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We give predictions for the inclusive production of ~ and K in polarized leptoproduction from polar-
ized nucleons. As E"z —+0 the hadron inclusive asymmetry equals that of the total cross section; for
E"z )0 new information obtains. We show that these processes can provide sensitive tests for a polar-
ized sea in a polarized nucleon.

The recent measurement [l] of the proton's polarized
structure function g, (x, Q ) suggests that the spin con-
tent of the proton may be more complicated than hither-
to anticipated. The data confirm that the valence quarks
are highly polarized but suggest that a significant amount
of this polarization is canceled out by other components
of the proton substructure [2]. Candidates for this
counter polarization include orbital angular momentum,
gluon polarization, or a highly polarized sea of quarks
and antiquarks. Identifying the culprits, or even
confirming the claim [3], is an urgent precursor in devel-
oping deeper intuition into the nature of proton substruc-
ture. We show that a polarized qq sea can give a clear
signature in the target polarization dependence of in-
clusive m —,K —production and can be probed in forth-
coming experiments. From unpolarized deep-inelastic
scattering, the probability is estimated to be greater than
70% that the fastest forward-going charged hadron with
z )0.5 contains a quark of the same Aavor as the scat-
tered quark [4].

In principle, the production of IC (su ) at large
z(=Ez/E ) in /pal K . is most clear in this re-
gard. The lepton beam interacts with a q (or q) which
subsequently produces the detected hadron. As z —+1 the
most probable occurrence is that the hadron contains the
struck q (q ) in its valence Fock state [5]; thus, a fast IC
is a signal for an s or u having been struck by the lepton.
As s, u occur in the proton's sea, a target polarization
dependence of fast E production would indicate that
the s or u components of the proton sea are polarized;
indeed, the K inclusive asymmetry as z ~1 is a direct
measure of the amount and sign of the sea polarization.

Regretably, this simple example is too idealized. The
limit z —+1 is not accessible in practice and production of
L at z(1 is contaminated by the highly polarized
valence quarks. However, even for z ~0.5, we find that

there is a distinct dependence on sea polarization both for
E —and also for m

—production. In addition, at x ~0.2
where valence quarks dominate, inclusive hadroproduc-
tion can separate the individual Aavor polarizations from
a proton target and thus complement the neutron data.
In this way, inclusive hadroproduction with polarized
beams and targets gives important new information on
the spin content of the nucleon. The basic ideas and for-
malism for polarized hadroproduction in the quark-
parton model were described in Ref. [6], where some ear-
ly limited predictions were also reported.

In the deep-inelastic scattering of longitudinally polar-
ized muons from longitudinally polarized target nucleons
[5], one measures the asymmetry

~ 1/2 ~3/2
a, (x, g )=

~1/2+ 3/2

where cr, /2(3/2)(x, g ) are the virtual photoabsorption
cross sections when the projection of the total angular
momentum of the photon-nucleon system along the
photon-nucleon direction is —,

'
( —,'). Given the knowledge

of the unpolarized (transverse) structure function
F, (x, Q ), one constructs the polarized structure function

g, (x, g )=a, (x, g )F, (x, g2) . (2)

Empirically, a, (x, Q ) shows no discernible Q depen-

If q "~(x,Q ) refer to partons with helicity parallel or
anti arallel to the target and b,q(x, g )—:q t(x, g )—

q (x, Q ), then the measurement of gi(x, g ) may be
used to determine Aq and Aq from

2g, (x, g )=pe, [bq(x, g )+hq(x, g )] .
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dence and we shall henceforth approximate it as a, (x).
By analogy we define hadron inclusive structure func-

tions, for 1N ~1'H(z)+. . . (where the target four-
momentum is P, momentum transfer is q, hadron H
momentum is p, and z=p P/q P =El,b/qo):

2E~~ (x,z)= pe; [q, (x)D; (z)+q;(x)D (z-). ], (4)

2g~~~ (x,z)= ge; [hq;(x)D, (z)+Aq;(x)D , (z)]-. , (5)

g~ (x,z)
A~ (x,z)= (6)F~~ (x,z)
where D; (z) is the fragmentation function for parton i to
produce hadron H [5] and kT of the produced hadron is
integrated over.

