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We measure the reaction 7r - p ~  K-K~p at 17.2 GeV/e  and observe some 1400 A2--~ K-K~ deeays, with 
no evidenee for a double mass peak. The mass resolution is ~5.7 MeV. The A 2 is produeed in a nearly 
pure lj ,rn > : 12,1 > + i2,-1> state in the Gottfried-Jaekson system. 

A n u m b e r  of e x p e r i m e n t s  [1-3]  o b s e r v i n g  the  
A 2 m e s o n  have  found a double  m a s s  peak.  O the r  
c o n t r a d i c t o r y  r e s u l t s  ex i s t  [4]. 

We have  s tud ied  the  A 2 in the r e a c t i o n  

_ O 

7r + p ~ K -  + K s +  p .  (1) 

at  17.2 G e V / c  inc iden t  ~-  m o m e n t u m .  T h i s  i s  an 
" e f f e c t i v e - m a s s "  e x p e r i m e n t  as  opposed  to p r e -  
v ious  s p a r k  c h a m b e r  e x p e r i m e n t s  [1-3] which 
have  m e a s u r e d  " m i s s i n g  m a s s " .  A to ta l  of 1934 
even t s  of r e a c t i o n  (1) w e r e  ob ta ined  in the m a s s  
r a n g e  1000 < M(K-K~) < 2000 MeV with a m a s s  
r e s o l u t i o n  of + 5.7 MeV at  the  pos i t i on  of the  A 2 
m e s o n  (~1300 MeV).  As in r e f .  [2], t h e r e  i s  v e r y  
l i t t l e  b a c k g r o u n d  be low the  A 2 in the  K-K~ m a s s  
s p e c t r u m  

The  a p p a r a t u s ,  shown s c h e m a t i c a l l y  in f ig.  1, 
c o m p r i s e d  the fo l lowing  p a r t s  fo r  th i s  e x p e r i -  
ment :  a 50 cm long l i q u i d - h y d r o g e n  t a r g e t  H2, 
t r a v e r s e d  by a 17.2 G e V / c  ~-  b e a m  f r o m  the 
C E R N  P r o t o n  S y n c h r o t r o n ;  a s p e c t r o m e t e r  m a g -  
ne t  M with  gap 1 5 0 c m  wide,  5 0 c m  high, and a 
bending  p o w e r  of 50 kG m e t r e s ;  m a g n e t o s t r i c t i v e  
w i r e  s p a r k  c h a m b e r s  wi th  24 p l a n e s  W 1 def in ing  
the  i nc iden t  7r- t r a j e c t o r y ,  24 p l a n e s  W 2 r e c o r -  
d ing the  t r a j e c t o r i e s  of p a r t i c l e s  l e a v i n g  the  t a r -  
get ,  and a f u r t h e r  24 p l anes  W 3 def in ing  the  t r a -  
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Fig. 1. Schematic layout of ~lpparatus: El .  ~2 thres-  
hold ~e renkovcoun te r :S  1, S 2. S 3, S 4. $6, $9, S10 
scintillation counters: $5, $7, $8 Pb seint i l |a tor  sand- 
wich counter :W 1. W 2. W 3 spark chambers:  H 

liquid H 2, M magnet. 

j e c t o r i e s  a f t e r  the magne t .  Se t s  of s c i n t i l l a t i o n  
c o u n t e r s  S w e r e  u s i e  in the  t r i g g e r  log ic  as  f o l -  
lows .  A coun t e r  h o d o s c o p e  S 9 c o n s i s t i n g  of 32, 
10 cm wide,  v e r t i c a l  s c i n t i l l a t o r  s t r i p s  s e r v e d  
to s e l e c t  a p r e d e t e r m i n e d  n u m b e r  of s e c o n d a r y  
p a r t i c l e s .  A l a r g e  t h r e s h o l d  ~ e r e n k o v  c o u n t e r  
~2  d e t e c t e d  s e c o n d a r y  ~ m e s o n s  with m o m e n t u m  
g r e a t e r  than 5 G e V / c .  Inc iden t  b e a m  p a r t i c l e s  
h e a v i e r  than ~r- w e r e  i den t i f i ed  by a b e a m  ~ e r e n -  
kov c o u n t e r  ~1 .  

Two s e l e c t i o n  m o d e s  w e r e  u s e d  c o n c u r r e n t l y  
to t r i g g e r  the  c h a m b e r  : 

Mode I:  

[ ~ I S I S 2 S 3 S 4  ($5)>~1.5S7S8 ($9)=3SI0]  ($6)>~2 
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Mode 2: 

[~1 S1 $ 2 S 3 S 4  ($5)>~ 1.5 

$7 $8 ($9)=3S10] (~2)5 G e V / c  n t h r e s h o l d .  

