
F&AC-PUB-349 
September 1967 

ELECTROMAGNETIC INTERACTIONS AND SU(3)* 

bY 

Haim Harari? 
Stanford Linear Accelerator Center 

Stanford University, Stanford, California 

(To be published in the Proceedings of the Symposium on 
the present status of SU(3) symmetry, Argonne National 
Laboratory, Argonne, Illinois, July 1967. ) 

Work supported by the U. S. Atomic Energy Commission. 

‘On leave of absence from the Weizmann Institute, Rehovoth, Israel. 



I 

I. INTRODUCTION 

In the last few years we have witnessed a significant increase in our experi- 

manta1 understanding of the electromagnetic interactions of the strongly interacting 

particles. With the operation of CEA and DESY, electron accelerators entered the 

multi-BeV region for the first time, enabling us to study electron and photon 

initiated processes up to 6 BeV, while more (and better) measurements of the 

“intrinsic properties” of the particles (e. g. , electromagnetic mass differences, 

magnetic moments, radiative decay widths) were carried out. The outlook for the 

next few years is even more promising with the first glance into the 6-20 BeV 

region at SLAC. Among the interesting phenomenological aspects of the new experi- 

mental findings, the comparison of SU(3) predictions with the data plays a special 

role. On one hand we obtain better understanding of the SU(3) transformation prop- 

erties of the hadronic electromagnetic current, while at the same time we gain 

some insight into the reaction mechanisms of high energy photoproduction pro- 

cesses , by using SU(3) relations as a new guide in deciding in which channel a 

particular process is simple and what particles (or Regge trajectories) are ex- 

changed in this channel. 

In this talk I will review the present experimental situation with respect to 

ths SU(3) predictions for electromagnetic mass differences, magnetic moments, 

electromagnetic decays and photoproduction reactions including pseudoscalar 

and vector meson productions. 

II. IS THE PHOTON A MEMBER OF AN OCTET? 

Before we can discuss any SU(3) aspects of electromagnetic processes we 

have to ask ourselves what is the SU(3) character of the photon or, to be more 
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precise, what are the transformation properties of the electromagnetic current 

of the hadrons. 

All the known hadrons seem to obey the Gell-Mann-Nishijima relation: 

Q=I +;Y. z (1) 

Since Iz and Y are two of the generators of SU(3), any linear combination of 

them must belong to an octet. The electric charge is therefore in an octet, at 

least as long as Eq. (1) holds. It is conceivable that there exists an additional quan- 

tum number which we may call 17charmfV ’ and which should be added to Eq. (1). 

All the presently known particles have charm c = 0 and are llcharmlessl’, but 

some day we may find I%harming” particles (quarks? ) having c = f 1 (the same 

way that until the K and A were discovered all particles were non-strange). 

The charm quantum number could transform like an SU(3) representation other 

than the octet, and in that case the total electric charge Q will have components 

in the octet as well as in some other representation. All the known particles, 

however. have c = 0 and therefore have vanishing matrix elements for the non- 

octet part of the electric charge. We therefore conclude that, independent of pm- 

sible future modifications of the all-Mann-Nishijima relation (1)) only octet parts 

of the charge Q may have non-vanishing matrix elements between the existing 

particles. 

Once we have decided that the charge belongs to an octet we can proceed to 

discuss the transformation properties of the current. The charge is related to 

the current by the relation 

Q = $ jo(z,t)d3Z (2) 
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Equation (2) implies that at least part of the electromagnetic current tran.sforms 

like a component of an octet, We also learn that, if some “piece” of the current 

transforms like any other representation,its integral over space has to vanish, and 

will not contribute to the charge. Such a possibility cannot be apriori ruled out and 

we have to consider it carefully. The simplest possibility for a non-octet part 

would be to assume that part of the current belongs to an SU(3) singlet. How can 

we test such an idea? Normally we would simply derive as many predictions as 

we can, assuming that the current is a pure octet, and study their agreement with 

experiment. Strong deviations from these predictions might indicate that the octet 

assumption is misleading and that additional terms exist. It turns out, however, 

that there is a technical difficulty in pursuing this simple procedure in our case. 

The octet part of the current is a U-spin singlet. If the current includes an SU(3)- 

singlet term, it will also be a U-spin singlet. This means 6at those SU(3) predic- 

tions which can be derived on the basis of U-spin conservation alone cannot dis- 

tinguish between the octet part and the (possible) singlet part of the electromagnetic 

current! As we will see throughout this talk, most of the predictions of SU(3) for 

electromagnetic processes actually follow from U-spin conservation alone and 

cannot be utilized to probe the exact transformation properties of the current.This 

makes the identification of the representation of the current a very difficult problem 

but on the other hand, it is, of course, comforting to know that most of our pre- 

dictions do not depend on the possible existence of an SU(S)-singlet term in the 

current. 