The fragmentation functions are of two classes: those
+

"favored" as z ~1 (e.g., D„and those related by isospin
or charge conjugation [5]) and "unfavored" (e.g. , D„).
These have been measured; see, e.g., Ref. [7], which
quotes

where

+ — 0.7(1—z)'
(z) =g(z)D„(z)= (7)

= 1+2
g(z) =

Thus,

18g~&i (x,z ) =D„(z)I g(z) [4b u (x)+Ad(x) ]

+Ad(x)+4hu (x)]

+D, (z)(As+As ),
+

with F1 following if Aq~q and hq —+q everywhere.
One could obtain a probe of the polarized strange sea if
the z and x dependences can be separately binned. First
note that

g~ ' +" '(x,z)= [D„(z)+D„(z)]g/(x)
+—,'(bs+ b s )(x)[D„(z)—D„(z)](z).

(10)
Thus, by defining the asyrnrnetry

p/(a++@ )

g p/(~ +n. )—
Fp/(m + n. )

1

(note that this is not equal to A~~ +A~~ ), then if s
and s are negligible one necessarily has

A~~' +" '(x, z)=A~(x) . (12)

In predicting the hadron inclusive asymmetries we have
used the unpolarized distributions of Ref. [8]:

2 a —1 Pqy(x)= x ' (1—x) ',8 aq, q+1

(13)

(1—x)~
q(x) =C(1+y)

where

a„=0.59+0.06,
P„=2.7+0.3,
ad = 1.03+0.22,

pd =6.9+1.0,
C =0.015+0.002,

y =14.6+3.5,
and q(x) =us(x) =us(x) = . . =2s(x) =2s(x).

The polarized valence distributions Au&, Ad& are ob-
tained using the wave function of Ref. [9]:

1/2
Ao(x)

Ip&=u 1 II=0,S=O) +[(—,
')' diI= 1,I =1)—( —,

')'i u iI=1,I =0)]

X[(—,
')' J, ~S=1,S =1)—( —,

')' t~S=1,S =0)]
1/2

A, (x)
(14)

Ao(x)=x[uy(x) 2dy(x)]

A, (x)=x—,
' d y(x) .

(15)

which is motivated by the successes of quark models in
describing low-energy nucleon properties, incorporates
spin-dependent effects [ Ao(x)X A &(x)], and gives a good
description of the polarized asymmetry in the valence-
quark region (x ~0.2). Here I and S are the isospin and
spin of the two noninteracting valence quarks and
Ao(x)/x and A, (x)/x are the probabilities that a quark
with momentum fraction x is hit while the two other
valence quarks are in a state with spin 0 or 1, respective-
ly. Ao, (x) are given by data on unpolarized distribu-
tions

The spin-dependent structure functions are then given by
(neglecting b, q effects)

2gP(x)= 4bu + —,'bd~ (16)

where the polarized valence distributions are

xbu ( = Ao(x)f„(0;x )+—,
' A, (x)[—,

' f„(0;x) ——,
' f„(1;x)],

xbdf = ,' A, (x)[—,
' fd(0;x ) ', f—d(1;x)], ——

(17)
xb, uy= —,

' A, (x)[—,
' f„(0;x) ——', f„(1;x)],

xbdy=ao(x)fd(0;x )+ —,
' A &(x)[ ,'fd(0;x ) ', fd(1;—x)), ——
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and the f„{d~(S3;x)are spin dilution factors [9] which
take into account the differences between up and down
quarks as well as the mass difference between spin- —,

' and
spin- —, baryons. The polarized valence distributions are
shown in Fig. 1. The resulting asymmetry A~i(x) agrees
with the data on the proton [1] (see Fig. 2) and satisfies
the Bjorken sum rule [10]. Further, the prediction for
A ", (x) is shown in Fig. 2 (neglecting bq effects).

We can then write

+ 4r)huv+bdi, +(6+5rI)bq
4qui +dv+(6+5')q

FICi. 1. The valence-quark spin distributions x hu f(x) (dots),
xb,dP{x) {dashes), xhuP{x) (solid), xhdi, {x) (dot-dash) for the
proton and neutron, respectively [9]. The large isospin violation
shown in the figure arises because in Ref. [9] the probability of
spin Aip is taken to be proportional to the square of the current
quark mass.

I l I i I i I I I I I i I

0 0.2 0.4
I i ( t i I

0.6 0.8
Z

FIG. 3. This shows 3 (x=0.2,z) (solid) and
(x =0.2,z) (dashes).

at large z due to the negative sign of hd, as in Fig. 1. At
low x, where q(x) is significant and hqi, (x) are small as

+
in Fig. 1, Ai' (both x,z~0) becomes very sensitive to

+
the sea polarization asymmetry. Figure 4 shows A

(x =0.02,z) and demonstrates the sensitivity to the d po-
larization. A~ (x,z) at low x and z is sensitive to the
u polarization in a similar way.

