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Abstract
Two applications of semi-inclusive electroproduction of fast baryons are

presented: (i) The steepness of the baryon spectrum at medium rapidity can
give information about the general mechanisms of baryon production in soft and
hard processes, (ii) With a polarized target and a detector which analyses the
polarization of final A's, the aptitude of quarks to carry transverse polarization
can be tested for the first time.

INTRODUCTION

In inelastic scattering of any projectile (lepton, photon, hadron) on a target
nucléon, the baryonic charge of the later is most of the time taken by a slow final
baryon; viewed from the projectile rest frame, this is the well-known leading
baryon effect. Phenomenologically speaking, the carriers of baryonic charge
have inertia and do not like to suffer a big rapidity change.

Let us consider the more rare, but more interesting, leptoproduction events
where a fast final baryon is observed. We have two main mechanisms [I]:

l)The migration of the baryonic charge in rapidity space (Fig.Ia). To fix
the idea, we assume a Regge-behaved spectrum:

dNB/dY ~ (3{2p -p'/m2)-13 ~ /3 exp(-/3Y) (1)

where Y is the rapidity of the final baryon in the laboratory. This distribution
is normalized to unity, since exactly one baryon is produced in this way.

2)The BB pair creation (Fig.Ib). Here we detect the baryon labeled B^
in Fig.Ib, which is distinct from the one (B1) which takes away the baryonic
charge of the target. The spectrum is fiat in the central rapidity region:

dNB/dY~b. (2)

The experimental value of & is of the order of 0.1. It is small because it cost
energy to create the baiyon pair.
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Figure 1. Main mechanisms of electroproduction of fast baryons.

The first mechanism dominates in the region (see Fig. 2)

Y < Yc ^ / T 1 \a(J3/b) (3)

(Yc corresponds to Ax in Ref.l). The second one dominates for Y > Yc- In
this talk I will show that both mechanisms can reveal interesting features of
hadronic physics (I shall consider only events with low transverse momenta).
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Figure 2. Rapidity spectrum: (a) of the migration mechanism, (b) of the pair
creation mechanism.
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Figure 3. Duality diagrams for the migration process (Fig. Ia): (a) see contri-
bution at small x; (b) valence contribution at large x. The dotted line represents
the trajectory of the baryonic junction.

2. THE MIGRATION PROCESS

Let us take the Y-shaped string model of the baryon [2,3]. Fig.3 displays
two typical duality diagrams corresponding to Fig.Ia. The scattered parton is
a sea quark small x in Fig.3a and a valence quark at middle x in Fig.3b (x
is the Bjôrken variable). The horizontal distance represents rapidity. In this
section, for simplicity, we assume that B' is not close to the kinematical limit,
i.e., z =p'°/q° is not close to 1; the general case is treated in Ref.l.

2.1 The small x regime (Fig. 3a)
At i < 1, one can divide the phase space of the final particles in two

rapidity regions or "plateaus" [4]:
- the hadron plateau, of length In(I/a?), governed by soft multiperipheral

dynamics,
- the current plateau, of length In Q?, similar to the quark-antiquark jet in

e+e~ annihilation
[the total rapidity length is hi W2, with W2 ~ x~l(l - x)Q2].

Let us assume that B' lies in the hadron plateau (the probability that it
reaches the current plateau is small, anyway); the double Regge formula [5] (see
Fig.4) yields

(4)
atot da/dY ~ exp[(ctBm - aP)Y] ,

where P and Bm stands for pomeron and baryonium respectively. The string

configuration of the baryonium is / " ^ ~ ^ \ ~
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Figure 4. Inclusive Mueller-Regge diagrams: (a) forward 7* - p scattering
amplitude at small x, (b) double-Regge diagram for the migration process. The
normalized baryon spectrum is the ratio between the amplitudes of (b) and (a).

According to Dual Reggeon Boostrap [6,7,8], aBm — 0.5. Thus, in the hadron
plateau,

/3 = (3soft ~ 0.5 . (5)

b = 0.1 and /3 = 0.5 give Yc — 3.2, corresponding to a 20 GeV baryon.

