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Abstract

Data from leading baryon production at HERA are presentedccam-
pared to models. Standard string fragmentation modelsaionnot
describe the data; models including also baryon productiawirtual
meson exchange give a good description of the data. Exchande
els accounting for absorption describe )&evolution of the data. In
the exchange picture, leading neutron data are used taceiigpion
structure function.

1 Introduction

Events with a baryon carrying a large fraction of the protearh energy have been observed in
ep scattering at HERA [1]. The dynamical mechanisms for theddpction are not completely
understood. They may be the result of hadronization of tbéoprremnant, conserving baryon
number in the final state. Exchange of virtual particles & @xpected to contribute. In this
picture, the target proton fluctuates into a virtual mesarytn state. The virtual meson scatters
with the projectile lepton, leaving the fast forward baryothe final state. Leading neutron (LN)
production occurs through the exchange of isovector pestionotably ther™ meson. For leading
proton (LP) production isoscalar exchange also contrfyutecluding diffraction mediated by
Pomeron exchange. In the exchange picture, the crossrséotisome process iep scattering
with e.g. LN production factorizes:

Oep—enX = fw/p(xln t) *Oer—eX-

Here f,, is the flux of virtual pions in the proton;;, = E,/E, is the fraction of the proton
beam energy carried by the neutron, anslthe virtuality of the exchanged pion.

The H1 and ZEUS experiments at HERA measured leading baigateep inelastic scat-
tering and photoproduction events. Leading protons werasored with position sensitive de-
tectors placed along the proton beam downstream of thettten point. Leading neutrons were
measured with lead-scintillator calorimeters at the zd¥gree point after the proton beam was
bent vertically; magnet apertures limited neutron detectd scattering angles less than 0.75
mrad.

2 Leading neutron production and models

Figure 1 shows the LN, distribution (left) andp?. distributions in bins ofry, (right). Thezy,
distribution rises from lowest;, because of the increasing. range due to the angle limit, and
then falls to zero at the kinematic limit;, = 1. Thep?. distributions are well described by ex-
ponentials; thus the parameterizati®iv /dx 1, dp3 o a(z 1) exp(—b(xy)p%) fully characterizes
the two dimensional distribution.
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Fig. 1: Left: LNz, distribution. Right: LNp?2. distributions in bins of:;,. The lines are the result of exponential fits.

The left side of Fig. 2 shows the LIN;, intercepta and slopeb distributions compared
to several models. The standard fragmentation models imgiéed in RPGAP and LEPTOdO
not describe the data, predicting too few neutrons, coraeat at lowerr,, and slopes too small
and independent of;. The LEPTO model with soft color interactions gives a fair description
of the x, distribution and overall rate, but also fails to describe sfopes. The RPGAP model
mixing standard fragmentation and pion exchange givestarbaéscription of the shape of the
xp, distribution, and also predicts the rise of the slopes with although both with too high
values. The right side of Fig. 2 shows thg distribution with an optimized mixture of standard
fragmentation and pion exchange; the agreement with tlzeislaery good.

3 Leading proton production and models

Figure 3 shows the, distribution for leading protons and neutrons in the sameaange. If
LP production proceeded only through isovector exchangeNaproduction must, there should
be half as many LP and LN. The data instead has approximatete tas many LP as LN.
Thus, exchanges of particles with different isospins sucis@ascalars must be invoked for LP
production.

The left side of Fig. 4 shows a comparison of thePdistributions anch?. exponential
slopesb to the DiANGOH and RaPGAP Monte Carlo models incorporating standard fragmenta-
tion or soft color interactions, none of which describe théad The right side of Fig. 4 shows
a comparison to a model including exchange of both isovexidrisoscalar particles, including
the Pomeron for diffraction [2]. These exchanges combirgivie a good description of the the
xp, distribution and slopes.
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Fig. 2: Left: LN z, intercept and slope distributions compared to models.hiRigN z;, distribution with an
optimized mixture of exchange and fragmentation models.

4 Absorption of leading neutrons

The evidence for particle exchange in leading baryon prisgluenotivates further investigation
of the model. One refinement of the simple picture describgtié introduction is absorption,
or rescattering [3]. In this process, the virtual baryomw &satters with the projectile lepton. The
baryon may migrate to lowet;, or higherpy such that it is outside of the detector acceptance,
resulting in a relative depletion of observed forward basyo The probability of this should
increase with the size of the exchanged photon. The sizeegfhibton is inversely related to its
virtuality @2, so the amount of absorption should increase with decrgdgin

The left side of Fig. 5 shows the LN;, spectra for photoproductior¢ ~ 0) and three
bins of increasingl?. The yield of LN increases monotonically with?, in agreement with
the expectation of the decrease of loss through absorpsi6}? aises. The right side of Fig. 5
shows photoproduction data with two predictions from medlexchange with absorption [4].
The dashed curve model incorporates pion exchange withr@isg accounting also for the
migration inz;, andpp of the neutron. The solid curve model include the same effextding
also exchange gf andas mesons. Both models give a good description of the largeetieplof
LN in photoproduction relative to DIS seen in the left sidelaf figure.

