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Abstract

Using Gerasimov-DreU-Hearn sum rule it is shown that neutron polarized structure

function achieves the asymptotic value at Q2 — 2Gev3. For proton polarized structure

function it is shown that starting from 1.5 Gev2 its deviation from the asymptotic value

does not exceed 15-20%. The integrals over nncleon polarized structure functions are

obtained in the interval of z = 0.45 -r 1 on the basis of available data in the resonance

energy region at Q3 < SGeV.It appears that at Q2 - 2 + 3Gev2 these integrate have

scaling behaviour, and their values agree with the extrapolations to the region of large x

made in experimental works.

Recently the Gerasimov-Dreu-Hem sum rale (GDH) (1, 2] has drawn attention from

the point of view to obtain using it an information on the possible scenaria of transition

to the asymptotks of the nncleon polarised structure function gi(x,Q2) [3]-[5]. When

comparing with the EDis-Jaffe [6] and Bjoriten [7] sum rules this ram rule dictates strong

change of the integral over nucleon polarised structure fnnction under variation of Q1

from 0 to oo:
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- ^ for <3s = 0 (GDH sum rule [1, 2J), (la)

(«),& for <? 2 -co , (14)

where a 1/2 and O"3|r2 are total absorption 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:

Tf(Q
3 - 00) = ±- [ ^ + J(3f- D)} = 0.188± 0.014, " (2)

12 [gv 3 J

( r . - Ta)(Q
3 _ 00) = - — = 0.209 ± 0.001. ' (3)

6ffv

In this connection an assumption was made [1], that the significant deviation of the

measured at Q2 = 10.7Gev2 value Tp = 0.126±».»1»±0.015 [9]-[ll] from the asymptotic

one (2) is connected with the large corrections which can be estimated using the GDH

sum rule. However, the investigation of the resonance contributions to the Q2 - evolution

of the integral IP(Q2) has shown [4],[11] that the strong change of this integral with

increasing Q2 is connected mainly with the A -isobar contribution, and after extraction

of this contribution it appeared that at Q2 = H.TGev2 the corrections are not large.

In this work we wiil liee the. GDH sum rule re tfee frusiework of the approach developed

m [4] to investigate the behaviour of the. tucFaas polarized structure function at small

Q" < 3Gev2: Such coBKdexation is of interest si- tie recect measurement, of the neutron

polarized structure function at Q~ ~ 2G«va [it] bsi revealed that Tn(Q^) achieves its

.i^ymplotk value at soiidl Q2. At the same timf, sxcoiding to the'results of the Rei [4] &t

•jUjaJl Q2 l\(Q2) deviates significantly fiomit* wymptotic vaiue. We will draw special

attention lo the account of the resonance comtnkiutioBe which are important at small Q2

a.ad which can not be described by simple extrapolation of the integral If/(Q2) from its

^aiue at Q2 = 0 to the asymptotic value given by relations (1-3).

f et us devide the integrals in (!) into integrals over resonance energy region and over



high energies

(4)

The analyses made in Refs.[12, 14, 15] show that at W > 1.8Gev [W7 = 2rrw - Q3)

the lesonance contributions to In(Q7) are negligible, and in IfTiQ*) ^ » reasonable

to be restricted by the energy legion with W < 1.8Gev. This energy region includes

the 1-resonance region- the resonance P M ( 1 2 3 2 ) , the Il-resonance region-tbe resonances

Pu(1440), Du(1520), Su(1535) and the Ul-resonaiice region - the resonances SM(1620),

5n(lS50), DIS(167S), ^ ( 1 6 8 0 ) , Dl3(170a), £>u(l700) and P 1 3 ( m 0 )

The integrals IJST(QJ) can be quite reliable estimated at (Q2) < 3Gev2 as the

main contributions wich come from the resonances PM{1232), DU(152D), 52i(1535) and

Pis(1680) are well known from the experiments o^ the proton [15] - [21], and other con-

tributions (and contributions tot the neutron) can be obtained using the analysis made

in [21]. In this work on the basis of available experimental data on the proton for the

members of multiplets [70,1-] - D u (1520) ,5 u ( l53S) and [56,2+] - f ] 6f l680) and of

selection rules wich follow from Melosb transformation [22], the amplitudes for other

members of these moltiplets are obtained. So, amplitudes for remained resonances are

also known, These are amplitudes on the neutron for Du(1520), 5 u ( l535) and F1B(168O)

and the ampntndea for 5u(1020), 5a(1660), Du(]675), Z>u(1700), DM(I700) - members

of the mnhiplet [TO, l ' l , and for PU(172O) - member of the multiplet [5«, i*].

To calculate resonance contributions to rfTiQ2) it w convenient, to explore the narrow

resonance approximation which gives:

= E
where we have represent*:! Jjr**(Q3) a* a torn of contributions from the above defined

three resonance regions, t^e amplitudes are normalised according to the condition

and M, and I\ are mass and total width of the resonance i. In the numerical rnlmUtin—

we have used the partmetrisatioas of the amphtadra A\ obtained in Refs [ll],[2l] Let



us note that in the I-iefonwce n g k s we have abp taken into account the contribution

of the region near threshold. This contrifcatton is determined mainly by the one-pion-

exchange in the pion ph«to|wo4action <w nudeons. It n quite laige at Qa = 0 due to

smaUneas of the denominator in the integral /*(Q3) (1) near threshold. With increasing

Q7 this contribution fafls rapidly.