2.2 The middle x regime (Fig. 3b)
For x ~ | , the hadron plateau is inexistant. The multiperipheral model does
not apply in the current region because the exchanged objects have very large
negative squared masses. Nevertheless, it is plausible that (1) still holds, but
with a different /3:

Q = Phard • (6)

The migration mechanism should also be at work in p + hadron —+ p' + Ar

at moderately high px and e+e~ —» BB' +X at moderately high BB' mass [1,9]
(the mesons emitted left to B' in Fig. 3b are like the "popcorn" mesons [10] in
e+e~). In all these reactions, one should observe the same (p -p')~^ behavior.
Thus a study of electroproduction of baryon at medium rapidity would help
us to understand baryon production in e+e~ collisions or at high pr in pp
collisions, for which many models are in competition [H].

Furthermore, comparing /3 for x <C 1 and a; ~ | would test the hypothesis
of "Topological Jet Unitarity" between hard and soft jets; this universality
predicts l3hard — f5aoju bhard = bsoft but is criticized in [12]. In fact, EMC
data [13] suggest a rather large (3hard. Taking j3 = 1, b = 0.1 gives Yc = 2.3,
corresponding to a 5 GeV baryon.
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Figure 5. Duality diagram for the pair creation process (Fig. Ib).

3. THE PAIR CREATION PROCESS

We now come to Fig.Ib. A typical duality diagram is shown in Fig.5, where
we have taken the active parton to be a valence quark and the observed baryon
to be a A. For this mechanism, we have the usual parton model factorization

da

dx dQ2 dz
flavor i

dâj(e g, -> e

dQ2 (7)

(this is not true for the migration process). The quark line which connects N
and A correlates their spins and flavors. Suppose in particular that we polarize
the target transversely. Then the incoming quark acquires the polarization

Vj_(quark) = [A1qi(x)/qi(x)]V±(Nucleon) , (8)

where A1C(^) is transverse spin asymmetry of the quark density [14,15] (noted
k(x) in [14]). Transverse polarization is partly conserved in the hard subprocess;
the components Vs in the scattering plane and Vj^ normal to the scattering
plane are multiplied by a common factor

2tù
(9)

Finally, the A will have a transverse polarization of magnitude

V'± =VL xDNN{d) x (10)



V1 ± having the same angle with the scattering plane as V±. Aifi(z) is
the transverse asymmetry of the fragmentation function. Note that we need an
unpoiarized electron beam.

Up to now, neither Axq(x) nor Ai f(z) are known. The product of two
Aig(x)'s can be independently measured in Drell-Yan muon pair production
in doubly polarized pp collisions [15,16]; the product of two Ai/(z)'s can be
measured in e+ e~ —• ft A+ ft Â (back — to — back) + X; however, with present
accelerators, polarized electroproduction of A seems the most accessible exper-
iment involving transversely polarized partons.
Remark: In all these experiments, which involve two polarized baryons, one
must be sure that the baryons are sufficiently far apart in phase space, otherwise
we may have a contamination from the migration mechanism.

4. CONCLUSION

We have presented two new kinds of physics which can be done with inclu-
sive electroproduction of fast baryons.

1) At moderately large rapidity, the dominant mechanism is the migration
of the baryonic charge from the target. This mechanism should also be at work
in pp —+ p-\- X at moderately high pr and e+e~ —»• BB + X at moderately high
BB mass, but inclusive baryon electroproduction is certainely the most simple
experiment to study it; the theoretical goal is to understand baryon production
in hard processes.

The steepness of the migrated baryon spectrum may not be the same in
the hadronic plateau (Y < ln(l/x)) and in the current plateau (Y > ln(l/x)).
Such a difference would be a clear signal of nonuniversality between soft and
hard jets.

2) At larger rapidity, the observed baryon is more likely to come from a
created baryon - antibaryon pair. Then the ususal factorization (quark density)
x (electron-quark cross section) x (fragmentation function) of the parton model
is valid. What is intesting is the fact that the active quark correlates the flavors
and spins of the target and the observed baryon. In particular, transversely
polarized electroproduction of A is the easiest experiment which probes the
quark transverse spin.
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