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Abstract

We consider the double-spin cpsasymmetry for pion electroproduction in semi-inclusive deep inelastic scattering
of longitudinally polarized leptons off longitudinally polarized protons. We estimate the size of the asymmetry in the
approximation where all twist-3 interaction-dependent distribution and fragmentation functions are set to zero. In that
approximation at HERMES kinematics a sizable negativepatisuble-spin asymmetry for* electroproduction is predicted.

0 2002 Published by Elsevier Science B.V.

PACS 13.87.Fh; 13.60.-r; 13.88.+e; 14.20.Dh

1. Introduction tries. The HERMES Collaboration has recently re-
ported on the measurement of such single target—spin

Semi-inclusive deep inelastic scattering (SIDIS) of asymmetries in the distribution of the azimuthal an-
leptons off a nucleon is a suitable process to extract in- 91€ ¢ 0f produced pions relative to the lepton scatter-

formation on the quark—gluon structure—correlations "9 Plane, in semi-inclusive charged and neutral pion
between the spins of hadron or quark/gluon and the production on a longitudinally polarized hydrogen tar-
momentum of the quark/gluon with respect to that of 9&t[2.3]-

the hadron. The parton intrinsic transverse momen-  Other consequences of non-zero intrinsic trans-
tum allows in the SIDIS cross section particular non- VE€rseé momentum of partons are the spin-independent

perturbative correlations, which can be probed in mea- €0S¢ and cos asymmetries [4] and double-spin az-
surements of azimuthal asymmetries. The complete IMuthal asymmetries [1,5]. In this Letter we investi-
tree-level result for the SIDIS cross section in terms 9ate the specific cas ailmuthal asymmetry at order
of distribution (DF) and fragmentation (FF) functions 1/€ in semi-inclusiver™ production with longitudi-
at leading and subleading order i@ has been given nally polarized electrons on longitudinally polarized
in Ref. [1]. In particular, the combination with T-odd ~Protons.

fragmentation functions leads to single-spin asymme- 1 he kinematics of SIDIS is illustrated in Fig. 1:
k1 (k2) is the 4-momentum of the incoming (outgoing)

charged leptonQ? = —g?2, whereq = k1 — kp, is the
E-mail address; kogan@geordi.desy.de (K.A. Oganessyan). 4-momentum of the virtual photon. The momenté&m
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The quantity sii,, is of order I Q and given by
g AM2x2 M2x2y2
sing, =, | ————5=5|1—y— , 2
’ \/Q2+4M2x2< TR > @
whereM is the nucleon mass. We will distinguish the

situations by referring t@L L) ap Which will produce
both LL and LT polarization in the virtual photon

K frame.
1 P,
$q :
: 2. Thesemi-inclusive cross section
TS,
S j The cross section for one-particle inclusive deep
; 0 } inelastic scattering is given by
k, (Nt ‘ do£+N—>e’+h+x 7TOl2y
| = L 2MWHY, 3
< y dxdydzd?P,, 20%
0 ‘ The quantityL ,, is the well-known lepton tensor.
S, ! The full expression for the symmetric and antisym-
! P, metric parts of the hadronic tensd¥*’ at leading
1/0 order are given by Eqgs. (77), (78) of Ref. [1].
In order to investigate the cgsazimuthal asymmetry
ki we keep only the terms producing contributions in the
- cross sectiohthat areg-independent or proportional
to cosp
Fig. 1. The kinematics of SIDIS. 2MWHY
P
— 2z/d2kr d2p782<pT _ o kT>
z
is th fth bserved) had v v 2] )
(Pp)ist e_mome_ntumo t etargezt (observed) hadron. > {_gi f1D1~I—i6ﬁ g1, D1+ AD
The scaling variables are = Q</2(P - q), y =
(P-q)/(P-k1),andz = (P - Py)/(P-g). The momen- gf{upi} N _Zf[l‘ei]km ~,
tum k17 is the incoming lepton transverse momentum + Txf Dy +i TglsD
with respect to the virtual photon momentum direc- o lig?]
. . . tHe M ~
tion, andq? is the_ azimuthal angle betvyee‘?;u and +i 1Plp [xgiDl + —hhfsE} }7(4)
k17 . We will consider the case of a polarized beam, the M

helicity being denoted by, . Note that for the specific ~ where{. v} indicates symmetrization of indices and
case in which the targetis polarized parallel (antiparal- [;,v] indicates antisymmetrization. In the above ex-
lel) to the beam a transverse spin in the virtual photon pression we have used the shorthand notagign

frame arises which only can have azimuthal angle 0

(). The value of this transverse spin componentis [6] $1s (- P7)

-S
= |:SLg1L(xv P%) + g1r(x, P%)%} )]

