
объединенный 
ИНСТИТУТ 
ядерных 

исследований 
L > < 5 ^ ДУбиа 

Е2 - 12612 

S.B.Gerasimov 

SUM RULES FOR STRUCTURE PAPAMETERS 

OF HYPERONS IN BROKEN SU(3) 

.mil па 

1979 



E2 - 12612 

S.B.Gerasimov 

SUM RULES FOR STRUCTURE PARAMETERS 

OF HYPERONS IN BROKEN SU(3) 

Submitted to 1979 International Symposium on 
Lepton end Proton Interactions at High Energies, 
Batavia, USA. 



Герасимов С Б . К2 - 12612 

Правила сумм для структурных параметров 
гиперонов в нарушенной SU(3) 

Предложены решения системы правил сумм для магнитных 
моментов барионов и логарифмических наклонов дифференциаль
ных сечений взаимодействия, согласующиеся с эксперименталь
ными данными, которые включают большое значение магнитного 
момента Е -гиперона, представляющее трудность для стандарт
ных теоретических моделей. 

Работа выполнена в Лаборатории теоретической физики 
ОИЯИ. 

Првпрннг Обьединеняого института ялерных исследований» Дубна 1979 

Е2 - 12612 
Gerasimov S.B. 

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 S_-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. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 



1. The forthcoming experiments with hypomn beams wi ' 1 
enabl с one to test systematically various procli rt ь- пн of 
the broken-symmetry theory and dynamical model;, concern i :к| 
the properties of baryons and their interactions. Recent 
. recise measurement of the \ -hyperon magnetic moment (m.m.) 
exemplifies rapid progress in this field at' well as appa
rent relevance of the nonrelativistic quark model, inclu
ding the breaking of the SU(-'l) symmetry in the framework of 
hypotheses on additivity of the current operators of conc-
1 ! tuent quarks and proportionality of the single quark r;.m. 
to the ratio of its charge to mass "- . because the mass ra
tio m{] m s 2fi(\) '/<(N), defined from now well-known m.nt.'s, 
corresponds surprisingly well to that determined with the 
aid of the mass formulas л^ . Nevertheless, the large va
lue of the r "-hyperon m.m. /i „(£")•';< (?"'= 4.30*1.74 cau
ses some concern. Leaving to more precise measuremen 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 S -hyperon. 

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

2 v 3 ( < ' ( . \ i : o ) - 3 , , ( . \ ) - , i ( i : ' > ) t a , < ( N ) ( 2 ( i ( = " ) = - o , 

/ <(P)-,J<N)-,,(V 1 b,<(V") t f l( = ")_,,(=")„0. ( 2 ) 

Eq. (1) is the first-order perturbation formula with respect 
to the SU(3)-breaking interaction й . 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.'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.'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 u( B) >M(B)ji(B) should be 
made in Eqs.(l) and (2), where M(B) stands for the mass of 
corresponding baryon, i.e., s.r.'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.'s will be kept in standard units, nuclear magnetons, 
further, the Coleman-Glashow (CG) fi 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 anil 
"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/j(i°)= u(i +) i p(i~) and the experi
mental data on other hyperons, we have /<(H~)= —1.12 *j's5n.»., 
demonstrating the compatibility between more general theore
tical s.r.'s and the large ^alue of /'̂  (B'~) --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 
(л.m.m.) 8' 9' , saturated by the photoexcitation cross sec
tions of the lowest decup.let and singlet baryonic resonances, 
the coupling constants 3 +>By being treated according to Ihe 
broken SU(3). Some consequences of this sot of assumptions 
jere considered earlier by Cheng and Paqel.s l 0 . As a basis 
for the further discussion we use i.he following relations 
between the a.rn.m.'s к!В): 

K ( P ) = - N ( N ) , ,, 

*CLn) , '-U(i' ) . -Л!" ))=• -к(.\) 
J. \ '\ I 
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н<(£ ) 
«(В")- I ( 5 a ) 

