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Abstract:  We have obs erved the productio n of a new s calar me son 
in the r eactio n rr -p - nK�K� at 6 and 7 Ge V/c .  The m e s o n  has a 
mas s and width of 1 2 5 5  M e V  and 80 MeV r e spe ctively. The meson 
i s  o b s e rved p r imarily through the inte rference of the S -wave and 
D -wave K�K� p ro duction amplitude s .  Both the S -wave amplitude 
and pha s e  a r e  o b s e rved to have r e sonan c e -like behavio r .  The 
quantum numbe r s  p r eferred fo r the me son are J P = o+ and C = t l .  

R e sum� : Nous avo n s  obs erv� la productio n d'un nouveau meson 
s calaire clans la reaction rr -p - nK�K� a 6 et 7 Ge VI c .  Le me so n 
p r e s ente une ma s s e  et une largeur de 1 255  MeV et 80 M e V  
r e spectivement. Le meson e s t  o b s erve surtout 'a trave r s  l ' inte r ­
ference d e s  o nd e s  S e t  D d e s  amplitudes d e  p ro duction pour K�K� . 
On a obs erve que l ' amplitude de l 'o nde -S et sa pha s e  p r e s entent 
tout les deux un compo rtement de r e sonan c e ,  L e s  nume'ro s 
quantiqu e s  p refe re par le meson sont JP = o+ et C = t l .  

':' R e s earch supported i n  part b y  the National Science Foundation .  
':'Re che rche soutenu p a r t  l a  National Science Foundation .  
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We report the re sults of an analysis  of an experiment carrie d  out 

at the Argonne National Labo rato ry ZGS utilizing the 1. 5 m streamer -

chamber facility. The expe riment was designed to study the reaction 

The experimental configuration i s  shown in Fig. 1 .  Briefly, the trigger 

required an incident beam particle into the liquid hydrogen target in the 

streamer chamber,  no charged particle emerging from the target, and at 

least two counte rs in a hodo s cope down stream of the streamer chamber 

to fire .  Some 400, 000 picture s  were taken, approximately 70% at 7 Ge V /c 

and the remainder at 6 GeV/c. 

The data were s canned, measured and then p ro ce s s ed by TVGP 

and SQUAW. About 8% of the 400, 000 events were "double -ve e "  topol -

ogies and w e r e  measured; and some 1 6 ,  000 events r e sults as candidate s 

fo r the K�K� production. Figure 2 shows the effective-ma s s  distribu-
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Figure 1 

Elevation view of the 
experimental con -
£ iguration {not to 
s cale ) .  The B 
counter s  are beam ­
defining s ci ntillation 
counter s .  The P 

counters are a scintillation hodo scope detecting charged particle decays of 
the neutral strange particle s .  The beam momentum i s  tagged b y  the s cin­
tillation hodo scope H and a multi-wire propo rtional chamber (MWPC ).  
M WP C '  s are also used to measure the incident angles of the beam track. 
The A counte r s  are anti- counter s .  



tion for the decay tracks from which we estimate CT" "" 1 0  MeV. Figure 3 

shows the mis sing-mas s - squared distribution fo r events consistent with 

K�K� production. The neutron peak i s  very prominent with very little 

background under it. After appropriate x2 cuts and fiducial volume cuts,  

we obtain a final sample of 5096 unweighted events corre sponding to 

reaction ( 1 ) .  These  events were then weighted using a Monte Carlo tech-

nique. 
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Figure 3 

Mis sing-mas s ­
squared distribu­
tion for events for 
which both neutral 
particle s are K� ' s . 
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Figure 2 
Measured effective -mass  dis ­
tribution o f  the K decay 
tracks. 

3 . 5  
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The effect of the weighting is shown in Figs.  4, 5,  6 and 7.  The se 

show the effective mas s  distribution ,  t-distribution,  co s eJ distribution 

vs M(K�K� ) ;  and <P
TY 

distribution vs M (K�K� ) .  In each ca s e  both the 

unweighted and weighted distribution s  are shown. From the se one can 

s e e  that our weights are very unifo rm, very slowly varying, and are no -

where extremely small. This re sults in part from the high ene rgy of the 

experiment and in part from the very large solid angle subtended by the 

charged-

particle ho do -

s cope. This 

feature i s  the 

primary advan -

tage the 

Fig. 4 
W eighted and un ­
weighted (shaded) 
K sK s effective ­
mas s  distribution 
for the final data 
sample. 

Figure 5 
W eighted and unweighted 
( s haded) t districution fo r 
the final data s ample. 
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p r e s ent expe riment has with r e spect to earlier experiments, 

Figure 6 
Weighted and un ­
weighted ( shaded) 
distributions of 
co s e J fo r various 
K�K� effective 
m a s s  range s .  

Figure 7 

W e ighted and un ­
weighted ( shaded) 
distributions of t 
fo r various K�K s 
effective mas s  •.,, 
range s .  0 
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In Fig. 8 is shown the K5K5 effective ma s s  distributio n fo r various 

t - range s .  
-:< 

Here we note that the low mas s S peak is quite apparent fo r 

t < O .  2 ( Ge V / c )
2 

and is not clearly pres ent fo r higher t. We also note 

that the shape of the broad enhancement from 1 2 5 0  to 1 4 5 0  MeV s e ems to 

b e  very strongly t -dependent. The peak seen for t > 0 ,  5 ( Ge V / c )
2 

i s  

cons istent with A� production on a rather flat background, whereas the 
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the peak at low t has a much broader character. It is this broad bump 

which has been the subj ect of much discussion in the past l -S and which 

we will study in detail here. 

