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Sum Rules for Structure Parameters of Hyperons 
in Broken SU(3) 

The solutions of a set of sum rules for magnetic mo
ments of baryons and slopes of the form factors at the Po~ 
meron-baryon vertices (i.e., the logarithmic slopes of the 
corresponding baryonic differential cross sections) are pre
sented. They agree with available experimental data, in par
ticular, with large magnetic moment of the :=--hyperon, cau
sing difficulty for .standard theoretical models. Some other 
consequences to be tested in experiments with high energy 
hyperon beams are proposed. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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1. The forthcoming experiments with hyperon beams will 
enable one to test systematically various predictions of 
the broken-symmetry theory and dynamical models concerning 
the properties of baryons and their interactions. Recent , 
p recise measurement of the A -hyperon magnetic moment (m.m.)
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exemplifies rapid progress in this field as well as appa-
rent relevance of the nonrelativistic quark model, inclu-
ding the breaking of the su(3) symmetry in the framework of 
hypotheses on additivity of the current operators of cons
t .ituent quarks and proportionality of the single quark m.m. 
to the ratio of its charge to mass 121, because the mass ra-
tio md/m 8 =2J.!(A) / J.!(N), defined from now well-known m.m. 's, 
corresponds surprisingly well to that determined with the 
aid of the mass formulas 13 •41 . Nevertheless, the large va-
lue of the :=--hyperon m.m. 1-' P(E')/u (~-)= 4.30±1.74 cau-

ex rq.JTI<'lu 
ses some concern. Leaving to more prec1se measuremenL the 
final decision on this matter, it seems worthwhile to attempt 
alternative theoretical approaches. One of our objectives in 
this note is to present the possible solution of a set of 
sum rules (s.r.) for the m.m.'s of baryons, which is consis
tent with all data including the large m.m. of :=--hyperon. 

From conventional assumptions on the octet properties of 
the e.m. current and the SU(3) -breaking interaction, one ob
tains 

2 y'3 ~(AI 0 )-3J.!(A) -Jl (I 0 )+2J.!(N)+2J.! (E 0
) = 0, (1) 

1-' (P) - 1-' (N)- 1-' (I+ ) + 1-' (I- ) + 1-' (Eo) - 1-' ( E -) = 0 . (2) 

Eq. (1} is the first-order perturbation formula with respect 
to the SU(3)-breaking interaction 151 • Our choice of Eq. (2) 
is based on the following arguments. The s.r. for m.m.'s 
may, evidently, be obtained from the consideration of the 
mass operators in the external e.m. field. Due to similari
ty of the transformation properties of corresponding mass 
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operators with regard to the internal symmetry groups (e.g., 
U -spin group) the s.r. 1 s for the energy shifts (or mass 
shifts) of baryons in an external e.m. field will, formally, 
have the same appearance as the mass formulas taking the 
radiative e.m. corrections into account. Differentiating 
the relations thus obtained with respect to the external 
field and letting then the field go to zero, we get, as a 
result, the s.r. 1 S for m.m., the electric and magnetic po
larizability coefficients, etc. As a short excursion, it is 
worth noticing, that if the baryon mass formulas take the 
mass-squared form, the replacement ~(B) ~ M(B)~(B) should be 
made in Eqs. (1) and (2), where M(B) stands for the mass of 
corresponding baryon, i.e., s.r. 1 S should, in this case, be 
written down for the magnetic moments taken in the "natural" 
(or internal) magnetons. In what follows we, however, bear 
in mind more "orthodox", linear mass relations, therefore 
all m.m. 1 s will be kept in standard units, nuclear magnetons. 
Further, the Coleman-Glashow (CG) 16 1 relation for the e.m. 
mass difference in the baryon octet is known to agree with 
data very well. Derived previously in the framework of exact 
SU(3), this relation remains intact after introducing into 
the consideration of additional terms, taking partially in
to account the interference between the electromagnetic and 
"medium-strong" interaction, violating SU (3) -symmetry. That 
is why the s.r. for mass shifts in the external field, coin
ciding formally with the CG-relation is believed to be more 
reliable. Hence, the Eq. (2) follows. Using (1), (2), the 
known isotopic relation 2~(I0)=1L(I+)+~C~:-) and the exferi
mental data on other hyperons, we have ~o:-)= -1.42 ~g:~9 n.m., 
demonstrating the compatibility between more general theore
tical s.r. 1 S and the large value of ~exp(l::-)=-1.85± 0.75 n.m. 
To obtain more definite results without the quark model, we 
use the dispersion s.r. for the anomalous magnetic moments 
(a.m.m.) 18 •9 1 , saturated by the photoexcitation cross sec
tions of the lowest decuplet and singlet baryonic resonances, 
the coupling constants B *~By being treated according to the 
broken SU(3). Some consequences of this set of assumptions 
were considered earlier by Cheng and Pagels110 / , As a basis 
for the further discussion we use the following relations 
between the a.m.m. 1 s K (B): 
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K(P)=-K(N) 

