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We discuss the analysis of high energy A 2 production data, inelusing comparisons with W and fo 
production and possible fo - A2 interference effects. 

The  A 2 r e s o n a n c e  r e g i o n  m a s s  s p e c t r u m  and 
i t s  decay  c h a r a c t e r i s t i c s  have  b e e n  s tud ied  in 
m a n y  e x p e r i m e n t s .  H o w e v e r ,  the p r o d u c t i o n  
m e c h a n i s m s  have  r e c e i v e d  m u c h  l e s s  a t ten t ion .  
Now that  the  A 2 is  s e e n  [1] at h i g h e r  e n e r g i e s  as  
a s i ng l e  s t a t e  wi th  a wid th  of about  100 MeV, we 
f e e l  tha t  i t  i s  m e a n i n g f u l  to d i s c u s s  the p r o d u c -  
t ion  p r o c e s s .  The  A 2 s t a t e  p r o d u c e d  at h i g h e r  
e n e r g i e s  we sha l l  t r e a t  a s  the n o r m a l  A2, to be 
i den t i f i ed  wi th  the SU(3) p a r t n e r  of the fo, fo and 
K*(1420) and as  the  e x c h a n g e  d e g e n e r a t e  p a r t n e r  
of the  p and g. Any n a r r o w  d e s t r u c t i v e l y  i n t e r -  
f e r i n g  dip o r  sp l i t t i ng  s e e n  at  l o w e r  e n e r g y  [2] 
m a y  then  be  t r e a t e d I T  a s  a s m a l l  p e r t u r b a t i o n  on 
the  d o m i n a n t  n o r m a l  A 2 p roduc t i on .  We sha l l  
s u m m a r i z e  s o m e  t h e o r e t i c a l  a p p r o a c h e s  to h igh  
e n e r g y  p r o d u c t i o n  of A 2 in 7rN -* A2N. S o m e  s p e -  
c i f i c  p r e d i c t i o n s  f r o m  a b s o r b e d  R e g g e  cut  m o d e l s  
and f r o m  c o m p a r i s o n s  wi th  7rN-~ A2A; ~rN ~ foN; 
~ r N ~ w N ,  e tc . ,  w i l l  be  p r e s e n t e d .  We d i s c u s s  
f ina l ly  the p o s s i b i l i t y  of o b s e r v i n g  fo - A2 i n t e r -  
f e r e n c e s  in the r e a c t i o n s  7rN ~ KKN and 7rN ~ 
at  h igh e n e r g y .  

Parity exchanged. G e n e r a l  a r g u m e n t s  [3] g ive  
the  fo l lowing  d e c o m p o s i t i o n ,  va l i d  to O(1 / s ) ,  into 
u n n a t u r a l  (U) and na tu r a l  (N) p a r i t y  e x c h a n g e  in 
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~ The nearly maximum destructive interference c la im-  
ed [2] in 3 and 7 GeV/c A~ production and 3 GeV/c 
A~ production requires  A 2 (normal state) and "~2 
(anomaly) amplitudes to be comparable in strength, 
coherent in spin s tructure and precise ly  related in 
phase. If the A 2 is produced by lower lying Regge 
t ra jec tor ies ,  the splitting will go away with inc reas -  
ing energy but it would require  additional s trong 
phase or coherence changes to produce a large spl i t -  
ting at 3 and 7 GeV/c and none at 17 and 20 GeV/c. 
However, it would be relat ively easy to arrange a 
phase or  coherence difference between A~ and A~ 
production at 7 GeV/c to explain the lack of splitting 
for A~. 

