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INCLUSIVE PRODUCTION OF FORWARD NEUTRONSAND THE PIONIC CONTENT OF THE NUCLEON�W. S
häfer, N. Nikolaev, J. SpethInstitut für Kernphysik, Fors
hungszentrum Jüli
h GmbHD-52425 Jüli
h, Germanyand A. Sz
zurekH. Niewodni
anski Institute for Nu
lear Physi
sRadzikowskiego 152, 31-342 Kraków, Poland(Re
eived July 13, 2000)We dis
uss a model for the in
lusive produ
tion of forward neutronsin high energy hadroni
 and deep inelasti
 rea
tions based on Regge phe-nomenology. The model in
ludes pion and rho ex
hange as well as a 
ontri-bution from the de
ay of �-resonan
es. The �; �-ex
hanges are taken in thereggeized form. A good des
ription of the rea
tion pp ! nX is a
hieved.The appli
ation to deep inelasti
 s
attering is dis
ussed.PACS numbers: 13.85.Ni, 12.40.NnRe
ent experiments on in
lusive produ
tion of forward baryons in deepinelasti
 s
attering at HERA, utilizing the forward parti
le spe
trometers ofthe ZEUS and H1 
ollaborations [1�3℄, have brought ba
k some attention tosoft peripheral produ
tion me
hanisms in high energy s
attering (for a re
entreview see [4℄). In fa
t, semi-in
lusive produ
tion in deep inelasti
 s
attering
�p! hX (h = p; n;�), 
alls for the in
lusion of non-perturbative produ
-tion me
hanisms. This is based on the simple point, that the QCD hardnesss
ale gradually de
reases from Q2 in the 
urrent (
�) fragmentation regiondown to a soft, hadroni
 s
ale in the proton fragmentation region. Quitenaturally, there must emerge a similarity of the in
lusive baryon spe
tra inhadroni
 and deep inelasti
 rea
tions. Su
h high energy in
lusive pro
essesdominated by soft, nonperturbative intera
tions are su

essfully des
ribed� Presented at the Meson 2000, Sixth International Workshop on Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.(2511)
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e [5℄. Evidently, the
harge ex
hange 
hannel p! n 
ontains a 
ontribution from t-
hannel pionex
hange, whi
h is expe
ted to dominate in a 
ertain kinemati
 range. Theseobservations suggest a simple strategy: the 
ontributions from the relevantex
hanges are �xed from data on in
lusive neutron produ
tion in pp 
olli-sions, and 
an then be used to predi
t the 
orresponding 
ross se
tions indeep inelasti
 s
attering.
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Fig. 1. The me
hanisms for in
lusive produ
tion of forward neutrons. a) pionex
hange, b) ba
kground from (reggeized) �; a2 ex
hanges, 
) neutrons originatingfrom the de
ay of an intermediate �-resonan
e.We �rst give a brief des
ription of forward neutron produ
tion in pp 
ol-lisions. We take three produ
tion me
hanisms into a

ount: the dominantpion ex
hange, ba
kground 
ontribution from the isove
tor ex
hanges �; a2,and, �nally, the produ
tion of neutrons from the de
ay of an intermediate �-resonan
e (see Fig. 1). We in
orporate the distortion of the in
oming protonwaves by the standard methods of the generalized eikonal approximation [6℄.As it was argued in [6℄, we apply the absorptive 
orre
tions only in pp s
at-tering, they 
an be negle
ted in the 
�p-
ase. In view of a possibly largeRegge parameter s=M2X � 1=(1 � z) � 1 (here M2X is the invariant masssquared of the in
lusive system X, z is the fra
tion of the initial proton'smomentum 
arried by the forward baryon), the proper des
ription must in-volve a Regge treatment [7℄. In Fig. 2 we show the p?-integrated spe
trum offorward baryons together with the experimental data as analyzed in [8℄, and�nd a good agreement. We 
learly observe the peak due to pion ex
hangefor 0:7 �< z �< 0:9. The ba
kground 
ontribution from the two step pro
essp ! � ! n is sizeable only for z �< 0:8, whereas � ex
hange takes over forz �> 0:95. This is predi
ted by Regge theory and re�e
ts the fa
t that theinter
ept of the � traje
tory is higher than the one of the pion. A 
aveat isin order: an ex
hange of a reggeized � traje
tory should by no means be 
on-fused with a spin-one parti
le ex
hange. We remind the reader that Regge
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Fig. 2. Invariant 
ross se
tion for the rea
tion pp ! nX as a fun
tion of z forp2? = 0. The long dashed 
urve shows the 
ontribution from the pion ex
hange;the dotted 
urve is the �; a2-ex
hange 
ontribution, and the dashed 
urve showsthe 
ontribution from the two-step pro
ess p! �! n. In addition we present thesum of the two ba
kground 
ontributions as the dot-dashed line. The solid 
urverepresents the sum of all 
omponents. The experimental data are taken from [8℄.phenomenology makes use of the asymptoti
 form of s
attering amplitudesin the kinemati
 region s=M2X � 1 ; s=jtj � 1. Please remember, that in thislimit, and after analyti
 
