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The Gilman-Schnitzer evaluation of the Cabibbo-Radicati sum rule is discussed. It is 
argued that the SU(2) generalization of the ANn-,/contact term has to be included in the 
evaluation. Doing so considerably decreases (15% rather than 8% discrepancy) the agree- 
ment of the sum rule with the data. 

1. Introduction 

The sum rule of Cabibbo and Radicati [1 ] follows from assuming that the equal- 
time commutators of the time components of the isovector currents have no 
Schwinger terms. In ref. [2] the sum rule has been evaluated and agreement with the 
data has been found. In the present note, we consider a further effect which affects 
the agreement and makes it considerably worse. 

The sum rule reads 

1 '(~PP2M~n)2- 14alr 2 ?dV(o~(u)ov+P(v]] (l) <6 r2 )V  -- 2 V- tot . . . .  
Vo 

with [21 

1 m 2 ( r2)V= 0.066, i m 2 (PP - On ]2 
g ~r ~ ~r \ - ~ M - - ]  = 0.059. 

The cross sections ,,v-+P are the total cross sections for the scattering of charged ~tot 
photons (defined as zero-mass charged p) off a proton target. 

In evaluating the sum rule the authors of ref. [2] have divided the integration 
region into three parts. They use photoproduction data and the assumption of dom- 
inance of the E~ and M[ multipoles between threshold u 0 and p = 500 MeV. This 
region includes the A resonance and yields 

* Permanent address. 
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m 2 500 
~- f d--u(o'r-P(v] - atTo;P(v)) = 0.016 - 0.028 = - 0 . 0 1 2 .  (2) 

4an2 uo p ~ t o t ' "  

(The - 0 . 0 2 8  is the A resonance cont r ibut ion  and the 0.016 comes from the non-  
resonant  s-wave.) 

In order to compute  the cont r ibut ion  from u = 500 MeV to v = 800 MeV the authors 
of ref. [2] apply two different methods.  Firstly, they use saturat ion by the N**(1520)  
and N***(1690) .  We are concerned here with the second method.  That  method con- 
sists in arguing that  

d--U(a~/ P(u~ - at'ro;P(v)) 1 d r ,  , - p , ,  -- = - -  ~ [Oto t (U) -- an+P(v]~ Vto t . . . .  (3) 
4n2c~ 500 v " tot - "  7rf 2 500 

and taking the integral on the r.h.s, f rom the measured nN data up to v = 800 MeV. 
In this way ref. [2] finds m2£ 

rr d-~v(aT-P(v] - -  OtTo;P(u)) : 0.015. (4) 
4an2  v tot ~ " 

(The first method  has yielded 0.016 for this.) 
Contr ibut ions  from the region above v = 800 MeV are neglected. Thus,  ref. [2] 

has altogether 

0.066 = ½ m 2 (r2> v ' "- 0.059 + 0.016 - 0.028 + 0.015 = 0.061. (5) 
gr 

There is agreement within 8%. 
It is our  point  in the present note that  eq. (3) is unreliable and that  the resulting 

effect considerably influences the agreement.  To this we turn  next.  

2. Photoproduction of two pions 

It is well-known [3] that the nON and 7N total  cross section are very similar 
(fig. 1). In fact, one has 

1 
a' ( 'N(v)  -- 2 X 220 (atmP(v) + °to-tP(v))' (6) 

with an accuracy to be read of f  fig. I .  Since the contribution of  the isoscalar photon 
to o~ p (v) amounts to about 15% of the total cross section it has been argued that 
there is a more basic and more exact proport ional i ty connecting the (isovector) zero- 
mass pion with the isovector (zero-mass) photon ,yV [3 ,4 ] ,  

0 nOp(v )= l  n*p 0 ) +  - 0)) = - ~ - ,  tot " "  tot . -- :(Oto t (V, m n = OToP(P, m n = 270(O~r+P(v] + O~o} ' (O ) 

7VP v (7) 
- ato t ( ) .  

