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ABSTRACT 

I n  an experiment a t  the Broo1khaven National Laboratory AGS 

+ - we have studied a number of radiat ive decays of the K * ~  (n TT y, 

+ - + - 
e e y and p y). The charged p=ticles  from these decays were 

detected 5000 wire prc 

g-as were detected i n  a 194 e l ~ e n t  lead glass  Cerenkov counter 
I 

array. $ 
Preliminary resu l t s ,  based on 257. of our t o t a l  da ta  sample, 

0 
a r e  as follows: The branching r a t i o  K + ~ ( d i r e e t ) / X ? ~  + a l l  = L 

5.5 + 1.0 x lo-'. One example of the previously unobserved decay 

ICoL + eey has been found, yielding a branching r a t i o  of 8.3 + 8.3 r I 
-6 o o 
10 . No examples of the decays f + ppy, e m  , and ppn were 

y@ 
found, yielding improved upper 1-ts of KO, + ppy/< -' a l l  C +3 

a l l  C l 

< 2.5 x lo-' with 9OXconf idence, 

' 1  u,' 

. supported by the Energy Research and Development ~ d m i n i  s tration.$?ff 
ent address: Fermi National Accelerator Laboratory, Batavia, Illi 
ent  address: CEN-Saclay, 91190 Gif sur  Yvette, France. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



We present preliminary r e s u l t s  of 2n experiment to  measure the 

+ + - + - 
r a r e  r ad ia t ive  decays K O ~ + ~  n-y, e e y, a d  p p y. The experiment was a l so  

.+ - . o  '+ - 0 sens i t ive  to  ce r t a in  other  r a re  decay ZC?P,S such a s . e .  n. and p . C L  

KOL 
+ n + ? ~ ' ~  i s  important as 2 decay which might exhibi t  CP violat 'ion and 

as  a proving ground f o r  var ious  theories of &ak rad ia t ive  decays.' The 

0 + - + 
decays K -+ e e y and p p-y have been scggested as s i t e s  f o r  possible  

4 
anomalous e f fec ts3  and s t ruc ture  , whic'l would manifest themselves as  

deviations from the r a t e  and matrix elr--ts which can otherwise be calculated 

5 0 + - + - 
r e l i a b l y  given the measured K + 9 r a t e .  KOL ' e e no and p p no a r e  

important as t e s t s  of higher order ef r'ec ts in weak interact ions.  
6 

The experiment was car r ied  out  a t  the Brookhaven National Laboratory 

AGS i n  a neut ra l  beam off the in te rna l  G-10 target.  Three collimators 

defined a s o l i d  angle of 18 ps r  a t  an v lg le  of 4.7' to  the c i r cu la t ing  proton 

beam. Eight rad ia t ion  lengths of u r m i m  in the beam d i r e c t l y  ahead of the 

f i r s t  collimator,  were used to  convert t5e y rays. Two sweeping magnets 

6 o 
eliminated charged pa r t i c l e s  i n  the be=. The beam contained -- 10 K 

7 . . 
and - 2 x 10 neutrons/pulse. The nomenturn. averaged - 6 G ~ V / C  and the , , 

useful  spectrum extended from 2 to 16 C+V/C. 

The experimental arrangement i s  sbkn in Figure 1. The neut ra l  beam 

passed through a veto counter (D) and b t o  a 6m vacuum decay tank. . Charged 

products of the decays were detected in a 3-chamber 5000 wire MWPC spectrometer 

system which has been described p r e v i o ~ s ~ ~ . ~  Nith the magnetic f i e l d  s e t  to  give 

a transverse momentumkick of 105 ~leV/c the system had a mass resolut ion of &ev/c 2 

0 + f o r  K -+ n n- decays. A hydrogen Cerenlav counter (C) a t  atmospheric pressure 

~ with 12 independent opt ica l  sectors  (Cf)could dis t inguish electrons from pions a t  

momenta below 8 Gevk. Muons with momenta greater  than 1.5 Ge~bwere ident i f ied  



2 by  t h e i r  p e n e t r a t i o n  of 780 grams/cm of material (mostly heavy c'oncrete). 