-*< S"> (5b) 

We delineate briefly the points of difference with Ref. : 
(a) On account of the stability criterion under the SU(3)— 

-breaking we retain Eq.(4) and do not consider, at variance 
with l n , other relations which may follow from the singlet-
decuplet saturation of the dispersion s.r. for theA-and — ° -
hyperon a.m.m.'s; 

(b) As soon as '-'(£ )and K(S ) go to aero in the exact SIJ(3) 
.it seems to us reasonable, in the real world of the broken 
symmetry, to explore both possibilities for their relative 
signs (the equality к а(Х -)=к 2( Н ~) follows only from the de-
cuplet saturation of the dispersion s.r.). 

(c) The ra.m.'s are taken in nuclear magnetons, it Is the 
relative sign of K ( S ) and '<(£"") which presents the most 
importer;t and crucial, question. In this connection we note 
that Kqs. (4) and (5b) follow from Eq.(3) and the more rest
rictive set of s.r,: 

ях-а\<1.г 5L) ( G ) 

S S . - S S A C U - L . J ) ( 7 ) 

Й(ЛХ°),.О. ^ ( a ) 

where ЙУ -Y-Y„y,3. and the particle symbols denote the cor
responding baryon a.ra.m.'s. The relations 'б)-(О) were de
rived earlier'11' for the baryon m.m.'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. 
I.n view of conformity of Eq. (5b) -with Kqs. (61 , (7) we apt 
to link the choice of the opposite signs of «(Viand *(S 1, 
accepted also in Uef.'10' for some other reasons, to ;he 
nonexot.ic exchange dominance (or to the single-quark opera
tor dominance, using language of i:he _omposL!:e~ (uark .nodcll . 
liut this choice leads us to the small value of /i(H~) compa-
"blo to that of the standard quark -nodel. On tne other 
hand, if the possi.Di.Li.ty is assumed on substantial levi.ation 
from the quark -idditlvity (or, Ln a 'Tiore ru-neral tr-rirri, from 
the uonexotio, i ntei medi.ate-stato lominancel , as tii'i'it ""?, 
for example, in itio quark -diquark inodoL of '.>>iyo:is '- . ; be 
diquavK mass being a.-isenl La LI / dilfci'cnt Г rom 11^ ; 'U >f '.'vo 
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rrmsl i l,HPnt quark nasses, then 11н> ]< int analysis <;f :'.r. 
(1)-('>a) appears, loiiicilly, to bo acceptable. Moreover, t he 
adequacy of Iiq. (2) is suggestive on the possible role oi the 
TOCtnr diquarks, because it includes the amplitude witli the 
t r.insformat ion properties of the 27-plet of the SUCi) group, 
wiiich may dynamically be realized via the I епяог product of 
the diquark field operators (C>xG' -] iH >'.'.'J) . Usinq now the 
experimental values of theP,N.\ anil 1' m.m.'s we got:: f/( \i-") 
1.ЯСНО. 14; /i( 1" ) ̂-1 ,f, ю.;!г>( /i( H ' ) —1.!Пт.2 г)| /i ( = ~ ) = 
-1 . 'il >0.25, where all values are in nuclear magnetons and 
ascribed uncertainties are due to errors in measurement. of_ 
/'(- 1. All quantities thus obtained aqroe wil.li experiment, 
within the range of one standard deviation'. 

