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Do the E866 Drell-Yan data change our picture of the chiral structure of the nucleon?
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We reexamine the evaluation of the pionic mechanism of thed asymmetry in the proton structure
function. Our analysis is based on the extended AGK unitarity relation between contributions of different
mechanisms to the inclusive particle production and the total photoabsorption cross §egtitime proton
structure function We reanalyze the role of isovector Reggeons in inclusive production of nucleons and Delta
isobars in hadronic reactions. We find a rather large contribution of Reggeon-exchange induced production of
Delta isobars. This leaves much less room for the pion-exchange induced mechamspraduction and
provides a constraint on theNA form factor. The production of leading pions in proton-proton collisions at
CERN puts additional constraints on th@&lN vertex form factors. An extension of the AGK rules to Reggeon
exchange suggests a negligible contribution to the proton structure function from DIS off the exchaaged
Reggeons. All these constraints are used then to estimate the pion content of the nucleon and allow us to
calculate parameter-free tixedependence of —u. We discuss the violation of the Gottfried sum rule ahd
—Uasymmetry and compare it to the one obtained from the E866 experiment at Fermilab. We estimate the
background to the pion structure function being determined by the ZEUS and H1 Collaborations at DESY
HERA from leading neutron experimenf{§0556-282(199)03311-]

PACS numbg(s): 13.85.Ni, 13.60.Hb

I. INTRODUCTION Reggeization effects are negligible.

Besides the pion vertex parameters, thed asymmetry
The violation of the Gottfried sum rule discovered by theis affected by the contribution of heavier isovector mesons.
New Muon Collaboratio(NMC) at CERN in muon deep In Ref. [7] the effect of heavier vector mesons has been
inelastic scatteringl] opened the long ongoing discussion evaluated in an extended Fock state decomposition of the

on thed—Uasymmetry in the nucleon. Extending and fol- nucleon light-cone wave function into meson-baryon, includ-

lowing the early work of Sullivari2], the asymmetry can be N9 Np,Nw,Ap in addition towN,7A and N which are
naturally explained within the framework of the isovector known to b_e important at low and intermediate energy had-
meson cloud model of the nucledfor recent reviews see ron scl:atterlng.. .

[3.4] and references therginwhich uniquely predicted the A fit to leading baryon experimental data suggests then a

ssymmety o be piaced at g good agreementwin 141 OB Componert i the expansin o e uckeon
the early NA51 Drell-Yan experimen5]. In the practical : y A

evaluation the dominant contribution can be interpreted alsarge fraction of the nucleon momentum and with a plausible

due to the admixture of theN and A Fock states in the ansatz for thepNN vertex, it introduces thel—u which
physical proton. The model results for the asymmetry depen@Xtends to rather large=0.5[7]. The so-constructed model
in an essential way on the choice of the parametersrfioN ~ Was perfectly consistent with the NAS1 experiment at CERN
and wNA vertices, and on the elementary particle versud5,9], which measured the—d asymmetry atx=0.18[5].
Regge treatment of meson exchanges. In most of the calcéurthermore, after the incorporation of the NA51 result, the
lations the vertex parameters, which at present cannot bglobal parton model analys¢$0] have produced parametri-
calculated from first principles, were simply adjusted to re-zations which were practically indistinguishable from the re-
produce the observed Gottfried sum rg@SR) violation. In  sults of the meson cloud dynamical calculationg#h

contrast in Refs[6,7] a unified approach to hadronic reac- A recent E866 experiment at Fermilab has reported a first
tions and deep inelastic scattering has been pursued and thgyh precision mapping of the-dependence of the—d
vertex parameters were constrained by the experimental datgymmetry from the comparison of tpg andpd Drell-Yan

on the leading nucleon and/or leading Delta isobar producproduction with the striking finding that the difference of the

tion in high-energy hadronic reactions to which pion ex-i; 5044 distributions seems to vanish at lange 0.3! and is

change contributes substantially. The numerical evaluations

of the u—d-asymmetry were based on the fact that for an———
elementary particle exchange the contribution to the total | o - )
virtual photoabsorption cross section equals that to the inclu- e determination of thei—d difference in[11] depends on
sive cross section for leading baryon production, which isassumptions on the flavor symmetric sead. Within the error
one of the manifestations of the extended Abramovskii-bars of E866 one can regawmdd as well constrained by the neu-
Gribov-Kancheli(AGK) unitarity relationg[8]. For the pion  trino experiments; the difference betweett d from different glo-
exchange such a treatment is well justified, because thieal parton analyses is marginal.
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definitely smaller than the results of the mofig] and of all a
the early global parton parametrizations based on the NA51 X
result and the observed GSR violation. There is no consensus

yet on understanding this interesting redul2,13. In the

framework of the meson cloud picture, one possible im-

provement is a Regge treatment of heavy particle exchanges,

which seems to be more appropriate in the kinematical re-

gion relevant to theu—d asymmetry problem. Although, ¢ b

because of the lack of a microscopic QCD npicture of [ 1. The inclusive production of particlesin the reaction
Reggeon exchange one is forced to use rather a phenomengs_, cx.