A successfld calculation [4] of the propor t ional i ty  constant  270 from a low- 



H. Genz / Cabibbo-Radieati sum rule 543 

J 

IJ.b 

600 

O'to I 

5O0 

400 

300 i 

200 

100 

1.0 

J 
. . ¢ : . , ; :  ,,, . ,;y; . 

I 21.0_ , I , J# , ~ i I , , 
1.5 2.5 30 .0 5.0 6eV 

W 

Fig. 1, The left- and right-hand side of eq. (6). The hadronic total cross section is denoted by the 
full line. The circles (open and closed) are ?p data; the crosses denote 7n data. For the origin of 
the data, see the references given in ref. [4]. 

energy limit supports eq. (7) as compared to eq. (6). Except for threshold, where 
mass effects have to be considered, there is only one region where eq. (7), combined 
with approximate equality of  a~oVt P(v) and a~oPt(v) fails: immediately to the right of  
the A-resonance region where 1.3 GeV ~ W = ~/s ~ 1.6 GeV or 430 MeV ~ u ~ 890 
MeV. If one subtracts [ 3 - 5 ]  the contr ibution o c of  the 27r production from oTVP rot 
one finds with high accuracy 

nOv(b '] = 270 (Ot'rVP(v)-- Oc(V)) (8) 
°to t ~ 

for v away from threshold. Furthermore,  the experimental Oe(V ) is almost completely 
given [3,5,6] by the contact  term of  ANT~ (fig. 2), which is required by  gauge invari- 
ance. Of course, no analogous term would be present in a Born term model for 
7rp -> 27rN. Thus, as an experimental  fact with some theoretical appeal, the 77r analogy 
for rr0p and 7Vp is correct for the pho ton  cross section minus contact  term contribu- 

tion. 

We now should like to discuss eq. (3). This relation follows from the simple quark 
rule of Lipkin and Scheck [7] which implies * 

-+ 47ra .~ -%,.. 
otot v (u) = 7 °t'ot" iv) (9) 

J; 

* Footnote see next page. 



544 H. Genz / Cabibbo-Radicati sum rule 

A ~  ///IT 

bl 

p~ //IT 
/// 

y v,.-, \ P 

l:ig. 2. (a) The ~N'),lr-contact term. (b) Diagram contributing to 7P --" 2rrN. 

for " la rge"  u. In ref. [2] ,  the rule has been assumed starting f rom u = 500 MeV, It is 

well known (e.g. ref. 8) that the numerical  factors in eqs. (7) and (9) approx imate ly  
agree. Thus eqs. (9) yield eq. (6) and thus disagree with exper iment  for 1.3 GeV <~ W 

<~ 1.6 GeV. In order to obtain  the difference O~otP(v) - Ot?otP(v ) f rom the nN cross 
sections we have to know how the discrepancy is distr ibuted be tween  o~oP(u ) and 

O~otP(u). In effect ,  ref. [2] assumes an equal amount  of  discrepancy in bo th  cross 
sections. That is wi thout  foundat ion.  We will assume the discrepancy for 1.3 GeV 

<~ W ~ 1.6 GeV to be given by the SU(2) Yang-Mills generalization o f  the contac t  

term in the individual 7+-p cross sections **. In doing so, we have to replace Ourr in 

the derivative AN~T interact ion,  zXu'ys~'N~jr, by  the covariant derivative. This yields 
3 

Cabc ~X"'y5 7 a N p  b n c 
a,b,c = l 

n°P (8). Ac- as interact ion term. Upon  construct ing the cont r ibut ion  to ate t we find eq. 

cording to the in teract ion wri t ten  above, mesons and baryons couple via isospin 1. 

This is violated [3] by about  15%. It is now easy to show that the contac t  term con- 
s 3 t r ibutes ~a  c to O~ot p and ~o c to O~ot p. Thus comparing "),p to np we have to leave out  

the contact  term and obtain 

* In this footnote, we would like to comment on the a priori possible validity of the 7-rr analogy 
for zero-mass pions of both charges at all energies, i.e. 

n+P'u O ) -  n p + 
Oto t ' ,mTr = Otot (u,m~z = 0) = 270 (otC'0tP(u) - OtVotP(u)) 

in addition to eq. (7). Since precisely the above rrN cross section also occurs in the Adler- 
Weisberger relation we obtain from assuming validity of eq. (1) and combining the two sum 
rules, 

2 2 2 

Numerically, there is a 50% discrepancy: 0.066 = 0.059 U.02"/ = 0.032. Leaving out the con- 
tact term (which might be included in the mass exptrapolation) makes the disagreement worse. 
]'he implication of this will depend on the experimental status of Cabibbo-Radicati. 