Both t r i g g e r s  s e l e c t e d  an inc iden t  ~ m e s o n  i n t e r -  - 
ac t ing  in the hydrogen  t a r g e t ,  and g iv ing  t h r e e  
p a r t i c l e s  behind the  magne t .  Even t s  with two or  6J 

m o r e  p a r t i c l e s  a c c o m p a n y i n g  the  K-K~ w e r e  r e -  
j e c t e d  by a n t i c o i n c i d e n c e  s i gna l s  f r o m  the l ead  
sandwich  c o u n t e r s  S 5. 

In m o d e  1, K~ ' s  decay ing  a f t e r  coun t e r  S 6 
w e r e  s e l e c t e d  by i m p o s i n g  a p u l s e - h e i g h t  t h r e s -  
hold which r e j e c t e d  e v e n t s  g iv ing  m o r e  than 1.5 
t i m e s  a v e r a g e  ion iza t ion  in S 6. In mode  2, the 
coun t e r  ~2 was used  to r e j e c t e d  any n m e s o n  
with m o r e  than 5 G e V / c  m o m e n t u m .  Th i s  r e -  
j e c t s  m o s t  p e r i p h e r a l  i n t e r a c t i o n s  p roduc ing  
pions .  

Modes  1 and 2 a r e  c o m p l e m e n t a r y  in that  
m o d e  1 f a v o u r s  fas t  K~ s low K- ,  and m o d e  2 f a -  
v o u r s  K-  s low K~. 

With a b e a m  of 4 × 104 n-  t h e s e  two t r i g g e r  
m o d e s  gave  2.5 c o i n c i d e n c e s  p e r  m a c h i n e  pu l se .  
The  e x p e r i m e n t  u s e d  about  20% of the  s p e c t r o -  
m e t e r  s e n s i t i v e  t imw whi le  running  in p a r a l l e l  
with t r i g g e r s  fo r  o the r  r e a c t i o n s .  

Data  p r o c e s s i n g  and even t  s e l ec t i on .  The  
s p a r k  c o o r d i n a t e s  and coun t e r  data  of ~ 600 000 
t r i g g e r s  w e r e  r e c o r d e d  on m a g n e t i c  tape,  and 
subsequen t ly  p r o c e s s e d  off l ine .  

In o r d e r  to s e l e c t  the good K-K~p even t s ,  the 
g e o m e t r y  p r o g r a m  d e m a n d e d  

a) t h r e e  r e c o n s t r u c t e d  s e c o n d a r y  t r a j e c t o r i e s  m0 
in the s p a r k  c h a m b e r s  behind the t a r g e t ;  

b) t r a c k  v e r t i c e s  with topology c o n s i s t e n t  
with r e a c t i o n  (1). F o r  the  12 835 even t s  which 
s u r v i v e d  c r i t e r i a  (a) and (b), the four  m o m e n t a  

150 of a l l  p a r t i c l e s  w e r e  ca l cu l a t ed ,  a s s i g n i n g  a p -  
p r o p r i a t e l y  n+ or  K-  m a s s e s .  The  r e m a i n i n g  
s a m p l e  s t i l l  con ta ins  many e v e n t s  not  a r i s i n g  x~ 
f r o m  r e a c t i o n  (1). R e a c t i o n  (1) i s  s e l e c t e d  with _ 
the fo l lowing  add i t iona l  c r i t e r i a :  ~ ~o 

c) only even t s  with a ~+Tr- i n v a r i a n t  m a s s  
0.488 GeV ~< rnn%-  ~< 0.512 GeV w e r e  a c c e p t e d ,  
l eav ing  6 837 even t s .  The  non-K~ background  in 
th is  i n t e r v a l  is  about  3%; 

d) the m i s s i n g  m a s s  c a l c u l a t e d  f r o m  the 
four  m o m e n t a  of the  i n c o m i n g  pion, the  t a r g e t  
p ro ton ,  the K- ,  and the K~ is shown in f ig.  2 fo r  
a l l  even t s  fu l f i l l ing  condi t ion  (c). A c l e a r  p ro ton  
peak  is  s een .  We s e l e c t  even t s  with m i s s i n g  
m a s s  f r o m  0.3 to 1.25 GeV. 

The data  have  not been  c o n s t r a i n e d  by k i n e -  
m a t i c  f i t s .  The  K-K~ i n v a r i a n t  m a s s  s p e c t r u m  
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Fig. 2. Missing mass for all events with 
0.488 . M(/r" ~'-) < 0.512 GeV. 

in the A 2 - r e g i o n  is  shown in f ig.  5. F r o m  fig.  2 
we e s t i m a t e  that  the  even t  s a m p l e s  in f ig.  5 c o n -  
ta in  about  5% background  f r o m  p r o c e s s e s  o t h e r  
than a - p  ~ K-K~p.  