For K production we allow for the extra strange-

quark mass by supposing that D (z) =RD, (z);
R =0.3 (as cited in Ref. [4]). (A more detailed R(z) has
recently been reported [11] which has R(z) =0.1+0.4z
with large errors. This tends to favor the strange-quark
fragmentation as z —+0 but does not change our curves
within the likely accuracies of forthcoming experiments. )
Thus,

4hu y+ hd v+ Aq+4qhu +—gAs
13 1

and A " is similar but that g multiplies d, in place of
uv. We And that in the x region where valence quarks
dominate 3"~ (x,z~0)= A«„&(x). This can be used
to separate b,uv(x) and b,di, (x) and to provide a test of
the underlying formalism. For example, Fig. 3 shows
Ai' (x =0.2,z) with the decrease in A~ (x =0.2,z) t.o

4u v+dv+ q +4'gu + Y/s
13 — — 1

(19)
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FICx. 2. The total asymmetries 2 ~&(x) (dots) and A l (x)
(dashes) for the proton and neutron, respectively [9].
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+FIG. 4. This shows A~/" (x =0.02,z). The dotted line cor-
responds to maximum positive sea polarization asymmetry
(Aq =+q), the dashed line to maximum negative sea polariza-
tion asymmetry (Aq = —q), and the solid line is the prediction
for zero sea polarization asymmetry.
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FIG. 5. This shows A~ (x =0.02,z). The dotted line cor-
responds to maximum positive sea polarization, the dashed line
to maximum negative sea polarization, and the solid line is the
prediction for zero sea polarization.

Figure 5 shows A~ (x =0.02, z) for the cases of zero
and maximum sea polarization asymmetry. Again, at
low z there is large sensitivity to the sign and magnitude
of the sea polarization asymmetry. Figure 6 shows
A~~ (x =O. l,z) and a~~ (x =O. l,z) and we see that
for z)0 ~At' (x=0. l.z)~) ~A~ (x=O. l, z)~ if the

qq sea is highly polarized. In the idealized limit z~l,
E production directly probes the sea polarization asym-
metry:

limA~~ (x,z)= (x) .hq
z~1 q

(20)

At low x =0.02, where hdv is predicted to be small (see

Fig. 1), a comparison of A~~ (x,z) and A~ (x,z)
will be sensitive to the polarization of the strange sea. If
the strange and nonstrange sea polarization asymmetries

+ /Kare the same, then A~~ (x =O. l,z) = At'~ (x =O. l,z).
A measureable difference between m+ and K+ asym-
metries will reveal that b,sWhd.

In the limit z~ 1, the K is an ideal tag for polarized
sea quarks in theory; in practice, however, there is no
event rate. Fortunately, these large effects are predicted
to apply even for z ~ 0.5 (see Fig. 6) where experimentally
quark flavor can be identified with high probability and
where there are reasonable event rates. Thus, a detailed
comparison of inclusive ~—+, K —polarization asymmetries
on protons can help to constrain models of the proton

z
FIG. 6. This shows A (x=0.1,z) (solid) and 2

(x =0.1,z) (dashes). In each case the top curve is for maximum
positive sea polarization, the center curve is for zero polariza-
tion, and the lowest curve is for maximum negative polariza-
tion.

spin structure. Further, the K asymmetry at large z
directly probes the polarized sea. For x ~0.2, b,ut, (x)+
and b,d t,(x ) in the nucleon are determined by A ~

For low x, the magnitude and sign of the polarized qq sea
is determined. The A~~ (z~ 1) is best in this regard.
However, in addition Au and Ad are constrained by+At'~ (both x,z —+0) and A~ (both x,z~O), respec-
tively. Also, it is necessary to ensure that the recoil ha-
dronic mass is above the resonance region. Given the
formulas and distributions in the text it is trivial to gen-
erate curves for arbitrary x and for neutron targets. We
have not shown these here. The test for a polarized sea,
through possible z dependence of the asymmetry, seems
most feasible with K production from proton targets.
We stress the importance of considering the x and z
dependence of inclusive hadron production in the next
generation of deep-inelastic asymmetry measurements on
the nucleon [12].
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