Among the few predictions that do depend on the assignment of the current, - 

we would like to emphasize one which actually enables us to “measure” the octet 

and singlet parts of the current. We consider the decay of the neutral vector mesons 

- 3 - 



PO, w and C#I to lepton pairs, and’assume that the decay proceeds via a virtual 

photon (Fig. 1). This assumption 

.e+ 
V0 Y 

< 
g2 

VY 
P- 

Fig. 1 

is probably safe, since the diagram of Fig. 1 is the only one that contributes to 

lowest order in ok. The ratio between the decay widths for PO, w and $I actually 

“measures” the ratio between the “direct” coupling constants g2 , g2 
PY WY 

and g2 
@Y’ 

Since we believe that PO is in the octet while w and C#I correspond to well-defined 

octet-singlet combinations : 

w =w 
8 

sinB+ w 
1 

cos @ 

(3) 
+ = w8 case - w1sin6 

we predict that , if, the electromagnetic current is purely in the octet represenataion: 

giy : g”w, : g;y = 3 : sin20: cos2tj (4) 

Since sin28 is believed to be around l/3, we predict:2 

r(p’-+Q+Q-) : r( w-cQ+Q-):r(+Q+Q-) = 9: 1:2f (5) 

where f is a kinematic correction due to the mass difference between c$ and 

p or w(m 
P 

u mw). A branching ratio r( p”- P+/..L-) /r (p” --c 7r n) has recently 

been measured by various groups3 with an average result: 

r’(p-jA+/L-) 
l?(p -all) = (6 f 1) lo-.5 (6) 

-4- 



Using the experimental total widths4 of o and +, Eq. (5) predicts: 

r(w-p+p-L - 7 x lo-5 
r( w -all) 

I-( @I -p+p-) 
rt + -all) - 5f x lo4 

(7) 

(8) 

No reliable values are available for w , @ - Q’Q- while the present upper limits 

are consistent with the predictions. The ambiguity introduced by the kinematic 

factor f is probably of the order of 
im, /m/J2 N 

1.8, so that the prediction (8) 

should be correct only within a factor of two. Intuitive arguments based on the 

algebra of currents actually suggest that f = imp /mm)2 leading to 

T’( $-Q+Q-) 
y @ -all) v 3 ’ I0 

4 
(9) 

A strong deviation of experiment from the predictions (7) - (9) would indicate 

that the electromagnetic current actually has a term outside the octet represen- 

tation. We will encounter a few additional SU(3 ) predictions which depend on the 

octet properties of the photon and we will mention them as we go along. 

III. ELECTROMAGNETIC MASS DIFFERENCES 

Together with the Gell-Mann-Okubo mass formula, the Coleman-Glashow 

relation for the electromagnetic mass differences of the baryon octet is probably 

the most spectacular triumph of SU(3). Assuming that the photon is a U-spin 

singlet one finds: 

( m -m +m -m = m 
) ( 1 ( 

-113 n P - z 2 
0 22- Ix+’ i 

(10) 
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Experimentally the values for the 1. h. s. and r. h, s. are (7.8 * 0.2) and 

(‘7.97 * 0.11) MeV, respectively.4 If you study the time variation of these numbers 

since 1962, you will actually find that they are converging to the right values! 

Other relations between electromagnetic mass differences include: 

m =m -m =m 
E 

*- - m 
5 

*o 
Y”1- Y;” N *- 

-m *o 
N 

m -m *o 
yl 

*+ =m -m 
yl NW N*+ 

(11) 

(12) 

The data for these masses are-not sufficient, and depend on too many phenomeno- 

logical assumptions to be taken seriously. As long as the “massf’ of a given reso- 

nance depends on the kind of experiment in which it was produced, it is dangerous 

to rely on measurements of mass differences between two charge states of the 

same resonance. 