5 Pion structure function

Analogous to the inclusive proton structure functiBn(Q?, =), one can define an LN tagged
semi-inclusive structure functiof¥" (Q?,z,z,), including also the dependence on the LN
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Fig. 3: LP and LNz, distributions forp2. < 0.04 GeV2.

energy. The left side of Fig. 6 shows the ratios" / F» as a function of)? in bins ofz andx7,.
Here 7V are the measured values from LN production in DIS and theegaddiF, are obtained
from the H1-2000 parameterization [5]. For fixed the ratios are almost flat for allr, Q?)
implying that £V and F;, have a similar(z, Q%) behavior. This result suggests the validity of
factorization, i.e. independence of the photon and theopregrtices. The statistical precision of
the data precludes sensitivity to absorptive effects azudiged in the previous section.

Based on the assumption that at high LN production is dominated by the pion ex-
change mechanism, the measurementpt’ can provide important information about the pion
structure. The quark and gluon distributions of the pionehpreviously been constrained us-
ing Drell-Yan and direct photon production data obtainedrpyscattering experiments and are
limited to highz valuesz > 0.1.

Using the measurement MZLN(3) for 0.68 < zp < 0.77, and the integral over of the
pion flux factor at the center of this;, range,I'y = [ f/,dt = 0.131, one can estimate the
pion structure function at low Bjorken— Assuming that the Regge model of leading neutron

production is valid, the quantity“zLN ®) /T can be associated to the structure function of the

pion. The right side of Fig. 6 shOV\EZLN(g’)/FW as a function ofs = z/(1 — z,) for fixed
values ofQ%. The results are consistent with a previous ZEUS measutefégrwhere two
extreme choices of the pion flux were used to extfgft The data are compared to predictions
of parameterizations of the pion structure function [7].eTtheasurements are also compared
to the H1-2000 parameterization of the proton structuretion [5] which is multiplied by the
factor 2/3 according to naive expectation based on the nuofb&lence quarks in the pion and
proton respectively. The distributions show a steep rigk décreasings, in accordance with the
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Fig. 4: Left: LPz, distribution and exponential slopes compared to standaghfentation models. Right: LPr,
distribution and exponential slopes compared to a modekpurating isoscalar and isovector exchanges.

pion and the proton structure function parameterizatiornse scaled proton structure function
gives the best description of the data. In absolute vallesptesented data are slightly below
the expectations, suggesting that additional phenomixesalsorption, may play a role.
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Fig. 5: Left: LN z, distributions for photoproduction and three bins@f in DIS. Right: LNz, distributions for
photoproduction compared to exchange models includingrpbige effects.

£ 5 L
F, (Q%xx)IF,(Q%x) H1 Preliminary (HERA-II) LN(3)(XL 073/, . =0131
X =037 x =046 x =055 x =064 x =073 x =082 x =091 n
X
01f iF = F E = = o
£ E E E E S Q=11
O N I 50 I 1121 E i X
9910° o F I} ﬁ} LEE SR A . el
£ E E E E 3533
I | S N | N NP | A SN | S NN | RN | A Ml NG
01f 5 E E E E F F H
3 [ i3 £ £ £ o
4607 b i ifHEI; T e ) 02 bml vl w02 bmd il
o o o E o 833343 10° 107 107 10° 107
S R T S SRR | S AP S PN | SN NN | N NN T M| 8 8
o1F E E E E E E
Eos3st F E E E [
N Fea®itl | o5 E E E
2.2x10 oosf- j;] HI THIEII j_;i;ii Fartss, oetegs [ 06 -
o o o o H r
! f f | f f | el t
oaf a = = £ b b 04 -
. [3588 E E F
10x10°  p 3 Fastt 5085 Fagss [
005 S R = b L I =TT 02 bml vvid v cd 02 bl vl o)
! f f | f f | kb 10° 107 10* 10° 107
oif 3 3 3 3 3 3 b g
4 g E E
LR L I N T R N H1 Preliminary
E E E 3
1 | i | i || | 7 |} 1 i * H1data (prelim.)
. 01 E E = = E E HERA-II
2240 fus s . F L. . 3 — 2/3F, H12000
N
35 -- GRV-TLO (revisited)
bt bk ok B B b G ETE
102 102 102 102 102 102 2 ABFKW-1tSet 1 NLO

10
Q° (Gev?)

Fig. 6: Left: Ratio of semi-inclusive LN to inclusive struce functions as a function ad? in bins of z and .
Right: Extracted pion structure function as a functiornsof z/(1 — x1) in bins of Q2. The curves are the proton
structure function scaled by 2/3 and two parameterizatimsgd on Drell-Yan and direct photon production data.



