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AbstratThe dependene of the total photon-proton ross-setion on the enter-of-mass en-ergy W an be desribed at high energies as W Æ, where Æ � 0.16. Using the reentruns of HERA with three di�erent proton energies, an attempt is made to perform apreision measurement of Æ using ratios of ross-setions at di�erent W values. Theaeptanes of the ZEUS detetor for photon-proton interations were studied withthe ZEUS detetor Monte Carlo simulation for the three di�erent proton energiesand found to be the same.
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1 IntrodutionDonnahie and Landsho� [1℄ showed that all hadron-hadron total ross setions an bedesribed 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 proess dependent onstants, W is the hadron-hadron enter-of-massenergy, and �P (0) (�R(0)) are the Pomeron (Reggeon) trajetory interepts. The �rstmeasurement of the total p ross setion at HERA [2℄ showed that also the total photo-prodution ross setion has a similar W dependene. Further measurements of �tot(p)at HERA [3℄ redued the statistial error but the systemati error remained too large fora preise determination of the W dependene of the ross setion. Reently, just beforethe losing of the HERA ollider , runs with di�erent proton energies were taken, keepingthe eletron energy onstant. This opened up the possibility to determine preisely thepower of the W dependene by measuring the ratios of ross setions, where muh of thesystemati error anels out.The purpose of this projet was to study the aeptanes of the ZEUS detetor forphotoprodution events using the PYTHIA Monte-Carlo (MC) [4℄, in order to hek 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 rejetion of bakground.2 Conept of measurementThe total photon-proton ross-setion has a power dependene on W [5℄ �tot(p) / W Æ.Knowing W (from the sattered positron energy, E 0e) and measuring �tot(p), one andetermine Æ. Using the ratio of the ross-setions measured for di�erent W values (i.e.proton beam energies), the determination of Æ will be more preise, beause the systematiunertainty will anel. �1�2 = �W1W2�Æ :� = NAL where A, L and N are the aeptane, luminosity and number of measured events,respetively. If the aeptanes for the three di�erent W values are the same, they willbe aneled in the ratio.3 Experimental detailsDuring few months prior to its shut-down, the Hadron Eletron Ring Aelerator (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 detetor trigger system espeially on�gured to ollet events of thereation e+p! e+p! e+X. The energy of the sattered positron was measured in the6 meter tagger. The ZEUS Calorimeter (CAL) and Central Traking Detetor (CTD)(see Fig. 1) are well desribed elsewhere [6℄ and therefor their desription will be skippedin this report.