IV. MAGNETIC MOMENTS 

The isotopic spin nature of the electromagnetic current leads to one relation 

among the magnetic moments of the baryon-octet: 

I-1 tx+, + I-1 tn = 21.1 Go, (13) 

If the current is a U-spin singlet (not necessarily in the octet) we obtain three 

additional predictions : 

P(P) = /J (z+) 

dn) = bd) 

(14) 

(15) 

(16) 
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If, furthermore, the current is an arbitrary mixture of octet and singlet, 

we find: 

3I,r(N +p(cO) = 2p(n) 

Finally, if the current is llpurelyl’ in the octet: 

P(R) = ; P (n) 

(17) 

(18) 

For an octet current we have six predictions [Eqs. (13)-(18)] which enable us 

to express all the moments in the octets in terms of two of them say, p(p) and 

p(n). Using ,u(p) = 2.8 and p(n) = -1.9, we predict: 

p(A) = -0.95, p (c’) = 2.8, I-1 (ZO) = 0.95, 
(19) 

p(Y) = -0.9, /A(&) = -1.9, r-l@-) = -0.9 

Experimental information is. available 495 for p(A) and cl@+): 

p(A) = -0. ‘73 f 0.16 p (2”) = 3.2 f 0.9 (20) 

Since the predictions (13)-(18) presumably hold only in the limit of equal masses 

we should accept them only within 20YC -30%. In particular, we have no solid reason 

to interpret the predictions as relations between the magnetic moments rather than 

between the g-factors, and this ambiguity introduces an uncertainty of the order 

mA “N / for the predicted value of p(A), etc. Within the limitation of this ambi- 

guity, the experimental values of Eq. (20) can be considered a success for SU(3). 

Moreover, the approximate agreement between Eq. (18) and the experimental 

p(A) is the only indication that we have, at present, that no substantial contribu- 

tions of representations other than the octet exist. 
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V. THE DECAYS 7r, 7 --c 27’ 

A particularly simple and elegant prediction for the ratio (TO--+ yy)/(q-.yy) 

can be derived from the assumption that the photon is a U-spin scalar. In order to 

derive it we construct the particular combination of 7r” and q which transforms 

like a vector under U-spin, and notice that the transition between this combination 

and the two-photon state is forbidden by U-spin conservation. This immediately 

leads to: 

3? rl -y-y) = T;(TO-yy) (21) 

where -f; is the width, corrected by the kinematic phase space factor, Since the 

two photons have to be in a p-wave relative to each other, the phase space correc- 

tion factor is = 64. The predicted ratio for the actual width is therefore: 

rtr7 -YY) -21qTo-~). (22) 

But, of course, it is very hard to take such a prediction seriously in view of the 

huge ?T - 7 mass difference. Experimentally r(8’.-+yr) - 8 - 10 eV, while a 

recent measurement’ of l?(q - 7~) in the Primakoff effect yielded: 

r(q -yy) = (1.21 f 0.26) keV, i.e. , approximately six times larger than pre- 

dicted by exact SU(3) [Eq. (22)l . The source of this discrepancy is not clear 

and it would be interesting to try to find a dynamical description of these processes 

which would enable us to take into account the effect of the rl -7~ mass ratio on the 

matrix element itself. 

VI. RADIATIVE DECAYS: A-B + y 

Among the interesting SU(3) predictions for processes of the type A-B + y 

where A, B are hadrons we would like to mention three: 
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U-spin conservation leads to peculiar predictions for the decays Yy (1385)-+ .z+ y: 

y(Y;+ (1385)--c Z+y) = ?(N*+(l238) --) py) 

( *- r Yl - 2-Y) = 0 

(23) 

*i- 
The width for N -py is known from the photoexcitation of the N* and is 

0.65 MeV. The decay YI% Xfy is therefore predicted to be of the same 

(appreciable) strength while YT; 2-y is forbidden by exact SU(3) and should be 

significantly smaller. No data are available for these decays, but there are good 

chances that in the next few years we will be able to test these predictions. 

Another set of radiative decays that we consider here involves transitions that 

are forbidden if the photon is in the octet but could be otherwise allowed. The small- 

ness of such transitions, if verified experimentally,would add new evidence for the 

octet assignment of the current. The forbidden decays are: 

Y;(1520) - Y*,(1385) + y (25) 

Yi(1520) - Y*,(l405) + y (26) 

where we have assumed that the 1520 and 1405 Y* ‘s are in SU(3) singlets. 

Our last group of radiative decays includes p- rry, w--+ny and @ .-+ ny. 

If the photon is in the octet and C#I and w are given by Eq. (3) with sin20 = l/3, 

we predict: 

3% p7ry = mjmy + gwny 

where g2 Vny = w-w. 

In order to reach more definitive predictions we must invoke more speculative 

models which are either stronger than, or different from, SU(3). At least four 
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independent models of this nature predict that the $ny coupling is very small. 

These are: 

1. In quark models the $77~ vertex is .forbidden if we assume that $J is a 

hh state and that the electromagnetic transition occurs by the emission of a photon 

by one of the quarks. 