[S7|=|S|sinby, (1) .
4 and similarly forhy; .

wheref,, is the virtual photon emission angle afids

target polarization parallel/antiparallel to the incoming 1 15 avoid ambiguities, we will use the same notations as in
lepton momentum. Ref. [1].
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The contraction of leptonic and hadronic tensors
leads to the cross section with the following terms

b Yot
= eco,
dxdydzd?P,; Q2 - 4

L+N—L'+h+X

(6)

where
o :/dsz d?kr 228%(Pyy — 2(pr — k1))
x {2[1+ (1= »?)f{ (x. p7) DY (2. 2°7)
—82-»Vi-v; =
[kafl (x, I’T)DM
+ proxfri(x. p
+ 2081y —y)gd (x. p3)Di (2.2
= sxeSLymé
x [mgﬂ (x. PF) DM (2. 245
+ (el 23D 203)
M e ) E 24 )

(pr-S1)
M

sl (5,0 DY e 743 |

Here bykr, (pr.) we denote the component of the
final (initial) parton transverse momentum vector.

)

(=
2)D4 (2. %)
2) D (2, <%3)

+2h.y(2—y)

)

3. Thecorréation functions

In the asymmetries considered in this Letter a num-
ber of functions appear beyond the well-known lead-
ing twist DF's £, ¢7 andh? and the FFD{. Note
that we do not consider polarization in the fragmenta-
tion process. These additional functions are

e The DF's ¢, andhy,?, interpreted as distribu-
tions of longitudinally and transversely polarized
quarks (of flavorg) in transversely and longitu-
dinally polarized nucleons, respectively. The most
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interestingpr-integrated functions in these case
are the transverse moments

n
d'w= [ dsz( ) §ir (v pF)-

e The DF'sf14 andgz appear at subleading(®)
order in the above expression.

e The FF'sD17 andE4 appear at subleading (D)
order.

p7

2M2 ©

For all of these functions the relevant transverse
moments can be expressed into the leading twist
functions f1, g1 and k1 and interaction-dependent
functions, indicated with a tilde. The relations are of
the same type as the Wandzura—Wilczek relation [7]
for the subleading functiog? measured in inclusive
leptoproduction with a transversely polarized target.

The relations needed in our case and details on
them are found in Refs. [1,8]. For DF one needs

1 1

>(x> / g1<y) mo[ o h)
Y>3
y
—/dy gT()’)7 ©)
J y
hL(l)(x) i hi(y) m 7 g1(y)
leZ :—/d 2 +M/dy
Lo
+/dy L), (10)
y
o = fl(x)+fL (11)
h
gt = 80 MW o 12
while for DF we need
m ~
E(z) = —2zD1(2) + E(2), (13)
My
D*(z) = zD1(z) + Dt (2). (14)

The approximation that we will use below consists
in setting all interaction dependent (tilde) functions
to zero. There is in fact no justification for this,
except the observation that the same approximation
for g‘} (the Wandzura—Wilczek approximation (WW))
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seems to work well [9]. We want to add another x [M2g1(x)zD* P (2)
point concerning potential contributions in the cross 1)

. — M? D
section that have already been neglected, namely those xgp  ()zD1(@)

proportional toas(Q?). Contributions proportional — My Mhl(l)(x)zE(z)] (20)
to as(Q%)--- f1--- will likely appear at the same WW 1
point where the functioriM/Q) - - - f1 appears [10], = —4%5\/1— yM%P(x)zD1(z), (1)

while contributions proportional te,(Q?)--- g1

will likely appear at the same point where the function do3. =[P _

(M/Q)---gi appears. oLy =(|Prilcoss ¢S()1))LT
=%e|STI(2— y)Mgir (x)2D1(2) (22)

1
4. Weighted cross section ng)»e|ST|(2—y)M|:'/dygl)(})’)i|ZD1(Z)‘

We will consider the differential cross section inte- *

grated over the transverse momentum of the produced (23)
hadron with different weights and denote them by [11,  The particular co$ moment in the SIDIS cross
12] section for which we will give an estimate is the fol-
lowing weighted integral of a cross section asymmetry,

dottN—>U+h+X
S R e B P
whereW = W(Py,, ¢, ¢s). With the subscriptsi B _ fdzPM|Phl| cosp(cT™ +o7 " —0tT -0
we denote the polarization of lepton and target hadron, — %fdzPhJ_(a‘H' U p———— .