An additional evidence to large values of /'I- ) ane ti<S ) 
would be an observation of the unexpectedly large radiative: 
widths of decuplets: ('(1 • ~(1:№1 • i~v) •'<(>_',!, keV and 1 (=• T1M0) . 
'E y) 'И ' J. kev. These estimates are obtained from the rela
tion 

Г (В ' • в v) -L (,, i ю - Ш1_) | * С Ш ^ ! Ш 2 _ |;< ,,-,, 2 ам(В) м(вм 
which follows from the decuplet saturation of the dispersion 
sum rule for л (i! ) and»E"l, ami the above calculated values 
of /'(i.-) and /i(c~). They do not contradict rather a large 
upper limit Г (5 '" >Е"уЫ100 keV ''' and, at the same time, 
exceed by more than an order of magnitude the width computed 
via the standard quark model including the SU(3) breakinq 
(we remind that the radiative decays under discussion are 
forbidden in the exact SU(3)). The radiative .widths cf 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'8 . Here, we compare the loga
rithmic slopes of the differential cross sections & M Y N ) 
to that of the NN-scattering, as these quantities are pre
sently most readily accessible to the experimental check. 
Let us assume that at high enough energies the baryon elas-

* The preliminary value /<(H°) =, -1.20+0.0G n.m. was, how
ever, reported in Ref. !7'. 
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tic scattering, is dominated by the (approximately) facto-
rizable Pomeron. Consider now the Pomeron-baryon vertex 
( PBB). The coupling constants att.-O define total cross sec
tions. Our basic observation is that the introduction of 
single phenomenological "spurion" describing the octet na
ture of the SU(3) -violating interaction into otherwise sing
let PBB-vertex will change simultaneously both the dynamic 
(cross sections, etc.) and static (masses, radii, etc.) cha
racteristics of particles depending on their internal quan
tum numbers. Hence, the corresponding s.r.'s may be written 
down not only for the coupling constants (i.e.,total cross 
sections) but also for the slopes of the form factor in the 
PBB -vertex. With the assumed factorization, we have two 
relations repeating, naturally, the structure of ti.e Gell-
Малп-Okubo mass formula: 

<7 (NN)..ffl( = N ) - -LfS^tAN),- a (iN)) ,-0, ( 1 0 ) 

b(N)«t (NN) + b(H )"((=N)- i-(3b(.\)ffl(\N)+b(i:)al 0£N))--0. { n ) 

b(B) being the logarithmic slope of the BN -scattering dif
ferential cross section. For the simple estimation and bea
ring in mind a similar quark content of the Л - and i!-hy-
perons we put, tentatively, n (HN).»« (AN) and b(.\)^bC£). 
Then using the data at 19 GeV/c'14' ;1т[(ЛР) = ст((ХР) = 34.6 +0.4 mb, 
b(.\)/h(P) = b(i)/b(P) =0.93+0.05 and a (PP) =39,1+0.12 mb we 
obtain via Eqs.(10) and (11): 

a ( HP) = 30.1 + 0.8 mb 
w~ ( 1 2 ) 

z£l = 0.83 + 0.09 , 
b(P) 

i.e., the YN-elastic scattering is becoming less collima-
ted with increasing strangeness of baryons. Numerically, 
Eqs.(12) and (13) are in accord with an empirical observati
on: Ь-стп, where n = 1/2 lf> and also with predictions of 
the additive quark model for cross sections'16', 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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1. The forthcoming experiments with hypomn beams wi ' 1 
enabl с one to test systematically various procli rt ь- пн of 
the broken-symmetry theory and dynamical model;, concern i :к| 
the properties of baryons and their interactions. Recent 
. recise measurement of the \ -hyperon magnetic moment (m.m.) 
exemplifies rapid progress in this field at' well as appa
rent relevance of the nonrelativistic quark model, inclu
ding the breaking of the SU(-'l) symmetry in the framework of 
hypotheses on additivity of the current operators of conc-
1 ! tuent quarks and proportionality of the single quark r;.m. 
to the ratio of its charge to mass "- . because the mass ra
tio m{] m s 2fi(\) '/<(N), defined from now well-known m.nt.'s, 
corresponds surprisingly well to that determined with the 
aid of the mass formulas л^ . Nevertheless, the large va
lue of the r "-hyperon m.m. /i „(£")•';< (?"'= 4.30*1.74 cau
ses some concern. Leaving to more precise measuremen 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 S -hyperon. 

