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The aim of this note is to point out, that in the framework of
the quark model one can obtain the following sum rule, which relates
the spin and isospin dependence of the photoexcitation reactions

y + N ' N*

v,3 v,1 1 P v
1, (5= () = =T e (2)

The left-hand side of eq. (1). is the integral over the bremsstrahlung-
weighted excitation cross section of all' A -resonances (with isospin
.1 =3/2) by circularly polarized photons with their spins antiparallel
(subsc‘r,‘ipt "a") to that of a nucleon, The right-hand side of eq.(1)
includes the excitation of all N -resonances ( 1 =1/2) by photons
with spins parallel (subscript "p". to that of the target nucleon, The
superscript “P” denotes the proton and “V” corresponds to the
"isovector" photons (for comparison see also eqgs. (3)<{6)).

‘ Our basic assumptions are as follows. F‘lrstly, we assume that
the (low-lymg) baryonic states result from the binding of three quarkél/
and the transition current governing the reaction y +N»N* is the
operator function of the. generalized coordinates and effective coupl-

. ing constants of three quarks. The second important point is the

explicit = form of the commutator
3)
o' (2,0, 00 (3, 0]=ie L8 (=, &)

where pi(x) is the time component of the isospin current. Eq. (2)



implies the absence of the "non-minimal" terms in. current e.,g, ano-
malous magnetic moments of quarks, Hence, we follow Bogoluﬁov
et a.l./ 2/ in explaining large magnetic moments of quarks in terms of
the small "effective" mass of quarks in the bound state .

Applying, now the stan.dar"d techniques of the dipole moment al-

gebra at the infinite momentum / 3_5/, we obtain the following sum rules:
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21;2a—41i-2-(x3):-fZ—w(apv(w)-a:(tp)‘)sjz— Jav. (9)
217%1#(&’): =dew(ai(w)—;Z(w))EJZ-J:, (5)
4n’a(%.<r§>: - 4lM,(,<’):) =f9(-;i’—a" (@r=3"°, : (6)

wher;-:- a! =137, M is the nucleon mass, ¢ = l?(av+ g ) ,av =a:;+0%/‘;.

?--(-15-<r?>=l-‘,'(0), k =Ff0), F,, are the Dirac form-factors and the meaning
of Is. in eqs. ( 3)6) is selfe_xplanatory."l‘he subscript "B" is used
to recall, that all cross sections in eqs., (3)-(6) are those of resonance
photoexcitation of the three—quark states and <r?> and (x ?)_ are
gengrally different from <r? >°xp and -xﬂ,,, due to the proper radii ,
of the quarks and the exchange meson currénts. V

Egs. (3) and (4),(5) are formally analogous to the general sum

rules for the isovector radius/ 3

and the anomalous magnetic mo «
ments /6'8/. Eq. (6) is the peculiar quark model sum rule, It was
- derived by Gottfried 19/ by a somewhat different méihia.d.' Essential
points here» are the full symmetry (bor' full antisymmetry) of the radial
wave function of _nucleons and the specific charges of the quarks
composing the proton, Making use of the symmetry prdperty, we get

for the neutron radius

2- N
<r‘ >B =0 (?)
so that 3 _ v g _P - i
<r . > = <rl > - (8)



Eq. (1) follows immediately, if we substitute eq(/l) into ‘cq.{3), eq.(5)
into eq.(6) and take into account eq.8). We turn now to the evalua-

tion of sum rule (1). Define T ota) by writting

0
Op(a)=rp(a)a. - () )
’

For a given partial wave the " = take the form

n n(n+2)(1~y, )2 .
rD;t'= = ! (10)
(n+l)‘[n+(n+2)y:+ i
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i
where m =]-1/2 , ] is the total angular momentum,
yn+-F /M n ’ yn__ = (n+1)_/F(n+l‘- » B Zl ‘