logical approach, one can take advantage of a large body of

work on the Regge phenomenology of hadronic two-bodystanding of the Gottfried Sum Rule violation and the d
exclusive[14,15, and inclusive[16], reactions, which con-  asymmetry.

strains the Regge vertices, and imposes useful constraints oy principal conclusion is that once the wealth of infor-
between Reggeon contributions to inclusive production ofnation on leading pions and leading neutrons drid is

different baryons. _ _ _ accounted for there emerges a consistent description of the
Recently, there was some interest in understanding theggs (NuSea data.

role of isoscalar Reggeons in diffractive lepton deep-inelastic

scattering[17-19 and in inclusive production of leading | |NCLUSIVE PRODUCTION OF PIONS, NUCLEONS
protons at the DESYep collider HERA [20]. The role of AND DELTA ISOBARS IN HADRONIC REACTIONS
isovector Reggeons was discussed both in the context of

leading neutron production in electron deep inelastic scatter- A. Recalling the Regge phenomenology

ing (DIS) [21] and in the context of diffractive DIS scattering Following Sullivan [2], we expect that the dominant
with leading neutron22]. As a matter of fact, the isovector yechanism of leading neutron production in DIS is an ab-
Reggeon excha_nges in neutron and proton production MUugbrption of the virtual photon on the pion from the
be much more important than in the evaluationd2#,22  +n_Fqock state of the nucleon, in which the spectator neu-
based on the total cross section analyses, because the la{gfs are observed as leading neutrons. Bustraedynam-
constrain only the spin-non-flip Regge vertices, and thgcs js supposed to be at work in the production of leading
much more dominant spin-flip contribution has not been conygytrons in hadronic semi-inclusive reactions, where the vir-
sidered in[21,22. As will be discussed in the present paper 5| photon has been swapped for the hadronic projectile. In
this has important consequences fo_r the mclgswe spectra @fe meson-baryon Fock-state picture of the proton’s light-
neutrons fromp—n transitions both in hadronic and lepton ¢one wave function one is still left with nonperturbative pa-
DIS and indirectly also fod—u asymmetry. rameters, the “radii” of the Fock-states or in other words the
In the present paper we discuss the role of isovectoform factor cutoff parameters. These parameters cannot be
Reggeon exchange in the production of leading nucleons angbtained from first principles, but one may hope to constrain
A isobars. The subsequent decay of thasobar into#N them in a reasonably reliable way by demanding a consis-
channel generates additional nucleons both in hadronic aency with experimental data for hadron production at high
well as in lepton DIS processes. Based on the extended AGKnergies. This strategy has been taken in the work of the
unitarity relation, we shall argue however that in spite of theJuich group[7] and the earlier work by Zoll€i6] to extract
important role in populating theX andAX inclusive chan- the parameters of vertex form factors. Some subtle points
nels, the opening of thaX and AX intermediate states via connected to the distortion of the wavés absorptive or
Reggeon exchange leads to a negligible contribution to thecreening correctiondiave been discussed in a recent paper
hadronic total cross sections and/or the structure functions if23]; we shall also comment on that issue below.
DIS. As a consequence the isovector Reggeon contribution Let us first collect the pertinent formulas for the following
to the Gottfried Sum Rule violation is rather small. On thediscussions of the experimental data. Following the standard
other hand the Reggeon exchange contributions to the leagghenomenology of inclusive reactions, we define the
ing baryon spectra leave less room for the pion exchangkorentz-invariant cross sectidthe so-called inclusive struc-
contributions, which are essential for a quantitative underture function for the a+b—c+ X reaction(see Fig. 1

z do _1 dO‘_S do
7dzdf wdzdt w dscdt

b—c 2y _ d_O' =
O 7(z,pT) Edsa(abHcX)
p

1 1
= 2(277)3 2_3 % f d'TX |Aiabi>cx(s,t,SX,Tx)|2. (1)
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Here (E,f)) is the four-momentum of the outgoing partide d ¢
z=pS ™/ pmax is the longitudinal momentum fractiaifreyn- Nire= Ztic(z)
man variable of ¢ which for largez is identical to the light-

cone variable, ang), its transverse momenturh= —p?/z  shall be addressed as the number offianta™ inb.
+tmin With tmin=—(mZ—m2)(1-2)/z—m2(1-2)%z. By The contribution from thé-channel pion exchange Born

derm to the production of leading neutrons reads

Y

Sx we denote the invariant mass squared of the inclusiv
systemX, and 7y is its Lorentz-invariant phase space. Here
the Mandelstam variablest refer to the reactiomb—cX; dPN(
and the index labels the exchange mechaniéim anticipa- g
tion of large contributions from the region—1z<1 to the

considered cross section we shall use the Regge form XF2 (D (1=2)1 7220 6 78(sy). (8)
throughout the present paper. The large Regge parameter in

this case is/sy=1/(1—2) and one can write the amplitudes Here a,(t)=a.(t—m2) is the pionic Regge trajectory’,