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

2 v 3 ( < ' ( . \ i : o ) - 3 , , ( . \ ) - , i ( i : ' > ) t a , < ( N ) ( 2 ( i ( = " ) = - o , 

/ <(P)-,J<N)-,,(V 1 b,<(V") t f l( = ")_,,(=")„0. ( 2 ) 

Eq. (1) is the first-order perturbation formula with respect 
to the SU(3)-breaking interaction й . 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 

3 



operators with regard to the internal symmetry groups (e.g., 
U-spin group) the s.r.'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.'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 u( B) >M(B)ji(B) should be 
made in Eqs.(l) and (2), where M(B) stands for the mass of 
corresponding baryon, i.e., s.r.'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.'s will be kept in standard units, nuclear magnetons, 
further, the Coleman-Glashow (CG) fi 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 anil 
"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/j(i°)= u(i +) i p(i~) and the experi
mental data on other hyperons, we have /<(H~)= —1.12 *j's5n.»., 
demonstrating the compatibility between more general theore
tical s.r.'s and the large ^alue of /'̂  (B'~) --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 
(л.m.m.) 8' 9' , saturated by the photoexcitation cross sec
tions of the lowest decup.let and singlet baryonic resonances, 
the coupling constants 3 +>By being treated according to Ihe 
broken SU(3). Some consequences of this sot of assumptions 
jere considered earlier by Cheng and Paqel.s l 0 . As a basis 
for the further discussion we use i.he following relations 
between the a.rn.m.'s к!В): 

K ( P ) = - N ( N ) , ,, 

*CLn) , '-U(i' ) . -Л!" ))=• -к(.\) 
J. \ '\ I 
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н<(£ ) 
«(В")- I ( 5 a ) 

-*< S"> (5b) 

We delineate briefly the points of difference with Ref. : 
(a) On account of the stability criterion under the SU(3)— 

-breaking we retain Eq.(4) and do not consider, at variance 
with l n , other relations which may follow from the singlet-
decuplet saturation of the dispersion s.r. for theA-and — ° -
hyperon a.m.m.'s; 

(b) As soon as '-'(£ )and K(S ) go to aero in the exact SIJ(3) 
.it seems to us reasonable, in the real world of the broken 
symmetry, to explore both possibilities for their relative 
signs (the equality к а(Х -)=к 2( Н ~) follows only from the de-
cuplet saturation of the dispersion s.r.). 

(c) The ra.m.'s are taken in nuclear magnetons, it Is the 
relative sign of K ( S ) and '<(£"") which presents the most 
importer;t and crucial, question. In this connection we note 
that Kqs. (4) and (5b) follow from Eq.(3) and the more rest
rictive set of s.r,: 
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S S . - S S A C U - L . J ) ( 7 ) 

Й(ЛХ°),.О. ^ ( a ) 

where ЙУ -Y-Y„y,3. and the particle symbols denote the cor
responding baryon a.ra.m.'s. The relations 'б)-(О) were de
rived earlier'11' for the baryon m.m.'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. 
I.n view of conformity of Eq. (5b) -with Kqs. (61 , (7) we apt 
to link the choice of the opposite signs of «(Viand *(S 1, 
accepted also in Uef.'10' for some other reasons, to ;he 
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tor dominance, using language of i:he _omposL!:e~ (uark .nodcll . 
liut this choice leads us to the small value of /i(H~) compa-
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rrmsl i l,HPnt quark nasses, then 11н> ]< int analysis <;f :'.r. 
(1)-('>a) appears, loiiicilly, to bo acceptable. Moreover, t he 
adequacy of Iiq. (2) is suggestive on the possible role oi the 
TOCtnr diquarks, because it includes the amplitude witli the 
t r.insformat ion properties of the 27-plet of the SUCi) group, 
wiiich may dynamically be realized via the I епяог product of 
the diquark field operators (C>xG' -] iH >'.'.'J) . Usinq now the 
experimental values of theP,N.\ anil 1' m.m.'s we got:: f/( \i-") 
1.ЯСНО. 14; /i( 1" ) ̂-1 ,f, ю.;!г>( /i( H ' ) —1.!Пт.2 г)| /i ( = ~ ) = 
-1 . 'il >0.25, where all values are in nuclear magnetons and 
ascribed uncertainties are due to errors in measurement. of_ 
/'(- 1. All quantities thus obtained aqroe wil.li experiment, 
within the range of one standard deviation'. 