To b e  accepted a s  a muon, a p r t id le  had t o  f i r e  t h e  appropr ia te  s c i n t i l l a t o r  

i n  each of two hodoscopes, one placed a f t e r  600 gms, and t h e  o the r  a f t e r  t h e  f u l l  

780  gms. The f i r s t  hodoscope ( j )  cons i s t ed  of e i g h t  h o r i z o n t a l  counters: foul- on 

each s i d e  of t h e  beam, while t h e  second (p )contained e i g h t  v e r t i c a l .  counters .  v 
Muons were accepted wi th  > 95% p r o b a b i l i t y , 7  whereas a s tudy of k inemat ica l ly  

0 + 
unambiguous K + n n-no decays demonstrated t h a t  only  - 4% of pions s a t i s f i e d  L 

these  condi t ions .  

Photons were de tec ted  i n  a 194-elenent  l ead  g l a s s  Cerenkov counter  

ar ray .  The a r r a y  was divided i n t o  2 hodoscopes~ :The  f r o n t  w a l l . c o n s i s t e d  of 32- 

3 
7.5 x 15.0 x 45.0 cm and 6-7;5 x 15.0 x 22.5 cn?counters arranged v e r t i c a l l y  

i n  2 rows, each p resen t ing  7.5 c n  (2.6r.1,)of l ead  g l a s s  t o  the  beam. 

3 
The r e a r  w a l l  cons i s t ed  of an 8 x 20 a r r a y  o f '15 .0  x 15.0 x. 25. cm. counters ,  

each p r e s e n t i n g  25 c m  (8.5 1 . )  t o  the be.&. A 45 x 45. cm2 hole was l e f t .  i n  the 

2 
c e n t e r  of t h e  f r o n t  w a l l  and a 30 x 30 c m  ho le  was l e f t  i n  the  c e n t e r  of the  

r e a r  wal l '  t o  a l l & . p a s s a g e  of the'  bean. ~ n a l o g u e  i n f o k a t i o n  from each 
. . . . ... 

counter  was gated i n t o  a s e p a r a t e  ADC channel.  Shor t  term c a l i b r a t i o n  of  

t h e  Counter was :acc.omplished by means of an Am 241 doped s.odium iod ide  . 

c r y s t a l  glued t o  t h e  f r o n t  f a c e  of  ezch block,  while long term c a l i b r a t i o n  

was provided by  p o s i t i o n  and mornen- analyzed e l e c t r o n s  from t h e  copious R 
e3  

decays. A 38-element s c i n t i l l a t i o n  counter  hodoscope (W) placed between the  

f r o n t  and r e a r  w a l l s  provided f a s t  tirning information on both  

charged and n e u t r a l  p a r t i c l e s .  The l ead  g l a s s  hodoscope achieved an energy 



'E - 6*59, and a posi t ion resolution of o --. 1.2 cm f o r  resolut ion of - - - E JE(G~v) x 

electron and photon shovers. Two large lead-liquid s c i n t i l l a t o r  shower 

counters (y ) flanked the aperture of the upstream face of the analyzing 
a n t i  

magnet. These counters, s e t  in  anticoincidence, served " to  reduce the 

+ - 0 
t r igge r  r a t e  due to KO n n decays i n  which only one y s t r i k e s  the L 

lead glass  array. ' 

. .... -- . . . - - . - ... . .  - 

The electronic  t r iggering requirements were as follows. 
- - 

A l l  modes: (D) (ymti) (2 i n  ezch spectrometer plane) -(? 3 c lus t e r s  
i n  W timing counters) 

*(a 3 c l u s t e r s  i n  the lead glass  r e a r  wall) .  

m y :  (above) . (pH-pv) 

8 
eey : (above) (C iTi) (C . *T .) 

J 3 

PPY : (above) (ZpH) ' (211 ) V 

I n  addition many runs were taken under spec ia l  t r iggering conditions,  

e.g. 'Ke3 and K runs, runs with the y 
~3 a n t i  

switchdout ,  e t c ,  For each event 

da ta  from the EI1;TPC 's, ADC ' s ,  TCC 's, la tches,  e tc ,  were co l lec ted  v ia  CAMAC 

by a PDP-15 computer which perforned various monitoring tasks and wrote the 

events onto magnetic tape. A f rac t ion  of the events were transmitted v ia  

an on-line l i n k  t o  a PDP-10 computer fo r  reconstruction. 

