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ABSTRACT 

An event i s  described that i s  interpreted a s  evidence for the s imul-  
0 

taneous production of a 6' and a go according to the scheme of Gell-Mann and 
0 

Pa is .  This interpretation assumes  the production of a normal  6' and a KO 

0 
with no associated hyperon, where the B i s  observed and the KO i s  in fer red  

from the rule of associated production of heavy unstable par t ic les .  The event 

was obtained by exposing a high-pressure diffusion cloud chamber to a 4. 5-  

~ e v / c  .rr--meson beam f rom the Bevatron. The event i s  most  reasonably in- 

terpreted a s  

a -  + p + a -  t p + 8' t (neut ra l )  

Energy and momentum conservation a r e  satisfied by an undetected neutral  

par t ic le  having a m a s s  of 502 Mev. This i s  consistent with the assoc ia ted  

production of a 19' and a -$ according to the scheme of Gell-Mann and P a i s .  

Details a r e  given and alternative interpretations a r e  discussed.  

*Also at  the University of San Francisco.  





PRODUCTION O F  A 8' PARTICLE WITHOUT 
AN ASSOCIATED HYPERON IN A IT--p COLLISION 

William B. Fowle r ,  George Maenchen,  Wilson M. Powell ,  
George Saphi r ,  * and  Rober t  W. Wright  

Radiation Labo ra to ry  and Depar tment  of Ph.ysic s  
Univer s i ty  of Cal i fornia ,  Berkeley,  Ca l i fo rn ia  

During an investigation of the in teract ions  of 4. 5 - ~ e v / c  .rr- m e s o n s  
1 0 

x i t h  p ro tons ,  a n  in te res t ing  event involving the product ion and decay of a 8 

was  observed .  Most of the p rev ious ly  repor ted2  example s  of production of 

heavy unstable pa r t i c les  in .rr--p col l i s ions  w e r e  i n t e rp r e t ed  a s  due to the  a s -  

socia ted production of a K meson  and a hyperon,  An except ion is the event  

obtained by Ceccare l l i ,  Gr i l l i ,  Mer l in ,  Salandin, and s e c h i 3  in the G-s tack  

which 1s in te rp re ted  a s  

The event  to be  desc r ibed  a l s o  i s  not consis tent  with the a s soc i a t ed  product ion 

of a K meson  and a hyperon and i s  m o s t  read i ly  explained as  the production oJ' 

two neu t ra l  K pa r t i c l e s ,  

The genera l  exper imenta l  a r r angemen t  i s  shown in  F i g ,  1.  The IT- 

mesons  we re  p r o d ~ c e d  by c i rcula t ing protons  of 5. 7 Bev s t r ik ing  a c a rb on  

t a rge t  inside the Bevatron.  Mesons  emi t t ed  in the fo rwa rd  d i rec t ion  underweat  
0 

rnomer~tum analys is  by deflect ions of 17. 6 in the magnet ic  f ie ld  of the Bev-  
0 a t r on  and 10. 8 in an  ex te rna l  analyzing magnet .  A 4-foot-long s t e e l  col l i -  

ma to r  with a 6-inch-wide gap was  i n s e r t e d  between the Beva t ron  and the a n -  

alyzing magnet.  Beyond a concre te  shielding wall  the m e s o n  beam en t e r ed  a 

diffusion cloud chamber  which was  65 fee t  f r om the t a rge t .  The chamber  

-$Also a t  the Univers i ty  of San F r a n c i s c o ,  
1 Maeachen,  Powell,  Saphir ,  and Wright ,  Phys .  Rev.  99,  1619 (1955).  
9 

- 
L 

Fow-ler, Shutt, Thorndike,  and Whit temore ,  Phys .  Rev.  - 9 1,  1287 ( 19 53); 

Phys ,  Rev.  93,  861 (1954);  and Phys .  Rev .  98,  121 ( 1955). - - 
W .  D. Walker ,  Phys .  Rev .  - 98 ,  1407 ( 19 55); W. D. Shephard  and W .  D. 

Walker ,  Phys .  Rev.  100 ,  1264 (1955) .  
3 

- 
Ceccare l l i ,  Chil l i ,  Merl in ,  Salandin, and Sechi,  Nuovo Cimento - 2, 828 (1955) .  



4 
(which has  been described previously ) was filled with hydrogen gas a t  36 at - 
mospheres  and operated in a pulsed magnetic field of 21 500 gauss .  Curvature 

measurements  on a sample of beam t r acks  in the center of the chamber,  where 

the event occurred, give a momentum of 4.49 Bev/c with a s tandard deviation 

of 0 .28 Bev/c. This agrees  with the momentum expected f rom the beam 

geometry.  

A photograph of the region nea r  the origin of the event i s  shown in 

F ig .  2. Measurements of the event a r e  summarized in Table I. Track 1 i s  

identified a s  a proton or  possibly a s  a zt by i t s  momentum and ionization. 