An additional evidence to large values of /'I- ) ane ti<S ) 
would be an observation of the unexpectedly large radiative: 
widths of decuplets: ('(1 • ~(1:№1 • i~v) •'<(>_',!, keV and 1 (=• T1M0) . 
'E y) 'И ' J. kev. These estimates are obtained from the rela
tion 

Г (В ' • в v) -L (,, i ю - Ш1_) | * С Ш ^ ! Ш 2 _ |;< ,,-,, 2 ам(В) м(вм 
which follows from the decuplet saturation of the dispersion 
sum rule for л (i! ) and»E"l, ami the above calculated values 
of /'(i.-) and /i(c~). They do not contradict rather a large 
upper limit Г (5 '" >Е"уЫ100 keV ''' and, at the same time, 
exceed by more than an order of magnitude the width computed 
via the standard quark model including the SU(3) breakinq 
(we remind that the radiative decays under discussion are 
forbidden in the exact SU(3)). The radiative .widths cf 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'8 . Here, we compare the loga
rithmic slopes of the differential cross sections & M Y N ) 
to that of the NN-scattering, as these quantities are pre
sently most readily accessible to the experimental check. 
Let us assume that at high enough energies the baryon elas-

* The preliminary value /<(H°) =, -1.20+0.0G n.m. was, how
ever, reported in Ref. !7'. 
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tic scattering, is dominated by the (approximately) facto-
rizable Pomeron. Consider now the Pomeron-baryon vertex 
( PBB). The coupling constants att.-O define total cross sec
tions. Our basic observation is that the introduction of 
single phenomenological "spurion" describing the octet na
ture of the SU(3) -violating interaction into otherwise sing
let PBB-vertex will change simultaneously both the dynamic 
(cross sections, etc.) and static (masses, radii, etc.) cha
racteristics of particles depending on their internal quan
tum numbers. Hence, the corresponding s.r.'s may be written 
down not only for the coupling constants (i.e.,total cross 
sections) but also for the slopes of the form factor in the 
PBB -vertex. With the assumed factorization, we have two 
relations repeating, naturally, the structure of ti.e Gell-
Малп-Okubo mass formula: 

<7 (NN)..ffl( = N ) - -LfS^tAN),- a (iN)) ,-0, ( 1 0 ) 

b(N)«t (NN) + b(H )"((=N)- i-(3b(.\)ffl(\N)+b(i:)al 0£N))--0. { n ) 

b(B) being the logarithmic slope of the BN -scattering dif
ferential cross section. For the simple estimation and bea
ring in mind a similar quark content of the Л - and i!-hy-
perons we put, tentatively, n (HN).»« (AN) and b(.\)^bC£). 
Then using the data at 19 GeV/c'14' ;1т[(ЛР) = ст((ХР) = 34.6 +0.4 mb, 
b(.\)/h(P) = b(i)/b(P) =0.93+0.05 and a (PP) =39,1+0.12 mb we 
obtain via Eqs.(10) and (11): 

a ( HP) = 30.1 + 0.8 mb 
w~ ( 1 2 ) 

z£l = 0.83 + 0.09 , 
b(P) 

i.e., the YN-elastic scattering is becoming less collima-
ted with increasing strangeness of baryons. Numerically, 
Eqs.(12) and (13) are in accord with an empirical observati
on: Ь-стп, where n = 1/2 lf> and also with predictions of 
the additive quark model for cross sections'16', 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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