The notations for EZ+ and Mg, are those of CGLN/]'O/ To get
eqs.9) and (10) the use of some gencral formulas contained in the
Walker’'s paper/li/ is most helpful. All but the A(1236) resonance.

contributions will be treated below in the narrow--width approximation

f—a(m) =4n2(2J+1)1“y [M*/(m*om D} ® (12)
where I‘y is the radiative width of a given resonance with spin ]
.and mass M* , To calculate the I,

y S we take the resonance values of
o(yN-»aN) from the Walker's ﬁt/ L

( mM*, L. , etc) as given by Rosenfeld et al, /12 / The result is

and olher resonance parameters

r‘y [A(1256)] ~ 0,62 MeV , r‘y [N(lsm)] w 0,47 MeV .(13)
‘IT/[N(IGOO)] = 0,044 MsV r‘y [N (1699)] 0,37 McV .
Finally, we have
J‘:(%«) = (80 ~105)[A(1236)] + ... =(80-105)pb +A, . (14)

L%



J v(-g,-)= (67~70) [N(1518 )] + S[N(1680)] + 42[ N(1690)] +... =
P

(15)

=(114=117)pgb + N,

where A and N are still unknown contributions of higher excited
states of a nucleon, The lower and upper bounds in eqs. (14) and
(15) correspond to the variation of ¥'s in the limits/11 :—0.04SE“(MI+.<0
and O,SZMz_/EQ_zo,% . We use also Ma_/Ea__=—E'2+/Mz_”_=0,5 . Thus,
the "spin-isospin-flip" sum rule ( 1) is not inconsistent with available
data, It conclusion we note, that the analogous consideration can be
applied to other hadrons. For example, using the quark model rela-
tion

T+ - [ n+
> 4+ -L;-<D2> =< (16)

22

<D

and combining the relatlusnc "d1pole moment fluctuation" sum rule,
such as eq.(6), and the Cabibbo- Rad1cat1 sum rule/3/ for pions, we
get ‘
9)(y +n++IG=l+)¥J(y +7° 4 1%=07 ), (17)‘
with the obvious notations,
The author is grateful to Vprofess'or AM,Baldin and Dr.A.B,Go-
vorkov for useful discussions and to Professor G.Barton for sti-

mulating correspondence,

References

1. G,Morpurgo, Proceedings of the 14th International Conference on
High Energy Physics, Vienna 1968, Ed. by J.Prentki and J.Stein—
berger, European Organization for Nuclear Research, Geneva
1968, p.225,

2. N.N.Bogolubov, B.V,Struminsky and A,N,Tavikhelidze, Preprint
D-1968, Dubna (1965).



A.N.’I‘avkhelidzé. High Energy Physics and Elementary Partic-
les, IAEA, Vienna, 1965, p.753,

3. N.Cabibbo and L.Radicati, Phys. Letters,, 19, 697 (1966).

4 K.Kawarabayashi and M.Suzuki. Phys. Rev., 152, 1383 (1966).

5, M.Hosoda and K.Yamahoto. Progr, Theor, Phys,, 30, "1520 (1967).

‘6. LlLapidus and Chou Kuang-chao, Soviet JETP, 41, 1546 (1961),

7. S.B. Gerasimov. Soviet J, Nucl. Phys., 2, 598 (1965). .

8, S.D.Drell ard A.C.Hearn. Phys. Rev, Lett, 16, 908 (1966).

9. K.Gotifried. Phys., Rev. Lett, 18, 1174 (1967),

10, G.Chew, M.Goldberger, F,Low and U.Nambu. Phys, Rev. 106, 1345
(1957). : , h

11, R.L.Walker, Preprint CALT-68-158 (1968) and Phys. Rew,, (in
press).

12, A.H.Rosenfeld, N.Barash-Schmidt, A.Barbaro—Galtieri, L.R,Price,
P.Soding, C.G.Wohl, M.Roos and W.J. Willis. Rev. Mod, Phys.,
40, 77 (1968).

Received by Publishing Department
on January 31, 1969,