This identification locates the only nucleon present  and thereby reduces sig- 

nificantly the number of possible p rocesses ,  Track 2 i s  negative and is iden- 
0 

tified a s  a n- or possibly a K- .  Track  3, the positi've leg of the V . i s  identi- 
t 

fied a s  a light particle and i s  assumed to be a .rr . Track  4,  the negative leg 

of the vO, i s  assumed to be a r-. The Q value of the V O  ( T r a c k s  3  and 4) i s  
- 12 

221. 6 7 .  7 Mev (s tandard e r r o r ) ,  and i t s  proper  lifetime i s  only 2 x 10 
0 

s e c ,  This Q value i s  in good agreement  with the well-known 8 Q value of 

2 14 Mev. The small  dot seen near  the origin of the event in Fig.  2 i s  actually 

slightly displaced from it and i s  not associated with the production event. It 

i s  probably a delta r ay  from Track 1 .  

Table I 

Basic  data on t r acks  of F ig .  2 

'Track Charge Length Measured momentum Est imated Par t ic le  
( c m )  (Me+) ionization 

- 

a x i s  momentum i s  tha tof  the pion beam.  

- - - 

4 ~ l l i o t t ,  Maenchen, Moulthrop, Oswald, Powell, and Wright, Rev.  Sci. Instr  



Since all  the momenta a r e  well measured ,  we can calculate the masE 

M of an assumed neut ra l  particle or  the effective mass  of a combination of 
n 

neutral  par t ic les  that is needed to account for the missing energy and momentum 

The missing energy E depends on the various possible choices of for the 
n 

visible par t ic les;  the neutral  m a s s  M = 4- will thus depend on these n 
choices. These various interpretations and the resulting Mn a r e  s u m m a r i z e i ~  

in Table 91. 

Two values of M a r e  given for  each reaction. The f i r s t ,  M i s  n 1) '  
the value obtained f rom the measurements  in Table I. The second, M 

n(2) '  
i s  

the value obtained by decreasing the momentum of Track 4 by 3 .  570. This 
0 

adjustment was made in order to bring the Q value of the visible 8 decay into 
0 

agreement with the value to be expected i f  the 9 m a s s  were  equal to 493.4 
t 

Mev, the T mass .  Only this momentum was adjusted, because i t  contributes 

nearly a l l  the uncertainty in Q. 

Table I1 

Various interpretations of the event shown in Fig.  2 .  M i s  the effective n 
mass  corresponding to the missing energy and momentum. M n( 1) Was 
calculated from the momenta in Table I. M 

4 2  1 
was calculated in the same 

0 
way, but with the restr ic t ion that the Q value of the 0 part ic le  mus t  be 

2 14.2 Mev. Imaginary values of Mn indicate more  missing momentum 

than missing energy.  The e r r o r s  on Mn a r e  about 1 . 5  s tandard e r r o r s .  

Track 

Case A T - t p - r p  t r - t a ' i ~ ~  

Case B 

Case G 

Case D K - t p - p  t n - t p t ~ ~  



The e r r o r s  l is ted in Table I correspond to about 1 .  5 s tandard e r r o r s ,  

and include estimated gas distortion in the cloud chamber a s  well a s  measure- ,  

ment  uncertainties.  The la t te r  were estimated f rom the internal consistency 

of four se t s  of measurements  of the event, which indicated that both for  angles 

and for curvatures  there  i s  one chance in ten that the t rue value l ies  outside 

the e r r o r s  used, The gas distortion was estimated by measuring curva tures  

of beam t racks  a t  one of the t imes  when the magnetic field was turned off briefly 

(about 45 minutes before this event occurred) .  The distortion was found to be 

l e s s  than 0 .04  m m ,  which corresponds to a radius of curvature of about 100 

m e t e r s  for a 20-cm t rack .  The agreement  between the measured  and. the ex- 

pected momentum of beam part ic les  a l so  indicated little gas distortion. The 

momentum and angle e r r o r s  were combined in quadrature to obtain the un- 

cer taint ies  on Mn l is ted in Ta.ble 11. The adjusted value of the momentum of 

Track  4 was not allowed to vary  in the computation of the e r r o r s  in M 4 2 ) '  
Higher derivatives were taken into account, and the resulting e r r o r s  a l so  cor-.  

respond to 1. 5 standard e r r ' o r s .  The value of Mn mentioned in the abs t rac t ,  

however, corresponds to M in Reaction A ,  and i ts  e r r o r  has  been reduced 
nb 2 

to  corredpond to one standard e r r o r ,  

It i s  of interest  to consider the react ions l isted in Table I1 f rom the 

3cint of view of the scheme of Gell-Mann and p a i s 5  for the classification of 

heavy unstable par t ic les .  In this theory the usually observed 0' i s  p a r t  of an 
0 

isoropic spin doublet, 8 €lt, with "strangeness" S = t l ;  i t s  ant ipar t ic le ,  the 

GO, i s  p a r t  of the doublet go 8- with S = - 1.  The A and Z hyperons a r e  assigned 

S = - 1 ,  Selection ru les  for production processes  resu l t  f rom conservation of 
0 

the s t rangeness  quantum number in a l l  strong interactions Hence a 8 or  a 
t 

H may be produced6 together with a go, 0 - ,  A' o r  Z, but a or  a 8- may be 
0 t 

produced only with a 0 o r  a 0 . 