2
2):gpn7T+ (—1)
T 16m8 (t-m?2)2

AlabHcX in the form ~0.7 Ge\f Sx=s(1—2z) is theaw c.m. energy squared,
and gpn +H47=27.5. Furthermoret——pilzﬂmln with
AP=X(s t 5y, Tx) tmin=—(1— z)zm /z. F .nn(t) is the phenomenological ver-

o\ tex form factor that accounts for the finite size of particles

:gi (t)(—) n(ai(1)-vPX(1x,5), (2) involved and/or off-shell effects. Because of the proximity of
4 sy ' ’ the physical pion pole, the Reggeization effects, i.e. the de-

) _ parture ofe (t) from J.=0, are marginal and one can use
where «;(t) is the Regge ftrajectory, 7;(t)=—[1 57 ) for the on-mass shell pion. The analogous formula

+ rexp(—imq(t)) ) sinmqi(t) is the signature factor for the ¢, the A(1232) production reads
trajectory with signaturer, andv'®~*(7y,sx) is the vertex

for the transitionib— X that leads to théoperational defi- 2 (M2 —1)2(M?2 —t
nition of theib-total cross section via cp?jAH(z,pf):gpA++ (MY —"(M=—1)
167°  6m3(t—m?2)?
0= 55, 2 f drylo™® (7,82 (3) XFona(D(1=2)t 720 oTi(sy),
C)

With these definitions we finally obtain for the inclusive )
cross section where we introduced M.=m,*my, gpA++ 14T

=12.3 GeV? and t=—p?/z+tyn with tp,=—(m3
1 . 2ai(H -1 m2)(1—z)/z—mZ(1—2)%/z. Again F _ya(t) is the vertex

b— 25 _ 2 2 p p aNA
®>(z,pi) = 2(2m)3 2 (Gac(D)] n(ai(D))] (S_X> form factor, a phenomenological quantity, that l@apriori
no simple relation to its counterpart in E(®). Integrating

X otor(Sx). (49 Egs.(8),(9) overp? we get
At this point it is convenient to introduce the notion of a flux dU(”) X q q)pﬁn
associated with the exchanged object in thdannel: (pp—>n )=m| dp; (z.p?)
,- Edo)(ab—cX) 2 .
fi/c(zi):f dp——p 3= 5 =3 fan(1-2)- o),
Tiod™p
or more explicitly: da(”) 4 pHA 2
47 (PP—AT T X)=7 [ dpld “@ph)
5 (a0 7(e(1)[? 1) 26071
|/c d 2 Z- . (6) 1 -
16m ! :Efw/A(l_Z)'a-tot(SX)-
Herez;=1—z=sy/s is the longitudinal momentum fraction (10
flowing through thet channel. The functior;;,(z) has an
interpretation of a flux of f-quanta” emitted by the hadron B. Inclusive spectra of pions
ain thea—c transition. Correspondingly its integral For the moment let us focus on yet another issue, which

did not receive due attention in the literature. The Regge
phenomenology outlined in Sec. Il A allows us to constrain
Note that in Eq(1) we have omitted the contributions from in- the largez behavior of the vertex functions from the experi-
terferences of different exchange mechanismisThey are absent mental data on leading baryons. For smailene must look
in the reactions considered as will be discussed below. into another constraint, here the light-cone wave function
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4.0 T T calculated from Eq(12) with different functional forms for
g T L the wNN form factor. The dotted curve shows the prediction
NS ) ) from the model of Holtmann and two of the auth¢r. In
=y this work a simple light-cone parametrization of the form
th% factor had been adopted:

o
)

Foun(z,p?)=exd —Ric(M?(z,p?) —my)]

_ REc(t—m2)
= — 15 |

02 0.4 06 , 08 HereM?(z,p?)=(p?+m2)/z+ (p? +m2)/(1—2) is the in-
variant mass of therN Fock state, anR?.~0.5 GeV 2
[7]. In the spirit of the light-cone picture, the form factds)
was meant to describe the low-mass componMﬁ&(mp
+m,)? and 1-z~m =Imy. If one streches this simple pa-
rametrization also to large,=1—z then one would run into
2.0 GeV 2 (from top to bottor). The dashed curves were calcu- serious conflict with the experimental data on leading pions.
lated with an exponential form factdFy(t) = exp(RE(t—m2)). As we shall see below, such an overprediction of trE Ie_admg
The curves in the figure are f®2=1.0,1.5, and 2.0 Ge\? (from  pion spectra leads to a related overprediction of whed
top to botton. asymmetry at largex. The dipole(monopol¢ parametriza-
tion of the light-cone form factof13] does not resolve the
formalism offers an intimate relationship between the flux ofconflict with the NA27 data. We have neglected here the
mesons originating from a meson-barydmB-Fock state and absorptive corrections, but one would expect them to reduce
the corresponding flux of baryons. Clearly,fifj;g(zy) de-  the Born term by at most a factor of 1.5-2; see for instance
notes the probability to find in thigl B-Fock state a mesav [23].