7 
Altogether, approximately 2.7 x 10.  events were col lected.  The. present 

. . -, .. . .. .. -. .. .- .- . . . .  

paper i s  based on an analysis  of -- 259, of the data. The 'vast  majority of these 

+ - 0  were KOL + n n rr events, where ne i ther  y from the no decay s t ruck  the yanti. 

+ About 10% of the K O ~  + n n-no recorded had both y 's  detected i n  the  lead glass. 

These were used as a running normalization fo r  the experiment. 



+ - Figure 2 shows the two-y mass spectrum of a sample of IT n yy events. 

0 2 A c l e a r  IT peak with a resolut ion of a = 8.7 ~ e V / c  i s  evident. When we 

+ - 
p l o t  the 4 body IT IT yy ef fec t ive  nass for  events i n  the no peak we ge t  

0 the histogram shown i n  Figure 3,  a v i r t u a l l y  background-free K mass peak 

2 with a resolut ion of o = 12 >leV/c . 
Candidates f o r  a l l  modes considered i n  t h i s  paper were required t o  

meet the following c r i t e r i a ;  (1) good deczy vertex within a f iduc ia l  volume 

in the vacuum chamber, (2) a t  'beast m e  in- time y, (3) y and charged t racks  

within a f iduc ia l  area a t  the lead glass  array,  (4) y and charged t rack c lus t a r s  

separated in both lead glass . .- and ZTV timing counters, 

2 9 
The candidates a l so  had to  sa t i s fy ;  (1) E~ > .2 GeV/c,(2) PO2 <-.002, 

Y 
(3) -480 < H(rmy) < .520 Gev/c2, (4) (I - cose ) < 0.3 x loe5 (where 

mn( 

9 i s  t h e  angle between the inconing kaon di rec t ion  and the 3-momentum : 

o f  the f i n a l  s t a t c ) ,  . (5) no C fired,and (6) ne i the i  charged t rack s a t i s f i e d  
i 

the  good p conditions. 

The eey candidates had to  sa t i s fy ;  (1) appropriate Ci and T. counters 
1 

fired, (2) ne i the r  charged track s a t i s f i e d  the good p conditions, (3) each 

charged t rack s a t i s f i e d  .5 < 8 CC~V/C, ( 4 )  fo r  each charged t rack the 

r a t i o  (energy deposited in the lead glasg/@ornentum as measured i n  the 

spec trometer)was between 0.75 and 1.25, ( 5 )  PO2 C--002, (6) -480 < M (eey) 

2 < -520 G ~ V / C  ,;ad (7) (1-cosg ) < 0.3 x 
eeY 

The eenO candidates had to s a t i s f y  eey conditions (1) - (4 )  above, and 

(5) a second y was present within the lead glass  fiducYal area,  (6) ,105 

2 2 < M(yy) < -165 G ~ V / C  , (7) -480 < H (eexO) < .520 G ~ V / C  , (8) (1-cos8 ) 
e e n  

< 0.3 x 



The ppy candidates had to  sa t i s fy :  (1) f a r  each track an appropriate p and v 

p~ 
f i r ed ,  (2) fo r  each charged t rack 1.5<pPIAg<7 G ~ V / C ,  (3) n o  Ci  f i red,  (4) f o r  each 

charged track the lead glass  pulse height was i n  the minimum ionizing range, 

2 
(6) .480< Mppy < -520. GeVlc , and (7) (1-cos3 ) < 0.3 x 

PPY 

The ppnO candidates had to  s a t i s f y  ppy conditions (1). - (4) above, 

and (5.) a second y was present within the lead glass  f iduc ia l  area, 

0 + 
The nohnalization K -+ n n-no candidates h,ad t o  s&tisfy; (1) no C 

i 

f i red ,  (2) ne i ther  charged t rack s a t i s f i e d  the good-p conditions, (3) a 
. 

second in-time y was present within the lead g lass  f iduc ia l  area,  (4) A l l  

4 c lus t e r s  i n  the lead glass  and i n  the W timing counters were d i s t i n c t ,  

2 
(5) -105 < M(w) < -165 G e ~ / c  , (6) -460 < ~ ( 2 ' - y y )  < -535 ~ e ~ / c ~ ,  and (7) 

-5 
(1- C O S ~ , , , . , , ~ )  43.3 x 10 . 

