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An algebra of "strong" scalar and vector currents coupled to Regge residues accounts for the composite 
model predictions in high-energy elastic scattering. Some new relations are given; O'(K+N) = o'(K+P) is 
accounted for in a simple way. 

We shall  p r e sen t  an approach based upon the 
ident i f icat ion of an a lgebra  of s c a l a r  and vector  
c u r r e n t s  in the s t r uc tu r e  of the res idue  funct ions 
assoc ia ted  with Regge t r a j ec to r i e s ,  somewhat  in 
analogy to the way in which the weak and e l ec t ro -  
magnet ic  t r ans i t i ons  of the hadroas  define the 
sys t em of vec tor  and ax ia l -vec to r  c u r r e n t s .  Ap- 
plying the theory d i rec t ly  to high-energy s c a t t e r -  
ing, we find we can pred ic t  some hi therto unex- 
plained fea tu res .  In so doing, we also produce a 
theore t ica l  in t e rp re ta t ion  of a number  of good 
r e su l t s  [1-5] whose der iva t ion  has genera l ly  been 
cons idered  to imply a compos i t e -pa r t i c l e  s t r u c -  
tu re  for  the hadrons .  

Phys ica l  intui t ion based upon somewhat  un-  
r ea l i s t i c  models  has twice before within recent  
yea r s  opened up new extens ions  of un i ta ry  s y m -  
met ry ;  in both cases  [6, 7] - non - r e l a t i v i s t i c  
SU(6) and too - re l a t iv i s t i c  SU(6,6) - excel lent  r e -  
su l t s  have been obscured  at t imes  by diff icult ies 
and d i l emmas  in the theore t ica l  foundations [8]. 
Much c lar i f ica t ion ,  a new unders tanding  and  a 
s e r i e s  of new re su l t s  were each t ime provided 
by the defini t ion of an a lgebra ic  methodology 
[9, 10] which was gradual ly  improved and made 
cons i s ten t  with re la t iv i s t i c  quantum theory [11]. 
It is  our  contention that the p r e sen t  use of a 
"naive" quark  model,  - leading to a new subpa r -  
t ic le  physics  with methods emula t ing  those used 
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in nuc lear  s t ruc tu re  and the many-body p r o b l e m -  
should be regarded  in the same light as the p r e -  
vious suggest ive b r e a k - i n s .  

It is with this motivat ion in mind - an a lgebra ic  
foundation for the h igh-energy  r e su l t s  - that we 
make our  suggest ions .  We deal with the s imple  
case of forward sca t te r ing ,  though it is  probable  
that the t r ea tmen t  can be extended to other  s i tua -  
t ions.  Our formula t ion  should be regarded  as a 
f i r s t  rough definit ion,  to be fu r the r  ref ined ex- 
tens ively .  

The descr ip t ion  of h igh-energy ba r yon - ba r yon  
and b a r y o n - m e s o n  phenomena in t e r m s  of Regge 
t r a j e c t o r i e s  has been highly [12] success fu l  and 
suppl ies  the most  appropr ia te  f r amework  for our  
t r ea tmen t .  In a s e r i e s  of recent  s tudies  [13], one 
finds a useful  and cons is ten t  p a r a m e t r i z a t i o n  of 
the data, based upon the res idue  funct ions ~(t) and 
the pole t r a j ec to r i e s  ~ (t), where t is the square  
of the momentum t r a n s f e r  and the energy depen- 
dence is  explici t .  The rea l  pa r t  of the t r a jec to ry  
is  effectively descr ibed  by i ts  in te rcep t  or(0) and 
i ts  slope at that point.  

The fac tor iza t ion  theorem [14] allows us to r e -  
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place B(t) by a product  of two v e r t e x  s t r e n g t h  
AB 

funct ions 7 C (t), which a re  analogous to form 

fac tors  in quantum e lec t rodynamics ;  A B  s tands  
for  example for an upper  ve r tex  where the t r a -  
jec tory  C occurs  as an in te rmedia te  s tate  in the 
t channel  sca t t e r ing  of incoming pa r t i c l e s  A and 
B and as an exchanged sys tem (Regge pole) in the 
s channel  sca t t e r ing  of A into B. 

