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Proof.—The limit of the integral as s -« in
that case equals [[Ima(s’)ds’/s’], which exists
and is a constant. Now, for a linearly rising tra-
jectory, Ima(s) =s'2I'Rea’(s) =s'/2I'B, where I’
is the total width. Consistency requires that

SI/ZF_>O
S ~ o0

like some power of s. This is certainly more
than fulfilled by our widths.
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We calculate the charge asymmetry for the reaction 7~p —nrtr~ 7" assuming C invari-
ance for the 7 decay. We find that interference terms with a 37 background amplitude
give a nonzero charge asymmetry. Assuming that the background in the n mass region
(10 MeV) is about 10 % of the 1 signal, we obtain a maximum asymmetry of about 2 %,
implying that the experimental asymmetry does not necessarily imply C nonconservation,

The discovery of apparent CP nonconservation!
in the K decay has led to the suggestion? that C
invariance might not hold for the electromagnetic
interaction. Since then, a number of experi-
ments®~® have been performed to find evidence
for a C nonconservation in the electromagnetic
decay of the eta meson. The summary of these
experiments shows no strong evidence for C non-
conservation in the eta decay and if C invariance
is violated, the charge asymmetry is at most or-
der of 10~2 or 10~3, which is rather near to the
value suggested by several theoretical estimates.?

However, it is the purpose of this note to show
that such a small value of the charge asymmetry
in n decay can be produced without C nonconser-

vation by interference effects so that a presence
of an n asymmetry does not necessarily imply C
nonconservation. In this note, we would like to
consider the reactions
mTp—nm
’ (1)

rto—n°

TTp~nrtn 1O, (2)

and to show that an interference effect between
the n and 3r-background amplitudes can create a
charge asymmetry in the n-mass region without
C nonconservation in the n decay. In the follow-
ing discussion, we assume that C invariance
holds for the n decay and that the charge asym-
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metry for the 37 background is negligible. width of the 7, respectively. VS is the invariant
The matrix element M for Reactions (1) and (2) mass of the 37 system. B is the 37 background
can be written amplitude and may be decomposed into the charge-
symmetric part B, and the charge-asymmetric
art B_ b
P o
S—(m—-ziT)? u* B=B,+B_.
where Mg and Mp) are the Lorentz-invariant ma- The factor 1/42 in the second term in Eq. (3) is
trix elements for production, 7~p —-nn, and the introduced to make the same dimensionality for
decay, n—~n*r"n° respectively. i, m,and I'are = M¢Mp and B. Setting SY2 4 —4iT = 2m, the

the pion mass, the n mass, and the total decay cross section for 37 production near 7 mass re-
| gion is now given by

1 IM (2 |B|?
o=f[Ml2dQ=f{ SMD

am® (STE—m)E+ (T/22 " u*
SH2—m Re(MSMDB*) r Im(MSMDB*) }
mu® (S Pom)?+ (T/2)2+ 2m i (SV2—m )%+ (T/2)? as; (4)

+

dQ) is the phase volume and is given by
1\ M2
aQ = (5>WO“(Q—Kl—Kz—KS—P’)é(Klz—uz)é(Kzz—u2)6(K32-u2)6(P’Z—Mz)d“Kld“sz“Kﬂ“P’,

where @, K,, K,, K;, and P’ are the four-component momenta for the initial system, the outgoing
three pions, and neutron with mass M, respectively; P and W are the momentum magnitude of incom-
ing proton with mass M and the total energy of the system in the c.m. system, respectively. dQ can
also be written in terms of dVS and dQ, which includes all the other integral elements except dVS:

dQ =dQavs. (5)

We should note that the fourth term has exactly the same Breit-Wigner form as the first term. This
is the fact on which our subsequent argument is based.

The limits of the integral in Eq. (4) depend on the 37 mass cut and the geometry of counter settings
used in each experiment. Since we are treating Eq. (4) in the n-mass region, the matrix elements
Mg, My, and B can be replaced by Mg, Mp, and B the integrals over the n-mass region. Further-
more, the observed 37-mass distribution should be smeared by an experimental mass resolution. As-
suming the resolution function to be the familiar Gaussian form, with a resolution o,

(Sir2—griszy2
202 ’

g(Vs,Vsr) =ﬁ éexp [—

the 37-mass distribution then is written from Egs. (4) and (5):

dg - Vi 2 ’ - 1 g’l AT AT 2 ’ L 12
(NS,—IIM(JS)I /S, V8Na/S = s T M ) 1gm, VS57) +51 B
SY2_yy 27 r
+

7 i B : oG E :
o —ITRe(MSMDB )glm, VS )+2m12 T Im(MSMDB*)g(m,wa ). (6)

