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СТРУКТУРА НУКЛОНОВ

Рассмотрены правила сумм электрического детального фото-

поглощения в модели составляющих кварков. Экспериментальные

данные по электрическому дипольному фотопоглощению на протоне

до энергии фотоноЕ 1,2 ГэВ хорошо описываются в модели квар-

ков правилами сумм нулевого и отрицательного первого моментов.

ЛерЕое правило сумм предсказывает равенство вкладов в интег-

ралы для фотополглощения на протоне и нейтроне, что делает

важным получение качественных данных по фотопоглощению на

нейтроне. Важную роль в описании играет учет примеси мульти-

плета [7C,L
+
J в нуклоне, которая необходима с точки зрения

массовых формул для барионоЕ.
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The sum rules for electric dipole photoabsorption are considered 1n the

framework of constituent quark model. Experimental data on electric dinole

photoabsorption on a proton up to the photon enerqy of 1.2 GeV are well

described by sum rules of zero and first negative moments. The first sum

rule predicts equality of contributions Into Integrals for photoabsorotion

on proton and neutron, this makinq Important to obtain qualitative photoab-

sorption data on neutron. The second sum rule Indicates that 1n nucieon

there 1s large admixture of[70,0
+
Jmu1t1plet, the latter beino necessary also

from the viewpoint of mass formulae for baryons.
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1. Introduction.

The correlation between QCD and the constituent quark mode? (CQN) fn the

description of the soft processes remains vague so far (see, е.л. £l] ).

Starting from quite different points (massless (current) quarks and,

generally speaking, strong spin dependence 1n QCD; massive quarks and SU(6)-

symmetry (absence of spin dependence)1n CQM), both approaches lead to a

striking agreement with each other (and with experiment) 1n the description

of static and some dynamical (In the region of small «j,2 ) properties of

light hadrons, where nonperturbative effects are to be essential. Relat1v1z-

atlon of CQM still Improves this agreement (see, e.g. [2] ). From this point

of view, of great Importance 1s to understand the reasons of this aareement

and finally the construction of CQM from (nonperturbative) QCD. Undoubtedly,

to solve this problem, 1t Is necessary to search for the effects with laroe

discrepancies between these approaches.

On the other hand, the Investigation [3] of correlators of quark currents

beyond the framework of operator expansion - the basis of th» well-known

sum rules of QCD (e.g. using 1nstantons), Indicates that one can distinqufsh

three space regions In hadrons: at 1 4 j>c « " y / m the operator

expansion and perturbation theory (current quarks) are applicable; 1n the



region J>e< 1 4 R c ( R c Is confinement radius) the quarks become

"dressed" and massive (constituents, "additive" quarks); at 1 £ R c an

hadron 1s formed with observed mass and other static and dynamical properties.

Within this picture, О appears to be a characteristic scale of vacuum

fluctuations, suppressing nonperturbatlve contributions.

From this point of view, the experiments on deep Inelastic processes are

surely related to the first region 1n the hadron. As to the second reqion

( ft 4 1 4 R
c
 ), It follows from obvious motivations that "enliqhten-

inent" of the nucleon by means of low and Intermediate energies allows to feel

Its Inner degrees of freedom connected with constituent quarks.

In this connection, the application of well-known 1n atomic an^ nuclear

physics sum rules to quasi-nuclear systems like which hadrons aopear

in the mentioned second region ( O
c
 ^ 1 4. R

c
 ) 1s hiohly Interesting.

This point Is not a new one, It was faced with some twenty years ago [<] .

When measuring photoabsorption cross sections on quantum systems, one can

draw, generally speaking, nontrivial conclusions about the structure and

parameters of the ground state of the systems.

Quite surprising Is the fact that these sum rules which are

based not only on the assumption about the system nonrelativism but also on

the long-wave approximation, "work" well when describing photoabsorption on

nuclei as systems of nucleons and hadrons consisting of quarks.

At present, owing to rich and sufficiently qualitative experimental

material on photoproduction of particles on protons, one can draw more

definite conclusions about the main characteristics of the nucleon as a

bound state of the quark system.



г. Sum Rule of Zero Moment 5
0
 (E 1).