t e r m s  of the A 2 d e n s i t y  m a t r i x  e l e m e n t s  

pU 
P~I = P l l  + P1-1 '  P~= P 2 2 -  P2-2 '  o = Poo'  

oU = P l l -  01 -1 '  p U = 0 2 2 + 0 2 - 2  

w h e r e  Pij is  m e a s u r e d  in any f r a m e  wi th  y ax i s  
n o r m a l  to the  p r o d u c t i o n  p lane  [ such  as  the  s 
channe l  h e l i c i t y  f r a m e  (SHF) o r  the G o t t f r i e d -  
J a c k s o n  f r a m e  (THF)].  E x p e r i m e n t a l l y ,  fo r  the  
3= m o d e  of A 2 decay ,  the dens i t y  m a t r i x  e l e m e n t s  
can  only be  m e a s u r e d  when a c o m p l e t e  sp in -  
p a r i t y  a n a l y s i s  i s  p e r f o r m e d  to s e l e c t  J P  = 2 + 
s t a t e s  f r o m  the background .  F o r  the  KK mode ,  
the  b a c k g r o u n d  to the A 2 s igna l  is  m u c h  s m a l l e r .  
Data  s u g g e s t  [4] P l l  ~ P l - 1  N 0.5 wi th  a l l  o t h e r  
e l e m e n t s  s m a l l  to a f i r s t  a p p r o x i m a t i o n  in the 
T H F .  T h i s  i n d i c a t e s  a d o m i n a n c e  of n a t u r a l  p a r -  
i ty  e x c h a n g e s .  

Quark model. In the q u a r k  m o d e l  the A 2 is  an 
l = 1 q~ s t a t e  so  that  e x c i t a t i o n  f r o m  a 7r m e s o n  
n e c e s s i t a t e s  adding a n g u l a r  m o m e n t u m  to the  
qCl s y s t e m .  A r g u m e n t s  [5] have  b e e n  g iven  that  
th is  a n g u l a r  m o m e n t u m  to be  added  w i l l  be  p e r -  
p e n d i c u l a r  to the  p r o d u c t i o n  p lane  in the T H F .  
T h e n  the r e s u l t i n g  qq s t a t e  has  only h e l i c i t y  0 o r  
1 c o m i n g  f r o m  a qua rk  sp in  f l ip  in the  T H F  and 
so  P2i = 0 fo r  a l l  i. Da ta  [4] fo r  7r-p --* A~p c o n -  
f i r m  th is  s u g g e s t i o n .  

Isospin. We sha l l  u s e  fo and p to deno te  i s o -  
sp in  0 and 1 e x c h a n g e s  fo r  c o n v e n i e n c e .  T h e n  
fo r  the  a m p l i t u d e s ,  

~ - P ~ A 2 P  = fo + p  

v + p ~ A ~ p  = f o -  p 

rr-p ~ A~n = f 2 0 .  

E x p e r i m e n t a l  c r o s s - s e c t i o n  da t a  show [6] 
or- ~ cr + ~ 2 cro so  that  I t = 0 e x c h a n g e s  m u s t  be  
dominan t .  

0, fo Regge poles.  To  p r o c e e d  f u r t h e r  we sha l l  
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discuss  the na tu ra l  par i ty  exchanges p and fo 
s ince they seem to dominate in the data. For  the 
THF ampli tudes ,  only ~A2 = 1 contr ibutes  if the 
quark model a rgument  is valid. Thus P l l  = 
P l -1  = 0.5 and all  other e lements  are  zero. To 
d iscuss  the s t ruc tu re  of the hel ici ty ampli tudes  
and eventual  absorpt ion  cor rec t ions  we shall ,  
however,  d i scuss  the SHF ampli tudes.  

Then for exchange of a ,.natural par i ty  Regge 
pole X in SHF ampli tude F~cA2(n), where i and f 
a re  in i t ia l  and final nuc lear  he l ic i t ies  and n is 
the ove r - a l l  hel ici ty flip, we will  have F ° = 0 and 

F 1 F 1 (1) = [ 4 ~  ++ y1 R(X) 
++(I) = __ ~XNN X~A 2 

[ to-t \ ++ ~2 R(X) 
f 2++(2) = F  2__(2) = ~ 4m 2)YXNN X~A 2 

+- - \ 4 m  2 . ( t ° - l )  YXNN+- V 1X~.A 2 R(X) F 1 (2) = FI+(0) = 

{to_t,  3/2 ~2 R(X). 