5 ~ .  Gell-Mann, Phys.  Rev, 92, 833 ( 1953); M. Gell-Mann and A .  P a i s ,  P ro -  - 
ceedings of the 1954 Glasgow Conference on Nuclear and Meson Physics 

(Pergamon P r e s s ,  London, 19 55);  M. Cell-Mann, P i sa  Conference, 

June 19 55  (unpublished). 
6 

The T meson may have the same doublet arrangement  a s  the 0 ,  and could 

replace i t  in these production ru le s .  We mention only the 8 h e r e  although 
0 0 

we cannot differentiate between a 0 and a T a s  the missing neut ra l  



The most  reasonable interpretation of the event i s  Reaction A: 

0 
r- t p -. p t 1 ~ -  + 9 t (neutral)  

The neutral par t ic le  has  a m a s s  of about 500 Mev and can be either a neut ra l  

K meson or two o r  three neutral  pions.  The la t te r  interpretation violates the 

rule of associated production of heavy unstable par t ic les .  If the assoc ia ted  

production rule i s  valid, then the neutral  par t ic le  i s  a K meson. This m e a n s  
0 

that in the Gell-Mann scheme,  either i t  o r  the observed V must  have S = - 1  
6 

and be a p. The neutral  particle left the sensit ive region of the chamber  in 
- 10 

a proper  time of about 0 .  8 x 10 s e c .  

As shown by the imaginary m a s s  values in Table 11, both React ions 

B and C may be ruled out, since they resu l t  in more  missing momentum than 

missing energy and thus cannot be balanced by any r ea l  par t ic le .  

In Reaction D we consider the ra ther  unlikely possibility that  our pion 

beam may have a small  contamination of K mesons.  Such an energet ic  K- i s  

kinematically possible,  and i t s  proper t ime of flight f rom the target  to the 
-8 

cloud chamber i s  about 10 sec .  In this case  the missing neutral  pa r t i c l e  

presumably consis ts  of two or  three neutral  pions. One may note that the 
0 

incident K -  has  s t rangeness  - 1. In o rde r  to conserve s t rangeness  the V 
0 

whose decay i s  observed must  have S = - 1 and therefore must  be a B . Thus 

with either Reaction A or  D we require  the presence of a nuetral  K meson with 

S = -1. 

We have considered only two other possible interpretat ions.  One i s  

that Prongs 1 and 2 a r e  due to a very rapid AO decay, This may be ruled out 

because the Q value of such a decay would be 2 2 5  Mev. The other possibi l i ty  
f 0 

i s  that Prong 1 i s  a proton from a rapid decay of Z -. p t 1~ which had a suf-  

ficiently small angle of decay to escape observation. The t rack  was examined. 

carefully,. and a t  many points along the t rack  the minimum detectable angle 
t 

was estimated and t ransformed to the center-of-mass system of the Z A s -  

suming the decay to be isotropic in the center-of-mass system, one finds that  

l e s s  than 4% of such decays could have escaped observation. The actual  p r o b -  

ability of this interpretation i s  somewhat smal le r  than this l imit  because roughly 
+ 

half of these undetectable decays would requi re  momenta for the Z that would 

not fit the kinematics of the original event. 



The possibility that this event i s  due to a collision with a carbon o r  

oxygen nucleus i s  considered extremely sma l l .  Methyl alcohol, which was  

zhe condensable vapor in the cloud chamber,  constituted about 0 .  170 of the gas 

molecules a t  the beam level.  Carbon o r  oxygen s t a r s  should be recognizable 

a s  such because of the net positive charge of the event of 5 or  7 ,  and because 

of the typical highly ionizing low-momentum prongs.  The dot near  the origin 

of this event i s  too displaced and too rounded to be a recoil  blob. The few 

alcohol s t a r s  observed were easily recognized. 

We wish to thank Mr .  Howard S. White for  programing and process ing  

some of the calculations on an IBM 650 computer.  We a r e  indebted to D r .  

Edward J .  Lofgren and the Bevatron staff for their  excellent cooperation. 

This work was performed under the auspices  of the U .  S o  Atomic E n -  

ergy Commission. 



Figure C a ~ t i o n s  

Fig.  1. Experimental a r rangement  of the 4. 5 - ~ e v / c  IT- beam. 

Fig.  2. Photograph of the region near  the origin of the event. The most  

likely interpretation i s  that Track  0 i s  the incident 4. 5 - ~ e v / c  IT- meson,  

Track  1 i s  a proton, T rack  2 is a IT- meson, and Tracks  3 and 4 a r e  pions 

from the e0 decay. 
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