The normalization procedure was as  follows .. The detect ion-  eff ic iency for  

f - 0  
KOL -+ rr IT IT decay under the above conditions was calculated by means o f  a 

Monte Carlo program. Thexi the nrrnber of K decays i n  a given sample, N,was s e t  

+ - 0 equal to  the observed KOL* n n I (detection ef f ic.iency x 'BR(KO~&-~O) ) . The 

+ - 0 10 ':;. , ., . .. - . , . 
KO +n IT n branching r a t i o  was taken to  be 0.1225 . Then ' for .each decay mode, the 

L 

detection ef f ic iency  was calculated again v t a  the Monte. Carlo program, and the 

branching ratio.-  s e t  equal to ??-1 x (Number of  observed even ts/detection 

efficiency) f o r  ' that mode. This method of normalization has the advantage of being 
0 

unaffected by 'uncertaint ies  i n  the incoming. K beam f lux,  and of being 

la rge ly  invulnerable t o  r a t e  e f fec ts .  Also, pa r t i cu la r ly  i n  the case of 

mry, the normalization events a r e  topologically extremely s imilar  to the 

decay mode being measured. Counter inef f ic ienc ies ,  e tc .  tend to  cancel 

i n  t h i s  case. One disadvantage of  t h i s  method i n  the m y ,  ppy, and eey 



+ - 0  cases  i s  t h a t  the  KO -+ n n n events have one more y than the mode being L 

normalized. This makes the  normalization more s ens i t i ve  t o  unce r t a in t i e s  

i n  t he  y ' e f f i c i ency ,  and the p robab i l i t y  of shower spreading. I n  order  to  

assess  the  Monte Carlo program i n  t h i s  respec t  we took a number of s p e c i a l  

runs i n  which the  y a n t i  counters were, removed from the t r igger .  Then the  

0 + - 0  
number of K -+ IT n TT decays i n  which only 1 y is detected can be  compared L 

with the  Flonte.Car10 pred ic t ion ,  made on. the  ba s i s  of the  2y sample. These 

events a r e  almost i d e n t i c a l  t o  mry events i n  t h e i r  s e n s i t i v i t y  t o  y e f f i c i ency ,  

shower spreading, UV counter e f f i c iency ,  e t c .  The number of s ingle-y  

+ - 0 
-+ ii n n events agreed with the  p red ic t ion  to wi thin  209.. 

Figure  4 shows the  m a s s  spectrum f o r  a sample of m y  candidates  i n  which 
. - 

0 a l l  of t he  c u t s  except t h a t  on M(my) have been imposed. The K ? my peak 

2 .. is  c l e a r l y  v i s i b l e .  The background peak centered around .440 GeVIc 1s due 

0 + - 0  
mainly t o  K + n n n decays i n  which one of the charged t racks  was s c a t t e r e d  

L 

o r  decayed before  the  l a s t  MTJPC. It i s  evident t h a t  t h i s  background is c l e a r l y  

separable  from the  m y  events. F i w r e  5 shows the  d i s t r i b u t i o n  i n  (1 - C O S ~ ~ ~ )  xlO 5 

of a sample of  my candidates pass ing a l l  the o ther  cuts.  Again a c l e a r  peak wi th  

* 
l i t t l e  background i s  evident.  Figure  6 shows the  d i s t r i b u t i o n  i n  k , t he  y c.m. 

* 
energy of a l l  events passing a l l  mry cu ts .  The spectrum f a l l s  r a p i d l y  a s  k increases 

i n  a manner cons i s ten t  wi th  inner-brmsstrahlung,  and then s t a r t s  r i s i n g  again to  

peak near  100 MeV as  would be expected from a CP conserving M I  d i r e c t  y emission. 2 

I n  f a c t ,  a s  shown on t he  f igure ,  t h i s  spectrum i s  wel l  fit1' by t h e  sum of t he  

d i s t r i b u t i o n s  given by these two matr ix  elements when they a r e  i n se r t ed  i n t o  

* 
the  Monte Carlo program. Unfortunately, the  inner  bremsstrahlung region (k < 60 MeV) 

+ - 
is p a r t l y  contaminated by a background due to  KO -+ TT IT decays i n  which one 

L 

pion i n t e r a c t s  i n  mate r ia l  do~ms tream of the  M W P C ' s  ( pa r t i cu l a r l y  i n  the  



lead, g l a s s  f r o n t  w a l l ) ,  producing an e x t r a  shower i n  the  lead g lass  