(13

0.0

FIG. 2. Differential cross sectionda/dz(pp— 7°X) at p_ag
=400 GeVkt. The data are taken frorf24]. The dotted curve
shows a prediction of the modEI]. The solid curves were calcu-
lated with a “Gaussian” form factorF \y(t)=exp(— [R (t
—m?2)1?). The curves in the figure correspondR§=1.0,1.5, and

carrying the (light-cone momentum fractionzy,, and if Clearly there is no real conflict between theory and ex-
fs/m(zs) has the analogous meaning of finding the barBon  periment; one simply should not extrapolate to laegethe
carrying momentunzg, it must hold true that functional form of form factors designed far,<1. Revers-

ing the attitude, one should look for parametrizations which

fmie(2)=fgm(1-2). (11 are consistent with the leading pion data and explore the

resulting constraints from the leading pion data for predic-
The probabilistic interpretation is obvious. The symmetry re- 9 gp P

lation (11) allows us to write the contribution from spectator HONS Of theu—d asymmetry in DIS. We show the result for
pions to the cross section for the production of leadifans two different simple optlons onIy, the exponential parametri-

as zation F (1) = exp(R (t—m )) (dashed lines, for values
) of RZ=1.0,1.5,2.0 Ge\72) and the “Gaussian” parametri-
do'P zation F (1) = exp(—[RE(t—m?2)]?) (solid lines, for val-
N [ pp 7TNN
Zr gz, (PP °X) fN’W(l Zz)- TioSx) ues ofR2=1.0,1.5,2.0 GeV?).

We conclude that the forward pion data suggest that pions

_ pp in the wN Fock state of the nucleon wave function are rather
- §fW/N(Zw)"’tot(SX)’ “soft,” carrying longitudinal momenta of not more than
(12 ~0.5. This is quite a subtle constraint on the tail of thi

two-body wave function and imposes the empirical bounds
where we focussed solely on the leading pions ongmatngZ >1 Gev2

from the mwN-Fock state; a contribution from theA-states
does not affect the following conclusions.

In the absence of a theoretical tool to directly calculate the
form factor F (1), the parametrization oF yn(t) can Let us proceed now to the neutron spectra. In what fol-
only be judged from its phenomenological success and corlows we shall use the “Gaussian” parametrization with a
sistency in a broad spectrum of processes. In the literatureutoff parametelRézl.S GeV 2 which does a reasonable
rather bold extrapolations from low energy physics havgob for the leading pion datésee Fig. 2. In Figs. 3, 4 we
been habitual and leading pion production data have beeshow the relevant data for the forward neutron production. In
seemingly overlooked in previous considerations. As an exthe analysis of these data we also improved on what has been
ample in Fig. 2 we show the differential cross sectiondone before. Absorptive corrections to thehannel pion
z,da/dz, for production of them® mesons taken from the exchange are incorporated in terms of standard methods of
NA27 pp experimen{24]. The spectra ofr* and7~ from  the Reggeon calculus in the quasi-eikonal formulation. The
the same experiment show that the contribution frem formalism is presented if23] and there is no need to repeat
states is much smaller. Shown are several theoretical curvethat here.

C. Inclusive spectra of neutrons fromp—n
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pJ_=0.2 GeV

FIG. 3. Invariant cross section for the reactipp—nX at
pPLag=24 GeVk. The experimental data are taken fr¢a¥]. The

PHYSICAL REVIEW D60 014004

—A—n. The decay ofA’s had been entirely neglected in all
previous analyses except in RE20] where it was shown to
play an important role for leading proton production. The
contribution of this mechanism tp—n reaction is sup-
pressed in comparison tp—p reaction if the dominant
mechanism of th& production is an exchange by an isovec-
tor object. In the spirit of the Regge phenomenology the
contribution ofp,a, to Eq.(14) is parametrized as

(15

L

2
4mp

2
_ Py
(I)p n _BR7

p,ay

(z,pf)zoR( +x°? (l—z)zaétexp<

Please note that the—a, interference is negligible because
of the different G-parity op anda,. The non-spin-flip/spin-

long dashed curve shows the contribution from the pion exchangeﬁip ratio is known to be smally~0.12[28]. In accord with

the dotted curve is thp,a,-exchange contribution, and the dashed
curve shows the contribution from the two step progessA —n.

In addition we present the sum of the two background contributions

as the dot-dashed line. Finally the solid curve represents the sum
all components.

For the 7N total cross sectionrgg'f(sx) we can use the
convenient database provided[R6]. It is especially conve-
nient at smalky where the resonance structureodj,“t‘(sx) is
important, as this is the case with the low-energy daf2
(\/s=4.93,6.84 GeV).

We decompose the inclusive structure function for neu

tron production in terms of the pion and background contri-

butions:

—nN

Ay

DPN(z,p2) =D "(z,p?) + DL (z,p?) + DR "(z,p?).

