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1. In spite of that the structure functions (SF) of deep inelastic
scattering (DIS) are studied extentively, this problem continues to attract
considerable attention nowadays motivated, in particular, by recent EMC
experimental data[1] of DIS on polarized protons. It has been found there
that the fraction of proton spin carried by quarks is close to zero ("spin
crisis”). This discovery stimulated a number of works devoted to the
spin content of nucleon(2,3,4]. Since the situation is still unclear, there
is a great need of further experimental information on the spin, isospin
and the flavour structures of nucleons. Consequently, the polarized lepton
DIS on polarized nuclei should be a source of unique data. This especially
concerns neutrons in view of the obvious difficulties with the neutron
targets. On the other hand, this type of experiments would be important
for the study of the nuclear structure and models using in description of
DIS on nuclei such as a convolution model(5,6].

In the present letter we discuss (1) the problems of extraction of the
first moments of the nucleon SF from the nuclear SF in polarized DIS
processes; and (i1) the connection of the nuclear SF with the conventional
nuclei-data (weak decay, nuclear magnetic moments etc.).

Accordingly, we consider below the spin-dependent SF GT(z, Q?) for
different targets T (nucleons and nuclei). Also the Bjorken sum rule
(BSR)[7] is discussed, which is one of the basic relations used in explo-
ration of the "spin crisis”[2,3,4] (besides, it allows one to relate the SF
GT(z,Q?) to the quantities used in the standard nuclear physics): !
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where G}'" is the spin-dependent SF of a proton and a neutron (denoted
through p and n, resp.). This relation can be applied to a nuclear target
A in which case we substitute (ga/gv ), for ga/gv in the r.h.s. of eq. (1).
The direct experimental specification of the spin-dependent SF of nucle-
ons and verification of the basic relations such as BSR, are important in
view of the contradictions between the QCD conclusions and proton data
combined with indirect data of the quark spin structure of nucleons|3].
In the parton picture, the SF GT(z) is proportional to the probabili-
ties of finding, in the target T, a constituent with the carried momentum
fraction z and with the spin parallel and antiparallel to that of the target:

G1T(z) = Zeﬁw[qar/rr(z) - qal/TT(:C)], (2)

INote that BSR has been obtained before the QCD creation so it did not contain
perturbative corrections such as (1 ~ a,/7). (Here a,(Q?) is the QCD parameter,
a, & 0.27 at Q% = 15 GeV?).
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where T = p,n, A...; a tuns over sorts of partons. .
Applying the convolution model to the nuclei, we get for G{(z) [5,6]:

A
Gi(2) = Y [ dwaGi(a/ya)lfurrar(va) — Fuusar (wa)l, (3)

where t is a virtual hadron constituent of the nucleus A with SF Gi(z) (2).
In the present work we shall be interested only in the nucleon structure
of nuclei, therefore in what follows ¢ = p,n. Besides, we neglected the
nucleon off-mass effects such as the EMC-effect since in the case of the
lightest nuclei the off-mass corrections to the typical integral values [such

as (1)] are insignificant [8]. Then, the integration of eq. (3) gives:
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where Py 41 1esp. Py 41 is the probability to find, in the ground state of
the nucleus A, a constituent ¢ with spin parallel, resp., antiparallel to the
target one. Within the framework of the conventional nuglear physics,
the quantity [Pi,j/a1 — Pij/a1] can be calculated as a matrix element of
the operator 3;0¢(4) (the sum is carried over the type t nucleons) over
the nucleus wave function (WF) | A):

[0t = [ ot 54+ [Ea@)s4

0

where SPA(M4) — (4 | Lp(n) o?") | A) are the nuclear spin structure fac-
tors. Equation (5) is a straightforward consequence of the convolution ap-
proach usually applying to the investigations of the DIS on nuclei. How-
ever, to interpret this relation, one should be extremely careful in view
of (i) the eventual changes of the nucleon properties in nucleus, and in
view of that (i1) the simplified consideration of the nuclear structure may
lead to incorrect results. It is appropriate now to remember the lessons
of the EMC-effect which give rise to a number of explanations using both
the nucleon properties modification (Q?—rescaling, "swelling”...) and the
nuclear structure effects (binding effects, mesons...)_. .