I 

which i s  then mistaken f o r  a photon. I f  the  i-~TT mass a l s o .  f l u c t u a t e s  

0 
t o  t h e  low s i d e  of  t h e  KLmass , the  phenomenon can y i e l d  an event  which w i l l  

5: 
pass  the  Tmy c u t s .  The k d i s t r i b u t i o n  of these  events  is  expected t o  b e  

r a t h e r  l i k e  t h a t  of  t r u e  inner-bremsstrahlung my events.  Fur the r  work i s  

needed to  completely reso lve  the  inner'-bremss t rahlung sample. I n  the  f i t  

-k 
shown i n  F igure  6 these  evencs were assumed t o  have e x a c t l y  the  same k 

d i s t r i b u t i o n  as inner-bremsstrahlung events.  F i t s  wi th  va r ious  o t h e r  

assumptions were made, and i t  becane evident  t h a t  the  e f f e c t  of  even t h e  

must extreme assumptions a s  t o  the  shape and i n t e n s i t y  of t h i s  background had 

no more than a 10% e f f e c t  on the  ~ o u n t  of d i r e c t  emission given by t h e  f i t s .  
2 * M " 

This i s  because k , =  
m v  -.MITIT 

'ha and w i t h  a mr m a s s  r e s o l u t i o n  of  
'. u-lm~ 2 + - - 4 M ~ V / C  i t  i s  n e a r l y  impogsible f o r  a KO -+ IT IT induced background t o  L * 

' a f f e c t  the  region w i t h  k > 60 MeV. The mean of t h e  f i t s  g ives  a branching 

0 - 5 
r a t i o  f o r  K + m y  of -- 5.5 x 10 . A t  t h e  p r e s e n t  s t a g e  of our a n a l y s i s  we L 

' .  -5 
a t t r i b u t e  an e r r o r  of & 1.0 x 10 t o  t h i s  f i g u r e ,  due mainly t o  u n c e r t a i n t i e s  

remaining i n  t h e  normalizat ion,  The s t a t i s t i c a l  e r r o r  on any given f i t  i s  only  

-5. -- f 0.4 x 10 .. This number corresponds t o  about 300 d i r e c t l y  emit ted  m y ' s  

i n  t h e  p r e s e n t  sample. The one previous experiment y i e l d i n g  a p o s i t i v e  
+ -5 12 

r e s u l t ,  found 'OL IT nYdi rec t  = 6.0 t 2.0 x 10 , based on 24 events.  

K O ~  -+ a l l  

5 Figure  7 is  a p l o t  of  (1-cosekey) x 10 vs M(eey) f o r  eey candidates  

pass ing  a l l  o t h e r  c u t s .  One event s t ands  o u t  a s  having an almost p e r f e c t  mass 

and ang le  f o r  a g+ eey decay. When the  usua l  c u t  on angle  is made, no 

2 o t h e r  event  is c l o s e r  than 100 MeV/c from t h e ' ~ > m i s s .  This absence of. any 

apparent  background, and the  f a c t  t h a t  we know of no . s i g n i f  icaat .background 



process tha t  contributes i n  th i s  region leads us to  accept the event as 

0 
the f i r s t  observed example of the decay K + eey. The kinematic 

L 
2 

cha rac te r i s t i c s  of the event a re  as follows M = 0.500 G ~ V / C  , 1-cose - - 
ee't eeY 

2 0.015 x lo-' ((whereas (1-case )= 0.497 x M~~ = 0 -320 G ~ V / C  , 
e e. 

kf = 0.147 ~ e V / c .  Although i t  may Sean tha t  the two-electron mass i s  

ra ther  high i n  view of the famil iar  Lowf'lee peaking in  Dal i tz  decays, in  

f a c t  our acceptance i s  so  biased agzinst low e-e mass events tha t  the 

2 
expected yield is  ra ther  f l a t  in  Mee, a l l  the way up to  - 0.450 G ~ V / C  . 
Accepting t h i s  event and calculat ing the acceptance assuming a Kroll-Wads 

5 K * ~  4 e ''e-y 
type matrix element leads to a branching r a t i o  of = 8.3 & 8.3 x loe6 

K O ~  + a l l  

which is  ce r t a in ly  consis ten t  with the predict ion of a standard Kroll-Wada 

-6 
type calculat ion,  . 7.8 x 10 ' .. Given t h i s  branching r a t i o  we should see 

k - 5 events. in our t o t a l  sample. 