14

the Regge phenomenology we takg=1 GeV 2.

There are no unique extrapolations from gha, particle
pole to the Reggeon exchange angremains a free param-
eter. Our analysis of the neutron data in the lazgegion
suggestsrg~250 mb GeV ? (for the slope a typical value
of Bg=6.5 GeV 2 was takel, which is similar to earlier
estimateg29].

In evaluation of the background coming from the decay of
fast A resonances, one can either model the spectrA of
isobars, as done in Rei20], or take any convenient param-
etrization, which reproduces the experimental dasg . The
decay ofA’s lead to a significant shift ire distributions,
compared to initialA distributions and only moderate modi-
fication in perpendicular momentum distributions. We have
found that the spectrum of neutrons frandecays can be
parametrized to a good approximation by the following
simple form:

We take into account two background contributions: ex-

change of thep,a, trajectories (which are assumed

PR (z,p?) = 00Z%(1-2)%ex —Bp?)  (16)

exchange-degenerate following the Regge theory wigdom

and production of neutrons via the two-step procegses

[ $2=30.6 GeV

FIG. 4. Invariant cross section for the reactipp—nX as a
function of z forpf=0. The long dashed curve shows the contri-

with 0o=48 mb GeV 2, B,=2 GeV 2.

We find that there is substantial correlation between the
parameter of the form factor and the strength of the absorp-
tive corrections. The choice of the form factor parameter
made above Rézl.S GeV ?) results in rather weak ab-
sorptive corrections which has only a weak effect of a
10-20% reduction of the pion-exchange Born term, mildly
depending orz andp? .

The description of the experimental data is excellent in
general. The pion exchange is clearly seen to be the domi-
nant mechanism in the region af=0.7-0.9 and pf
<0.2-0.3 GeV. Because a, (t)>a,(t), the Regge
theory uniquely predicts the dominance of the Reggeon ex-
change az—1 and the experimental data confirm that. We
improve upon an oversimplified treatment of the background
in [23], where its contribution was modeled scaling up the

bution from the pion exchange; the dotted curve is thePiON €xchange contribution, which underestimates dfe,
p, ay-exchange contribution, and the dashed curve shows the cof@ckground at large z. In the earlier work of two of the

tribution from the two-step procesp—A—n. In addition we

authors[7], the p (particle) exchange had been included

present the sum of the two background contributions as the dotithin the light-cone formalism with the form factors param-
dashed line. The solid curve represents the sum of all componentétrized in the form following Eq(13) which also underesti-

The experimental data are taken fr¢@b.

mates thep contribution at largez.
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o
o

2 2
AT Py Coa! p;
e (vaf):)\oURHg(l—Z) 2 PteXF<—BR7).
17

A careful inspection of two-body charge-exchange reactions
7 p—a°n and 7w p—7°A*" in a broad range of energy
suggests (assuming Regge factorizatipn that the
ppPA* " -coupling strength should be about a factor 1.5 larger
than that for theppn case. Correspondingly,,=1.5. Con-
sequently, the Regge phenomenology offers a parameter-free
evaluation of thep,a, exchange in production of leadiryjs
in terms of thep,a, exchange background to the production
of leading neutrons. To the best of our knowledge, this rela-
FIG. 5. Differential cross sectiodo/dz for the reactionpp  tionship has not been used before. Consistently with the two-
—A" "X atp ,g=400 GeVk. The dashed curve is the contribu- 15qy reactions we take here the same slope pararBatas
tion from pion exchange; the dotted curve shows g, contri-  fqr the neutron production. The contribution of the Reggeon
bution. Shown by the solid curve is the sum of the two. EXpe“men'exchange is shown in Fig. 5 as the dotted line. As can be
tal data are taken frorf24] (open circle and[31] (filled circles. seen from the figure it exhausts a significant fraction of the

Notice that especially in the region of largéhe inclusion ~ spectra leaving less room for the pion exchange contribution.
of p,a, Reggeons leads to much improved description as Let us return to the estimate of the pion exchange contri-
compared to the previous calculatidits23] where only the  bution which we take in the form according to H§) with
pion exchange did contribute at largeThe fluctuations in ~ an exponential form factoF .y, (t) = exp(RE(t—m?2)). Un-
the theoretical curves in Fig. 3 are due to the use of experifortunately the quality of the da{&1,24] does not allow for
mental values of the cross sections. Indeed the region df fit of R, . The difficulties with the inclusived spectrum
large z corresponds to rather smslof the inclusive system have already been observed in the early work on the topic
X; for example the peak atclose to unity corresponds to the [34], and without the constraints from the two-body reac-

do/ dz, mb

N
o

0.0

A(1232) resonance in pion-nucleon scattering. tions, one might be tempted to neglect fheontribution at
all; we quote from GotsmafB84]: “In an attempt toimprove
D. Inclusive spectra of A** from the p—A*™* reaction the fitswe added the exchange ofpatrajectory,but to no

favail [...].” Only a lower limit on R, can be obtained by

By far less ideal is the situation with the production o ina th fthe R h d oi
forward A’s. Experimental data are scarce, and if availableomparing the sum of the Reggeon exchange and pion ex-

often of rather poor quality. Many sets of data suffer fromChamJe contributions
substantial ambiguities from the nonresonami back-

g o
ground subtractiorfa factor~2 uncertainty is typical, see E(PDHA”X): Ef dp? (@2 " (2,p?)
for instancg30]) and cannot be used in the analysis. We do
not have at hand measurements of double differential cross +¢pHA++(Z p?)) (18)
sections, that would allow us a meaningful determination of P32 L