Actual h igh-energy  phenomenology has 
achieved a genera l  fit of known p r o c e s s e s  in 
t e r m s  of ver tex s t rength  funct ions coupled to 
two even i n t r i n s i c - p a r i t y  t r a j ec to r i e s  with op- 
posi te  s ignature ,  dominated by two meson  uni tary  
nonets  with j = 1- and 2 +. Some d i f fe rences  
exist  between the worke r s  in the field, mainly  
with respec t  to the number  of 2 + uni ta ry  s ing le t -  
dominated t r a j ec to r i e s .  We shal l  here  adopt the 
view that one is faced with an oc te t - s ing le t  se t  
for  each s igna ture ,  including the Pomeranchuk  
t r a j ec to ry .  

Observa t ions  indicate  that apar t  f rom the la t -  
t e r  (whose in te rcep t  a o(0) = 1, where s i denotes 
an even- s igna tu re  t r a j ec to ry  cor responding  to the 
i th un i ta ry  index, count ing f rom 0 to 8), a l l  t r a -  
j ec to r i e s  s ~ and v z (v denotes odd s ignature)  have 
a(0) ~ 0.5. Deviat ions f rom the Pomeranchuk  l im-  
it a AB = aAB should thus tend to d i sappear  with 
i nc reas ing  energy at some genera l  common ra te .  
Variegat ion in the "law of force" p ic ture  s eems  
to resu l t  in the main  f rom di f ferences  between 
r e s idues .  

We a s sume  that the ver tex  s t reng ths  TAB(0) 
in the l imi t  of forward  sca t t e r ing  a re  given by 
ma t r ix  e lements  of a lgebra ic  opera tors  belonging 
to a U(12) a lgebra .  We introduce a sys t em of nine 
s t r e n g t h s  S i with s c a l a r  dens i t ies ;  when adjoined 
to a second nonet of s t rengths  V / with the same 
a lgebra ic  p rope r t i e s  as the uni ta ry  spin gene ra -  
to rs ,  they close on a U(3) × U(3) s u b - a l g e b r a  
completely  i somorphic  to the [U(3) x U(3)]~ con-  
tained in the [U(6) × U(6)]/3 "good" r e s t  s y m m e -  
t ry  * defined by Dashen and Gel l -Mann.  . 

The ma t r ix  e l ements  of the sys tem of S z and 

IT/ s t rengths  a re  to be identif ied with the TAB(0) 

and ~AB(0) respec t ive ly  as 

* It is not clear that our strengths are really to be iden- 
tified with the space integrals of the currents asso- 
ciated directly with weak transitions. For instance, 
we may be dealing with a class of source currents of 
strong transitions, consistently definable in terms of 
the Regge formalism. The complete U(12) algebra of 
streng~s would contain pseudoscalar and axial-vector 
operators (corresponding to trajectories with 0- and 
1 + exchange). These additional operators cannot re -  
present rest symmetries. 

53 (PA -PB)TA?(0)  = (AI f q)03a°xi; x, 0)d3x I B) 
(1) 

53(pA -PB) ]/AB(0) = (A I f~a%i; x, o) d3x [B ) (2) 

where  the in tegra l s  a re  c a r r i e d  out in the r e s t  
f r a m e  of the incident  pa r t i c le  **. Note that to ac-  
count for  spin flip we would use an en t i re  set  of 
U(6) × U(6) gene ra to r s .  In the following we shal l  
deal  with e las t ic  sca t te r ing  only, thus using in 
fact a ° with i = 0, 3, 8 only. The S / and V z would 
be wr i t ten  in a quark  r ep resen ta t ion  as 

s i  = ½ f d3x q+t3kiq 

We note that 

1I/ = ½ f d 3 x q + ~ i q  . 