L** JS consider the sum rule for electric dipole photoabsorption on the

nucleon, analogous to the classic sum rule of Thomas-Re1che-Kuhn, which can

be written 1n CQM terms 1n the following way:

N d
(1)

where q and a
d
 are charges of u and d quarks, rrtn Is their mass,

N
u
 end N$ is number of U and d quarks 1n the nucleon.

This sum rule may be generalized taking Into account nucleon recoils.

with this г.1т. let's wH*.e down the total electric dipole absorption cross

section on the nueleon In the c.m.s. 1n the for» [4] :

where M H is г,-;?-1еоп mass, £ 1s the photon polarization vector, W

total energy cf the system YN , *0 1s dipole moment operator; summation

1s carried out o««r all variables of final states with total enerqy Er ,

and Integration over momentum of one of the final particles 1s carried out

1n the phase space. Let 's integrate both sides of Eq.(2), multiplyinq them

beforehand by - -<-~- , which allows to present the Inteoral from

the right-hand si^e as

(3)

where we have >s' <?•• *:• U the photon polarization vector 6 Is directed

along the 7. axis лм! »ле»-е we have used the completeness of Jf > functions



m. After some simple transformations, assumina that auarks •In the nu-

cleon are nonrelativistic and that the Interaction between them Is of two-

particle character t we get the following sum rule:

where the Integration 1s carried out over photon energy 1n the lab. coordinate

system.

Below, we shall consider the both expressions (1) and (*) for the sum

rule 6<j • This 1s due to the fact that, as mentioned, 1n the basis of

sum rules there lies not only the assumption about the system nonrelativism,

ijut also the long-wave approximation, which 1s broken 1n the main reaion of

tn.» Integration. Therefore corrections to the sum rule (1) do not reduce to

the account of nucleon recoil only.

Let's saturate the sum rules (1) and (A) for protons makino use of ex-

perimental data available. In the channel ^ p — * - J l N the experimental

data In the energy range from the threshold to 1.2 GeV allow one to Isolate

reliably the electric dipole absorption cross section. The value of this

cross section, Including the resonance and background contributions, we have

taken Into account 1n accordance with the phenomenoloqical analysis [5] .

In this energy range we took Into account also all the resonance contributions

into other channels of the reaction of photoabsorption on nucleon. With this

aim, the resonance production cross sections 1n the reactions yp —*- N

were expressed through the widths of N -"** N y decays:



where <i?
c
 Is photon energy 1n the c.m.s. JfN , S and M are SDin

and mass of the resonance. Using the formulae from [6,7], the N —"" N y

decay width corresponding to the electric dipole transition can be expressed

through generally accepted amplitudes fiy, , &зи [
6
J which are well

determined from the analysis of y p — ^ JTN reaction. As a result, for

the resonances with spins 1/2 and 3/2 we obtain

(6a)

О

To avoid the double account of the resonance contributions 1n yp-*-ff*'-

channel, the cross sections (5) were multiplied by a coefficient 1-«1

The results of the calculations for the photoabsorption on the

with account of the contributions up to the 1.2 GeV region are given In

Table 1. In addition, the Table gives separate!/ the values of the

contributions to 2fP —*"^TN channel and those of the resonance contri-

butions to other channels of the reaction of photoabsorption on the Droton.

The contribution for the energies above 1.2 GeV cannot be evaluated at

present, however It may turn out not negligible, for as seen from Fig.l, the

photoabsorption cross section for the proton decreases lô 'ier slowly. This

contribution being neglected, the sum rule (1) (see Table 1) holds well

at ГЛо = M
M
/ 3 • As to the sum rule (4), which takes Into account the

nucleon recoil, for Its fulfilment, as seen from the Table, a somewhat

smaller value of the constituent quark mass, m o 1s needed. Tf the contri-

bution of the energy range higher than 1.2 GeV turns out essential, 1n this



case also the smaller mass of the quark will be required to fulfil the

sum rule (1) *'.

As seen from the sum rules (1) and (4), the quark model predicts Quite

definitely 'the equality of the left-hand sides for the rhotoabsorDt.ion on

proton and neutron.

The experimental data available do not allow to execute a detailed

analysis, analogous to the one performed above, for photoproduction on the

neutron. Nevertheless, In the sum rules for protons and neutrons one can

Isolate and compare the main contributions the Born terms 1n jfN-*3TN

channel and S.,(1535), D (1520) and D-,(167O) resonances contributions

r
P

f
W tO.