;cheal c(ijependence of ';fh_e_|nd|V|duaIkmechan|sms_. Iq particuiy  the experimental data[31,24. We consider Ri
ar the data are not sufficient to make any quantitative state- , 5a\/2 o pe the lower limit on the parameter. The

ment on thelr(()jle of abs_c:jrptivel cot;:ecttions. dNonet:gé(aAs;s th(‘?orresponding upper limit of the pion exchange contribution
experimental data provide vajuable bounds on. is shown by the dashed line in Fig. 5. The pion exchange
form factor which translate into substantial constraints on th%ontribution found here is even smaller than in H&.and

A contribution to thed—u asymmetry. excludes the scenario with large\ component discussed in

In Fig. 5 we show thepf-mtegrated_ Cross Section [13] as a possible explanation of the restorationuefd
do/dz(pp—A™ " X) from two CERN experiments obtained symmetry at intermediate Bjorken-observed in11]. This
by the ABCDHW/[31] and LEBC-EHS24] Collaborations.  \yijl have important consequences for the Gottfried Sum
Thg upper bound to the pion exchange can be obtained bl¥u|e violation anctT—Uasymmetry
aC(IjEJllj?slilmc?atg[eﬁazrjl]ml?e,;esregf;Zetgoerrlggg;frf;(]:tgrq}i;g;;]ewe A digression into unitarity relations and/or the extended
i ' AGK rules is in order before we proceed with implications of

evaluate the background from the and a, Reggeon ex- e above analyses of inclusive reactions for the partonic
changes as follows. The experimental data on the two-bod y ) P
tructure of protons as seen in DIS.

reactionm" P— 7’A " * exhibit a deep minimum of the dif-
ferential cross section at=0, which is consistent with a
pure M1 transition[32,33. The related data on the™p
—n°A** charge exchange reaction show a similar domi-
nance of theM1 transition in thea,NA vertex.

Therefore we take the following parametrization for the As has been demonstrated in the previous section the
p,a, contribution: Reggeon exchanges may contribute significantly to indi-

Ill. FROM INCLUSIVE HADRONIC CROSS SECTION
TO THE TOTAL CROSS SECTION: THE EXTENDED
AGK RULES
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Now we observe thaty;(k?)%= rexp(—ima;(k?))| 7i(k?)|?

and approximate the phase factor by its valué&®at0. We
can now easily establidlef. Eq. (4)] the connection between
the double scattering contribution to the total cross section
APo=1mT{?/s and the inclusive cross section:

d?k, dsy doj(ab—cX)
T dsydt

AP gfn=1m(ire I mei(0) f

FIG. 6. The amplitude for the double Reggeon exchange. )

=&, (23
vidual inclusive channels and definitely influence the produc- .
tion of leading baryons. The impact of specific inclusive Where we defined
channels on the total cross secti@otal photoabsorption
cross section for DISis controlled by unitarity. The well olnel=
known example is the so-called AGK rules for diffractive
scattering(Pomeron exchang¢8], by which the opening of
diffractive channels gives rise to the shadowing correction %J dtd doj(ab—cX) (24)
and reduces the proton structure functi@86—37. The gross dsydt
features of this relationship can be understood as follows. In . S
order to isolate how opening of the individual inclusive Let us |Ilustr_ate _the implications of the extended AGK rule
channelsab—cX via the specific exchange mechanisms of(23) by considering some examples.
Fig. 1 affects the totahb cross section, let us consider the _ For the Pomerongp(0)~1, 7=+1 and thusép=—1.
discontinuity of theab-forward scattering amplitude associ- 1his is a well established fact, which has become known as
ated with thec+ X intermediate statésee Fig. 6 The opti-  ©ne of the AGK cutting rules, meaning thapening of dif-

cal theorem relates its contribution to the total cross sectioff@ctive channeldeads to areductionof, or the absorptive
correction to, the total cross section.