respectively. We us# for unpolarizedL for longitu-
i . X (24)

dinally polarized and” for transversely polarized par-

ticles. From Eq. (7) we then obtain a number of asym-  Hereo**, 07" (c*~,0~ 1) denote the cross sec-

metries. For each of them we have indicated the resultstion with antiparallel (parallel) polarization of the

after setting all interaction dependent functions equal beam and target, respectivélyThey are given by

to zero, i.e., only keeping the twist-2 functions. The daf’T with ¢5 = 7(0) for o™ ando~" (¢~ and

results are o*7), respectively. The quantitys;, is the mass of
1+ (1— )2 the final hadron. Using the Egs. (16)—(23) and assum-
gl}U =(Lyy = 7yf1(x)[)1(z), (16) ing 100% beam and target polarization one obtains
y
1 _ _ _ AUfL — d0L3T
Aoj; = (DL =AeSL(2 — y)g1(x) D1(2), @7 (1Paiicosp),,,  =4—LE—LT (25)
’ Gu
0’51] = (|Phi| COS¢>UU For the experimentally measured cross sections that
42-y)J/I=y is determined without weighing with the transverse
= —57 momentum of the produced hadron we use a further
2 Lyl approximation,
x [M2xf+ P (x)zD1(2) 1
~ cosp
~ M2 102D ()] (18)  ALDy, ™ 5, lIPnLlcost (26)
ww 42—yl
= - ) - szl(l)(x)ZDl(Z) For the numerical estimate of( Ly 2Symmetry
Y (19) we use the approximation, where onIy the twist-2

distribution and fragmentation functions are used,

e., the interaction-dependent twist-3 parts are set
Aot = {IPyilcos), , P P

s, o
=4%, EV 1-y 2 This leads to positive1 (x).
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dashed line corresponds to contribution of mefL, dot-dashed
one todaET and the solid line is the difference of those two.

for = production as a function of Bjorken. The

to zero. It is important to point out that in this
approximation the cas asymmetry reduces to a
kinematical effect conditioned by intrinsic transverse
momentum of partons similar to the ebasymmetry

in unpolarized SIDIS [4].

Assuming a Gaussian parameterization for the
distribution of the initial parton’s intrinsic transverse
momentum,pr, in the helicity distribution function
g1(z, p2) one can get

(p?)

D _
gy ()= ng(x)-

It is worth to note that these approximations lead to
similar results obtained in the simple quark—gluon
model with non-zero intrinsic transverse momentum
in polarized SIDIS [5]. To estimate the transverse
asymmetry contributionlo?, into the AT7 , we
proceed in the same way as in the Ref. [13].

In Fig. 2, the asymmetry\fii‘f;lab(x) of Eq. (26)

(27)

for =+ production on a proton target is presented as

a function ofx-Bjorken. The curves are calculated by
integrating over the HERMES kinematic ranges cor-
responding to 1 Ge¥/< 02 < 15 Ge\?, 4.5 GeV<

Er <135 GeV, 02<7<0.7,02< y <038, and
taking (P, ) = 0.365 GeV as input. The latter value is
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parameterization of the distribution and fragmentation
functions with(p2) = (0.44)? Ge\? [14]. For the sake

of simplicity, Q?-independent parameterizations were
chosen for the distributiorg; (x) [15], and fragmenta-
tion, D1(z) [16], functions.

From Fig. 2 one can see that the approximation
where all twist-3 DF’s and FF’s are set to zero gives
the large negative double-spin ebsasymmetry at
HERMES energies. The ‘kinematic’ contribution to
AfzsLd;Iab(x) coming from the transverse component of
the target polarization is small (up to 25% at large
x-Bjorken).

5. Conclusion

The cos double-spin asymmetry of SIDIS of lon-
gitudinally polarized electrons off longitudinally po-
larized protons was investigated. We only kept the
(1/Q)-order contribution to the spin asymmetry that
arises from intrinsic transverse momentum effects re-
lated to twist-two DF and FF similar to the cpsisym-
metry in unpolarized SIDIS. With that approximation,
a sizable negative cgsasymmetry is found for HER-
MES kinematics. It is shown that the ‘kinematical’
contribution from target transverse componeft)(is
small. The approximation used to estimate the double-
spin cogp asymmetry is not complete in/D order:
it contains only ¥Q ‘kinematical’ twist-3 contribu-
tion. Itis similar to Cahn’s approach [4] in unpolarized
SIDIS, which describes well the experimental results
from EMC [17] and E665 [18]. The complete behav-
ior of azimuthal distributions needs the inclusion of
higher-twist and pQCD contributions. Nevertheless, if
one consider the kinematics with,; < 1 GeV and
z < 0.8, the estimate shows the non-perturbative ef-
fects from the intrinsic transverse momentum of the
partons in the nucleon. The double-spin ¢ossym-
metry is a good observable to investigate the im-
portance of leading and subleading effects at moder-
ate 02.
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