Further measurements of �tot(
p)at HERA [3℄ redu
ed the statisti
al error but the systemati
 error remained too large fora pre
ise determination of the W dependen
e of the 
ross se
tion. Re
ently, just beforethe 
losing of the HERA 
ollider , runs with di�erent proton energies were taken, keepingthe ele
tron energy 
onstant. This opened up the possibility to determine pre
isely thepower of the W dependen
e by measuring the ratios of 
ross se
tions, where mu
h of thesystemati
 error 
an
els out.The purpose of this proje
t was to study the a

eptan
es of the ZEUS dete
tor forphotoprodu
tion events using the PYTHIA Monte-Carlo (MC) [4℄, in order to 
he
k ifthey are the same at the three di�erent energy regions where data were taken. In addition,a �rst look at the data was attempted to estimate the number of the 
p events remainingafter the reje
tion of ba
kground.2 Con
ept of measurementThe total photon-proton 
ross-se
tion has a power dependen
e on W [5℄ �tot(
p) / W Æ.Knowing W (from the s
attered positron energy, E 0e) and measuring �tot(
p), one 
andetermine Æ. Using the ratio of the 
ross-se
tions measured for di�erent W values (i.e.proton beam energies), the determination of Æ will be more pre
ise, be
ause the systemati
un
ertainty will 
an
el. �1�2 = �W1W2�Æ :� = NAL where A, L and N are the a

eptan
e, luminosity and number of measured events,respe
tively. If the a

eptan
es for the three di�erent W values are the same, they willbe 
an
eled in the ratio.3 Experimental detailsDuring few months prior to its shut-down, the Hadron Ele
tron Ring A

elerator (HERA)was running 27.5 GeV positrons and protons of three di�erent energies. In the High2



Energy Run (HER) the proton beam energy was 920 GeV, in the Medium Energy Run(MER) 575 GeV and in the Low Energy Run (LER) 460 GeV. Data were taken in someruns, with the ZEUS dete
tor trigger system espe
ially 
on�gured to 
olle
t events of therea
tion e+p! e+
p! e+X. The energy of the s
attered positron was measured in the6 meter tagger. The ZEUS Calorimeter (CAL) and Central Tra
king Dete
tor (CTD)(see Fig. 1) are well des
ribed elsewhere [6℄ and therefor their des
ription will be skippedin this report.

Figure 1: The ZEUS main dete
torThe 6 meter tagger [7℄ is a 84 � 24 � 100 mm3 spaghetti 
alorimeter that 
onsistsof 70 
ells ordered in 5 rows and 14 
olumns and lo
ated 5.7 m from the intera
tionpoint in the ba
kward dire
tion, in one of the HERA magnets, as shown in Fig. 2. Themagneti
 �eld of the HERA magnet, in whi
h the 6 meter tagger is lo
ated, drives the low-angle s
attered positrons to the tagger. The tagger was used for tagging photoprodu
tionevents as well as to determine the a

eptan
e of the luminosity system lo
ated 107 m downthe beam-pipe in the ba
kward dire
tion. The luminosity system 
onsists of a PhotonCalorimeter (PCAL) and a Spe
trometer (SPEC). It was used to absorb photons fromthe Bethe-Heitler pro
ess ( e+p ! e+
p) used to determine the ZEUS dete
tor gatedluminosity. 3
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Figure 2: The 6 meter tagger4 Kinemati
sThe event kinemati
s may be des
ribed in terms of Lorentz-invariant variables: the photonvirtuality, Q2, and the event inelasti
ity, y, de�ned byQ2 = �q2 = �(k � k0)2and y = p � qp � k ;where k, k0 and p are the four-momenta of the in
oming positron, s
attered positron andin
ident proton, respe
tively (see Fig. 3 ). The square of the photon-proton 
enter-of-massenergy is given by W 2
p = (q + p)2 :These variables 
an be expressed in terms of the experimentally measured quantities E 0eand � using Q2 = 2EeE 0e(1� 
os �) ;y = 1� E 0e2Ee (1 + 
os �) ' 1� E 0eEe ;W
p = 2pEeEpy :4
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ess e+p! e+XEe, E 0e and Ep are the energies of the in
oming positron, s
attered positron and in
identproton, respe
tively, and � is the positron s
attering angle with respe
t to the initialpositron dire
tion.5 AnalysisThe analysis is divided into two parts. First, the a

