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LEADING NEUTRON PRODUCTIONAND F �2 AT HERA�Kerstin Borrasfor the H1 and the ZEUS CollaborationDeuts
hes Elektronen-Syn
hrotron, Notkestr. 89, 22603 Hamburg, Germany(Re
eived September 16, 2002)New results on leading neutron produ
tion at HERA are presented for
ross se
tions in photoprodu
tion, in deep inelasti
 s
attering and in anintermediate Q2 range. The data with medium to high photon virtualityare presented in terms of stru
ture fun
tions. Vertex fa
torization is testedfor the semi-in
lusive leading neutron data, as well as for events with adijet system in the �nal state.PACS numbers: 13.60.Rj, 14.40.Aq1. Introdu
tionThe study of ep s
attering events with a leading baryon at HERA has theaim of determining the produ
tion me
hanisms that lead to the formationof leading protons or neutrons. One possible produ
tion me
hanism is One-Pion-Ex
hange (OPE) as depi
ted in Fig. 1 for the produ
tion of neutrons.An important issue is a possible violation of fa
torization. Vertex fa
toriza-tion 
an be expressed with two hypotheses (see Fig. 1 for illustration):(a) the rate of produ
ed neutrons is independent of the type of the parti
leat the upper vertex;(b) the 
ross se
tion dependen
e on the baryon variables, xL and t or pTof the leading neutron, is independent of the parti
le produ
tion andthe kinemati
 variables at the photon vertex.The experiments H1 and ZEUS have ea
h installed a dedi
ated 
alorime-ter (FNC) along the beam line in the dire
tion of the outgoing proton to� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3219)
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Photon vertexlepton variables:Q2, x, W , y*+Proton vertexleading baryon variables:xL � z = En=Ept = (n� p)2 = �p2TxL � m2n(1�xL)2xLFig. 1. Kinemati
 variables in ep 
ollisions and illustration of vertex fa
torization.measure leading neutrons. The analysis 
uts in the baryon variables are:xL > 0:2 (ZEUS semi-in
lusive data) or xL & 0:5 (H1 dijet data) andfor both pT < (0:66xL) GeV from the restri
tion in the s
attering an-gle �n < 0:8 mrad. Vertex fa
torization tests are performed by measure-ments in three di�erent regions of photon virtuality Q2: photoprodu
tion
p (Q2 < 0:02 GeV2), low Q2 (0:1 GeV2 < Q2 < 0:74 GeV2) and DIS(Q2 > 4 GeV2).2. Cross se
tion ratios and fa
torizationThe ZEUS Collaboration looked at semi-in
lusive 
ross se
tion ratiosrLN(3)(xL; x;Q2) = NLN(xL; x;Q2)N(x;Q2) 1"LN = FLN(3)2 (xL; x;Q2)F2(x;Q2) (1)by measuring [1℄ the number of events with a leading neutron, 
orre
ted forFNC a

eptan
e ("LN), and dividing by the total number of events with noFNC requirement as a fun
tion of the variables xL, x and Q2. The results arepresented by integrating over the available phase spa
e in p2T. The advantageof this ratio method is the near 
omplete 
an
ellation of systemati
 errorssu
h as, for example, the luminosity measurement. In Fig. 2 the ratio isshown as a fun
tion of xL for the three di�erent Q2 ranges of 
p, low Q2and DIS on the left side and on the right side for di�erent Q2 ranges inthe DIS regime. In 5%�15% of the events a leading neutron appears in theforward dire
tion. The general behavior as a fun
tion of xL is similar for allQ2 values: an in
rease with rising xL, whi
h is mostly due to the in
reaseof a

eptan
e in pT, and a rapid de
rease towards the kinemati
 limit.
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0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1Fig. 2. Ratio of leading neutron events to all events as a fun
tion of xL for di�erentQ2 ranges.The vertex fa
torization hypotheses 
an be tested using these neutronspe
tra. A

