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CTPYKTYPA HYKJOHOB

PaccmoTpeHd MpaBiIa CYMM 3JIEKTPMUYECKOTO INHIIOJABHOTO (OTO-
NOTJNOWEHUST B MONEJM COCTABJANMX KBADKOB. OKCIEPUMEHTAJNBHHE
I2HHHE MO0 SJIEKTPUYECKOMY IMIOJNBHOMY ($OTONOIVIONMEHND HA IIPOTOHE
o oHepruu (oToHOER 1,2 I'sB  xoOpomo OmMICHBAWTCA B MOTEJM KBap-
KOB NpABIIaMI CYMM HYJEEOTO U OTPULATENBHOI'O NEPBOI'0 MOMEHTOB.
.lepeoe npaEemw10 CymMM NMPEeRCKASHEAET PABEHCTBO EXKJANOB B HHTEI-
paJH I8 HOTOHOJIVIOWEHMS HA NPOTOHE I HefiTpOHe, 4YTO JeJaerT
BAXHEM NOJyvele KavyeCTBEeHHHX NAaHHHX Mo QOTOHOTVIOWERMH  HA
HellTpOHe. Baxiyo pPOJb B ONNCAHKU KIpaeT y4YeT OpUMECH MYJbTH-
neTta [7b,L+J E HYyRJIOHE, KOTOpas HeolxomuMa C TOYKH 3DeHHA
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ELECTRIC DIPOLE PHOTQABSORPTION
AND QUARK STRUCTURE OF NUCLEONS

The sum rules for electric dipole photoabsorption are considered in 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 photoabsorption
on proton and neutron, this makina important to obtain qualitative photoab-
sorption data on neutron. The second sum rule indfcates that in nucleon
there 1s large admixture of[70,0+]mult1plet, the latter beina necessary also

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

The correlation between QCD and the constituent quérk mode! (CQM) 1in the
description of the soft processes remains vague so far (see, e.a. [1]).

Starting from quite different points (massless (current) quarks and,
generally speaking, strong spin dependence in OCD; massive quarks and SU(6)-
symmetry (absence of spin dependence)in CQM), both approaches lead to a
striking agreement with each other (and with experiment) in the descrintion
of static and some dynamical (in the region of small $2 ) properties of
11ght hadrons, where nonperturbative effects are to be essential. Relativiz-
ation of CQM sti11 improves this agreement (see, e.g. [2] ). From this voint
of view, of great importance 1s to understand the reasons of ;his aareement
and finally the construction of CQM from (nonperturbative) QCD. Undoubtedly,
to solve this problem, it is necessary to search for the effects with larae
discrepancies between these approaches.

On the other hand, the fnvestigation [3] of correlators of quark currents
beyond the framework of cperator expansion - the basis of th» well-known
sum rules of QCD (e.g. using fnstantons), indicates that one can distinauish
three space regions in hadrons: at 1 <€ 9‘: x -%- fm the opnerator

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



region P €K Re  R¢ is confinement radius) the quarks become
"dressed” and massfve (constituents, "additive" quarks); at T 2 R an
hadron is formed with observed mass and other static and dynamical Prooertfes.
Within this picture, g% appears to be a characteristic scale of vacuum
fluctuations, suppressing nonperturbative contributions.

From this point of view, the experiments on deep inelastic processes are
surely related to the first region in the hadron. As to the second reaton
( @€ 2 € Rc ). 1t follows from cbvious motivations that "enlighten-
ment" 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 in atomic aﬁ( nuc?ear
physics sum rules to quasi-nuclear systems 1ike which hadrons appear
tn  the mentfoned second region ( O, € 7 < Rc ) fs hichly interesting.
Tnis pofnt {s not a new one, 1t was faced with some twenty years aqgo [4].
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 assumptfon about the system nonrelativism but also on
the long-wave approximation, “work" well when describina photoabsorption on
nuclet as systems of nucleons and hadrons consisting of quarks,

At present, owing to rich and sufficiently qualitative experimental
material on photoproduction 6f particles on protons, one can draw more
definite conclusions about the main characteristics of the nucleon as a

bound state of the quark system.