The authors of ref. [5] applied BSR (1) and relations like (5) to d(?ter-
mine g4 /gy for bound nucleons using the SF G¢ and G#" of the mirror

nuclei i.e., of A and A~, where the numbers of protons and neutrons are

reversed, with J = 1/2. For the mirror nuclei we have 574 = §n4° gn4
SPA* 5o that:

0/1 SO - afen=g (2] - -
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Following to logic of the convolution approach we must assume that
(see ref. [5]): (9a/9v )bd. nua. = ga/gv. In the context of our consider-
ation this implies the coincidence of the first moments of the free and
bound nucleon SF G,(z). However, the ratio g,/gy is known to be
"renormalized” in nuclei to the effective value (94/9v )bd. nuct.[9] which
can be determined from the B-decay and Gamov-Teller transitions of
nuclei. This discrepancy arises from the limitation of the convolution ap-
proach which operates only with the nucleon degrees of freedom, whereas
the meson and other non-nucleon constituents (A-isobars, multiquarks...)
also contribute to the nuclear SF. If only nucleons are concerned, one
should clearly use the effective constant; the only exception is probably
the case of lightest nuclei where the non-nucleon contributions seem to
be insignificant.

Next, [SP4 — S"A] is the matrix element of the operator o313 over
the nucleus A WF. Just this matrix element appears in the nuclear §-
decay processes. The weak decay experiments with the mirror nuclei[9]
give the empirical value (g4/gv )4 which allows one to determine the
renormalized ratio g, /gy for bound nucleons:

_gi — g_A - o—iTi = g—A 0373).
(gV)AA' <gv)bd. nucl. <A ' t:Zl &3 ‘ A) (gv)bd nucl. < ) (7)

Equations (6) and (7) illustrate the relationship between DIS and weak
processes. Using this relationship, the experimental B-decay information
and computing the nuclear spin structure factors, we are able to obtain
the neutron SF and the ratio g4 /gy from the DIS on nuclei.

2. The deuteron (D). It seems evidently that the nucleon properties
in a deuteron least of all deviate from free ones. Therefore it is just
the deuteron that is to be considered as a more convenient source of the
polarized neutron data like the unpolarized case{10]. The main problem
in the extraction of the "nearly free” neutron SF from the deuteron one is
the determination and exclusion of the nucleon (unpolarized or polarized)
Fermi-smearing in the deuteron. If we bear in mind to operate with the
integral values (1) and (5), the deuteron structure influence comes to



factors SpAn4 2 ‘
Then the direct calculation in (5) with the realistic deuteron WF
yields:
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[ £ = [Zieua) + @) -5, ©®
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where Pp is the D-wave weight in the deuteron. Equations (8) and (9)

ive the way of obtaining the first moments of the polarized neutron SF
%rom the relevant SF of the deuteron and proton. Now, neglecting the
change of nucleon properties in the deuteron, it is easy to find the desired

expression for (ga/gv)pp = 9a/9v:

[Zeci@ - (5P eE) = 5 2 - 2. (o)

Equation (10) is an useful relation for the experimental check of the
validity of BSR or, if BSR holds valid, for verification of the perturbative
QCD (for more detailed discussions of this problem, see, for instance,
ref.[3]). Substituting the realistic value of Pp = 0.0425 [13] into (9)
we find SP = 0.936 which essentially deviates from unity due to the
orbital motion of nucleons inside the deuteron (D-wave admixture in the
deuteron WF). Taking account of this structure factor S° in eq. (10)

leads to an essential correction in final results in comparison with the
case when the deuteron is presented as a simple sum of two nucleons

at rest (S? = 1). Using the experimental values for g4/gv (1.259 =+
0.004 from ref.[14]) and for I, = [ G}(z)dz/z ( 0.114 £ 0.012(stat.) £
0.026(syst.) from EMC-experiments[1]) we can estimate the role of the

structure factor S? in the experimental determination of the BSR in DIS
on polarized protons and deuterons:

2Deep inelastic scattering from a polarized deuteron was studied in refs. [11,
12]. The spin-dependent momentum distribution of nucleons in the deuteron was
determined. However, the problem of the possibility of the extraction of the neutron
SF and thereby of the ratio g4/gv was not considered.
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and from eq.(11) we get that its r.h.s. deviate from (10) by ~1 —2%.
Taking into account of such an apparently small deviation is important
because of the sensitivity of further analysis of BSR and spin contents of
the nucleon.

3. Helium-3 and Tritium (3H —3 He) mirror pair. As it is shown
above, the difference of the mirror nuclear SF is connected with the
ratio (g4/gv )sa. nuet. and nuclear spin structure factors SPA(®4) by the
unsophisticated relation (6). The *H —3He is the simplest example of a
mirror nucleus pair with the well-known WF (see, for instance, refs.[15,
16]). The general form of such a WF is:

MM = SRy (r1,ra,rs) - (DmSp | TM)- | Su, TMr,v), (12)

Lom,u

where J, T, M;, Mr are the total momentum and total isospin momen-
tum and their projections corresponding to the considered nucleus; S and
L spin and angular momenta; index v enumerates the states with differ-
ent spin-isospin symmetries; | Sy, T Mr,v) is the spin-isospin state with
symmetry v. The basic states in WF (12) are the completely symmetric
S-state and mixed symmetry S’-state with L = 0 and, also, D-state of
the mixed symmetry with L = 2. The WF (12) allows one to express the
nuclear factors (5)-(6) in the explicit form:

SWHe — gPH _ po 4 %Pg - %PD, sPiHe — griH _ %P; - EPD, (13)

1 1
SPJH—S"JH:P_g—gPé-f-gPD, (14)
where Ps, Ps: and Pp are weights of the S-, S’- and D-wave in *He (or
3H) respectively. Using the typical values Ps = 0.897, Ps» = 0.017 and
Pp = 0.086 we find:

SP°H _ 5mH — g 920, (15)
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which is essentially different from unity given by the standard shell
model(5].

Using the experimental value[9] of (g4/gyv)a=3 = 1.2055 (7) and esti-
mate (15), we get:

(g—‘> ~ 1310, (16)
9V / bd. nudl.

instead of 1.259 for the free nucleons. Since the ratio g4/gy is renormal-
ized in the A = 3 nuclei about 4%, these nuclei are irrelevant sources of
the free neutron SF data. However, the possibility to control the BSR
remains. Substituting (15), (16) into (6) we find:

JE@re) — Ge(e)) =

z

1]

ga a 3 3
A 1 — ). (sPH _svHy 01
(9V>bd.m¢,( —) - ) 836,  (17)

<D -

which diﬂ'ers slightly (~ 5%) from the prediction of the usual convolution®
model using the nuclear structure factor (15) (not unity!):

ldz 3 3
[ S (G @) — Ge)) =

e

o ~)- (77 — 5¥H) ~ 0.1762. (18)

4. Concluding remarks

1. Our analysis shows that in the polarized DIS on nuclei one meet the
reefs which are the same as in the unpolarized case (EMC-effect).
Namely, the conventional convolution model must be corrected by
taken into account that (i) the nucleon properties in a nucleus even-
tually change and (ii) the simplified consideration of the nuclear
structure may lead to the incorrect results. Above, we considered
the influence of nuclear spin-orbital structure on the nuclear SF.
Then, using the "renormalized” constant g4 /gy we also effectively
took into account other effects such as the nucleon conversion in the
nucleus, the non-nucleon degrees of freedom (A-isobars, multiquark
states,...), etc.