2. SU(6)W forbids the decay $ -77’ + y if the $I is identified as a singlet 

of the spin-isospin subgroup SU(4)f. This is the assignment implied by the mass 

formula. 

3. Since the photon emitted in the decay $ +n” + y is pure isovector we 

may assume that it is dominated by the p-meson. The partial width r($ +TT’ + Y) 

will then be suppressed by the small @Pi coupling constant. 

4. If we assign the $I state moving at infinite momentum to a (0,O) repre:- 

sentation of the chiral SU(2) X SU(2) algebra of integrated currents, we can use 

PCAC to show that r($ - ,’ -!- y) is small compared to, say, f(w - 7’ + y). This 

is based on the fact that the axial charge is a generator of the algebra and cannot 

connect a state in the (0,O) representation to an isovector photon. If the matrix 

element for a pionic decay is proportional to that of the axial charge, we obtain 

that in this approximation @-+TT + y is forbidden. 

ff we accept any of these arguments (which are consistent with the fact that 

$I -+ny has never been seen), and assume 

r(+---no) = 0 

we predict : 

330 - TY) = 9rp-~y) (27) 

Experimentally4 r ( p -77y)/r(w --ny) 5 112 . 
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VII. PHOTOPRODUCTION OF PSEUDOSCALAR MESONS 

SU(3) predictions for reactions are usually expressed as relations between the 

various relevant amplitudes. Since the relative phases of these amplitudes are not 

known we have to translate the equalities among amplitudes into inequalities among 

square roots of cross sections. 

In order to compare our results with experiment we will follow the prescription 

of first dividing the experimental cross sections by appropriate phase-space factors, 

and then applying the predictions to the “corrected” cross sections which we shall 

denote by 3. In addition, we define 

R(ab. . . ) = [a (y + p- a + b + . . . )]1’2 . 

R(ab. . . ) is proportional to the absolute value of the amplitude for photoproduction 

of the systema +b + . . . and most of our predictions will be given as inequalities 

among the R values of different reactions. Since most of our results are derived 

by assuming only that the photon is a U-spin singlet, they cannot test the octet 

assignment of the electromagnetic current. In all y + p processes the initial state 

has U = l/2. The number of independent amplitudes is, therefore, determined by 

the number of possible ways of constructing a U = l/2 state from the reaction 

products. 

Two inequalities can be obtained7 for photoproduction of a single pseudoscalar 

meson and a baryon: 

R(n+n) I ?j @Ii + + ,/%s(I&?) , (28) 

R(1Pp) 5 @R(K’ xc) + &?R(~P) . (29) 

The prediction (28) agrees with the data’ for 3.4 < Ey c 4 BeV and center-of- 

mass angles between 25’ and 45’. The total cross sections are not known too well 
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at high energies but there are some,indications 9 that they may not obey (28). The 

situation with respect to the relation (29) is not clear. 

Some additional relations which can be obtained for the production of pseudo- 

scalar mesons are: 10 

2atY+P- n++K++ Z--)2 a(Y+p-K++K++ z-), (30) 

R( r+“-p) 5 R(K+K-p) + R(K+r- .Z+) 2 

3 (n+N* ‘) = 2=5 (K+Yy) 

(31) 

(32) 

The inequality (30) applies only to the total (integrated over all angles) cross 

see tion for producing 7r’K+ 2 - . At any given angle we obtain a sum rule of 

the form 

A(y+ p-r+ + K++ C-) + A(y + p--K++ 7r+ + x-) = A(y+ p -+K++ K++ z-), (33) , 

where A is the (complex) amplitude for producing the first meson in a given 

direction and the second meson in some other definite angle. There are only a 

few known events of the processes appearing in (30) and we can make no significant 

comparison with the data. 

The relation (31) was recently compared with the bubble-chamber data. 
11 

The left-hand and right-hand sides are, respectively, 12 and 9 (in arbitrary units) 

with errors of the order of lo-20 percent. This includes, however, only nonresonant 
+ - 

events, eliminating a huge number of 7~ 7~ events which come from p” decays. 

The prediction (31) should hold, however, even if we include the resonant events, 

provided that we use an appropriate phase-space correction. Using all events 

(both resonant and nonresonant) we find that the left-hand side of (31) is larger 

than the right-hand side by a fat tor of 2. 
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Equation (32) seems to agree with the results of CEA and DESY who indicate 

very small cross sections for both reactions above 2 BeV. 