2. Sum Rule of Zero Moment O, (F 1).

Le* .s consider the sum rule for electric dipole photoabsorption on the
nucleon, analogous to the classic sum rule of Thomas-Refche-Kuhn, which can

be written in CQM terms in the following way:

60(51)=§ gr(@)dw = m.,,(‘iu 9a ) N“+N:d - 1)

-]
where g and G4 are charges of u and d quarks, Mg, is their mass,
N, and Ny is number of W and d quarks in the nucleon.
This sum rule may be generalized taking into account nucleon recoils.
With this aim, let's write down the total electric dipole absorption cross

section on the nucleon in the c.m.s. in the form[4] :

(2
o Mg(w2 M)
651@;):.’4;1 (}_ ST N I(:“E 5‘0)‘ S(w- E_})n (23[)3

where M, is nucteon mass, € s :.he photon polarization vector. W
total energy ¢f the system XN > 3 is dipole moment operator: surmation
is carried out over all variables of final states with total enerqy Ef .
and integration over mementum of one of the final particles is carried out

in the phase space. Let's integrate both sides of Eq.(2), multiplying them

2w
M (W M)
the right-hand sice as

beforehand by , which allows to present the inteara) from

~ 2 (3)
J:zz(;: e V12,105 = 2at<o|[ D, , LA, B: 11|05

where we have 35 & *=1t the photon polarization vector E is directed

along the 7 axis arnd wnere we have used the completeness of l'f > functions



costem, After some simple transformations, assuming that aquarks in the nu-
¢leon are nonrelativistic and that the interaction between them is of two-

particle character, we get the followina sum rule:

T 21+ & Nu Nd

2
60(E1)=S 1"'\[1—:%@-:6“(@)'1@- (%u %d) Nu*‘ Nd

{a)

where the integration 1s carried out over photon energy in the lab. coordinate
system.

Below, we shall consider the both expressions (1) and (4) for the sum
rule ESO . This is due to the fact that, as mentioned, in the basis of
sum rules there lies not only the assumption about the system nonrelativism,
byt also the long-wave approximation, which 1s broken in the main reajon of
tre 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 (4) for protons makina use of ex-
perimental data available. In the channel ¥P —= QN the experimenta)
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 in accordance with the phenomenoloaical 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 in the reactions ¥P - N

were expressed through the widths of N ¥ NU decays:

WP( N* —Ny)

o I (5)




where G’ 1s photon energy in the c.m.s. JN , S and M are spin
and mass of the resonance. Using the formulae from [6,7], the N* ——Ny
decay width corresponding to the electric dipole transition can be expressed
through generally accepted amplitudes .H% . ﬂs/z [6] which are well
determined from the analysis of Yyp — JIN  reaction. As a result, for
the resonances with spins 1/2 and 3/2 we obtain

2
@We Mn 2
r'E1 (N"— Nx)= ——; ™ 'H‘/z| (6a)

Ave 12
R(N*—~N)=%z ™ |f%* 5 ' (6b)

To avoid the double account of the resonance contributions in xp-’.ﬂ*.

channel, the cross sections (5) weré multiplied by a coefficient 1"’[
N _ P(N*=NT)
e N T (N9

The results of the calculations for the photoabsorption on the pretnn
with account of the comtributions up to the 1.2 GeV region are given in
Table 1. In addition, the Table gives separately the values of the
contributions to  XP — JTN channel and those of the resonance contri-
butions to other channels of the reaction of photoabsorption on the proton.
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 Fiq.l, the
photoabsorption cross section for the proton decreases iother slowly, This
contribution being neglected, the sum rule (1) (see Table 1) holds well
at Mg= M.../s . As to the sum rule (48), which takes into account the
nucleon recoil, for fts fulfilment, as seen from the Table, 2 somewhat
smaller value of the constituent quark mass mq' 1s needed. If the contri-

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



case aiso 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 auark model predicts quite
definitely ‘the equality of the left-hand sides for the rhotoabsorption on
proton 2nd neutron.

The experimental data available do not allow to execute a detailed
analysis, analogous to the one performed above, for photoproduction en the
neutron. Nevertheless, in the sum rules for protons and neutrons one can
isolate and compare the main contributions the Born terms in yN— JTN
<hannel and 511(1535), 013(1520) and 033(1670) resonances contributions
reter to.

Une can readily see that the Born contributions determined mostly by the
pion pole in XP—"JT"R and yn —PJT"p reactions nearly coincide
for protons and neutrons. ’

The contributions into total photoabsorption cross section of 033 reso-
nance are equal for protons and neutrons. As to S11 and D13 resonances,
which can be excited by both the isovector and isoscalar ohoton, the eguality
of the photoabsorption cross sections on the proton and neutron {s. aene-
rally speaking, not obvious. However C(OM predicts nearly coincidino values
for these quantities and this is confirmed by the experiment (see. e.a. [5]).