The p and fo couplings to yA 2 can be obtained 
from duality considerations in the three reac- 
tions ~+y+ ~ ~+Tr +, ~+~+ ~ y+A~ and ~+~+ -~ 
-- A{A~. The natural parity exchanges in each 
case are p and fo and these must cancel in the 
imaginary part since doubly charged mesons are 
not observed. Then the ~+A~ Regge couplings of 
p and fo must be equal, botff for ~(A2) = I and 
2 separa te ly :  Y~TrA2~ = Yf~A2".. The ~ = 1 and 2 
ve r t i ces  may be reIated from the quark model 
a rgument  that they cor respond  to pure k = 1 af- 
t e r  t r ans fo rma t ion  to the THF. 

The p and fo SHF couplings to NN are  well  
known [7] and p dominates  the spin flip while fo 
dominates  the non-f l ip:  

++ ~+ - 
+ +  ~ 5y NN' ~ - 0.1 +- YfoNN foNN YpNN' 

+- ~ - 5  ++ 
YpNN YpNN" 

A further difference arises from the signa- 
ture factors R(fo) = (I + exp (- ilr~)R and R(p) = 
(- I + exp (- iTr~)R. 

Then the dominant contribution will be the fo 
contribution to F(1) since it has a large residue 
and a small power of (t- to). The next most im- 
portant contributions come from the p in F(1), 
F(2) and F(0). The p contribution to the cross- 
section should then be much smaller than the fo 
contribution although possible contributions 
from cuts in FI+(0) make this somewhat model 
dependent. With p and fo out of phase by 90 °, 

the cross-section data quoted previously give 
Ifl 2 ~ 3]p12 for the averaged contributions. 
This is quite consistent with our discussion. Also 
all pole amplitudes vanish in the forward direc- 
tion in agreement with d~/dt data [4, 8] that 
show a forward turn-over. 

Regge cut modifications. Since the P ome r on  
is a s sumed  to conserve  s channel  helicity,  the 
cha rac t e r i s t i c s  of absorpt ion cor rec t ions  a re  
s i mp l e r  to d i scuss  in the SHF. Thus for p and 
fo, no contr ibut ions  will  a r i s e  to Poo even af ter  
absorpt ion.  The major  change will  be to the am-  
plitude FI+(0) ,  which has a factor  ( t -  to) for a 
fac tor iz ing  Regge pole, whereas  the cut c o r r e c -  
t ion is non-ze ro  at t = 0. This  cut contr ibut ion 
will  have I t = 1. We then predic t  that at the for-  
ward d i rec t ion  the c r o s s - s e c t i o n  for A~ produc-  
t ion is twice as large as for A~ production. 
Thus the forward dip in A~ product ion should be 
less  sharp than in A~ production.  

The effect of such a p cut i n F l + ( 0 )  on the 
densi ty ma t r ix  e lements  should be l a rge r  for 
A~ product ion than for A~ production s ince the 
I t = 1 re la t ive  contr ibut ions  are  different.  When 
t r a n s f o r me d  to the THF, the cut will  also en te r  
the ampli tudes  with ~A2 = 0 and 2. A measu re  
of the cut contr ibut ion is then Poo in the THF 
and this is < 0.1 for p resen t  A~ product ion data. 
The contr ibut ion to P20 and P22 should be s m a l l -  
e r  than that to Poo while Pl0 and P21 receive  
contr ibut ions  from cut-pole in t e r fe rence  and 
could be more  s ignif icant ly  modified. 

At t = -0 .6  GeV 2 the p Regge pole ampli tudes  
vanish while those for fo do not. Thus no dip is 
expected in 7r+p -- A~p at this value of momentum 
t r a n s f e r  while for ~-p ~ A~n the pole ampli tudes  
a re  zero  so that a dip is expected in a weak cut 
model. For  the s t rong cut or Michigan model, 
however, ze ros  are  ant icipated [9] in single flip 
ampli tudes  at t = - 0.6 GeV 2 i r r e spec t ive  of the 
pole s ignature .  Since we have argued that ~ 

A~p is dominated by single flip, this w o u ~  
leac~to such a dip at - 0.6 GeV 2 although p resen t  
data [8] give no indicat ion of any such s t ruc ture .  
For  ~-p ~ A~n, a mix ture  of ampli tudes  is ex- 
pected and the Michigan model would suggest  the 
absence of a dip. F o r  this reac t ion  pNd~/dt  
could be useful  for dip hunting s ince the ove r - a l l  
non-f l ip  ampli tude does not contr ibute .  

