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Abstract

Using Gerasimov-Drell- Hearn sum rule it is shown that neutron polarized siruciure
function achieves the asymptotic value at @? = 2Gev®. For proton polanzed structure
function it is shown that starting from 1.5 Gev? its deviation from the asymptotic value
does not exceed 15-20%. The integrals over nucleon polarized structure funciions are
obtained in the interval of z = 0.45 =+ 1 on the basis of available data in the resonance
energy region at @° < 3Gev’.It appears that at @ = 2 + 3Gev? these integrﬂs have
scaling bebaviour, and their values agree with the extrapolations to the region of large z
nade in experimental warks.

Recently the Gerasimov-Drell-Hern sum role (GDH) |1, 2] has drawn atiention from
the point of view to obtain vsing it an information on the possible scenaria of transition
‘to the asymptotics of the nucleon polarised structure function g,(z, Q%) [3}-[5]. When
comparing with the Elbe-Jaffe [6] and Bjorken [7] sum rules this sum rule diciates strong
change of the integral over nucleon polasised structure fonction under variation of Q*
from 0 to co: ‘
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__%v for @*=0 (GDH sum rule {1, 2]}, (1a)
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where 0342 and o, are iotal ebsorption cross sections of transverse photons by nucleons
with parallel and antiparallel spins, m and k are the nucleon mass and anomalous mag-
netic moments, and in the asymptotics according to the Ellis-Jaffe {6] and Bjorken (7]

sum rules we have:

T,(Q° - ) = — |94 + 2aF - D)| =0.1884 0.014, )
12 av 3

(T, - L)@ = w) = %5& = 0.209 2 0.001. @)

In this confiection an assumptlion was made [3}, that the significant deviation of the .
measuzed at §? = 10.7Gev? value I', = 0.126 £9.810 £ 0.015 [9]-[11] from the asympiotic
one (2) is connected with the large corrections which can be estimated using the GDH
suin rule. However, the investigation of the resenance contributions to the Q? - evolution
of the integral 7,{Q?) has shown [4],[11] that the s.trong change of this integral with
increasing Q* is connected mainly with the A -isobar contribution, and,after extraction
of this contribution it appeared that at @ = 10.7Gev? the corrections are not large.

In this work we will use the GDH sum 1ule in the famework of the approach developed
i {4] to investigute the behaviour of the rucleor polarized structure function af small
() < 3Gev® Such considerafion iz of interest a2 the receni measurement of the nevtron
polarized structure function st §% = 2Gev? (1] kes revealed that T (Q?) achieves its
asymplotic valne ut sinall @2 At the same time sccording to the results of the Ref [4] at
swall @ 1',{Q%) deviates sigpificantly fiom its asymptotic value. We will draw special
attention 1o the account of the resonance cemtributione which are i;nportant at small Q*
and which can not be described by simple extrapolation of the integral Iy {Q?) from its
vaiue al @? = 0 to the asyinptotic value given by relations (1-3).

{.et us devide the mtegrals in (1) into integrals over resonance energy region and over



high energies:
(@) = °Q + 17°(@). O]

The snalyses made in Refo.[12, 14, 15] show that at W > 1.8Gev (W? = 2mu — Q7)
the resonance contributions to Iy(Q?) sre negligible, and in J3*(Q?) it is reasonable
to be restricted by the energy region with W < 1.8Gev. This energy region includes
the l-resonance region- the resonance Py3(1232), the Il-resonance region-the resonances
Py,(1440), D,4(1520), 51,(1535) and the [[I-resonance region - the resonances Ss;(1620),
5:1(1650), Di5(1675), F15(1680), Dy5(1700), Dy3(1700) and P,(1720)