M a s s  r e s o l u t i o n .  The  m e a s u r e d  K~ m a s s  
d i s t r i b u t i o n  of the f inal  1934 even t  s a m p l e  (fig.3) 
has  a s t a n d a r d  dev ia t ion  of a -- 4.1 :~ 0.1 MeV, 
which is  i ndependen t  of the  K~ e n e r g y  o v e r  the  
r a n g e  3 to 14 GeV. We conc lude  f r o m  th i s  fac t  
that  our  e r r o r s  a r e  d o m i n a t e d  by m u l t i p l e  s a c t -  
t e r i n g .  The  o b s e r v e d  va lue  of a i s  in a g r e e m e n t  
with ca l cu l a t i on ,  ba sed  on the  amount  of s c a t -  
t e r i n g  m a t e r i a l  in our  s p e c t r o m e t e r .  

Us ing  the  e x p e r i m e n t a l  K~ width we c a l c u l a t e  
our  r e s o l u t i o n  fo r  the  i n v a r i a n t  K-K~ m a s s  at 
1300 MeV to be cr = 5.7 • 0.6 MeV. 

l r  

0 ~ J " ~  "+'-- ' J" 
~70 480 490  500 510 520 530 M~/  

. "n ' "  INVARIANT MASS 

Fig. 3. rr+~ "- invarinnt mass for events with 
0.3 < missing mass < 1.25 GeV. 
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Fig. 4. Scat ter  plot and projec t ions  of K- angles in 
Got t f r ied-Jackson f rame,  for raw data in the range 
1.190 < M(K-K~) < 1.40 GeV. The normal  to the pro-  

duction plane is beam × A2 • 

A s a m p l e  of K -  ~ ~r-~-Tr + o b t a i n e d  in a c a l i -  
b r a t i o n  r u n  g a v e  a n  i n d e p e n d e n t  e v a l u a t i o n  of o u r  
r e s o l u t i o n .  T h e s e  e v e n t s  w e r e  p r o c e s s e d  wi th  
t he  s a m e  p r o g r a m  c h a i n  a s  u s e d  f o r  t h e  K - K ~  
e v e n t s .  W e  m e a s u r e  ~ = 4.0 ± 0.3 MeV f o r  t h e  
K -  m a s s  w h i c h  l e a d s  to a c a l c u l a t e d  a of 
5.5 ± 1.0 MeV fo r  t he  K-K~ m a s s  a t  1300 MeV.  

F r o m  the  d i f f e r e n c e  of +1.6 ± 0.2 MeV of o u r  
o 

K S m a s s  f r o m  the  t a b l e  v a l u e  [5] we c a l c u l a t e  a 
s y s t e m a t i c  s h i f t  of +2.1 :~ 0 .5  MeV f o r  o u r  A 2 
m a s s  m e a s u r e m e n t .  We  p r e s e n t  a l l  d a t a  w i t hou t  
m a k i n g  any  a d j u s t m e n t  to  o u r  m a s s  s c a l e .  

A c c e p t a n c e  a n d  a n g u l a r  d i s t r i b u t i o n  of K-}C~. 
T h e  a c c e p t a n c e  of t he  a p p a r a t u s  A(O, ~) (0, d) 
a r e  d e f i n e d  a s  K -  a n g l e s  in  t he  G o t t f r i e d - J a c k s o n  
f r a m e )  h a s  b e e n  d e t e r m i n e d  in  s e v e r a l  m a n d  ! 
b i n s  f o r  b o t h  t r i g g e r s  by  M o n t e  C a r l o  c a l c u l a -  
t i o n s .  In t h e  A 2 r e g i o n  t he  i n t e g r a t e d  a c c e p -  
t a n c e s  ( i n c l u d i n g  K~ d e c a y  p r o b a b i l i t i e s )  a r e  
9.2% a n d  3.2% wi th  t r i g g e r s  1 a n d  2, r e s p e c t i v e -  
ly,  f o r  t he  o b s e r v e d  a n g u l a r  d i s t r i b u t i o n .  

W e  h a v e  d e t e r m i n e d  t he  e x p a n s i o n  c o e f f i c i e n t s  
t ~  ¢/of  t he  a c c e p t a n c e - c o r r e c t e d  A 2 d e c a y  a n g u l a r  
d i s t r i b u t i o n  

M M o 1 
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Fig. 5. K - K ~ i n v a r i a n t m a s s :  a ) a l l  I t i .  unweighted: b) 
I t S <  0.2.  unwe igh ted :  e) 0.2 < i t ]  < 0.7 (GeV /c )  2. un-  
weighted: d) weighted 0.0 < Ill < 0.7 {GeV/c~2. Full 
line: Bre i t -Wigner  type fit of the form 