Figure 8 
Weighted K�K� effective ­
mas s  distribution fo r 
various ranges of t. � "' 
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Figure 9 shows the unnormalized moments "14rr N < Y';' > ,  as a 

function of M (KsKs ). (We have found that moments with £ > 4 and 

m > 2 are consistent with zero . ) The most notable behavior is in the Y� 
and Y0 moments. 

4 
0 The Y 2 moment primarily represents S - D inter -

ference and the Y� moment, the D wave intens ity. It is clear that the 

S - D wave interference is strong and is varying rapidly (but smoothly). 

The m i= 0 moments are typically near zero as would be expected from 

a simple one-pion- exchange production proces s  at low t. . 3 An analysts 

by the EMS group at Argonne has shown good evidence for f - f 1 inter-

- + -ference in the reaction rr p - nK K • Our data are consistent with this 

hypothe sis and require a broad f '  if no other effects are present. Our 



b e s t  fit has r (f ' ) � so MeV and a ratio of f '  to f p ro duction (for 

I t f < .  2 ( Ge V/ c )
2) of O. 1 4. 

Figure 9 
Unnormalized 
moments < Y'J1 > 
as a function of 
MKK fo r 

I t I < o. 2 Ge v
2
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Figure 10 shows the dependence of the S wave amplitude, the 

amplitude s D0, D l+ and D 1 _, and / q, 8 - q,
D 

/ the S-wave - D -wave 

phase diffe rence as a function of M(K�K� ) .  Here we have used the 

relatio n s :  

(41T) l / 2 N < Y� > = s2 + D! + Di+ + Di _ 
1 / 2  0 - 2 2 2 

(41T ) N < Y2 > - 2S DO co s <l>sD + ( 2 "15 / 7 ) Do + "15 / 7  ( D l+ + D i J 

1 / 2  2 
(41T ) N < ReY2 > 

1 / 2 2 "" 2 2 (41T) N < R e Y  4 > 'J 1 0 / 7  ( D l+ - D 1 _ )  
( D l+ and D 1 _ are the natural and unnatural parity exchange linear 

combinatio ns of D 1 and D _ 1 amplitudes. ) The validity o f  the s e  
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r elation s  is ba s ed o n  the following a s sumption s :  

1 )  D z +  = Dz _  = z e ro (co n s i s tent with Y';' = O if m > Z ) .  

Z )  No G -wave s o r  highe r a r e  p r e s e nt (consis tent with Yr;' = 0 if £ > Z ) .  

a n d  3 )  Pha s e  coher ence (i. e .  all D -wave pha s e s  a r e  the same ) .  

Figure 1 0  

S - and D - wave 
intensities and the 
S - D wave pha s e  
diffe rence r e sulting 
from the amplitude 
anal y s i s  d e s c ribed 
in the text. 
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We note that the data require a large S -wave inte n s ity in the 1 3 0 0  

M e V  regio n .  In o r de r  to s e e  i f  the peak i n  S -wave inten sity co r r e sponds 

to a re sonance arr-plitude, we have dete rmined the S -wave pha s e  as a 

functio n of energy. Since the variable dete rmined by the data is l q, 5 - q, D I 
we have a s sume d  a pha se variation of the D -wave to be given by the f - f '  

fit to the Y� moment di s cu s s e d  above.  The S and D wave pha s e s  are 

shown in Fig.  1 1 .  We note that there are two solutio ns to the S - wave 

pha s e  b e caus e  of  the ambiguitie s introduced by the fact that o nly the mag-

nitude of the S -wave - D -wave pha s e  i s  dete rmined b y  the data. Note al so 

that the D -wave pha s e  i s  p rimarily due to the f - Breit-Wign e r  below 

1 4 5 0  M e V  and not strongly influenc ed by the f - f '  inte rfe ren c e  

hypothe s i s .  



Figure 1 1  

a )  The D -wave pha s e  using 
the f 0 Breit-Wigner a s  
modified b y  f - f '  interference.  
b )  The S -wave pha s e  resulting 
from combining (a) with the 

[ <l> s - <\>
D [ r e sult from the 

amplitude analy s i s .  Both 
solution s  are shown. 
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The two S -wave solution s  in Fig. 1 1  both show significant pha s e  

variation with energy.  Solution 1 i s  indicative of a rapid variation a s  the 

energy pa s s e s  through 1 2 5 5  MeV, near the peak in the mas s  distribution 

and is the likely co rre ct solution if the S-wave is indeed r e so nant. The 

phase variation indicates a width of r - 80 MeV. 

We conclude from the intensity and pha s e  variation o f  the S -wave 

amplitude that we have observed a new S -wave re sonance at - 1 2 5 5  MeV. 

It clearly has JP = O+. F rom this it also follows that G = + 1.  The 

K sK s decay mo de independently requir e s  C = l+ fo r the re sonance. 

Further work is  being carried out to determine the i - spin of the 

re sonance. 
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