(3) 

(4) 

sJ] = i (5) 

[V i , SJ] = i j~Jk Sk . (6) 

The effect of ~ in the U(12) a lgebra  can be r e -  
p r e sen t ed  in t e r m s  of const i tuent  (1 ,0 ,0)  r e p r e -  
senta t ions  - mathemat ica l  quarks  [15] - as addi-  
t ive (positively) in quark  and ant iquark  uni ta ry  
charges .  S o, for example,  has e igenvalues  p ro -  
por t iona l  to the number  of "quark charges" plus 
"ant iquark charges"  (in opposit ion to VO which is 
p ropor t iona l  to baryon  charge,  i .e . ,  to the number  
of "quark charges"  minus "ant iquark charges") .  
S i adds up Az cont r ibut ions  of quarks  plus ~ ~  con- 
t r ibu t ions  of anti.quarks (IT/picks out the d i f fer -  
ences ,  s ince _~z~ is  the un i ta ry  spin r e p r e s e n t a -  
t ion of the ant iquarks) .  It is for the above reason  
that us ing S / dens i t ies  reproduces  the r e su l t s  of 
"quark-addi t iv i ty"  and "quark counting" applied 
in composi te  models .  As a s imp le s t  example,  
cons ide r  this crude der iva t ion  of the ~ + p / ~ p p  
ra t io .  Fig.  1 shows the t channel  exchange of a 
Pomeranchuk  t r a j ec to ry .  Assuming  this to be 
dominant*  at the highest  energ ies ,  we der ive  for 
the total  c ros s  sec t ions  the Le v i n - F r a nk f u r t  
ra t io  [1]. 

~ PP 
(:~p 7sO(0) ZsO (0) 2 

~PP PP PP . ~. (7) 
sO (0) ~ sO (0) 

s ince  rsO(0) is ,  according to its definit ion,  jus t  
the eigenvalue nso  of the genera tor  S o. We have 
used,  of course ,  the [U(6) x U(6)]~ ass ignments  

** The densities will supply form factors; however we 
deal with t ¢ 0 elsewhere. 
Similar considerations with both S ° and S 8 contribut- 
ing predict (rlr P > (YKP as can be seen from the table 
below. We are indebted to Dr. J . J . J .  Kokkedee for 
this remark. 

3 3 7  
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1T + IT+ 

P P 

Fig. 1. 

of (56, 1) + a n d  (6, 6* ) -  f o r  b a r y o n s  a n d  m e s o n s  
r e s p e c t i v e l y .  In t h i s  c o n n e c t i o n  we w i s h  to  e m -  
p h a s i z e  a n  a p p r o x i m a t i o n ,  i m p l i c i t  in  o u r  a d o p -  
t i o n  of t he  R e g g e  f o r m a l i s m ,  in  w h i c h  we h a v e  
d e f i n e d  t h e  v e r t e x  s t r e n g t h s  a t  e a c h  v e r t e x  i n d e -  
p e n d e n t l y .  I t  m a y  b e  tba t~a  c o m p l e t e  t h e o r y  would  
r e q u i r e  u s  to  t r e a t  b o t h  v e r t i c e s  s i m u l t a n e o u s l y  
a n d  t h a t  t he  s a m e  c l a s s i f i c a t i o n  of s t a t e s  in  u p p e r  
a n d  l o w e r  v e r t i c e s  c a n n o t  b e  m a i n t a i n e d  a s  f a r  a s  
t he  S / p a r t  of [U(3) × U(3) ]~ g o e s .  T h e  p o s s i b i l i t y  
of  a n  a l t e r a t i o n  in  F/D r a h o  a t  one  v e r t e x  s h o u l d  
t h e r e f o r e  b e  t a k e n  i n t o  a c c o u n t  f o r  t he  S/ m a t r i x  
e l e m e n t s  ( t h i s  i s  t he  on ly  a l l o w e d  a l t e r a t i o n ) ;  we 
d i s c u s s  t h i s  l a t e r  in  c o n n e c t i o n  w i t h  t he  c o m p a -  
r i s o n  of o u r  i d e a s  w i t h  e x p e r i m e n t .  H o w e v e r ,  
i n  c a s e s  s u c h  a s  eq .  (7), w h e r e  t he  r a t i o  of c r o s s  
s e c t i o n s  w i t h  t h e  s a m e  b a r y o n - s c a l a r  v e r t i c e s  i s  
c o m p u t e d ,  t h i s  p o s s i b l e  e f f e c t  c a n c e l s  ou t  c o m -  
p l e t e l y  a n d  no  a p p r o x i m a t i o n  i s  i n v o l v e d .  

Note  t h a t  t h e  c o m m u t a t i o n  r e l a t i o n s  f ix  the  
r e l a t i v e  s c a l e s  of Ts i  and  Tvi  by  i m p o s i n g  a q u a -  
d r a t i c  r e l a t i o n .  