Figure 1: The ZEUS main detetorThe 6 meter tagger [7℄ is a 84 � 24 � 100 mm3 spaghetti alorimeter that onsistsof 70 ells ordered in 5 rows and 14 olumns and loated 5.7 m from the interationpoint in the bakward diretion, in one of the HERA magnets, as shown in Fig. 2. Themagneti �eld of the HERA magnet, in whih the 6 meter tagger is loated, drives the low-angle sattered positrons to the tagger. The tagger was used for tagging photoprodutionevents as well as to determine the aeptane of the luminosity system loated 107 m downthe beam-pipe in the bakward diretion. The luminosity system onsists of a PhotonCalorimeter (PCAL) and a Spetrometer (SPEC). It was used to absorb photons fromthe Bethe-Heitler proess ( e+p ! e+p) used to determine the ZEUS detetor gatedluminosity. 3
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Figure 2: The 6 meter tagger4 KinematisThe event kinematis may be desribed in terms of Lorentz-invariant variables: the photonvirtuality, Q2, and the event inelastiity, y, de�ned byQ2 = �q2 = �(k � k0)2and y = p � qp � k ;where k, k0 and p are the four-momenta of the inoming positron, sattered positron andinident proton, respetively (see Fig. 3 ). The square of the photon-proton enter-of-massenergy is given by W 2p = (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 ;Wp = 2pEeEpy :4
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Pp PFigure 3: Feynman diagram desribing the proess e+p! e+XEe, E 0e and Ep are the energies of the inoming positron, sattered positron and inidentproton, respetively, and � is the positron sattering angle with respet to the initialpositron diretion.5 AnalysisThe analysis is divided into two parts. First, the aeptanes of the ZEUS detetor forphotoprodution events were studied for the three di�erent proton energies. Later on thedata are looked at in attempt to rejet bakground.5.1 MC aeptane studies5.1.1 The MC sampleThe ZEUS detetor MC simulation for the proesses e+p! e+X generated by PYTHIA6.4 and HERACLES 4.6 (to inlude radiative orretions) was used where y > 0:5 andQ2 < 5 GeV 2.It inludes soft proesses (elasti,di�rative,low Pt non-di�rative) and hard proesses(high Pt,diret and resolved photon) in the proper weight (Minbiass MSTP(14)=30) todesribe earlier data. For the hard proesses, 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 aeptane is de�ned as A = NreNgen where Nre, Ngen are the number of reonstruedevents with some properties and number of generated events, respetively. Sine we aimmeasuring the W dependene of the total photon-proton ross setion, 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 �duialvolume (see next setion) 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 reonstrutedW (and y) bins. In order to determinethe CAL and CTD aeptanes the trigger logi was simulated in the MC.The 6 meter tagger and main detetor omponents' aeptane for elasti/di�rative 1�0 prodution in photoprodution were as well alulated 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 partiles exluding 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-dissoiation is denoted as di�rative �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. Sine the CAL is well under-stood, we looked for the di�erene in the 6m tagger energy. The 6 meter tagger true energyof the sattered positron, the MC reonstruted energy, the data reonstruted energy inthe 6 meter tagger, as well as MC orreted (using polynomial orretion) reonstrutedenergy (meant to better desribe the data) were ompared. All 4 energies found to bedi�erent. A peak in the energy distributions around 2 GeV is seen. We heked the Xposition of the hits in the 6mT with energy smaller than 2 GeV. The hits positions thatorrespond 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 preise energy measurement is needed to determineW and therefor a 'safe' volume should have been de�ned. Assuming that the 6mT energyreonstrution method [7℄ (using 5� 5 ells matrix) won't hange, we hoosed the volumein the 6mT for whih 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 learorrelation is seen in Fig. 8. We have looked at the energy distribution of hits in the 6mTloated in a narrow stripe around the edges of the above de�ned �duial volume (shownin �g. 6 and Fig. 7 ). From the mean energy in every stripe y andW values were alulated.
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6 ResultsThe 6m tagger and the ZEUS main detetor omponents' aeptanes for photoprodutionand �0 elasti/di�rative prodution are shown in the following table for the three protonbeam energies. Aeptanedetetor omponent HER MER LER6m tagger (in �duial volume) 0.667 0.664 0.670Calorimeter 0.601 0.603 0.605Traking (CTD) 0.681 0.682 0.686Main Detetor (CAL+CTD) 0.758 0.759 0.762Full Detetor (Main+ 6m tagger) 0.505 0.503 0.510�0 Aeptanedetetor omponent HER MER LER6m tagger (in �duial volume) 0.355 0.356 0.357Calorimeter 0.168 0.170 0.171Traking (CTD) 0.125 0.126 0.126Main Detetor (CAL+CTD) 0.238 0.240 0.240Full Detetor (Main+ 6m tagger) 0.083 0.085 0.085The 6m tagger aeptane for photoprodution was alulated 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 aeptane269.0 < 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 aeptane213.0 < W < 217.0 0.408217.0 < W < 221.0 0.676221.0 < W < 225.0 0.823225.0 < W < 229.0 0.636
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W range LER 6m tagger aeptane190.0 < 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 aeptaney 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

9



W [GeV]
270 272 274 276 278 280 282 284 286 288

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

6m Tagger acceptance in W bins (HER)6m Tagger acceptance in W bins (HER)

W [GeV]
214 216 218 220 222 224 226 228

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

6m Tagger acceptance in W bins (MER)6m Tagger acceptance in W bins (MER)

W [GeV]
190 192 194 196 198 200 202 204
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

6m Tagger acceptance in W bins (LER)6m Tagger acceptance in W bins (LER)

y
0.72 0.74 0.76 0.78 0.8 0.82

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

6m Tagger acceptance in y bins (HER)6m Tagger acceptance in y bins (HER)

y
0.72 0.74 0.76 0.78 0.8 0.82

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

6m Tagger acceptance in y bins (MER)6m Tagger acceptance in y bins (MER)

y
0.72 0.74 0.76 0.78 0.8 0.82

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

6m Tagger acceptance in y bins (LER)6m Tagger acceptance in y bins (LER)

Figure 4: 6m tagger photoprodution aeptane in W bins (upper) and in y bins (lower).7 ConlusionsThe aeptanes of the ZEUS detetor for photoprodution and elasti/di�rative �0prodution in photoprodution for the three di�erent proton energies are the same. Thepreise determination of the W dependene of the p ross-setion is therfore possible.7.1 Future workAs seen in �g. 9 and �g. 10 there is a lot of bakground that should be rejeted. Firsttrials were made to rejet this bakground, but usually some of the good events were utout too. The main e�ort will be to �nd lever leaning uts that will rejet this bakgroudwithout loosing good events.8 AknowledgmentsI would like to thank my supervisors, Prof. Aharon Levy and Prof. Halina Abramowiz, fortheir help and advie, Prof. Allen Caldwell and Dr. William Shmidke, for their advie anddisussions on this study and Dr. Monia Turato, Julia Grebenyuk, and Thorben Theedtfor their help. Finally I would like to thank DESY for the opportunity to partiipate inthe summer students program. 10
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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 reonstruted energy.16
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Figure 10: PCAL energy vs. 6 meter tagger reonstruted energy.17


