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PRODUCTION OF PROTONS INPHOTOPRODUCTION AT HERA�Dmitry OzerovOn behalf of the H1 CollaborationInstitute for Theoreti
al and Experimental Physi
s, ITEPB. Cheremushkinskaya 25, Mos
ow 117259, Russia(Re
eived July 4, 2002)A measurement of the in
lusive 
ross-se
tion for the photoprodu
tionof protons in the 
entral fragmentation region at HERA is presented. Themeasured 
ross-se
tion is 
ompared with the predi
tion of the PYTHIA MCmodel. The obtained value of the diquark suppression fa
tor in the Lundstring model is di�erent from that obtained in e+e� data. The dependen
eof the 
ross-se
tion as a fun
tion of the transverse massMT is shown to besimilar for di�erent hadrons produ
ed in photoprodu
tion at HERA.PACS numbers: 13.60.Rj, 13.85.Ni1. Introdu
tionProdu
tion of low momentum parti
les in the region away from the beamremnant is a key laboratory to study the non-perturbative e�e
t of hadroni-sation, i.e. the pro
ess of 
onversion of the partoni
 �nal state into hadrons.The la
k of understanding of this phenomenon leads to a huge variety ofphenomenologi
al models, ea
h with a large number of free parameters. Anexample of su
h a model is the Lund string model [1℄ and its implemen-tation in the JETSET Monte Carlo (MC) model [2℄. Comparison of thepredi
tions of this model with a

urate data from the LEP experiments [3℄allows some of the parameters to be pre
isely �xed. It is possible to testthe universality of the fragmentation pres
ription in su
h models, by 
om-paring the predi
tions of the MC, tuned with e+e� data, to the HERA datain photoprodu
tion. In this paper we present a measurement [4℄ of 
en-trally produ
ed low momentum protons and 
ompare the results with the� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3293)
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tions of the PYTHIA MC [2℄. A 
ommon behaviour as a fun
tionof MT = m + pT in the produ
tion 
ross-se
tion for di�erent hadrons ofmass m and transverse momentum pT, produ
ed in photoprodu
tion, is alsodemonstrated.
2. Event sele
tionExperimental data for the analysis were 
olle
ted with the H1 dete
-tor [5℄ during the 1996 running period, in whi
h HERA 
ollided 27.5 GeVpositrons with 820 GeV protons. The data sample 
orresponds to an inte-grated luminosity of 6.0 pb�1.The photoprodu
tion events are identi�ed by a �rst level trigger whi
hrequires energy in the small angle ele
tron tagger and the presen
e in the
entral tra
king 
hamber of several well measured tra
ks whi
h originatefrom the primary vertex. The former requirement restri
ts the kinemati
region to Q2 < 0:01 GeV2 and 0:3 < ye < 0:7, where Q2 is the virtualityof the ex
hanged photon and ye is the inelasti
ity of the s
attered positron.The average 
entre of mass energy of the 
p system is 200 GeV.Ba
kground events 
oming from the intera
tion of beam parti
les withthe residual gas in the beam pipe (beam-gas events) are 
hara
terized bysmall or zero energy deposition in the dire
tion opposite to the dire
tion ofthe in
oming beam parti
le. To suppress su
h ba
kground, only events withenergy deposits greater than 2 GeV in both the forward region of the LiquidArgon Calorimeter and in the ba
kward 
alorimeter SPACAL are a

epted.Charged parti
les are measured in the H1 
entral tra
ker whi
h 
overs thepolar angle range of 22Æ < � < 150Æ, where � is de�ned with respe
t to thein
oming proton dire
tion. dE=dx, the measured spe
i�
 ionization energyloss of the parti
le, is used to identify the protons in the region of higha

eptan
e and resolution, 0:3 < pT < 0:55 GeV and �0:3 < y < 0:3,where pT is the transverse momentum relative to the beam-line and y is therapidity of the parti
le.The main sour
e of the ba
kground is the produ
tion of se
ondary pro-tons by parti
les from ep 
ollision, intera
ting in the beam pipe and othermaterial in front of the tra
k 
hambers. In order to estimate the yield ofsu
h protons the distribution of 
losest approa
h (DCA) of the tra
k to theprimary vertex is analyzed. For ba
kground protons this distribution is �at,in 
ontrast to the shape for protons and anti-protons from ep intera
tion,see Fig. 1. This ba
kground is subtra
ted on a statisti
al basis.
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Fig. 1. DCA distribution for (a) identi�ed anti-protons and (b) identi�ed protons.3. ResultsThe measurement is made in the laboratory frame of referen
e and ispresented as an average 
ross-se
tion E d3�d3p for photoprodu
tion of protonsand anti-protons, i.e. as half the sum of the 
orresponding proton and anti-proton 
ross-se
tions. Here E and p are the proton1 energy and momentum,respe
tively. This 
ross se
tion is shown as a fun
tion of the proton trans-verse momentum pT and rapidity y in Fig. 2. The errors are the quadrati
sum of the statisti
al and systemati
 un
ertainties. The systemati
 
ompo-nent is dominant. Using the MC simulation, the resulting 
ross-se
tions are
orre
ted for the a