1 For the pion,«,(0)=~0, 7=+1, hence¢,=+1. This
Ai(z)af‘obt=glm Ti(z)(s,t=0). (19 implies that inelastic interaction with pions in the target had-
ron a enhances the total cross section by an amount

f d?k, dsy do(ab—cX)
o dSth

b
. . N_.0m.
For thei-type-Reggeon exchange mechanismcefX pro- mla” tot .
duction it can be calculated &s For the Reggeon withg(0)~0.5(p,8;,p, @), £€r=0;
which means that the contribution from inelastic interaction

1 dk [gh(k2)]2 with Reggeons “in the hadroa” to the total cross section
2 ac 1
T@(s,t=0)= _lf T IR vanishes.
21} (2m)" (p—k)2—mZ+ie The latter two results concerning the contributions from

the 7 trajectory and the secondary Reggeons are also known
in a different context for some time: in calculations of
nuclear shadowing in hadron-deuteron collisions it was ob-
served that the inelastic intermediate states excited lex-
where the Reggeon-particle scattering amplit@dieo—ib) change contribute to aanti-shadowing, while the contribu-

is defined such that it fulfills the generalized unitarity condi-tions from excitation of intermediate states by other
tion secondary Regge trajectories are neglig[l3@,39.

20(K?)

X 7i(k?)? T(ib—ib), (20

Sx

IV. PION CONTENT OF THE NUCLEON AND d-u

ImTCib—ib)= 5 [ drylo® *(r 50 P= sy
T(ib—i 5 x|V (7x1Sx XTtot - ASYMMETRY

21
@1 Having set the parameters of the pion flux factors in Sec.

Utilizing this relation after integrating over the propagator!! We can proceed to the calculation of the corresponding

pole of particlec and a suitable change of integration vari- quark distributions. Those can be calculated as a simple con-
ables. we obtain volution of the flux factor and quark distributions in the pion

1dz X
d’k dsy 5|20k~ AMgq(x Q2)=f —— (2 )-QW(— Q? (25
ct=0V=i | —L"Xqi (k2))2 5 (Kk2)2 = (X, z 'z Ar| 5 )
Ti (s,t=0)=i J' 2(271_)3 (gac(k )° 7i(k?) (SX) X
ib 29 wheref_=f_,n,fa as introduced in Sec. Il. In our calcu-
X Oioi(Sx)- (22) lation we take the GRV-pion structure functip#0] at the
average value of the E866 experimedf~50 Ge\’. We
focus on the difference(x,Q?) — u(x,Q?). Because of fla-
3See for instance Ref16]. vor symmetries only valence quark distributions in the pion
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FIG. 7. Flavor asymmetrgl(x)—u(x) at Q>=54 Ge\?. Ex- 00 01 02 03 04 05 06 07 08 09 10
perimental data are from E86A1]. The solid curves show the t, GeVz
contribution from the wN-Fock state and were calculated for
Gaussian form factors; the upper curve belongB3e=1 GeV 2, FIG. 8. The signal to background ratR(z,t) as defined in Eq.

the lower one tdQé: 1.5 GeV 2. The dashed line shows the con- (28) shown as a function dffor several values of. Note that the
tribution of the rA-Fock state, calculated for an exponential form pion contribution peaks betweer 0.8-0.9.
factor withR3=2 GeV 2.

_1.z lE u(x)]d
Se—g—gfo[ (x)—u(x)]dx (27)

contribute to this quantity. The less known sea contribution
cancels ind(x,Q?%) —u(x,Q?) [41]. While the quark distri- _ _ 5 )
butions in the pion can be verified in the valence regionVe obtain correspondingl$s=0.247 forRz=1.5 GeV'
(intermediate and largg), the Drell-Yan processes do not and Sg=0.215 forRZ=1 GeV 2. The value reported by
allow us to determine them in the sea regitow x). NMC is Sg=0.235+0.026[1] which is perfectly consistent
As discussed in the previous section, the contribution ofvith our result 0.2% S;=<0.25.
DIS off exchangedp,a,-Reggeons to the proton structure
function is negligible and will be omitted in the following. V. NONPIONIC BACKGROUND IN THE PRODUCTION
In Fig. 7 we displayd(x) —u(x), which is due to pionic OF LEADING NEUTRONS AT HERA
contributions as obtained in the present analysis, and com-
pare it to the recent result of the NuSea Collaborafibh.
The wA contribution(dashed ling becomes important only
at rather small values of Bjorkenwhich is due to rather soft

There is still another interesting spin off of the present
analysis. As discussed in Sec. Il the Reggeon exchange con-
tribution and decays of th& resonances constitute a sizable

_ ) background to the pionic contribution, especially at large
form factor as suggested by the analysis of leadingobars. 5 qyerse momenta of leading nucleons. The same periph-
The analysis above clearly demonstrates that it is possible tg processes are at work in the production of leading neu-

construct the pion flux factor consistent with both hadronlc.trons in electron deep inelastic scattering at HERA, where

?ng DrgII—Yan_data, provll(ded theftjl?ckground Processes 'neading neutron tagged DIS is presently studied experimen-
adronic reactions are taken carefully into account. tally as the method of determination of the pion structure
Let us finally comment on the violation of the Gottfried ¢ ~on [42—44. The quality of the neutron tagging can be

sum rule. We obtain a number of pions in the proton i2n th‘ﬁudged from the pion purity factor shown in Fig. 8; here we
7N Fock state ofn_n=0.21 for the cutoff parameteRg present the rati®(z,t) defined as