One can readily see that the Born contributions determined mostly by the

pion pole In y p — * - 3 T
+
n and %п-^-Я~р reactions nearly coincide

for protons and neutrons.

Тле contributions Into total photoabsorption cross section of D,, reso-

nance are equal for protons and neutrons. As to S and D resonances,

which can be excited by both the isovector and Isoscalar ohoton, the equality

of the photoabsorption cross sections on the proton and neutron 1s, aene-

rally speaking, not obvious. However COM predicts nearly coinddino values

for these quantities and this 1s confirmed by the experiment (see. e.q. [5]).

Thus the main contributions Into the tnteqraIs of (1) and (4) for the

proton and neutron are close to each other In accordance with the sum rules

(1) and (4). This makes the task of brinoinq the quality of the experiments

on photoabsorption on the neutron 1n the resonance renion tn the level nf

the corresponding experiments on the proton hiohly Important.

*' In the recent work [14] , to bring CQM Into aqreewent with the new data
on baryon magnetic moments, the effective mass of constituent auarfcs also
had to be reduced by the value of 15?. Ref.[14] suooests an idea that "feel-
ing" hadrons by long-wave photons points out smaller (peripheral) TOSS of
the quark.



3. Sum Rule 6.., (E 1).

Let's proceed to the comparison of the experiment with the sum rule [10]

and also with the analogous sum rule without account of the nucleon recoil.

Taking Into account the fact that for nucleons consistino of nonrelati-

vistic quarks, the dipole moment operator has the form of

~ А - (8)

I t Is easy to get for the proton

where 1ц 1s the vector radius of d -quark 1n the c.m.s. of the oroton.

In case the nucleon Is a pure [56,0 + ] state, the mean Ъд In the oro-

ton coincides with the mean-square radius < 1 ^ of charqe distributior

1n the proton:

But I f one takes Into account the [70,0 + ] multiplet admixture In the

nuc1eonawh1ch 1s Indicated at by the mass formulae for baryons with account

of gluon Interactions between quarks [11,12] , then the relation (Ю) 1s

broken. In the general case, when the nucleon Is a mixture of [Sf,0 + J ,

[ 5 6 , 0 + ] г and [70,0+] states



N

we have:

Y
л - a-g

a =cos?y(cos?e + J : cose sine + -g-sin2e)+

The mixing angles б and у
 a r e

 determined in the quark model :

(14)
_o.34 , Si"!P- -0.27 [11]

-0.24 , Sin у = -0.2 [12] (15)

Note by the way that the value of <-P obtained from the mass

formulae results In nonzero value of the neutron charqe radius:

6 f
(16)

which 1n value and sign agrees well with the experiment:

10



= - 0,15 i 0,01
эксп.

As to the sum rule (7), the account of the [70,0
+
J multiplet admixture

In the nucleon with the mixing angle (14), (15) leads to sufficient reduction

In the right-hand side of Eq.(7):

=
 Г 0.68 [11]

\o.72 [12] ,

this providing (see Table 2) a better fulfilment of the sum rule (7) without

Introducing any significant rad11 of quarks [lO] , which seems to be artifi-

cial.

Emphasize that 1n CQM the sum rule 6 ^ , ( ^ 0 leads, just as 1n case

with 6 o ( E i ) , to the equality of the Integrals 1n the left-hand sides

of Eq.(7) for the proton and neutron.

The above-quoted considerations, confirming this equality for the case

with 6 Q , are true here too.

In conclusion, the authors would like to express their thanks to

S.B.Gerasimov for the useful discussions and correspondence.
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Fig.l. Energy dependence of the total cross section of E 1

photoproduction of single pions on proton.
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Table 1. Sum rule (Q (El) for photoabsorDtion on proton.

Without
recoil

With
recol 1

Contribution of the energy ranqe UD to
1.2 GeV Into the l.h.s. of the sum rule

Channel

0.08±0.02

0.10±0.02

Resonance con-
tributions Into
other channels

0.04±0.01

0.05±0.01

Summary con-
tribution

0.12+0.02

0.Ш0.02

The r.h.s. of the
sum rule

Мы
0.12 j —

(/Wy/3/..,̂ , - i

1n nonrelat1v1st1c
quark model)

Note: all the values are given 1n the units of MeV bn.