Unnatural parity exchanges. The exchange 
contr ibut ions  of ~/ and B mesons  seem to be 
sma l l  exper imenta l ly  for lr+p ~ A~p. The 7?NN 
coupling is known to be sma l l  [7 ] . -Fu r the rmore ,  
~? has a low lying t ra jec tory ,  and so it should be 
negligible at higher energ ies .  The B contr ibut ion 
re la t ive  to p can be argued to be s i m i l a r  for w 
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product ion  and for  A~ product ion  f rom a duality 
d i scuss ion  of ~+u+ ~ p+p+ and u+Tr + ~ B+B +. 
Then unnatural  pa r i ty  contr ibut ions  po U and pU 
should be of the same  s ize  for  w and A~ prod*uc- 
tion while ~ 25% s m a l l e r  for  A~ product ion which 
is dominated by I t = 0 exchange.  This  would a lso  
explain the c l a imed  [6] d i f fe rence  in the energy  
dependence between the neut ra l  and charged  A 2 
product ion c r o s s - s e c t i o n s ,  the l a t t e r  [6] being 
in good a g r e e m e n t  with p and fo exchanges.  

Another  source  of unnatural  par i ty  exchange 
contr ibut ions  a r i s e s  f rom cut modif ica t ions  to p 
and fo as d i scussed  above. We have a rgued  that 
these  wil l  not contr ibute  to Poo in the SHF. The 
energy  dependence of such effects  should be dif-  
ferent  f rom those due to lower  lying 77 and B 
contr ibut ions .  

Comparison with other reactions. For  natural  
pa r i ty  exchanges  one expects  uN ~ A 2 A  to show 
s i m i l a r  f ea tu res  to u-p ~ A ~ n  since the NAp 
v e r t e x  is flip dominated like the NNp ver tex .  An- 
o ther  r eac t ion  with s i m i l a r  exchanges  is ~ N ~  con 
(and uN ~ coA) where  p and B a re  allowed. As 
d i s cus sed  p rev ious ly ,  a compar i son  of unnatural  
pa r i ty  exchange contr ibut ions in A~ product ion 
with the contr ibut ions (Poo ~ 0.3 at high energ ies )  
found in co product ion  is of in te res t .  F e a t u r e s  of 
P~I d~/dt should be the same for  u) product ion as 
f(~r A~ product ion,  however .  This  quantity for 
product ion  s e e m s  [10] to show a dip at t ~ - 0.6. 
S imi l a r ly  da/dt for ~N -- A2A at 3.7 G e V / c  [11] 
shows such s t ruc tu re .  We would thus expect  such 
a dip for u-p -~ A~n. 

Another  source  of compar i son  is the r eac t ion  
~N ~ fo N. Here  u exchange dominates  but pN and 
p~  se lec t  out A 2 exchange.  Since the puA 2 and 
fouA2 couplings a r e  equal  f rom EXD a rgumen t s  
we pred ic t  that, for  Regge pole exchange,  

tan2(½~a) pN d(~ d(~ _ ~ A ~ ) .  

The modif ica t ion  of F (0) by cuts wi l l  pe r tu rb  
this re la t ion  somewhat .  A final  amusing conse-  
quence is that, in the ~ decay mode, it is pos-  
s ible  to obse rve  i n t e r f e r e n c e  between fo and A 2. 
The Regge pole exchanges  give a 90 ° phase dif-  
f e rence  in product ion due to the A 2 and p s igna-  
ture  fac to rs .  Then at a mass  between the fo and 
A 2 resonance  peaks where  the B r e i t - W i g n e r  
phases  a r e  about 135 ° for  fo and 45 ° for  A2, one 
may have substant ia l  i n t e r f e rence .  F r o m  duality 
d iagram a rguments  the i n t e r f e r e n c e  wil l  be de-  
s t ruc t ive  for ~+n ~ (KX)°p and for  ~+p --  ( ~ ) ° A + +  
and cons t ruc t ive  for  ~-p ~ (~,.K)On. Using 
pN da /dm2 to s e l ec t  na tura l  pa r i ty  exchange,  
s ince  EXD gives  equal  fo and A 2 couplings to KI~ 
and a lso  equal  A 2 and p product ion  ampl i tudes  
(apart  f rom s igna ture  fac tors ) ,  one wil l  have 