We  a s s u m e  t h a t  t he  e l a s t i c  s c a t t e r i n g  a m p l i -  
t u d e  i s  g i v e n  by  * (TA now s t a n d s  f o r  TAA, e t c .  ) 

- - ~  I A B s TAB (v't) - i=0,3,8 ~Tsi( t )  7si(t)g(~i ) × 
1 + e x p ( - i y a  s )  r(~S+ a) ~ s ( t )  

x - - - -  2 ( u ]  i + 

+ A ( t  ) B 1 - e x p ( - i ~ a / V )  r ( aV +½)  {vgv(t)~ 
Yvi(t) s i n ~  ot~ F(a.v+ 1) \Uvv] I (8) 

$ $ 

w h e r e  

v ( to ta l  e n e r g y  i n c  m . )  + i t  2 2 = • 2 - m - m . (9) 

g(c~ s)  i s  a g h o s t - k i l l i n g  f a c t o r  w h i c h  we h a v e  to 
s e p a r a t e  e x p l i c i t l y  in  o r d e r  to  c a n c e l  ou t  the  p o l e  
a t  ~ s  = 0.  W e  s h a l l  a s s u m e  t h a t  in  the  n e i g h b o u r -  
hood  of t = 0, g ( ~ )  ~ 1. S i n c e  t h e s e  t r a j e c t o r i e s  

Table 1 
Total c ro s s  sect ions  

S V 
PN = 6t 0 + 3t 8 t 3 + 6t 0 + 3t 8 - t 3 

PN = 6t 0 + 3t 8 t 3 6t 0 - 3t 8 + t 3 

P P  : + + 0 

= s + s _ 3t 8 _ v K+P 4t 0 - t 8 t 3 t 3 

s + s 3t 8 + tv K-P  = 4t 0 - t 8 t 3 + 3 

_ s s _ 3t 8 v K+N = 4t 0 t 8 t 3 + t 3 
v 

s s 3t 8 _ t3 K-N = 4t 0 - t 8 t3 + 

d e s c r i b e  the  e x c h a n g e  of 2 + and  1-  p a r t i c l e s  r e s -  
p e c t i v e l y ,  the  a b s o l u t e  s i g n s  of t h e i r  c o n t r i b u -  
t i o n s  a r e  d e t e r m i n e d  by  t he  r e q u i r e m e n t  t h a t  t hey  
g ive  r i s e  to  f o r c e s  b e t w e e n  e q u a l  p a r t i c l e s  w h i c h  
a r e  r e s p e c t i v e l y  a t t r a c t i v e  and  r e p u l s i v e .  We a s -  
s u m e  no a m b i v a l e n c e  i s  i n t r o d u c e d  by  the  t d e p e n -  
d e n c e .  

The  j = 1-  t r a j e c t o r y  m a y  c o u p l e  to  the  1-  p a r -  
t i c l e s  in  t he  u s u a l  way .  As  to t he  j = 2 + m e s o n s ,  
they  c a n n o t  c o u p l e  d i r e c t l y  w i th  s c a l a r  q u a n t i t i e s ,  
bu t  o u r  p r e s c r i p t i o n  i s  a p p r o p r i a t e  f o r  the  c o u p l -  
ing  of t h e i r  t r a j e c t o r y  at  a = 0. The  p r o b l e m  of 
c o u p l i n g  to R e g g e  r e c u r r e n c e s  i s  no t  s p e c i a l  to 
t he  s c a l a r ,  bu t  o c c u r s  a l s o  f o r  the  o t h e r  t r a j e c -  
t o r i e s .  

T h e  c o n t r i b u t i o n  of e a c h  p o l e  to t he  t o t a l  c r o s s  
s e c t i o n  i s  e q u a l  to  the  p r o d u c t  of v e r t e x  s t r e n g t h s  
d e f i n e d  a c c o r d i n g  to e q s .  (1) and  (2), a f a c t o r  
(t v o r  t s )  d e p e n d i n g  upon  e n e r g y  and  the  p o s i t i o n "  
of the  p o l e ,  and  a s i g n  d e t e r m i n e d  by  the  s i g n a -  
t u r e  in  eq.  (8) ( n e g a t i v e  f o r  t he  v e c t o r  c o n t r i b u -  
t ion ) .  O u r  b a s i c  r e s u l t  i s  g i v e n  in t a b l e  1, w h e r e  
a n o r m a l i z a t i o n  c o r r e s p o n d i n g  to t r  ;~.2 = 2 i s  u s e d  

z 
to  a v o i d  f r a c t i o n a l  c o e f f i c i e n t s .  