K(I 0 )=..!...(K(I+ )+K(I- ))= -K(A) 
2 

(3) 

(4) 

'l 

+K (I-) 
(Sa) 

K(2-) = { 
-K (I- ) (5b) 

\ve delineate briefly the points of difference \'lith Ref •1101: 
(a) On account of t}1e stability criterion under the SU(3)

-breaking we retain Eq. (4) and do not consider, at variance 
with / 101, other relations which may follow from the singlet
decuplet saturation of the dispersion s.r. for the A-and I 0 

-

hyperon a.m.m. 1 s; 
(b) As soon as K (I -)and K (2- ) go to zero in the exact SU(3) 

it seems to us reasonable, in the real world of the broken 
symmetry, to explore both possibilities for their relative 
signs (the equality K 2 (I-) =K 2( 2) follows only from the de
cuplet saturation of the dispersion s.r.). 

(c) The m.m. 1 S are taken in nuclear magnetons. It is the 
relative sign of K (!. -) and K (E-) which presents the most 
important and crucial question. In this connection we note 
that Eqs. (4) and (5b) follow from Eq. (3) and the more rest
rictive set of s.r.: 

o I = o A (1 +2 Ji.) 
p 

oE=2oA(l+..!.. ..N) 
2 p 

o(AI 0 ) =0, 

(6) 

(7) 

(8) 

where o Y = Y- Y su(a) and the particle symbols denote the cor
responding baryon a.m.m. 1 s. The relations (6)-(8) were de
rived earlier 111 / for the baryon m.m. 1 s within the dynamical 
model of SU(3) -breaking and, by construction, should be valid 
in any composite quark model with the electromagnetic tran
sition operators being the sum of the single-quark operators. 
In view of conformity of Eq. (Sb) with Eqs. (6), (7) we apt 
to link the choice of the opposite signs of K ( 2-) and K (E - ), 
accepted also in Ref. / 10 / for some other reasons, to the 
nonexotic exchange dominance (or to the single-quark opera
tor dominance, using language of the composite-quark model). 
But this choice leads us to the small value of IL(E) compa
rable to that of the standard quark model. On the other 
hand, if the possibility is dssumed on substantial deviation 
from the quark additivity (or, in a more general terms, from 
the nonexotic, intermediate-state dominance), as might be, 
for example, in the quark-diquark model of baryons 112/ , the 
diquark mass being essentially different from the sum of two 
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constituent quark masses, then the joint analysis of s . r . 
(1)-(Sa) appears, logically, to be acceptable. Moreover , the 
adequacy of Eq. (2) is suggestive on the possible role of the 
vector diquarks , because it includes the amplitude with the 
transformation properties of the 27-plet of the SU(3) group, 
which may dynamically be realized via the tensor product of 
the diquark field operators (6x6 * =1 +8 +27) . Using now the 
experimental values of the P , N,A and~+ m.m . 's we get:p(A~"l = 
1.8o±o . 14 ; p(~-) =- 1.6±0.25; p('2°) =- 1.83±0.25 ; p( E -) 
-1.53±0.25, where all values are in nuclear magnetons and 
ascribed uncertainties are due to errors in measurement of 
p(~+ ). All quantities thus obtained agree with experiment