Summary resonance contributions im three resonance regions are given on fig. 1. These

contributions are characterised by the large aad negative contribution of the resonance

P»(1232) (which is decisive at Qa = 0 ) , and beginning with 1 GeV2 by large and positive

contribution of Hand Ill-resonance rtfions into integral for proton In(QQ). These con-

tributions are determined mainly by t i e resonances Z>13(1520), Su(1535) and 2<\6(1680)

and are characterized by unusually al»w decreasing of the amplitudes Ap
lf2 with increas-

ing Q3. For the resonances £>13(152#) a id /\(,(1680) this slow decreasing of the am-

plitudes Ay2 results in the early (up to 1 Gev2) change of the sign of the asymmetry

A — {A\j2 - A\i2)l(A\ji +A'${i) iorpioioa, which is observed in many experiments [23].

The neutron amplitudes have not amci behaviour, by this reason the contributions of the

II- and III- resonance regions into the iategral for the neutron /n(<33) are significantly

smaller. As a result the integral over gi(x,Q1) over resonance energy region:

, * ( » , Q*)dx, (6)

W%? = 1.8 Gev) at Q2 = 2-3Gev2

for the proton is Larger than for the neutroB, ssmely:

rp(0.46, 2Gev2) = 9.92, ^(9.56, 3Gey2)»0.018,

r»(0.46, 2Gev2) = -0.M3, r»(0.56, 3Gev2) = 0.003.

These results agree well with the Mctrapalatuna made in [S, 9, 12] into the region of large

x, where experimental data are »Wat:

rp(».46, #* = 19.7SCV1) = O.Ol?18- 9 l , (8)

ra(0.8, Q2 = 2Qev») = 0 . 0 0 3 ^ . (9)

4



So, we obtain that at Q1 = 2 + 3 Gev3 the •entriboikra of the resonance energy region

into rw(Q*) hai aeafing behaviour and igriai with estimations made in the experimental

Let M consider now the integrals over high energy region with W > 1.8 Gev and

suppose, as it k made in Reb.[3, 4] that their Q'-evohition k determined by vector

dominance:

where p-is the mass of p-meson. With this in asymptotics we have:

Q1

and from asymptotic ran roles (lb), (2) and (3) it follows:

a, = 0.66, a. = -0.062. (12)

At Q1 = 0 using ODE ram rmie (la) and the values of/]$"(0) (fig.l) we obtain

Jf *(°) = °r + br - °-200> £"(°) = a» + i» = -0.205; (13)

So, bath parts in the integrals h{Q2) (4) a n determined, and we can turn to tbe

final remit* lot TK(Q3) which a n presented on ftg.2.

Our resafta for the proton s i large (f contciaW with the results of [4] which are abo

presented on fig.2. However at Q3 = 1.5 + 3Oev3 our result* a n more close to the

asymptotic value of f / Q 3 ) than in [4]. Tbfc k connected with tbe fact that in addition

to the resonance Px(1232), which k taken into account in [4], we have taken into account

the contdbntians of the D-and ID-resonance regions which are quite large due to slow

decreasing of the amplitudes A'lf; for the resonances 0U(152O), 5u(l535) and Fu ( l«80) .

For the neutron the integrals over resonance energy region at Q3 = 2 + JQev3 turned

out to be neg&gible. Begin sing with Q2 = 2Qev3 the resonance contributions do not

reflect final results, where the integrals over the region with W > 1.8Gev we have obtained

by simple extrapolation from the value at Q7 « 0 which follows from the GDH gum tnle

to the asvBtptatic value given by the Bjotken P~ ' Klla- 'iff'- aiiai mien With tbn thr-



value of the integral over the neutron polarized structure function turned out to be close

to the asymptotic value beginning with 2Geva.
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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 regions into integral IN{Q2) (1). At Q2 > iGev2 the

scale is changed tenfold.

Fig 2. Theory predictions for Tn{Q2) (lb) 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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Используя правило сумм Герасимова-Дрвлла-Херна, показано,

что поляризационная структурная функция нейтрона выходит на

асимптотическое значение при 02=2Гэвг. Для протонной

поляризационной структурной функции показано, что, начиная с

1.5 Гэв , ее отклонение от асимптотического значения не

превышает 15-20Ж. На основании имеющихся данных в резонансной

области энергий при Q < 3 Гэв получены значения интегралов от

поляризационной структурной функции нуклона в интервале

х=0. 45-1, где отсутствуют эксперимментальные данные. Оказалось,

что при Q = 2-3 Гзв эти интегралы имеют скейлинговое поведение,

а их величины согласуются со сделанными в экспериментальных

работах экстраполяциями в область больших х.



H. F.

IIpaBMAO cyMM fepacHMOBa-Apejiaa-XepHa H

nojisipM3au.HOHHon cTpyxTypHod $yHXUHH HyiuioHa npH MaJtbix Q

pe^aKTop A. C.

20/07/94 4>opMaT 60x»4/l4
. HO A . JI. 0,S Tapa* 100 3xa.

3ax. THn. j?g HHAOKC 3648

3 EpaaawcxoM



The address for requests:
Information Department

Yerevan Physics Institute
Alikhanian Brothers 2,

I Yerevan, 375036
Armenia,