** See ref. [9] for a review. 
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-- ~ ( O t o  t (V) o ;P(v ) ) -  }Oc( Q. (10) 

Therefore, integrating over the region of discrepancy, we obtain 

_~ dv ,.2 f T °c(V) 
87r2o~ 

as additional contribution to the right-hand-side of (5). We take the integral from 
eq. (8) and the observed cross sections to obtain, integrating numerically, 
m2 f420890 (dr~v) Oe(p)= 0.004 X 8n2a. Thus we have 

0.066 -g-1 m 2. (r2) v ,T 0.061 - 0.004 = 0.057. (11) 

It is the main point of the present note to call attention to this possible discrepancy 
of about 15%. Any more definite conclusion would require additional tests. Firstly, 
the Stichel-Scholz model [3,6] for p+p and O-P can be completely worked out, The 
contact term, which is known to dominate 27r production by p 0  in that model then 
also dominates [10] the separate cross sections for 2n production by p+ and p-. 
Therefore, our prescription practically amounts to leaving out the total 27r production 
cross section of that model before comparing 3 ̀± to n ± . (The reader might notice that 
this is an obviously gauge invariant formulation of  our prescription.) 

Secondly, we recall (remark after eq. (4)) that Gilman and Schnitzer had found 
consistency of resonance saturation and the results of  applying eq. (3) already for 
1.3 GeV % W % 1.6 GeV. Their analysis of 1966 can be reconsidered with improved 
data. Devenish [11 ], using the analysis of ref. [12], finds this way that the resonance- 
saturated integral in eq. (4) should be 

1//2 

~nJ; ~ dv (OtTotP(u) - ot~iP(v)) = 0.013, (12) 
7 r  + 

4aTr2 . 7 

rather than 0.016, with large uncertainties in both directions. His correction of the 
resonance saturation, albeit nmch smaller, goes in the direction of our result. His 
final result would be ~ m 2 (r2)  v = 0.059 (as compared to our 0.057). 

The author would like to thank K1. Bondgardt for checking the formulas, Prof. 
W. Schmidt for many useful and interesting discussions and Prof. G. Kramer for 
reading the manuscript. He furthermore would like to acknowledge the kind hospit- 
ality of Prof. G. Weber and the theory group at DESY early in 1975. 

References 

Il l  N. Cabibbo and L. Radicati, Phys. Letters 19 (1966) 697. 
12] F. Gihnan and tt.J. Schnitzer, Phys. Rev. 150 (1966) 1362. 
[31 D. Lake and P. SSding, Springer tracts in modern physics, vol. 59 (1971) p. 39; 

B. Wiik, Coraaell Conf. 1972. 
[4] It. Genz and W. Schmidt, Nucl. Phys. B59 (1973) 629. 



546 1t. Genz / Cabibbo-Radicati sum rule 

[5] P.V. Collins, tt. Kowalski, H. Ri3mer and H.R. Rubinstcin, Phys. Letters 44B (1973) 183. 
[6] P. Stichel and M. Scholz, Nuovo Cimento 34 (1964) 1381. 
171 H. Lipkin and F. Scheck, Phys. Rev. Letters 16 (1966) 71. 
J8] H. Joos, Hadronic interactions of electrons and photons, ed. J. Cummings and H. Osborn 

(1971) p. 47. 
[9] S. Gasiorowicz and D.A. Geffen, Rev. Mod. Phys. 41 (1969) 531. 

[ 10] W. Schmidt, private communication. 
[ 11 ] R.C.E. Devenish, private communication. 
[12] R.C.E. Devenish, D.H. Lyth and W.A. Rankin, Phys. Letters 52B (1974) 227. 


