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prediction is not fulfllled
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Search for C- V1olat1ng Decays ¢->py and wy*
James S, L:.ndsey and Gerald A, Smxth
Lawrence Radiation Laboratory _
University of California

Berkeley, Cahforma

June 29, 1965

In an attempt to explain the observed CP violation in Kg decay,' a

number of authors have suggested the existence of a C-violating (but P-

' nonviolating) interaction, 1_’ 2 Bernstein, Feinberg, and Lee (BFL) h'ave

.-noted that "all exxstmg expenmental results are, compat1b1e with the possi-

bility of a very large violation of C and ‘T invariance in the electromagnetm
interaction of the strongly 1nteract1ng partlcles.'-"?,’ C and T represent the
usual charge-~ con_]ugatlon and time-reversal operators. BFL and others
have cons1dered possible C-vzolatmg effects that would rnanifest themselves.‘

in the partial decay rates and resulting final-state asymmetries for the

| _pseudosCalar and vector mesons, 4 Several experiments testing these pre-

d1ctlons for pseudoscalar mesons are. currently in progress, and the prelim- "

mary 1nd1cat10n is that in at least one of these sases [ﬂ(548)-»1r e e ] the
5

Turmngt‘o the srehton me'son,s, B‘E‘L show that if the Harmitoman de-
scribing the electromagnet1c 1nteract10n v1olates C T 1nva.r1ance strongly

and if the isoscalar part of the C, T-v101atmg current emsts, then the rate

for ¢ - wy should be ~1 9% of the total q; decay rate, and if the 1sovector

‘- current exists the rate for ¢-> Y. should be =2, 4% of the total ¢ decay rate,

Prentki and Veltman state that the rate ¢- it y (pmns in S or P wave) rnay h

be as large as 10 to 20%. Lee has f_,'urther_ noted th_atm vthe_: limit; of Ee_rfe.ct ,

Lo
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- suU symmetry one has I‘(ép-—wy) = 0,79 1"(¢-py). meg mamly to phase-'- .
. space 11m1tat1ons, the predlcted branchmg rat10 for w~> pY is mgmﬁcantly |

’suppressed below that for ¢ decay, and 1s undoubtedly consistent with the

recent results of Flatté et al, gwmg ]."(w—--n' T y) < 0.05 I"(w- 1r+1r -rr°) 8

"The remamder of th:.s paper deals with our expenmental observations on
. ' : , o . . : .

o) decay. ) A ' o i

We have analyzed apprommately 70% of 740 000 p1ctures taken of the

.72-inch hydrogen bubble ‘chamber_ exposed to an 1nC1dent K"~ beam at momenta

 of 2.1 to 2,7 BeV/c at the Bevatron, We consider the reactions

K-pg»':A°'¢° . ¢°»K+K'_,; SURRERE oy
CKpe A%6%5 0= KK, - @y
and = Kp- AwTr 4 (all neutrals). o @),

"In Figs. 4ithrough 3 we present those evénts with the s.quare of. the momen-

tum transfer' to the A (A ) less than 0,8 (BeV/c) | As observed 1n re-

actions (1) and (2), o productlon is concentrated (“'70%) in thls momentum-

Figure 1('a) is a scatter plot'of the square of"s‘the (all neutra.ls)vmass _' ‘

versus the square of the effectlve mass of the (1r 1r a11 neutrals) combmatlon

- from measured (un£1tted) da.ta for R.eactmn (3). ‘The stnkmg feature of this

plot is the evxdence for a n at M (all neutrals) = 0, 018 BeV’2 for all values .

- E »of M (-n' " all neutrals) However, £or"M (v w all neutrals) = 0.9.2 BeV

one notzces e‘vadence for an enhancement at Mz(all neutrals) = 0,0 BeVZ

This enhancement has been prevxously 1dent1f1ed as the 1'r+-rr Y decay mode

1 In F:Lg. 1(b) we retam only those events

: in which the 1r 1r _ combmatmn 1s m the ‘p band (0 42 to 0 72 BeV ) The
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(959) enhancement remalns consxstent W1th the results of Kalbﬂe1sch et al,

. on the existence of the decay mode n(959) - p’Y. ii_ No enhancement is

observed at or near-the known locatlon ofrthe.¢, Mz(w+w' all neutrals)=14,038 -

and M (211 neutrals) 0 0 BeV To demonstrate this more clearly the

prOJcCtlonS onto the, M (1r ® all neutrals) scale are shown in Fig. 2. Only .

events in the range -0,01< M (all neutrals) 0,01 BeVZ are shown, The

'. shaded area contams events in the p band only, The curves are a smooth

approximation to the background. -Using the n({959) peak as a measure of
our experimental resolution in this region, we find we can attribute no more

than 20 events to ¢ f»w‘}-w-y and 12 events to - é—py with a confidence of

- 9%. Based on 209 examples of ¢ K™K™ and our measured branching ratio -

. TlewKYKT) = (L.22£0.22) Do~ KK ), we conclude that'?
T~ py), < 0.03 T(¢= KR) and T (p=n'n"y) €0.05 T(p—KR), (4)