eptan
es of the ZEUS dete
tor forphotoprodu
tion events were studied for the three di�erent proton energies. Later on thedata are looked at in attempt to reje
t ba
kground.5.1 MC a

eptan
e studies5.1.1 The MC sampleThe ZEUS dete
tor MC simulation for the pro
esses e+p! e+X generated by PYTHIA6.4 and HERACLES 4.6 (to in
lude radiative 
orre
tions) was used where y > 0:5 andQ2 < 5 GeV 2.It in
ludes soft pro
esses (elasti
,di�ra
tive,low Pt non-di�ra
tive) and hard pro
esses(high Pt,dire
t and resolved photon) in the proper weight (Minbiass MSTP(14)=30) todes
ribe earlier data. For the hard pro
esses, CTEQ5D parton densities were used for theproton and GRV-G-96 HO for the photon. The following number of events were generated:
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HER 2,036,485 eventsMER 3,975,986 eventsLER 4,095,646 eventsThe a

eptan
e is de�ned as A = Nre
Ngen where Nre
, Ngen are the number of re
onstru
edevents with some properties and number of generated events, respe
tively. Sin
e we aimmeasuring the W dependen
e of the total photon-proton 
ross se
tion, the events shouldbe generated in appropriate W range.5.1.2 CutsOn the generated level the following 
uts were applied:Q2 < 0:02 GeV 2 (it was originally generated with Q2 < 5 GeV 2)A 
ut on the generated W values, 
orresponding to the de�ned 6 meter tagger's �du
ialvolume (see next se
tion) was made as follows:HER 269 GeV <W< 289 GeVMER 213 GeV <W< 229 GeVLER 190 GeV <W< 204 GeVEvents were 
ounted in generated and re
onstru
tedW (and y) bins. In order to determinethe CAL and CTD a

eptan
es the trigger logi
 was simulated in the MC.The 6 meter tagger and main dete
tor 
omponents' a

eptan
e for elasti
/di�ra
tive 1�0 produ
tion in photoprodu
tion were as well 
al
ulated in a similar way, where thefollowing 
uts were made (in addition to the W range 
ut) on the generated level:Xl > 0:90 < MX < 1:2 GeVwhere Xl = Pzp0Ep and MX is the invariant mass of all �nal state parti
les ex
luding theproton ( M2X = (q + p� p0)2).5.2 First look at the data5.2.1 The data sample2007 e+ data taken with the SIGMATOT_070523 (HER) and STD_070523_SIGTOT_FLtrigger 
on�gurations.1The sample of �0 with a proton-disso
iation is denoted as di�ra
tive �06



HER 3,061,317 eventsMER 9,942,301 eventsLER 11,438,691 events5.2.2 CutsThe third level trigger bit TLT spp07 [8℄ was used.2.5 GeV <6m tagger energy< 9.5 GeV6 mm <X position of hit in 6m tagger< 78 mm-20 mm <Y position of hit in 6m tagger< 20 mmAt �rst, we have 
ompared the total E � Pz distribution in data and MC.(E � Pz)tot = (E � Pz)CAL + 2E6m taggerClear disagreement between data and MC have been seen. Sin
e the CAL is well under-stood, we looked for the di�eren
e in the 6m tagger energy. The 6 meter tagger true energyof the s
attered positron, the MC re
onstru
ted energy, the data re
onstru
ted energy inthe 6 meter tagger, as well as MC 
orre
ted (using polynomial 
orre
tion) re
onstru
tedenergy (meant to better des
ribe the data) were 
ompared. All 4 energies found to bedi�erent. A peak in the energy distributions around 2 GeV is seen. We 
he
ked the Xposition of the hits in the 6mT with energy smaller than 2 GeV. The hits positions that
orrespond to the low energies are mainly on the edges of the tagger as seen in �g. 5.These low energies are explained by leakage of energy - the showers of positrons hittingthe edges of the 6mT are not fully 
ontained in it and therefor only part of their energyis deposited in the tagger. The 6mT pre
ise energy measurement is needed to determineW and therefor a 'safe' volume should have been de�ned. Assuming that the 6mT energyre
onstru
tion method [7℄ (using 5� 5 
ells matrix) won't 
hange, we 
hoosed the volumein the 6mT for whi
h showers will be fully 
ontained -15 mm <X position of hit in 6 meter tagger< 69 mm-12 mm <Y position of hit in 6 meter tagger< 12 mmIn addition, we looked for 
orrelation between energy and position in the 6mT. A 
lear
orrelation is seen in Fig. 8. We have looked at the energy distribution of hits in the 6mTlo
ated in a narrow stripe around the edges of the above de�ned �du
ial volume (shownin �g. 6 and Fig. 7 ). From the mean energy in every stripe y andW values were 
al
ulated.
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6 ResultsThe 6m tagger and the ZEUS main dete
tor 
omponents' a