2. 4o understand the role of the meson exchange currents let us con-

sider a pedagogical example. The averaging operator in (5) is very
similar to the conventional nuclear operator of the magnetic mo-
ment:

fie = tp 3 0T pn D 0T+ (19)
4 n p

It is known that the calculation of the magnetic moments of nuclei
is unsatisfactory if only the nucleon degrees of freedom are taken
into account. For instance, in the 3He and ®H cases the discrepancy
is nearly 20%:

p(CHE)cate, = —1.743 B HE)erp = —2.128;
(P H)eate, = 2.558 3 p(PH)eap. = 2.979.

The deviation of p.q.. calculated with Ps, Ps» and Pp given above
from the experimental value g.., is explained by the meson ex-
change corrections [15,17]. Note that in the deuteron case the anal-
ogous discrepancy is insignificant (~ 0.2%). It is an evident sug-
gestion to the small contribution of meson corrections in deuteron
and, therefore, the renormalzation effects are negligible.

The inclusion of the meson exchange currents into the analysis of
deep inelastic scattering on nuclei was explored, in the unpolarized
cases, in refs.[8]. For the matrix elements of axial-vector currents
the meson-exchange corrections were investigated in refs.[18] in nu-
clear weak processes.

. The established relations among the nuclear structure, the renor-

malized ratio g4/gy and the nuclear SF allow one to predict the
(9a/gv)a values in (1). In particular, according to the experimen-
tal values of (ga/gv)a[9], the BSR for nuclei must have a nontrivial
A-dependence. On the other hand, one may use relation (6) to ex-
tract the renormalized ratio g4 /gy from the DIS experimental data.

. In our opinion, the extraction of the ratio ga/gv from the com-

bined proton and deuteron SF is not worse than the extraction
from mirror nucleus data. In both cases the calculation procedure
is model-dependent since, inevitably we must deal with the model
of the nuclear WF determining the nuclear factors SP4™4. Besides,
the WF of the "exactly solvable” nuclear model, the deuteron, is
the best understood object of the nuclear physics, and the renor-
malization effects are the smallest possible.

. Note that the calculation of the z-behavior of the SF G{ is a more

complicated problem than the calculation of its first moment. This

7



difficulty is especially relevant for heavy nuclei because the corre-
sponding WF become extremely complicated and in view of the
noticeable off-mass effects|19)].

We would like to thank Drs. V.B. Belyaev, S.M. Dorkin, A.I. Titov
and A.V. Radyushkin for many helpful discussions on the nuclear effects
in deep inelastic processes.
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Kanraps J.II., YMHHKOB A.l0. E2-89-860
IlpaBHio cymMm BbepkeHa M ri1yboxkoHeynpyroe paccesHHe
Ha NOJIAPH30BAaHHBIX AOPax

O6cyxmaeTcda OTHOHMEHHE gA/gV, onpegelisieMoe C ITOMOULHO
npasuiia cyMMm BbepkeHa, B INiybOKOHeynpyrom paccesiHHd Ha
MOJIAPH30BaHHBIX AgpaXx. llpobnema Boimellienusa 30deKTOB sALepPHOH
CTPYKTYDbl PAacCMOTPEHa B cliyyae jervaiumx sazep (meHTpoHa
H 3epkanbHOH mapm SHe-3H).

Pa6ora BbimosiHeHa B JlaGopaTopuH TeOoPeTHYecKOH ¢u3Hku
odiy..

Tpenpuur O6beAHHEHHOrO HHCTHTYTa AREPHBIX HewlenonpaHmi. [yGua 1989

Kaptari L.P., Umnikov A.Yu. E2-89-860
Bjorken Sum Rule and Deep Inelastic Scattering
on Polarized Nuclei

The nuclear ratio gA/gv determinated by the Bjorken
sum rule in deep inelastic scattering on polarized nuclei
is investigated. The problem of separation of nuclear
structure : effects is considered in the case of the
lightest nuclei (deuteron and the 3He-3H mirror pair).

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna 1989