0 + - 0 
There a r e  no candidates f o r  K 3 e e rr events. Assuming that  the L 

number of events observed, . .(or .unobserved) obeys Poisson s t a t i s t i c s  we quote 

an upper l i m i t  f o r  the branching r a t i o  corresponding to  the observation. 

of .2.3 events a t  the 90%'confidence level.  Calculating the acceptance 

with the assumption of a phase space d i s t r ibu t ion  f o r  the matrix element, . ., 

K O ~ ,  -+ e+e0+ -5 
we obtain an upper l i m i t  6 1.4 x 10 . We know of no previous 

K O ~  -+ a l l  
experimental upper l i m i t  f o r  t h i s  branching r a t io .  Potent ia l  p + p ~ f  and 

+ - 0  
p p TT decays a re  not separated as cleanly from background i n  our apparatus 

as  a r e  the corresponding electron decays. This is  because the probabi l i ty  
.. . .. . . . . . . . + . . . . . . . , , 

of accepting a pion as a p is  -.1 i n  25, whereas the probabi l i ty  of accepting 

5 
a pion as  an e is < 1 i n  10 , and because the ppy and ppnO decays a r e  kinemati- 

0 + - 
c a l l y  much c loser  to  K -+ rr rr no decays than a r e  the eey and eenO modes. We L 

find one event passing a l l  cu ts  i n  both the case of ppy and of p p ~ O .  

In each case t h i s  is consis tent  with our estimate of the. background 



+ - 0  
O + n n n so  tha t  w e  can c l a i n  no evidence fo r  the observation due to  K 

of these decays. Again, quoting an upper l imi t  corresponding t o  the 
KOL + FW 

observation of 2.3 events a t  the 907, c . l . ,  we find $ 1.3 x 
. K a l l  

where we have used a KrolP-Wada type n a t r i x  element i n  the Monte Carlo 

ca lcu la t ion  of the ppy acceptance. This i s  approximately a 5-fold 

improvement i n  the previous upper lini t .I3 The branching r a t i o  predicted 

- 7 
by the seandard theory5 i s  - 2 x 10 . Proceedin i n  a s imi lar  manner f o r  

0 
0 KOL-' P P-O - 6 

the ppn case we. f ind an upper linit of ,< 2.5 x 10 a t  the -' a11 
90% c.1. Here we have used a phase space d is t r ibut ion  i n  the  ca lcu la t ion  

of the acceptance. This represents a 20-fold reduction i n  the best-previous 

upper l i m i t  f o r  t h i s  decay. 13 

I n  summary, with 25% of our da ta  sample analyzed, we have measured the  
+ - 

branching r a t i o  'OL* Ydirect, a d  .have found the. matrix element t o  be  - 
a11 

cons is ten t  with a CP-conserving M 1  t ransi t ion.  W e  have ob~erved  the f i r s t '  
. ~ 

0 + - 
example of the decay K * . e . e y and have established improved upper limits 

0 + - 0  + -  + - 0  
f o r  the branching r a t i o s  of the decays K + e e n , p p y, and p p rr . 
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Figure Captions 

1. ~ a y o u t  of the  apparatus. 

+ - 2 ,  ~ ( y y )  f o r  a sample of TT rr yy events 

3. ~(rr'n-yy) f o r  events i n  which -105 < M ( y y )  < .I65 ~ e ~ / c  
2 

+ - 
4. M(TT n y) f o r  a sample of %y candidates with (1-cos8my) < 0.3 x lo-'. 

5 2 5. (1-cost) )xlO f o r  a sample or' m y  candidates wi:h -48 < MmTyC, -52  G ~ V / C  , nw 
t 

6. k d i s t r i b u t i o n  f o r  a l l  events passing the  m y  cuts .  A f i t  to i nne r  

bremsstrahlung + an M1 d i r e c t  t r a n s i t i o n  is  shown. 

5  7. (1-cos8 ) .x 7.0 vo M(eey) f o r  eey candidates passing a11 o the r  cu t s .  
eey 
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