eptan
es for photoprodu
tionand �0 elasti
/di�ra
tive produ
tion are shown in the following table for the three protonbeam energies. A

eptan
edete
tor 
omponent HER MER LER6m tagger (in �du
ial volume) 0.667 0.664 0.670Calorimeter 0.601 0.603 0.605Tra
king (CTD) 0.681 0.682 0.686Main Dete
tor (CAL+CTD) 0.758 0.759 0.762Full Dete
tor (Main+ 6m tagger) 0.505 0.503 0.510�0 A

eptan
edete
tor 
omponent HER MER LER6m tagger (in �du
ial volume) 0.355 0.356 0.357Calorimeter 0.168 0.170 0.171Tra
king (CTD) 0.125 0.126 0.126Main Dete
tor (CAL+CTD) 0.238 0.240 0.240Full Dete
tor (Main+ 6m tagger) 0.083 0.085 0.085The 6m tagger a

eptan
e for photoprodu
tion was 
al
ulated in addition in y bins andW bins for the three energies and shown in the following tables and �g. 4.W range HER 6m tagger a

eptan
e269.0 < W < 274.0 0.401274.0 < W < 279.0 0.661279.0 < W < 284.0 0.815284.0 < W < 289.0 0.658W range MER 6m tagger a

eptan
e213.0 < W < 217.0 0.408217.0 < W < 221.0 0.676221.0 < W < 225.0 0.823225.0 < W < 229.0 0.636
8



W range LER 6m tagger a

eptan
e190.0 < W < 193.5 0.402193.5 < W < 197.0 0.648197.0 < W < 200.5 0.805200.5 < W < 204.0 0.6706 meter tagger a

eptan
ey range HER MER LER0.715 < y < 0.725 0.338 0.344 0.3460.725 < y < 0.735 0.408 0.414 0.4110.735 < y < 0.745 0.521 0.514 0.5120.745 < y < 0.755 0.622 0.614 0.6180.755 < y < 0.765 0.692 0.702 0.6950.765 < y < 0.775 0.758 0.765 0.7550.775 < y < 0.785 0.811 0.808 0.8180.785 < y < 0.795 0.821 0.825 0.8270.795 < y < 0.805 0.780 0.780 0.7840.805 < y < 0.815 0.663 0.657 0.6580.815 < y < 0.825 0.643 0.643 0.642
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Figure 4: 6m tagger photoprodu
tion a

eptan
e in W bins (upper) and in y bins (lower).7 Con
lusionsThe a

eptan
es of the ZEUS dete
tor for photoprodu
tion and elasti
/di�ra
tive �0produ
tion in photoprodu
tion for the three di�erent proton energies are the same. Thepre
ise determination of the W dependen
e of the 
p 
ross-se
tion is therfore possible.7.1 Future workAs seen in �g. 9 and �g. 10 there is a lot of ba
kground that should be reje
ted. Firsttrials were made to reje
t this ba
kground, but usually some of the good events were 
utout too. The main e�ort will be to �nd 
lever 
leaning 
uts that will reje
t this ba
kgroudwithout loosing good events.8 A
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Figure 5: 6 meter tagger X position for hits with energy < 2 GeV12
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Figure 6: 6 meter tagger true energy for hits with 14.99 mm<X6mtagger<15.01 mm13
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Figure 7: 6 meter tagger true energy for hits with 68.99 mm<X6mtagger<69.01 mm14
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Figure 8: 6 meter tagger true energy vs. 6m tagger true X position15
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Figure 9: (E � PZ)CAL vs. 6 meter tagger re
onstru
ted energy.16
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Figure 10: PCAL energy vs. 6 meter tagger re
onstru
ted energy.17