ording to hypothesis (a) the 
ross se
tion for leading neutronprodu
tion relative to the total 
ross se
tion should be the same in 
p andin pp intera
tions. In 
omparisons both ratios as a fun
tion of xL for p2T = 0show the same shape [1℄, whi
h is des
ribed by an OPE-parameterizationbeing valid for � ex
hanges dominating at larger xL values. However, innormalization, the 
p data lie a fa
tor of approximately two below the ppdata [1℄, whi
h is a strong fa
torization breaking.The hypothesis (b) was tested with HERA data alone by looking at theratio as a fun
tion of xL for di�erent values of Q2, x, W and y [1℄. In Fig. 2the rate in the range 0:64 < xL < 0:82 for example rises from 
p to DIS byapproximately 20%, whi
h means a mild violation of vertex fa
torization.This 
ould be attributed to absorptive e�e
ts: in the 
ase of DIS the photonis point-like while in 
p the quasi-real photon is more hadron-like and re-s
attering pro
esses of the leading neutron are possible. Similar e�e
ts aremeasured in events with leading protons [2, 3℄.3. Stru
ture fun
tionsIn the DIS regime the ratio shows only a very weak dependen
e on xand Q2 [1℄. This �atness of the ratio means a

ording to equation (1) thatFLN(3)2 and F2 have very similar x and Q2 dependen
es. In fa
t the unfoldedFLN(3)2 is well des
ribed by a s
aled F2 parameterization [1℄. FLN(3)2 has beenanalyzed also in the restri
ted range pT < 0:2 GeV for the two xL values0.3 and 0.7 as published by the H1 Collaboration [4℄. While the shapes ofthe measured 
urves are similar for both xL ranges, the normalization onlyagrees for xL = 0:7.



3222 K. BorrasIn order to determine the pion stru
ture fun
tion, FLN(3)2 is separatedinto a �-�ux and F �2 . The �-�ux is poorly 
onstrained and several para-meterizations are available. To deal with this large un
ertainty two extremepossibilities were 
hosen [1℄. They di�er by approximately a fa
tor of twoand en
ompass the results of other models. In one normalization an e�e
tive�ux has been used that is taken from hadron s
attering data. It is displayedin Fig. 3 on the left side. The measured F �2 is well des
ribed by a s
aled F2parameterization, whi
h reveals a 
lear similarity of the pion stru
ture withthe proton stru
ture in the measured kinemati
 range. Only at larger Q2the data lie above the parameterization. The parameterization for F �2 fromGlü
k et al. (GRV) shows a similar shape, but is too high in normalization.Using the se
ond normalization �xed by the Additive Quark Model for thedata leads to an agreement in normalization for F �2 �GRV (Fig. 3, right side).Also here the data are slightly higher than the model at higher Q2 values.Another F �2 model from Sutton et al. (SMRS) does not des
ribe the dataeither in shape or in normalization.
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-2Fig. 3. F �2 
al
ulated with an e�e
tive OPE-�ux (left) and the Additive QuarkModel (right) as a fun
tion of x� with x� = x=(1� xL).4. Dijets with leading neutronsThe One-Pion-Ex
hange pi
ture has been tested with leading neutrondata by the H1 Collaboration [5℄ by studying events 
ontaining two jets inthe hadroni
 �nal state. The energy spe
trum of the leading neutrons is 
om-patible with Monte Carlo simulations of pion ex
hanges for 
p (POMPYT)and DIS (RAPGAP) for neutron energies 
orresponding to xL & 0:5. Using



Leading Neutron Produ
tion and F �2 at HERA 3223the jet information, the momentum fra
tion of the s
attered parton insidethe ex
hanged pion, x�, 
an be 
al
ulated. The di�erential 
ross se
tionas a fun
tion of x� has been measured and 
ompared to simulations withdi�erent pion stru
ture fun
tions. Data and simulations agree within thesystemati
 errors. Corresponding results have been published by the ZEUSCollaboration [6℄.For these dijet data, the ratio of events with a leading neutron to allevents has also been analyzed and is shown in Fig. 4 as a fun
tion of Q2.Within the experimental un
ertainties there is no eviden
e for any breakingof fa
torization.
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Fig. 4. Ratio of leading neutron dijet events to all dijet events as a fun
tion of Q2.It is my pleasure to thank my ZEUS and H1 
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