T h e  c o e f f i c i e n t s  a c t u a l l y  c o r r e s p o n d  to o v e r -  
a l l  F c o u p l i n g  f o r  t h e  v e c t o r  t r a j e c t o r i e s  a n d  fo r  
t he  m e s o n s  and  b a r y o n s  D a n d  F c o u p l i n g ,  r e s -  
p e c t i v e l y ,  to  the  s c a l a r  t r a j e c t o r i e s .  SU(3) s y m -  
m e t r y  would  i m p l y  the  e q u a l i t y  t~= t~ and  t~ = 
= t~; U(3) a m o n g  t he  v e c t o r  c o n t r i b u t i o n s  would  
i m p l y  t v = t~  = t~ a n d  [SU(3) x sg(3)]13 ( e x c l u d i n g  

We neglect  OJ-(P mixing since we cons ider  the case  in 
which the i r  t r a j e c to r i e s  a re  essent ia l ly  degenerate .  
Our identif icat ion of s O with the Pomeranchuk t r a j e c -  
tory r equ i r e s  no s O - s 8 mixing at o~ = 0. 
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to s) would f inal ly imply (t~ =/~) that al l  * but the 
Pomeranchuk  coeff icients  are  equal.  We note 
here  that t~ = t~ alone immedia te ly  impl ies  that 
[5] 

K+P = K+N . (10) 

This re la t ion  is  well sa t is f ied between 6 and 
20 GeV/c and may be in te rpre ted  in our  theory 
as a close degeneracy  between the s 3 and v 3 in-  
t e rcep ts  (both cont r ibut ions  become sma l l ,  how- 
ever  at higher  energ ies ) .  

The p a r a m e t e r  t s is posi t ive;  it  follows f rom 
our bas ic  p ic ture  that all  t s and t v a re  posi t ive 

Z 
number s  and we der ive  the following inequal i t ies ,  
val id without any other  r e s t r i c t i on :  

K-P >K-N 

n-p > ~+p 

K-P > K+P 

K-P > K+N 

K-P - K-N > I K+P - K+NI 

K+P + K-P > K+N + K-N 

The re la t ions  (11) a re  s t r ik ingly  verif ied.  
For  ba ryon -ba ryon  sca t t e r ing  we obtain 

PP > PP 

PP > PN 

PP > P--N 

PP- PP >PN- PN 

PP +PP >PN +PN 

(11) 

(12) 

Four  ident i t ies  a lso follow s ince  there  a re  10 
re la t ions  and only 6 p a r a m e t e r s :  

K+P - K+N = PP - NP [5] 

K-P - K-N = PP - PN [5] 

3(~+P +~-P) =PN +PN +PP +PP [2,4] (13) 

K+P +=-P + K-N = K-P + ~+P + K+N [2] 

Following the procedure used for table 1 we ob- 
tain 

AP = 6 t  + 6 t  o (14) 

and therefore  

AP - PP  = K-N - ~+P [2] . (15) 

The addit ional  " an t i symmet r i c "  (t s cancel l ing)  
re la t ions  follow f rom SU(3) (the J o h n s o n - T r e i m a n  

* A rest symmetry in the t channel and degeneracy of 
the trajectories implies equality of the scale factors 
v s and Yv'" 

re la t ion  [16]) and U(3), for  the F reund  [3] r e l a -  
tion, 

PP  - P P  = ~ ( P N - P N )  = 5 ( ~ - P - ~ + P )  . (16) 

As to the other  " symmet r i c "  (t v cancel l ing)  r e l a -  
t ions of Lipkin and Scheck [2] 

PP  + PP  : 2 [ ~+ P + Y - P ] - ½[ K + P + K - P ]  (17) 

K+P + K-P = ½[y+P +y-P +K+N +K-N] 

they requi re  SU(3) among the s c a l a r  t r a j e c t o r i e s ,  
which is  a s t ronger  condition and s e e ms  to be less  
well  sa t is f ied.  