171 

within the range of one standard devi ation* . 
An addit i onal evidence to large val ues of 11(~-) and u ('2- ) 

would be an observation of the unexoe c tedly l a r ge radiative 
- ,- .. ~ ~ 1 

wi~ths of decuplets: r (~* (1385).~ y) =30 _ 15 keV and r'('2 * "'{1530)_, 
_, z y) =44~d2 keV. These estimates are obtained from the r e la
tion 

r( B*' B y ) = .L ( p (B)- Q(Bl_ )
2

[ M
2
(B*)-M

2
@.L_ ]3 

2 2 M(B) M (B*) 
(9) 

which f o llows from the d e cuple t saturation of the disp e rsion 
sum rule for K (~ -) and K ('2- ). and the above cal c ula t e d values 
of f1 (~-) and f1 ('2 - ). They do no t contradic t rath e r a l a rge 
upper limit r (2 *- -· '2-y):;;:400 kev 1131 and, a t the same time, 

e xp 
exceed by more than an order of magnitude the width c omputed 
via the standard quark model including the SU~) breaking 
(we remind that the radiative decays under discussion are 
forbidden in the exact SU(3». The radiative widths of an 
order of ten's keV should be readily measurable in the reac
tion of the Coulomb dissociation of hyperon beams interac
ting with heavy nuclei. 

2. The SU(3) -breaking may also result in a change of the 
electric charge and nuclear-matter spatial distribution in
side hyperons comparatively to nucleons. Some estimates of 
these effects were undertaken earlier with the aid of the 
nonrelativistic quark model/ 21. Here, we compare the loga
rithmic slopes of the differential cross sections ~(YN) 
to that of the NN-scattering, as these quantities ~re pre
sently most readily accessible to the experimental check. 
Let us assume that at high enough energies the baryon elas-

*The preliminary value p(E0
) = -1.2o±0.06 n.m. was, how

ever, reported in Ref . 1 171 
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tic scattering, is dominated by the (approximately) facto
rizable Pomeron. Consider now the Pomeron-baryon vertex 
( PBB). The coupling c onstants at t =O define total cross sec
tions. Our ba sic observation is that the introduction of 
single phenome no logical "spurion" describing the o c tet na
ture of the SU(3) -vio lating interaction into otherwise sing
let PBS-ve rtex will c hange simultaneously both the dynamic 
(c ross sectio ns, etc.) and static (masses, radii, etc.) cha
racte ristic s o f particles depending on their internal quan
tum numbers. Hence , t he corre spondi ng s .r. 's may be written 
d o wn not o nly f o r the coupling c o nstants (i.e.,total cross 
sections) but also for the slopes of the form factor in the 
PBB -ver t e x. ~'lith the assumed factorization, we have two 
relations repeating, naturally, the structure of the Gell
Mann-Okubo mass formula: 

at (NN) +a t (EN)-~ ( 3 a t (AN )+ a t (~N)) =0, (10) 

b(N)at (NN) ~ b(E )at (2N)-- ~ (3b(A)at (AN) + b ( ~) at (~N))= O, (11) 

b(B) being the logarithmic slope of the BN -scattering dif
ferential c r o ss section. For the simp le estimation and bea
ring in mind a simila r quark c o nte nt of the A - and ~ -hy
perons we put, tentatively, at (~N)= at (AN) and b(A) :: b(~ ). 
Then u sing the data at 19 GeV/c 114 / : at(AP) = at(~P)=34 . 6±0.4 mb, 
b(A)/b(P):b (~)/ b(P ) =0. 93±0.05 and a (PP) =39 .1±0.12 mb we 
obtain via Eqs. (10) and (11): t 

at ( EP) = 30.1 ± 0.8 mb 

b(E) = 0.83 ± 0.09. 
b(P) 

(12) 

i.e., the YN -elastic scattering is becoming less collima
ted with inc reasing strangeness of baryons. Numerically, 
Eqs. (12) and (13) are in accord with an empirical observati
on: b - an, where n = 1/21151 and also with predictions of 
the additive quark model for cross sections116 /, yet large 
experimental errors prevent discriminating between n =1/2 
and n =1 (the geometrical scaling). It would, undoubtedly, 
be interesting to compare Eqs. (10) and (11) with more accu
rate data at higher energies. 
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