Thus the main contributions into the tntearals of (1) and (8) for the
proton and neutron are close to each other in accordance with the sum rules
(1) and (8). This makes the task of brinaing the quality of the experiments

on photoabsorption on the neutron in the resonance reaion to the level nf

the corresponding experiments on the proton hichly {mncrtant,

*) In the recent work [14] , to bring CQM into agreement with the new data
on baryon magnetic moments, the effective mass of constituent auarks 2lso
had to be reduced by the value of 15%. Ref.[14] sucoests an icea that "feel-
ing" hadrons by long-wave photons points out smaller (reripheral) mass of
the quark.
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3. sumRule 6_, (E 1).
Let's proceed to the comparison of the experiment with the sum rule [10]

mrﬁ" 2 A
- ( Vit F o LT S 17)
6., (E1)= g-—w—“—SE,(w)dw- 5—<0(D%0>
-]
and also with the analogous sum rule without account of the nucleon recoil,
Taking into account the fact that for nucleons consisting of nonrelati-

vistic quarks, the dipole moment operator has the form of

A 3 - (8)

D = Z ..

i=1 q’" ¢

it 1s easy to get for the proton
(9)

A
<o|B|o>=ep|i|p>

where —{d is the vector radius of d -quark in the c.m.s. of the oroton.

In case the nucleon 1s a pure [56.0"] state, the mean -'i: in the pro-
ton coincides with the mean-square radius < ¢ ),:: of charge distributior
in the proton:

M

€3 <PITdIP hapsors” - <PIEC2lIp> =&%< T,

6 [56,0*

But 1f one takes fnto account the [70,0*] miltiplet adwixture in the
nucleon which is indicated at by the mass formulae for baryons with account
of gluon interactions between quarks [11.12] » then the relation (10) 1s
broken. In the general case, when the nucleon 1s a mixture of [56,0"] .

[56,0*], and [70,0"] states



[N >=J1- cos?6 - costg | 56 >+5in 6|56 % +sing|70> (11)

we have:
<pIREIp> = X<y, (12)
at+é
X="g"8
2 20+ £ - 1 eintg)+ 2 sin? (13)
a =costp(cos e+§cosesm6+ 5 sin‘g)+ 3 sin‘y

= %Z—Vi-(cosm %S'm@)

The mixing angles €& and ':f are determined in the gquark model :
. . (14}
sin6sx 9,34 , sinf= _n.27 [11]

sinB= -0.24 , siny = .02 [12] (18)

Note by the way that the value of 50 obtained from the mass

formulae results in nonzero value of the neutron charge radius:

- —

NI

< 12}6'; B [ - 0,16 [1 1]
(16)

which in value and sign agrees well with the experiment:

10



< = £ 0,0
< '?-2>:;, sKken. 0,15 £ 0,01 (17)

As to the sum rule (7), the account of the [70,0*] multiplet admixture
in the nucleon with the mixing angle (14), (15) leads to sufficient reduction
in the right-hand side of Eq.(7):

0.8 [11]
0.72  [12] ,

X -

this providing (see Table 2) a better fulfilment of the sum rule (7) without
introducing any significant radii of quarks [10] , which seems to be artifi-
cial.

Emphasize that in CQM the sum rule 65-1(51) Jeads, just as in case
with €5°(E1) , to the equality of the integrals in the left-hand sides
of £q.(7) for the proton and neutron,

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

with 6, , are true here too.

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

S.B.Gerasimov for the useful discussions and correspondence.
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Fig.1. Energy dependence of the total cross section of E 1
photoproduction of single pions on proton.

12

(*;¥4¢av



Table 1. Sum rule Qéb (E 1) for photoabsorption on oroton.

Contribution of the energy range up to The r.h.s. of the
1.2 GeV into the 1.h.s. of the sum rule sum rule
Channel Resonance con-| Summary con-
_ tributions intd tribution
YP - 77 /Y| other channels
Without Mw
recoil 0.0810.02 0.04+0.01 0.12+0.02 0.12 E;;;%,
With (My, '3/-'7% -1
recoil 0.10£0.02 0.05+0.01 0.1510.02 in nonrelativistic
quark model)
Note: all the values are given in the units of MeV bn.

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

Contribution of the energy range up | The r.h.s. of the sum
to 1.2 GeV into the 1.h.s. of the rule
With multiplet
Channel Resonance Without hu ti e.s
contribut- i Summary |mixine 70 ot [56 ot
fons into contribut- o e
other chan- | fon !
X)D""-']"A/ nels admixture fll_‘
Without i
recoil 0.1840.04 (0.05¢0.01 0.23:0.04
0.f4 0,44
With 0.23:0.04 | 0.08:0.02 | 0.3M0.05
recoil
Note: all the values are given in the units of mbn. In the calculation of

the right-hand side of the sum rules the experimental data of []3]

have been used,
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