Table 2. Sum rule ^ ( E 1) for photoabsorption on proton.

Without
recol1

With
recol1

Contribution of the enerqy ranae up
to 1.2 GeV Into the l.h.s. of the
sum rule

Channel

0.18±0.04

0.23+0.04

Resonance
contribut-
ions Into
other chan-
nels

0.05+0.01

0.08*0.02

Summary
contribut-
ion

0.23±0.04

О.зК).П5

The r.h.s. of the sum
rule

Without
mixino

O.fd

With i"ult1plets

[70,0+J, [5f,0
+
J

admixture fllj

O.ta

Note: all the values are given In the units of mbn. In the calculation

the right-hand side of the sum rules the experimental data of |J3j

have been used,



REFERENCES

1. Иоффе Б.Л. Материалы XX школы ЛИЯФ. Ленинград,1985, с . И З .

2. Азнаурян И.Г., Багдасарян А . С , Тер-Исаакян Н.Л. Реляти-

вистская модель кварков в системе бесконечного импульса

и статические свойства нуклонов. ЯФ, 1982, т.36, с.1278

3 . Shuryak E.V. The role of Instantons 1n quantum chromodynamics. Pseudo-

scalar mesons S Instantons. - Nucl.Phys., 1982, V.B203, p.93,116,140;

1983, V.B214, p.237.

4. Герасимов С.Б.Автореферат дисс.на соис.учен.степ.кандидата

физ.-мат.наук. ОИЯИ, Дубна, 1966.

5 . Feller P., Fukushima М., Horikawa N. et a l . A phenomenoiogical analysis

on >p-*$%J7°p below 1.2 GeV. - Nucl.Phys., 1976, V.B104, p.219. (

6 . Walker R.E. Phenomenological analysis of single-pion photoproduction.- [

Phys.Rev., 1969, v.182, p.1729.

7 . Devenish R.C.E., E1sensch1tz T.S., Korner J.6. Electromagnetic N - N*

transition form factors. - Preprint DESY 75/48, 1975.

8 . Kubota Т., Ohta K. R e l a t i v i s t s corrections to the baryon resonance \

photoexcitation amplitudes 1n the quark model. - Phys.Lett., 1976, v.B65 \

p.374.

9. Азнаурян И.Г., Багдасарян A.C. Радиационные распады нук-

лонных резонансов мультиплета [70, Tj в релятивистской )

модели кварков. ЯФ, 1985, т .41, с.249.

10. Герасимов С Б . . Правила сумм для поглощения фотонов нукло-

нами и размеры нуклона в модели кварков. Препринт ОИЯИ

P-26I9, 1966.



11. Isgur N.. Karl G., hJniuk R. Violations of SU(6) se lec t ion rules from

quark hyperfine interact ions. - Phys.Rev.Lett., 1978, v . 4 1 . o.l?P9.

12. Герштейн С . С , Даикия Г.В. Квадрупольный переход д -*/v)

в модели кварков. ЯФ, I9&I, т.34, с.1566.

13. Кравцов А.В., Неменов Л.Л. Определение электромагнитных

радиусов нуклона. ЯФ, 1977, т.26, с.145.

14. Sogami I.S., 0h1yamaouch1 N. Phys.Rev.Lett., 1985. v.5«, P.??95.

The manuscript was received 25 July 1985

И.Г.АШАУРЯН, Л.С.ДАВТЯН, А.Т.МАРГАРЯН, С.Г.МАТИНЯН

ЭЛЖТРИЧВСКОЕ ДШОЛШОЕ ФОТОПОГЛОЩЕНИЕ И КВАРКОВАЯ

СТРУКТУРА НУКЛОНОВ

(на английском языке, перевод З.Н.Асланян)

Редактор Л.П.Мукаян
Технический редактор А.С.Абрамян

Подписано в печать 29/ХП-&5 ВФ-09100 Формат 60хЬ4/16
Офсетная печать.Уч.изд.л.1.0 Тираж 299 экз.Щ-5 к,
Зак.тип.й 631 Индекс 3624

Отпечатано в Ереванском с&изическом институте
Ереван 36, Маркаряна 2



индекс 3624

ЕРЕВАНСКИЙ ФИЗИЧЕСКИЙ ИНСТИТУТ