Imposing the [SU(2) x SU(2)]8 re la t ion  t~ = t~ 
[leading immedia te ly  to (10)] a § w e l l  as SU(3) - 
among the vector  t r a j ec to r i e s  (t~ = t~) we obtain 

K-N : ½(K-P +K+P) [5] , (18) 

which is well sa t is f ied.  However, se t t ing also 
t3 s _ _ t8 s (imposing SU(3) among the s c a l a r  t r a j e c -  
tor ies)  one obtains [5] 

~-P = K-P (19) 
y+P = K-N 

which a re  not as good. As mentioned above we 
should expect some mixing of the (56, 1) with 
other  [U(6) × U(6) ]B s ta tes ,  which would geaera te  
some D coupling a t t h e  s c a l a r  t r a j ec to ry  aucleon 
ver tex ,  affecting mainly  t~. Adjoining a sma l l  
negative admixture  of D coupling to this  ver tex ,  
the exper imenta l  meson-nuc leon  data can be fit  
to within a mi l l i ba rn ,  taking common t v and t~ 
(j ¢0).  Al te rna t ive ly ,  solving for  the coefficibnts ,  
one not ices that ~ is r a the r  large .  
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Two genera l  methods used in the f r amework  of 
the a lgebra  of c u r r e n t s  to obtain sum ru les  have 
been extensively  s tudied in a p rev ious  paper  [1] 
to which we re fe r  for detai ls  and notat ions.  The 
a im of this note is to compare  both methods in a 
p a r t i c u l a r  case f rom which the A d l e r - W e i s b e r -  
ger  L2,3] sum rule  follows. 

1 v The bas i s  quanti ty of in te res t  is a causa l  
ampli tude 

T~efl= i f d 4 x  exp (-iq2.x}0(x)(P 2 I[J~ (x), J~(0) ] Ip 1 ) 
(1) 

where a and fl a re  un i ta ry  spin i n d i c e s .  
We define q l  as q l  = P2 + q2 - Pl  and for  s i m -  

p l i c i ~ / w e  cons ider  only the case  where p2 = p~ = 
= - M ' .  As usual ,  we introduce convenien[  four 
vec to rs  

1 1 
P =~(P l+P2) ;  Q = ~ ( q l + q 2 ) ;  A = P l - P 2 = q 2 - q l  
and the s c a l a r  va r i ab le s  

v = - q 2 . P  = - q l . P  =Q.P,  t = - A  2. 

We r e s t r i c t  ou r se lves ,  in the following, to the 
p a r t  of the ampl i tudes  skew symmetric in the ex-  
change of the un i ta ry  spin indices  a ¢~ ft. 

2 ° The Fubini  method [4] applied twice, gives 
the equation [1]: 

qp,.a[3 a = Va[3+ ca~(p21V.j~(o)iPl ) (2) 
2 ~ p a U l  

where Vaf  j is  defined by the commuta tor  of the 
c u r r e n t  d ivergences :  

Vail: i f d4xexp(-iq2, x)O(x)(D21[ J~(x),Jfl~(O)] lP 1) . 
. v " ( 3 )  

The c~ ~ a re  the U(3) s t ruc tu re  constants  and T 
the second t e rm of the r ight  hand side of eq. (2) is 
cal led the equal t ime commuta tor  contr ibut ion.  
Such an equality is obtained replac ing the momenta  
ql and q2 by the d ivergence  opera tor  and in tegra t -  
ing by pa r t s .  The d ivergence  t e rm  - also usual ly  
cal led the sur face  t e r m  - is a ssumed  to vanish at 
infinity.  

The Adler  method [5] gives the genera l  equa-  
t ion [1]: 

a~ 
v Tpa = U ~ -  c~  fl × 

×(P2 ]PPJYa (0) +P~J~(0) -gpe P ' JT(0) IP  1) (4) 

where 

Upa~ a = - ½P • f d4x exp(-iq 2. x)O(x) × 

x ( P 2 l [ a g J p ( x ) ,  J~a(0)] - [J~p(x),a~ Jfla(0)]lPl). (5) 

Using the definit ion of v : v = -½(ql +q2)" P the 
same  technique of in tegra t ion  by pa r t s  is applied 
for  the Adler  method. 

The scalar quantity qP T:fla q~ can be computed 
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