ontinuation from the �-meson pole at t = m2� tothe physi
al region of negative t, the Regge amplitude di�ers quite stronglyfrom the amplitude for the spin-one parti
le ex
hange (see for instan
e thetextbook [9℄). Indeed, one of the �rm predi
tions of Regge theory is a t-dependent phase of the amplitude, whi
h leads to important 
onsequen
eswhen we want to infer the 
ontribution of a 
ertain in
lusive produ
tionme
hanism to the total 
ross se
tion. While the in
lusive 
ross se
tion is pro-portional to the amplitude squared, jAj2, it is the produ
t of two amplitudes,A � A, that enters the evaluation of the total 
ross se
tion. For �-ex
hangethe phase of the amplitude is su
h, that the 
ontribution to the total 
rossse
tion vanishes [11℄. For pion ex
hange, on the other hand, Reggeizatione�e
ts are negligible: due to the proximity of the pion pole, the departureof ��(t) = �0(t �m2�) ; �0 � 0:7 GeV�2 from J� = 0 is small, and the realpion ex
hange amplitude squared enhan
es the total 
ross se
tion. The pionex
hange me
hanism is thus 
onsistently interpreted in terms of the �N -
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k state de
omposition of the (light
one-)wave fun
tion of the intera
tingnu
leon (see [10℄ and Refs therein). Su
h an interpretation is apparentlymeaningless for the reggeized � ex
hange. In the pra
ti
al 
al
ulation we useform fa
tors of the type F 2�NN (t) = exp[�(R2(t�m2�))2℄ ; R2 = 1:5 GeV�2,di�erent 
hoi
es of the fun
tional form are dis
ussed in [11℄. We note inpassing that the parameters of our model are further 
onstrained by for-ward neutron 
ross se
tions di�erential in p? as well as by forward pionprodu
tion data.Very re
ently preliminary data taken by the ZEUS with their forwardneutron spe
trometer 
ollaboration [3℄ have be
ome available. They further
on�rm the relevan
e of the pion ex
hange in this parti
ular rea
tion. Theexperimental data show all the fa
torization properties typi
al of the parti
leex
hange [3℄. Our model 
orre
tly predi
ts an in
rease of the p2? slope within
reasing z. For z = 0:625 we obtain B = 6 GeV�2, in good agreementwith the preliminary experimental value B = 6� 1:5 GeV�2, for z = 0:8 weget B = 7 GeV�2 theoreti
ally, and B = 8:5 � 1 GeV�2 from experiment.At large z however the model seems to underpredi
t the slope by 20� 25%.We �nally wish to point out, that the pioni
 
ontent of the nu
leon asinferred from our model is 
onsistent [11℄ with the �ndings on the violationof the Gottfried sum-rule [12℄ and gives a good des
ription of the re
entDrell�Yan determination of the �d� �u-asymmetry by the E866 
ollaborationat Fermilab [13℄.Thanks are due to Bill S
hmidke for 
ommuni
ations on the experimen-tal data [3℄. This work has been supported in part by the German�Polishex
hange grant No. POL-98/028.REFERENCES[1℄ ZEUS Collab., M. Derri
k et al., Phys. Lett. B384, 388 (1996).[2℄ H1 Collab., C. Adlo� et al., Eur. Phys. J. C6, 587 (1999).[3℄ W. S
hmidke for H1 and ZEUS Collab., Talk at the 8th Int. Workshop onDeep inelasti
 s
attering and QCD, DIS2000, Liverpool, April 2000.[4℄ A. Sz
zurek, Prog. Part. Nu
l. Phys. 43, 229 (1999).[5℄ A.B. Kaidalov, Phys. Rep. 50, 157 (1979).[6℄ N.N. Nikolaev, J. Speth, B.G. Zakharov, hep-ph/9708290.[7℄ A. Sz
zurek, N.N. Nikolaev, J. Speth, Phys. Lett. 428, 383 (1998).[8℄ W. Flauger, F. Mönnig, Nu
l. Phys. B109, 347 (1976).[9℄ P.D.B. Collins, An Introdu
tion to Regge Theory and High Energy Physi
s,Cambridge 1977.



In
lusive Produ
tion of Forward Neutrons and : : : 2515[10℄ J. Speth, A.W. Thomas, Adv. Nu
l. Phys. 24, 84 (1998).[11℄ N.N. Nikolaev, W. S
häfer, J. Speth, A. Sz
zurek, Phys. Rev. D60, 014004(1999).[12℄ P. Amaudruz et al., Phys. Rev. Lett. 66, 2712 (1991).[13℄ E.A. Hawker et al., Phys. Rev. Lett. 80, 3715 (1998).