The integrals I§*(Q?) can be quite reliable estimated at (Q%) < 3Gev? aa the
main contributions wich came from the resondnces Pio{1232), D,3(1520), S,,(1535) sad
F15(1680) are well known from the experiments o. the proton {15] - {21], and other con-
inibutions (and contributions for the neuiron) can be obtained using the analysis made
in [21]. In this work on the basis of available experimental data on the protou for the
members of multiplets [70,1] ~ Dy5(1520), 51,(1535) snd [56,2*] - Fi5(1680) and of
selection rules wich follow from Melosh transformation {22], the amplitudes for other
members of these multiplets are obtained. So, amplitudes for remained resonances are
alac known, These are amplitudes on the neutron for D,s(1520), 5;,(1535) and Fi5{1680)
and the amplitndes for Sy,(1620), S3:(1650), Dis(1675), Dys(1700), Dss(1700) - members
of the multiplet (70,17, and for P,3(1720) - member of the multiplet [56, 2*].

To calculate resonance contributions o J#*(Q?) it is convenient,to explose the narrow
resonance approximation which gives:

_ _m AP - (A
Br@)=_¥ R@, @)= ‘_ZR_——L———L( oty o)
where we have represenied J§*(Q?) as 2 sum of contribulions from the above defined
three resonance regions, the amplitudes are normalised according to the condition

(] 4m L3
o) = W(A))’v

and M, snd I'; are mase and total width of ihe resonance 5. In the numerical calnhhn-
we have used the parameirisations of the amplitodes 4% obtained in Refs.[11],{21] Let



us note that in the J-resonance region we have alsop taken into account the contribution
of the region near threshold. This contribution is determined mainly by the one-pion-
exchange in the pion photoproduction en nucleons. It is quite large at Q? = 0 due to
smallness of the denominator in the integral I,(Q?) (1) near threshold. With increasing
Q? this contribution falls rapidly, '

Summary resonance contributions im three resonance regions are given on fig.1. These
contributions are characterised by the large and negative contribution of the resonance
Pys(1232) (which is decisive at Q* = 0 ), and beginning with 1 GeVZ by large and positive
contribution of Il-and III-resonance regions into integral for proton I,(Q?). These con-
tributions are determined mainly by the resonances D;5(1520), S1,(1535) and Fis(1680)
and are characterized by unusually slew decreasing of the amplitudes A}/, with increas-
ing Q°. For the resonances £,3(1526) and F1;(1680) this slow decressing of the am-
plitudes Al/? results in the early (up to 1Gev?) ;:hange of the sign of the asymmetry
A = (A}; - A3}/ (Al + A3;) for proton, which is observed in many experiments [23].
The neutron amplitudes\ have not such behaviour, by this reason the contributions of the
1I- and ITI- resonance regions into the iategral for the neutron I,(Q?) are significantly

smaller. As a result the integral over gi(z, Q%) over resonance energy region:

L
I5(Q@Y) = Thl(en @) = [ o¥(c,@%)dz, (6)

PRer
(zres = QF[UWEL)? - m? + Q%] in our consideration WEL* = 1.8 Gev) at @* = 2+ 3Gev?

for the profon is larger than for the neutror, mamely:
,(0.46, 2Gev?)=0.02, T,(8.56, 3Gev?)= 0.018, @
T,(0.46, 2Qev’) = -0.883, T,(0.56, 3Gev®) = 0.003.

These results agree well with the extrapelations made in [8, 9, 12] into the region of large
z, where expenmental data are absent:

T,(0.45, @ =10.7Gev?) = 0.017% O @)
T.(08, @ =2Gev?) =0.00312 (9)
.



So, we obtain that at @ = 2+ 3 Gev® the eantribution of the resonance energy region
into T'w(Q?) has acaling bebaviour and agrees with estimations made in the experimental
works.

