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On the Possible Violation of CP-Invariance
in the Decays of Charmed Particles

The possibility is considered that CP-invariance is
violated in charmed particle decays. The study of the
p’-n? system, which would be produced in e*e"collisions,
is suggested for the investigation of CP violating effects.
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The recently discovered/l"‘/ narrow resonances with
masses of 3.1 and 3.7 GeV are widely believed to possess
hidden charm. If this is true many charmed particles
will certainly be found in the nearest future and, among
the others, D® and DO - mesons with the quark content
p’p and p’p, respectively, where p’ is the charmed
quark. There is a close analogy between the properties of
n_p° system and those of the well-known k" - k" sys-
tem. It is natural to expect possible CP-invariance viola-
tions in the decays of 1)’ mesons,and in this Letter we
wish to discuss how such effects could be searched for
experimentally.

Let us consider the production of a resonance in
¢t ¢~ collisions which decays into a n® and 1n° pair
(such resonances must exist according to the quark model
and have masses larger or of the order of 4-5 GeV). Let
Ii -mesons decay _into charge conjugated states, say,
DO, K x*v, and DO K /L_;Il (we assume hereafter the
validity of# the AC - \s selection rule, which for such
decays follows from the quark model, C and S being the
charm and strangeness). 0 -0

If there were no vacuum transitions J° « 1, all the
pairs nno would decay into (K +,,,l)(|\’+,r,~,ll). However,
due to the Dp «— D transitions and the formation of the
Dy and Dg states*, there will appear a number of decays

%Here Dy and D aredefined in the same way as K, and
ks (see, eq. (3)). It is worth noting, however, that the
Dy and Dg lifetimes are both very short. Just this cir-
cumstance makes the observation of CP-violation effects so
difficult.



into (K*u~7,) (K'pv,) and (K7u*y,) (K ifv)pairs. Let us
denote the number of such rare pairs as N**and N~~. One
readily finds that the ratio of N' "+ N”~ to_the number
Nt~y N~ "of ’’normal’’ pairs (K*p—T»#) (K p+v,) +
+ (Kt V#) (K u~ T/#) is given by
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where Ig and I} arethewidthsofthe Dg - and B; me-
sons, Amg; is their mass difference.

According to_the estimates of ret/ 14~ T'p -
~10'! - 10 sec™!, (-Iy) /(T +T.)~1g%0 =5x10°2 where 6 is
the Cabibbo angle. If [Amg; |<<I's -TI'y, , then R~ 1g46~1073,
If however, |Am g > Ig -T ,then the expected valueof R is
larger. For example, the existence of first order transi-
tions with AC=2 would lead to |Am sp>>T and R=1/2.

CP-violation would give a charge asymmetry

ttONTT 4Reeqy (1+ |e 2)

5DE N++ N—_ _ t»[)z - D,‘ 2:4RCED, (2)
N +N (1+\€Dt )+4(Reen)

where ¢ is the CP-violation parameter in the wave

functions of Dg and D mesons*:
DS~D0(1+ED)+ ﬁo(l—eD)~D1+eDD2
0 no 2
D, ~D"(1+ ep) =D (l-ep) ~Dy+epDy,

where D ; and D, are the pure CP states.
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* Let us note that eq. (1) ié in fact valid in the limit
of ¢ D= 0 .Taking into account the CP-violation we obtain:
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N—eplfleep? (g + T ) ® ~4TgTp +4(Amgy )

Let us note that, generally speaking, ¢, increases
with decreasing Am_, .Hence, the possibility that ¢ >>¢ ~
~ 2x10~ 2cannot be ruled out, (here ek 1is the CP-viola-
tion parameter in neutral kaons). In this case 5p>>1% and
a statistics of N'*=10%decays, would be necessary in
order to search for CP-violation. For luminosities of
e" ¢~ colliding beams close to 1023 cm®sec~! such an
experiment is feasible.

The charge asymmetry could be looked for not only
in the Kpv modes but also in other decay channels
such as Kev, , Kpy, »* #~ and so on* Let us note also
that an intermediate resonance is not necessary for
observing CP-violation; the annihilation ete=>y » DY D?
could be used as well as far as it is proceeding via one
virtual photon. If the charge asymmetry turns out to be
small, then special considerations should be given to the
background contribution of the two photon intermediate
state, which could also give charge asymmetry.

As a matter of fact, we have discussed so far the
superweak model of CP-violation. There might exist,
however, a milliweak or even a millistrong CP-violation
in the decays of charmed particles. In this respect it
would be interesting to search for a difference in »+ and
7~ spectra in, say, »*»—% decays of v® or D®-mesons.
The search for C -odd decays such as AR nw 0wl Xon
is also justified. The effect could be large if the C-odd
millistrong pp° -annihilation into usual hadrons is not
suppressed.

*The investigation of the charge asymmetry in the
K~ channels, on one hand, would be facilitated by the
expected rg_lativ+ely large width of the decays
DK -+ and H%.K'»~, but, on the other hand, is made
difficult by the fact that with a pro&)ability ~sins 6 there
must be present the decays D% K"7”and D? - K7 =%
This increases the number of ’’rare’’ pairs(K =~)}K =)
and (K" »*)(K #*)by an equal amount and consequently

’dilutes"the CP violating charge asymmetry effects

searched for.



The observation of the effects discussed above could
give a clue to the understanding of the whole problem of
CP-violation.

The authors are grateful to A.I.Vainshtein for a discus-
sion.
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