=1.5 GeV 2 and n,y=0.28 for R2=1 GeV 2. For the

wA Fock state, a cutofRi=2 GeV ? yieldsn,, = 0.03. 17(2,1)
The latter value is considerably smalidry a factor 2 — 8 R(z,t)= - og , (28
than those obtained in all previous analysis. These pionic [17(z,O)+17%(z,1)]
multiplicities translate into the integrated value df-u where
asymmetry by means of
t ~
™%z, t)= | dtdPn(z,p?), (29)

tmin

1 — 2 1
o= | [000-000Tdx=5n - gnas. (26
0 3 3 and the indexbg denotes the backgrounReggeon ex-

change+ A decays in our cageThe calculations for Fig. 8
were performed for the hadronic reactigmp—nX. They
yielding values ofl 4=0.129 forRE=1.5 GeV 2 andl,  can, however, also be used as an estimate for the deep in-
=0.177 forR4=1 GeV 2, elastic reactiony* p—nX. One should be aware of the fact
For the Gottfried integral that this amounts to an implict assumption of

014004-8



DO THE E866 DRELL-YAN DATA CHANGE OUR ... PHYSICAL REVIEW D60 014004

FRx) oft tion of DIS off the exchangeg,a, to thed—u asymmetry,
T T (30 leaving pions as the dominant source of the asymmetry. In
F2(X) ot numerical evaluation of the pion contribution to inclusive
gross section, and eventually to the asymmetry, we made an
extensive use of the Regge factorization which allows to re-
beyond the present, rather phenomenological, understandir# fe thep,a, e>'<change contribution to the leading neutron
of Reggeon exchanges. and A production based on the Regge phenomenology o_f
o-body charge exchange reactions. One of the results is

Our phenomenological analysis suggests that in order t he i h h |
extract the pion structure function one should limit rather tolhat the isovectop,a, Re_ggeon exchanges exhaust a large
raction of inclusive leading\ production. The implication

low t and/or low transverse momenta of neutrons. This is th i ; . .
region where the leading proton spectrometers of both H or the asymmetry is a substantial reduction of the contribu-

and ZEUS Collaborations have the largest sensitivity. In Or_tj)n_from thewA Fock states. As a result a reduction of the

der to identify the “unwanted” background one could maked—u asymmetry by the contribution from theA Fock
the analysis of the experimental data for different cuts instates in the proton turns out much weaker than evaluated

Certainly this relation is approximate and can be used as
guiding principle only. A better approximation is however

transverse momentum. before. We reevaluated the GSR with the res,(f]tix[a
—u]=0.13-0.18 and;=0.21-0.25.
VI. CONCLUSION As a spin off of our evaluation of isovector Reggeon ex-

hange to leading neutron production, we estimated which
. — . raction of the inclusive leading neutrons in DIS can be con-
mapping of thex dependence of thé—u asymmetry in the  qjgereqd as due to DIS off pions in the proton. In a substantial
proton sea. While confirming the global features of thepart of the phase space covered by the Forward/Leading
asymmetry predicted by the meson cloud picture, the Ialrge'Neutron Calorimeters installed at HERA by H1 and ZEUS
behavior of these data called for revisiting the model addin 43,44}, the purity of neutron tagging of DIS off pions can be

more _(:0r|13tr_aints from applicati_(;_ns I(I)f the iz_ame model t% haGsstimated as 70-80 percent. We feel that the corresponding
ronic inclusive reactions. Specifically, in this paper we dem- o tainties with the determination of the pion structure

onstrated that the experimental data on fragmentation of Pr%,nction do not preclude a useful test of #sQ? evolution

tons into leading pions impose useful constraints onto theq g effect we recall that judging from experimental data
pion inducedd —u asymmetry such that the asymmetry muston the proton structure function, the pion structure function
be negligibly small ak=0.3 in perfect consistency with the s expected to vary by the factor4 from x=10"1 to x

NuSea findings. =10"% and by the factor~2 from Q?=5 to Q2
Our reanalysis has been based on a unified treatment af 100 Ge\? at x=3x 10 3.

inclusive production of leading nucleons afits in hadronic
collisions and we paid special attention to the background to
pion exchange from isovectgr,a, exchanges. Then, based
on the extended AGK unitarity rules, we related the contri- We are indebted to Y.V. Fisyak for the exchange of in-
butions of different exchange mechanisms to inclusie formation on the inclusive production of particles and G.T.
—cX cross section to the contribution of inelastic interactionGarvey for the discussion of the E866 Fermilab data. This
(DIS) on the exchanged objects to the taadl cross section work was supported partly by the German-Polish exchange
(DIS structure function of the target hadjoiwWe observe program, grant No. POL-81-97, and by the INTAS grant
that the extended AGK rules suggest a negligible contribu96-0597.

The NuSea E866 experiment provided the first detaile
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