. v ’ ¢ -pw:, . ;
In as much as' the neutra.ls of Reactlon (3) contaln both the 1r from the
w decav ano the pnoton thls all neutrals combmatlon has a Wlde variance of

phase space for ¢- decay (0. 018 to 0,55 BeV ) Therefore, ‘the scatter plot o .

s not-a partlcularly sen51t1ve means, of lookmg for ths decav mode, In-
' _Flg, 3 we present the M (Tr o all neutrals) dlstrlbut:.on, agam at low momen-v

_tum transfer, Events with M (all neutrals) less than O, 073 BeV (4m o) have

o final state is such a large fraction of the ..

e . bac;cground [see Flg. 1(‘&), for example] Only events with a 1r+-n- mass
" squared less than.O 420 BeV- the upper 11m1t f°1' “’“’"“’+'ﬂ' ™ decay, are in-

7 cluded, A large enhancement is observed at 959 MeV, due t6 the decay

(959) (548)11' T, n(548) - all neutrals, whereas no 51gnal is observed

7
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at 1019 MeV the locatlon of the 4; A further cut is made on the m T mass

squared less than 0. 172 BeVZ ‘the upper bound for n(548) =« T 0 decay,
The rémaining events are shaded [the n(959) peak is further pronounced in

reference to background by this selection because the wta” must have a

. mass squared less than 0.169 BeV2 for this particular decay mode of the -

1(959)]. It should be noted at this point'that if there existed a substantial

C-violating strong decay q; - n(548)1r or a C- nonv1olat1ng electromagnetic

decay ¢ — n(548)y, ‘these would show an enhancement at the dp mass, partlc- :

ularly in the shaded’ data. We fmd no ewdence for these modes, and can

attribute no more than 35 events to b - wy and 25 events to ¢»n(548)'n' or

n(548)y with a confidence of 99%. We thus concludei_?’

kY

(¢—>w'y) O 09 (4) - KK) and I‘(¢->11(548)1r or n(548)y) <0.15 I"(cp—v- KK) (5) |

N Lk

Conclusions

... Our results on the branching ratlos for $ - py and wy are compat1ble
W1th the predlctlons of BFL However, 1nasmuch as wsa establlsh only upper
hmlts on the se ratios it woald be meaningless to-compare them with Leex

prediction on the relatlve rates of these two modes. Our results on

» -n'+1r-y (< 5%) appear‘_ to be incompatible with the prediction of Prentki and

Veltman (10 to 20%)‘ o : S v' i

The authors’ acknow edge the skillful and ded1cated support of Dr. Edward:'
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. We must pomt out two minor quahﬁcatmns to these results (a) the cut -

on [M (all neutrals)l\ 0. 01 results in the loss of a small fractlon of ‘

1n(959) events due to resol_utlon. Thus, we vwould expect this effect with

appr’oximatelv the_ same magnitude to occur in the case of the é; (b) our

{ i
t

data at this time do not rule out thel‘possibility of a weak alternate decay

[
1

| “mode, ¢ = pT (branching ratio = 18 :&8‘7) Again due t6 resolution we may

be including a sma.ll amount of p 070 in our p %y and 1 -n' ™ y determ1na.t1ons.

The effect of (a) is to underestlmate and (b) to overestlma.te the 11m1ts

" on py and wta” Yo However, the net effect can a.lter our conclusmns on

- the branching ratms by no more than 1 to Z%. -

4 -
4
a1,
12,
L3,

e

['n(548)->-rr ™ y] Therefore, the bra.nchmg ratios for these modes should

be somewhat larger. but probably by, no more .‘thar-x 1t0 2%,

We have as sumed an all-neutrals branching: ratlo of 69% for the n(548)
“and 10% for the @ in a.rnvmg at these branchmg ratzos. We have 1ntro-
- duced a slight b1as in the wy ‘and n(548)y determmatmns because of the

removal of events thh M (a.ll neutra.ls)<4mzo, masmuch as the lower

' bound for these cases would be m2 o [w or 11(548)-—1r+1r ™ or zero

v .

K ' ) va. . N o : o
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! . FIGURE LEGENDS ' =~ .. ' '

' : .‘f_‘ig, (a) Scatter plot for 3468 examples of the reactlon
‘ ' K p-’A -n' T+ (all neutrals) with the square of the momentum transfer :

“to the A less than 0,8 (BeV/c) s and (b) the ‘same as (a), W1th the ex-

ceptlon that only events w1th- M ('n' T ‘) in the‘range 0.42 to 0,72 BeV2

(p band) are retamed ) _ ‘ » o
b Flg. 2, Pro_]ecta.on of the eventslof 1(a) in the mterval 0 Oi‘ M2 :
(all neutrals) O 01 BeV2 onto the M ('rr ‘IT - all neutrals) scale. 'The
shaded events are those plotted in 1(b) for the same’ 1ntervals.
Flg- 3. PrOJectlon of the events of ‘l(a) m the 1nterva.ls M (a.ll neutrals) »
.=20,073 BeV2 ( 4m o) and M ('n' by )< O 420 BeV (upper bound for |
' 'w-decay) The sha.ded events have the further restr1ct10nM (1r T )< 0. 172.“

. BeV [upper bound for n(548) deca.y]
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to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