eptan
e 
uts dis
ussed in the previous se
tion (
uts onthe energy in forward and ba
kward part of the H1 
alorimeters and on thenumber of tra
ks 
oming from the primary vertex).The measured 
ross-se
tion is 
ompared with the PYTHIA MC model [2℄predi
tion, in
luding the GRV-LO proton and photon parton densities [6℄.In this model Leading Order (LO) QCD matrix elements are used to des
ribethe hard s
attering pro
esses, while parton shower algorithms produ
e initialand �nal state parton radiation. Multiple soft and hard parton intera
tionsare also simulated. For the hadronisation step the Lund string model [1℄, asimplemented in JETSET 7.4 [2℄, was utilized.1 Hen
eforth proton is used to designate both proton and anti-proton.
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Fig. 2. The measured photoprodu
tion 
ross-se
tion E d3�d3p as a fun
tion of (a)transverse momentum pT and (b) rapidity y, in the region of 0:3 < pT < 0:55 GeVand �0:3 < y < 0:3. The 
ross-se
tion represents half of the sum of protons andanti-protons in
lusively produ
ed. The predi
tion of the PYTHIA model is shownwith two di�erent values of the diquark suppression fa
tor, 0.1 (upper 
urve) and0.05 (lower 
urve).The yield of baryons produ
ed during the hadronisation in the Lundstring model is proportional to the amount of diquark states 
reated in the
olor �eld. Thus the most important parameter of this model related to theprodu
tion of protons is the diquark suppression fa
tor whi
h determines theprobability of produ
ing a (qq; �q�q) pair relative to the (q; �q) pair in the 
olor�eld. Results from e+e� 
ollisions at LEP favor a value of approximately0.1 [3℄ for this parameter.The PYTHIA MC model with the e+e�-derived value of 0.1 overshootsthe data (Fig. 2), although it provides a fair des
ription of the shape of thespe
tra. With the parameter value 0.05 both the shape and yield are welldes
ribed. This 
ould indi
ate the absen
e of universality of baryon produ
-tion within this model approa
h. More detailed studies of the produ
tionof di�erent hadrons over a wider range a phase spa
e than 
overed in thiswork are required in order to further understand this phenomenon.4. Other identi�ed parti
lesThe present measurement of the in
lusive proton 
ross-se
tion adds anew point to the series of measurements on in
lusive hadron produ
tionin photoprodu
tion at HERA. Previous data on the produ
tion of long-lived low mass hadrons �� [7, 8℄, K0, �0 [9℄ and the 
harmed mesons D�+
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tion at HERA 3297and Ds [10, 11℄ are available. In the following we 
ompare these 
ross-se
tions with the present new measurement of protons. For this 
omparisonwe 
onvert the published data points to di�erential 
ross-se
tions E d3�d3p ,
orre
ting for the �ux of the photons [12℄ where ep 
ross-se
tions are given.The pion data are re
al
ulated from the measured 
harged parti
le spe
trataking into a

ount a 17% admixture of 
harged kaons and protons to thesespe
tra. In the 
omparison for di�erent hadrons the 
ross-se
tions are givenfor one isospin proje
tion and are 
orre
ted for the parti
le spin.
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Fig. 3. Photoprodu
tion 
ross se
tion E d3�d3p for di�erent hadrons as a fun
tion of(a) transverse momentum pT and (b) transverse massMT (= m+pT), in the 
entralrapidity region as measured in the laboratory frame of referen
e. The 
ross-se
tionsare given for one isospin and 
orre
ted for the spin.In Fig. 3(a) these 
ross-se
tions are plotted as a fun
tion of the trans-verse momentum pT. The individual parti
le 
ross-se
tion 
learly dependsstrongly on the spe
i�
 hadron mass. It was shown in lepton�hadron [7℄and hadron�hadron [13℄ 
ollisions that the pT-dependen
e of the hadron
ross-se
tions is well des
ribed by a power-law behavior A(p0 + pT)�n. Ine+e� 
ollisions, on the other hand, the produ
tion rates of hadrons are de-termined only by the parti
le spins, isospins and masses [14℄. We replotin Fig. 3(b) our 
ross-se
tion data as a fun
tion of the modi�ed transversemassMT (= m+pT, where m is the parti
le mass). The data show that the
ross-se
tions for di�erent hadrons produ
ed in the photoprodu
tion regimeat HERA have similar behaviour as a fun
tion of this variable.In summary, we have presented a measurement of the produ
tion of pro-tons in photoprodu
tion at HERA, performed in the 
entral rapidity regionand at low proton momentum. The PYTHIA MC model only des
ribesthe normalisation of the 
ross se
tion if the model parameter (diquark sup-pression fa
tor) is a fa
tor of 2 smaller than the value obtained from e+e�
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ollisions. The 
ross-se
tions for di�erent hadrons produ
ed in photopro-du
tion at 200 GeV are shown to have similar behaviour as a fun
tion ofm+ pT.I would like to thank Gra»yna Nowak and the whole lo
al organizing
ommittee for the kind hospitality and for the high level of organization ofthis very fruitful workshop. I wish to a
knowledge Jan Olsson and PaulRi
hard Newman for the 
areful reading of the manus
ript and for usefuldis
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