Let us consider now the integtale over high emergy region with W > 1.8 Gev and
suppose, as it i made in Refs.(3, 4] that their Q?-evolution is determined by vector

dominance:

Q%) -; B by (30)
=T e |
wheee u-in the mase of p-meson. With this in asympiotics we have:

B @)~ 0, H@)- T In@) » @ oo, (1)
and from asymptotic sam reles (1b), (2) and (3) it follows:

a, =058, a,= -0.06.2. 12)
At @ = 0 uting GDH sum rele (1a) and the values of I3%(0) (fig.1} we obtain
IF*(0) = q, + 5, =0.200, I7*(0) = a, +5. = ~0.205; (33)

So, beth perts in the integrals In(G?) (4) are determined, and we can turn 1o the
final resulte for I'y(Q?) which are preseated on fig.2.

Our results for the peoton at large @ coincide with the results of [4] which are also
presenied on fig.2. However at Q° = 1.5 + 3Gev? our results are more close to the
asymplotic valoe of I,(Q?) than in [4]. This i conmected with the fact that in addition
to the resonance Py3(1232), which is taken into account in [4], we have taken into account
the contributions of the Il-and m-m regions which are quite lazge due to slow
decreasing of the amplitudes A7, for the resonances D,3(1520), 51,(1535) and Fy;(1680).

For the neutron the integrals ovur;-onmceenqu region at @° = 2 + 3Gev? turned
out to be neghgible. Beginuing with Q> = 2Gev? the resonance contributions do not
reflect final results, where the intograle over the region with W > 1.3Gev we have obtained
by simple extrapolation from the valve at Q% = 0 which follows from the C:DH sum rale
‘io the saympiotic value pven by the Bjorken pr Flus- jaffe sum onles  With this the



value of the integral over the neutron polarized structure function turned out to be close
to the asymptotic value beginning with 2Gev?,
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Figure caption

Fig 1. The first resonance energy region contribution and the summary contribution
of the II- and III- resonance energy reéions into integral Iy(Q?) (1). At Q2 > 1Gev? the
scale is changed tenfold.

Fig 2. Theory predictions for I'y{@Q?) (1b) and experimental data. Bold curves
represent our results, thin curves are results of [4], dashed curves are limits given by the
Ellis-Jaffe (6] and Bjorken {7] asymptotic sum rules (2,3). Experimental data are taken
from Refs.[8, 9, 12]
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H.T. ABHAYPSH

MPABUJAIO CYMM TFEPACHMOBA-APEJJIA-XEPHA W TNOBEAEHWE
NOASPUIALIMOHHON CTPYKTYPHOH YHKLIMKM HYKJOHA [PH MAJIRX o’

Hcnoavoys npaeuic cymm lepacumopa-ZApeana-Xeprna, nokasaHo,
HTO MOJSIPHOALMOHHAS CTPYKTYPHasi Oy HKUMSA HEATPOHAa BBIXOZKUT  Ha
2 2
ACHMITOTHYeCKOoe  JHadeHHe Inpd  Q =2los’. Kas NPOTOHHON
MOJASPHIALKOKHON CTPYKTYPHOR OYHKUMH NOKa®aHO, HTO, HauMHast ¢
A ) .
1.5 Tse’, ee OTKICHOHHE OT aCHMNTOTHUECKOr®  3HAUEHHR He
npesblwaeT 15-20%. Ha ocHoBaHMM MMemMEXCS AAHHEIX B PE3OHAHCHOA
2 2
o6nacTH SHeprun npu Q7 ¢ 3 I'sB™ noayueHB! SHAYEHHS WHTerpaJjos oOT
MOASPUIBLUYOHHOR CTPYKTYPHOR  GYHKUMH  HYKJAOHA B KHTOpPBaNe
x=0.45-1, rie OTCYTCTBYKOT 3KCNEPUMMGHTaJbHLIe ZaHHue. Okasaadcs,
2z
yTo mpy Q= 2-3 I'sB 9TH KHTEerpaJb! MMeKCT CKeRJIHHIoBoe [oBelAeHHe,
a KX BeJUUHHB COTJACYTCs CO CHeJAaHHBIMH B  OKCHepHMEHTAABHBIX

pafoTax SKCTparnoasduvsMy B objaacTe GOJbWHX X.
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