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Abstract

Charged particle production is measured in deep inelastic ep scattefifsg-a25 GeV
with the H1 detector at HERA. The kinematic range of the analysis covershotop vir-
tualities,5 < @2 < 10 GeV?, and medium to high values of inelasticijfy0.35 < y < 0.8.
The analysis is performed in the virtual photon-proton centre-of-mastersy The charged
particle production cross sections is investigated double-differentialljlastion of pseu-
dorapidityn* and transverse momentus in the range) < n* < 3.5 andp}. < 10 GeV.
The data are compared to different phenomenological models.
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1 Introduction

Recently, it was found that the shape of charged particlestrarse momentum distributions
measured in baryon-baryon interactions is distinctlyeddht from that observed in gamma-
gamma interactions [1]. This is an indication for possibléedencee in underlying dynamics
of hadron production for these two types of particle cadiis. At HERA both photoproduction

and DIS processes are mediated by photon exchange, antbtedtgrovides an unique pos-
sibility to study the intermediate case of baryon-photderiactions. Névely one would expect

to observe a change in the hadron production dynamics atateapidities in photon-proton

(v*p) centre-of-mass system.

Due to the strong asymmetry in the beam energies of electrdpi@ton beams at HERA the
previous inclusive hadron production measurements [2]drdd limited access to the central
rapidity region in they*p frame. This region can be studied more easily by using tha dat
collected at reduced proton beam energy and by restridie@vent kinematics to large values
of they*p rest massv/,.,,.

2 Event Selection

2.1 DIS and detector level selection

In 2007 the HERAep-collider has also been run at reduced proton beam enéigy-(460 GeV)
for three months in which the Hlexperiment has collected datresponding to an integrated
luminosity of 12.45 pb~!. These data are used in the present analysis of the chargidepa
spectra shape in thep rest frame.

DIS events are recorded using triggers based on electrostiagenergy deposits in the
SpaCal calorimeter. The trigger efficiency is determinechgishdependently triggered data.
For DIS events the trigger efficiency is determined to be atm0% in the kinematic region
of the analysis. The scattered lepton, defined by the mosgetie SpaCal cluster, is required
to have an energy, larger thars.4 GeV. The kinematical phase space is defined by Q? <
10 GeV*? and0.35 < y < 0.8, corresponding to the geometric acceptance of the SpacCal.

Several cuts are applied to suppress photoproduction bagkd. The electron identifi-
cation selection criteria are designed to have a high efftcsidor the signal while rejecting
significantly the background. A detailed description ofsaeuts can be found elsewhere [3].

2.2 Tracks Selection

The tracks used in the analysis are measured in the cerdckinig detector (CTD). The re-
construction in the central region is based on two drift chara, CJC1 and CJC2. The tracks
are used to define the event vertex. In this analysis onlks$réom the primary vertex are
considered.

In order to provide a higher efficiency of the track reconstian, the following cuts are
applied:
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The transverse momentupa of a track has to be larger thanl2 GeV.

The polar angular range of a track is required t@2be < 6 < 160°.

Tracks are required to have a radial length L (the radiabdise between the first and the
last hit) larger thari0 cm for the full@ range to ensure good momentum resolution.

Starting point of a track is required to be in CJCL1.

2.3 Definition of experimental observables

The results of this analysis are presented imthecentre-of-mass frame, to minimise the effect
of the transverse boost from the virtual photon. The tramsédion to the this frame is recon-
structed with the knowledge of the kinematic variabigsandy. The transverse momentum
and pseudorapidity of charged particles in this frame aoeltd ag’. andn*. In the photon-
proton centre-of-mass frame the pseudorapidity is defirsegl a= In(tan(6*/2)), where*

Is the polar angle of the track with respect to the virtualtohadirection, i.e. the positive*
direction. All hadronic final state particles witff > 0 belong to the current hemisphere, and
all particles withn* < 0 are assigned to the target or proton remnant hemisphere.

The transverse momenta of charged particles are studidekipdeudorapidity region <
n* < 3.5 which is divided into seven equal intervals. This divisiomi-intervals is made
in order to investigate how the charged partigiespectrum changes with* going form the
photon direction to the central fragmentation region.Tdrget regiony* < 0, is not accessible
in this analysis. The transverse momenta of charged pestislmeasured fgr;, > 150 MeV
in order to minimize the influence of the boost to virtual ghweproton centre-of-mass frame.

2.4 Cross Section Definition

The double differential cross section is defined at Bornllbyehe following equation
d20' Nsig

= - RC 1
dpidn*  L-2p%h - Aph-An*-A-e1...¢, @)

whereL is the luminosityAn* andAp:? = 2-p%.- Ap: are the bin widthss, is the efficiency of
a given cuti, A - the acceptance correction measured at the reconstriesteldn the radiative
Monte Carlo (with the initial and final state radiation turneul) to the cross section at the
generator level:
Ny
= = )

rad’
gen

and RC' is a radiative correction factor extracted using the rafithe MC calculated cross
section excluding initial and final state radiation to thatwadiation included:

O.norad

RC = (-jjz —. ©))
gen

The bin-center correction is also performed assuming thetgdo lie in the geometrical
centers ofpr+ bins. The DJANGOH MC was used to correct the data.
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3 Results and Discussions

The measured cross sectidn/dn* for charged particles with’. > 0 GeV is shown in figure 1
together with the predictions DJANGOH and RAPGAP normaligethe data. The shape of
the pseudorapidity distribution is described by Monte Ceatber well.