2 rn - rn  o - F(rn) 
F{rn) = l inear  background + -  

(m2 - ,~o2)2 ÷,~2F2 
(rn) 

r(m, : rO( o? 93R24-  4a° 
9 +3R2q 2 ~ R4q 4 

[6] giving rn o =  1321±3 MeV a n d F  o =  123_-7 MeV with 
PX 2 = 32%. Dashed line: fitted background. 

up  to L = M= 6 f o r  v a r i o u s  t a n d  m r e g i o n s .  Only  
f o u r  c o e f f i c i e n t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  
0 i n t h e A  2 p e a k  r e g i o n ,  n a m e l y t °  t~ ,  t~, t~ .  
T h e i r  a v e r a g e  v a l u e s  f o r  1.19 G e V <  m(K-K~)  < 
< 1.43 GeV a n d  0 --< I l I ~< 0 .7  ( G e V / c )  2 a r e :  ! 2 = 

0 2 = -0 .198  + 0 .015,  l~ = 0 .062 + 0 .013 ,  l 2 
- 0 . 1 5 5  ± 0 .014,  t~ = - 0 . 2 2 4  ± 0 .022 .  T h e s e  v a l u e s  
a r e  v e r y  c l o s e  to t h o s e  e x p e c t e d  (0.090, -0 .221 ,  
-0 .161  a n d  -0 .255 ,  r e s p e c t i v e l y )  f o r  a p u r e  
I J , m  > = 1  2,1 > +  [2, -1 > s t a t e .  
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The  v e r y  c h a r a c t e r i s t i c  s t r u c t u r e  of the  c o r -  
r e s p o n d i n g  a n g u l a r  d i s t r i b u t i o n  

I(0, cb)o: i Y ! . +  Y2~[2cc cos20  s in20  s i n 2 ~  , (2) 

may  be r e c o g n i z e d  i m m e d i a t e l y  even  in the  un -  
c o r r e c t e d  data  shown in f ig.  4. B e c a u s e  of the 
c o m p l e m e n t a r y  n a t u r e  of the  two t r i g g e r s ,  the  
a c c e p t a n c e  A(O, O) does  not  s e r i o u s l y  d i s t o r t  
the  t r u e  (0, c)) d i s t r i bu t ion .  M o r e  d e t a i l e d  r e -  
su l t s  about  the rn and t dependence  of the  K-K~ 
angu l a r  d i s t r i bu t i on  wi l l  be g iven  in a f o r t h -  
c o m i n g  p a p e r .  

With the K-K~ angu l a r  d i s t r i b u t i o n  e v a l u a t e d  
in the o b s e r v e d  m and l r a n g e ,  we have  c a l c u -  
l a ted  we igh t s  to be app l i ed  to the o b s e r v e d  m a s s  
s p e c t r u m .  

In fig.  5a we plot  the  unweigh ted  K-K~ m a s s  

s p e c t r u m  in the A 2 m a s s  r e g i o n  in 5 MeV wide 
bins .  F i g s .  5b and 5c g ive  the  m a s s  s p e c t r a  fo r  
e v e n t s  with the  f o u r - m o m e n t u m  t r a n s f e r  I in the 
i n t e r v a l s  0.0 --< It l --< 0.2 (GeV/c)  2 and 0.2 --< ] l  I 
~< 0.7 (GeV/c)  2. The  shape  of the  m a s s  s p e c t r u m  
is  the s a m e  in a l l  t h r e e  h i s t o g r a m s .  

F ig .  5d shows the weigh ted  m a s s  s p e c t r u m  
for  [t] < 0.7 (GeV/c)  2. No dip s t r u c t u r e  can be 
o b s e r v e d  in any one of the above  m a s s  s p e c t r a .  
F i t t i ng  B r e i t - W i g n e r  t y p e - f o r m u l a  to the  h i s t o -  
g r a m  in f ig.  5d we get good p a r a m e t r i z a t i o n s  
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(more than 20% X 2 probability) of the shape of 
the mass spectrum. Details of fits to a number 
of possible resonance forms will be reported 
later. 

Conclusions: i) The A 2 meson is not a dipole 
with the parameters suggested in refs. [I, 2]. 
2) There is no evidence that the shape of the A 2 
mass spectrum depends on t. 3) The A 2 meson 
has spin 2, and is produced in the state ]2, + 1 > 
+ I 2, 41 > in the  G o t f f r i e d - J a c k s o n  f r a m e .  
T h i s  may  be exp la ined  by pO exchange .  

We a r e  indeb ted  to Dr .  W. Ochs  fo r  use fu l  
d i s c u s s i o n s .  We thank our  c o l l e a g u e s  in the  PS 
D i v i s i o n  fo r  p r o v i d i n g  the e x c e l l e n t  pion beam,  
and the CERN and G a r c h i n g  compu t ing  c e n t r e s  
fo r  t h e i r  c o - o p e r a t i o n .  
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