Many additional SU(3) predictions for photoproduction processes can be easily 

obtained, but the data do not enable us to draw any conclusions. 10 

VIII. PHOTOPRODUCTION OF NEUTRAL VECTOR MESONS 

The photoproduction of neutral vector mesons is a process of great interest 

from many points of view. The production mechanism at high energies seems to be 

very similar to that of ordinary elastic processes such as v or Kp elastic 

scattering. The three processes w- pop, wp , and $p supply us with an excellent 

testing ground for various quasi-elastic mechanisms such as Pomeranchon exchange, 

diffraction scattering, and theoretical ideas such as vector meson dominance. We 

can also use these processes (on nuclei) as indirect measurements of the vector- 

meson-nucleon total and elastic cross sections. Here we will be primarily con- 

cerned with the predictions of SU(3) for the relative production rates for p ‘, wand @. 

Without assuming any specific mechanism for the reactions, SU(3) predicts : 

R(P’p) 5 Ji R(K*’ c+) + R(~P) + fi R($P) (34) 

The present data indicates that at energies up to 6 BeV the left-hand side of Eq. (34) 

is larger than the right-hand side by approximately a fat tor of 2. This already 

implies that SU(3) is badly broken here, and that if we now assume that a specific 

dynamical mechanism dominates the processes of Eq. (34), we will have to intro- 

duce somewhere explicit SU(3)-breaking, before we can understand the data. 

The diffraction mechanism (or Pomeranchon exchange) implies that at high 

energies 0 (K *o + I: ) will decrease while the PO, w, and @ production cross sections 
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will remain constant. This implies-that as E - co : 

R( pop) < R(~P) + aR(+p) (35) 

If we furthermore specify that at high energies these processes are dominated by 

SU(3)-singlet exchange we predict: 

;(P”p):z(wp):a($Ip) = 9:1:2 (36) 

The ratio 9:l between PO and w production is,at present, consistent with 

experiment. 12 The $ production cross section is, however, smaller 13 by a factor 

of lo-20 than predicted by Eq. ~(36). This hints that the SU(3) breaking effect that 

was indicated by the failure of our prediction (34), exhibits itself mostly in the 

P:$ or w : Cp production ratio, and is responsible for a significant depression 

(by a factor of 10-20) of a(yp--o p). What are the possible reasons for such a huge 

symmetry breaking effect? 

A few sources for this “trouble” can be immediately noticed: 

1. The present data are in the region l-6 BeV, mostly at l-3 BeV. In this 

region the Q-value for $-production is substantially smaller than that for P or w 

production and phase space factors, as well as the variable chosen as the basis for 

the comparison may have a nontrivial effect. In addition, the minimum momentum 

transfer needed for producing $I is larger than that for p or w, a fact which 

might be essential for differential cross sections which are strongly peaked forward. 

However, all these effects (a) are not sufficiently large to cause such a huge dis- 

crepancy, and (b) should rapidly disappear for higher energies. 

2. The coupling of the incoming photon to P , w and $ may depend on the 

vector meson mass. 14 
Corrections of the order ( m+/m,j2 can contribute a 

factor 2 discrepancy to Eq. (3;6).. 
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3. The assumption of SU(3) singlet exchange may be wrong. The failure of 

Eqs. (34), (35) indicates, however, that this is an unlikely source of trouble since 

the contradiction with experiment exists independent of this assumption. 

4. The most likely “explanation” is the statement that, for some reason, the 

elastic (or total) cross section for 4N scattering is significantly smaller than that 

for PN. This would be a similar (but much larger) effect to the one observed in 7rp 

and Kp elastic scattering where it is conceivable that the two cross sections 

approach two different constant values at high energies. In SU(3) language this can 

be said by stating that the coupling of the Pomeranchon to the vector or pseudo- 

scalar mesons is not SU(3) invariant. Notice that this statement is different from 

the possibility of an important SU(3)-invariant contribution from octet exchange! 

A simple model which explains this smallness of the @N cross section has 

been proposed by various authors 15 who used the quark model or Regge theory 

(plus universality assumptions) to relate the cross sections for C#IN and PN 

scattering to TN and KN scattering. They found that the mechanism which is 

responsible for reducing ot(KN) compared to Ot(7rN) can lead to a @N elastic 

cross section smaller by a factor of 5-7 from oel( pN). This, together with the 

possible term bqimFj2 mentioned above, could lead to the observed discrepancy 

for $ -photoproduction. 

Indirect measurements of ot(QN) as well as better determinations of 

rt$ - n$-) and 0 (yp-$p) will enable us to have a better understanding of this 

puzzle, and to decide whether any of the above explanations are really responsible 

for this effect. 
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