In this integral, we made the approximations!®

1 2m (S*2-m) T
\/' ' ~ 20 ' f ' ~—(Qrl/2__ '
J‘(Sl/z_m)2+(r/2)2g(\/‘sy S )d‘/-s T g(m,‘[S ), (Sllz_m)2+(r/2)2g(‘/—s, \/—S )d\fS F(S m)g(m,\/-S ).
Since we are assuming C invariance for the n decay and a negligible charge asymmetry in the back-
ground |B[?, which appears to be experimentally correct, the asymmetry in the p-mass region will
come from the third and fourth terms in Eq. (6). However, if we integrate Eq. (6) over VS’ from m
-3Am to m +34m (Am being the order of o), the third term vanishes. Therefore, for these integral
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limits, the experimentally observable charge asymmetry is given by the ratio of the first and fourth

terms, i.e.,

2mT Im(M M B_*) 2mI |B_|

a=—73 — = ——— ————gin}, (7
i IMSMD | [ IMSMD |
where 6 is the phase angle for MSA—/?D'B_*. The maximum charge asymmetry will be obtained if we
set sin6=1 and B_ =B:
2mI  |BI 2nT o 12 g 12 .
*max w2 IM.M_| “\am o =0.16 Amo (8)
SMD n n

where Am is measured in MeV, T ~4 keV,'” and
opand op are the cross sections for Reactions
(1) and (2) in the 37-mass region from m—3Am
to m+3Am; i.e.,

=(1B12/u%2 —n A7 AT 12
oy (IB123/u*)2mam, o nIMSMDl/mr.

When Am is 10 MeV and the ratio of the back-
ground to signal is oB/on=0.1 as in the most ex-
perimental circumstances, then we obtain the
maximum charge asymmetry 1.6%. This Qnax
is, in fact, comparable with the order of the
charge asymmetry for the 7 decay observed in
the recent experiment.'® Furthermore, it is also
possible to have B ~B_ in the case of small
charge asymmetry in the 37 background. We will
discuss this next.

The charge asymmetry in the 37 background ap
is given by

2|B4IB_ |

2Re(B4B_*)
= = -I—z cosd

YBTIBLI2+IB_1? |B41?+ 1B

B?

where 6p is the phase angle for B,B_*. There
are three cases in which ap can have a small
value: (a) |B,!> |B_I, (b) IB_I> |B,|, and
(c) lcosdpg I < 1. Apparently, case (b) can give us
B=~B_, which makes « in Eq. (7) to be ap -
Although we do not have enough information on
the background, it is not inconceivable to have B
=~ B_, since the background term may come from
reactions such as 77p = 1 "rN*H(N*+t < urt) or
T=p = p°N*Yp° ~n+n —(p° being virtual), N* - nr°].
The charge asymmetry due to the third term in
Eq. (6) is also interesting to note. If we evaluate
the charge asymmetries, o; and ap, due to the
third term in two mass regions (a7, from m
-3Am to m and ap from m to m+3Am), then aj
and ap should have the same magnitude, but op-

posite sign. Therefore, if we observe different

asymmetries in the two mass regions, then this

indicates existence of the interference effect due
to the third term in Eq. (6).

In conclusion, we make the following remarks:
(a) A charge asymmetry of the order of 1072 is
possibly produced by the interference effect be-
tween the ) and 37 background. (b) If our mecha-
nism is right, then the experimentally observed
charge asymmetry must vary with the incident
pion energy. Also, it must depend upon the pro-
duction mechanism of the experiment concerned.
Hence, in order to establish experimentally a C
nonconservation in 7 decay of as small as 1% or
less, we have to change the incident energy as
well as the production mechanism. Also, we
should make apy3x as small as possible by a
proper experimental setup. If the asymmetry
still persists in all these different experiments,
then we are safe to infer C nonconservation. It
is interesting to note in this connection that this
kind of interference effect is absent for the re-
action pp — many pions.'® This is obvious for
slow-p reactions since the initial channel is sym-
metric under charge conjugation. However, the
same holds valid also for moving-p annihilation
reactions. This results from the fact that in the
experimental analysis, we are only interested in
analyzing the 7+7 ~7° mass spectrum by averag-
ing over all other kinematical variables, or it
can be understood by using the operation CP in
the c.m. system. Hence, if we find a charge
asymmetry in pp annihilation, then we must have
C nonconservation. (c) A similar argument also
holds for the charge asymmetry for n—-ntr~y.
(d) Finally, a large C nonconservation in the
electromagnetic interaction may conflict!® with
the experimentally found small electric dipole
moment of neutron.?® This would probably indi-
cate that the n asymmetry, if it exists at all,
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would be much smaller than 0.1%. In that case,
even if we have the opposite case of say IB_|
~L B, instead of IB_|>[B+!, we could easily
reproduce the n asymmetry as small as 0.1%,
indicating that it would be quite difficult experi-
mentally to verify the C nonconservation in n de-
cay.
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