equal  s t rength  ampl i tudes  and full coherence  in 
the A 2 - fo in t e r f e rence .  Note that Poo da /dm2 
should, however ,  s epa ra t e  out a lmos t  pure  fo 
product ion p roceed ing  by ~ exchange.  

Conclusion. P r e s e n t  data on the product ion of 
the normal  A 2 can be unders tood natura l ly  with 
p and fo exchange where  fo exchange is dominant.  
We have d i scussed  the hel ic i ty  ampli tude s t r u c -  
ture  of the exchange contr ibut ions and p re sen t ed  
expecta t ions  for densi ty ma t r ix  e lements  and 
d i f fe ren t ia l  c r o s s - s e c t i o n  s t ruc tu re .  Compar i sons  
with other  reac t ions  w e r e  p re sen t ed  and fo - A2 
i n t e r f e r ence  was d iscussed .  

The mos t  useful  data to fur ther  such ana lyses  
would be m e a s u r e m e n t s  of da/dt and densi ty  m a -  
t r i x  e l emen t s  as functions of t inclusing the i m -  
por tant  regions  t ~ tmi  n and t ~ - 0.6 GeV 2. 
M easu rem en t s  at widely separa ted  ene rg i e s  (say 
10 and 20 GeV/c)  for A + and A ° product ion with 2 2 
accura te  r e l a t ive  normal i za t ion  wil l  be most  
valuable.  

We a re  p leased  to thank Dr. J. T ran  Thanh 
Van, Dr. P. W e i l h a m m e r  and Dr. K. L as s i l a  for  
useful  and in te res t ing  d i scuss ions .  

References  
[1] M. Alston-Garnjost et al., Phys. Letters 33B 

(1970) 607; 
G. Grayer et al., CERN Preprint (1970); 
K. J. Foley et al., Phys. Rev. Letters 26 (1971) 413. 

[2] G. E. Chikovani et al., Phys. Letters 25B (1967) 44; 
H. Benz et al., Phys. Letters 28B (1968) 233. 
R. Baud et al., Phys. Letters 31B (1970) 397; 
H. Basile eta]., Nuovo Cimento Letters 4 (1970) 838. 

[3] J. P. Ader, M. Capdeville, G. Cohen-Tannoudji and 
Ph. Salin, Nuovo Cimento 56A (1968) 952. 

[4] G. Aseoli et al., Phys. Rev. Letters 25 (1970) 962; 
T. F. Johnston et al., Nuclear Phys. B24 (1970) 253; 
G. Grayer et al., CERN Preprint (1970). 

[5] A. Bia~as, A. Kotanski and K. Zalewski, Krakow 
]?reprint T]?JU 70-30 (1970). 

[6] J. T. Carroll et al., Phys. Rev. Letters 25 (1970) 
1393; 
M. Deuts~hman et al., CERN D. Ph. II ]?hys. 70-43 
(1970). 

[7] C. Michael, Springer Tracts in Modern Phys., 
Vol. 55, ed. G.H~hler (Springer Verlag, Berlin, 
1970); 
see also: C. Miehael and R. Odorieo, CERN ]?re- 
print TH. 1282 (1971). 

[8] M. Alston-Garnjost et al., Phys. Letters 34B (1971) 
156. 

[9] G. Kane, F. Henyey and M. Ross, Nuclear Phys. 
B23 (1970) 269. 

[10] J. Tran Thanh Van, Orsay Preprint (1970); 
G. S. Abrams et al., ]?hys. Rev. Letters 23 (1970) 
673 and 25 (1970) 619; 
Bari-Bologna-Firenze-Ors ay collaboration, 
Nuovo Cimento 65A (1970) 637. 

[11] K. W. J. Barnham et al., UCRL 20050 (1970). 

49 