The double differential cross sectiod%s/dp;?dn* for charged particles are shown in fig-
ure 2 together with the absolute predictions from DJANGOH BAPGAP. The ratio MC over
data is shown in figure 3 applying the same normalisatiorofadb the models predictions as
used in figure 1 independently gf. Although these models provide a rather good description
of the cross section in* (figure 1) they fail to describe the shape of the transverseembum
spectra of the charged patrticles (figure 3).

To study the hadroproduction dynamics we use the approlomathich has been proposed
recently [1]. This approach suggests that the shape of thelpaproductionp’. spectrum
can be described by the sum of an exponential (Boltzmara)-Bkd a power-law statistical

distributions: q A
ag
= Ae exp (_ETkin/Te) + ) ) (4)

prdpy Pr_\N
(1+ )

whereEry;, = /pi? + M? — M with M equal to the produced hadron masis, A, 7,, 7, N
are free parameters to be determined by fit to the data. Fogetidhadron spectra a hadron
mass is assumed to be equal to the pion mass. Detailed artgifoethis particular choice are
given in [1] and a phenomenological explanation of the fdaen{d) has been recently given in
[4]. The parameterisation in equation (4) provides a mudtebdescription of the data than the
one traditionally used [5].

The double differential cross sectiod4r /dp;?dn* are shown for seven* bins in figure 4
together with the fit (4).

The relative contribution of the exponential and power-tawns of the approximation (4)
can be characterised by rati® of the power-law term alone to the parameterisation fumctio
integrated ovep?. The power-law term can be calculated in the following way:

e A . ANT?
———dpy = N_1
0 (1+ Pr )N
T°N
The exponential:
o Epyn o Mo PE AT
A N A
0 0
z=4/pF+m2—m
o WP P

SRt mte

(m + 2)dz = dpy?

/p%Z + m2

m E—
[e'e) co &
Ae/ e e dp? = Ae/ e 1ea(m + 2)dz = A.(2mT, + 2T2).
0 0
3
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Therefore, the relative contributioR can be expressed by the formula:

AnT?

B = T T A, MT, + 272)(n — 1) ®)

In figure 5 the parameters of the fit function and the relatwetcbution R of the power-law
type distribution to the charged particle production spequation (5)) are shown as function
of the charged particle rapidity;{). Close to the virtual photon direction (large values)of
the p’. spectrum can be described by a power-law term only, whileeatral rapidities the
data require a significant exponential (Boltzmann-likejtabution. Moreover, the smalley*
the larger the exponential statistical contribution isuiegd to describe the inclusive charged
particle spectrum. Note, that in the interaction at about the same collision energy as here for
~*p at HERA the data require only abakt% of the power-law type contribution to the charged
particle spectrum measured at central rapidities, whigeréisidualr0% of the particle spectrum
is described by the exponential contribution [1]. Thus, Wweeyve that the particle production
regime changes when particle rapidity values approach b hemisphere in the rapidity
space of DIS events.

4 Conclusion

The first measurement of charged particle production spectep collisions at reduced pro-

ton beam energy,, = 460 GeV with the H1 detector in the virtual photon-proton cerufe
mass frame was performed. The kinematic range of the asatgsers low photon virtualities,

5 < Q% < 10 GeV?, and from medium to high values of inelasticitpy35 < y < 0.8. The
double differential charged particle production crosdisesd?c /dp;?dn* are measured in the
pseudorapidity regiofi < n* < 3.5 in seven equal bins. The measured transverse momentum
distributions show different shape, depending onsthgalue. The Monte Carlo models RAP-
GAP and DJANGOH describe the shape of the cross sectighbnt both fail to describe shape

of the cross sectiod®s /dp;2dn*.

In order to investigate the change in hadroproduction dyosmwith »* the data are ap-
proximated by the recently introduced approach (4). Thisupeterisation provides a much
better description of the experimental data than thosetimadlly used. Moreover, the ob-
served change in the particle production regime when partapidity values approach the
proton hemisphere in the rapidity space of DIS events, iseratvell explained by the newly
introduced qualitative model [4].
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Figure 1: The measured differential cross sectiodo /dn* for inclusive production of charged
particles. Particles with @5 > 0 GeV are considered. The lines represent the normalized
prediction of DJANGOH and RAPGAP respectively.












Figure 5: ContributionR of the power law term and fitted parameters of (4) as functibn o
pseudorapiditys(«). The data points used for the fits included uncorrelatetesyatics.
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