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Within the standard model,CP-violating asymmetriesA~L2
0 ! andA~J2

2! have been estimated in short-
distance calculations to occur at the level of 1025. We show here that in this model the dispersive contribution
tends to give asymmetries of similar size.@S0556-2821~97!04203-3#

PACS number~s!: 11.30.Er, 13.30.Eg

A lot of interest is now directed towards understanding
the origin ofCP violation in particle physics@1#. Among
various processes considered as promising areas of experi-
mental study, the nonleptonic hyperon decays offer the pos-
sibility to observeCP violation in DS51 transitions. The
upcoming E871 experiment is expected to reach sensitivity
of 1024 for the sum ofCP-violating asymmetriesA~L2

0 ! and
A~J2

2! @2#. Estimates of these asymmetries within standard
model yield values at a few times 1025 level @3,4#. It has
been stressed@3# that good understanding of the dominant
CP-conserving part of nonleptonic hyperon decays as well
as knowledge of strong interaction effects~and, in particular,
of scattering phases! are indispensable if we are to draw
meaningful conclusions from any observed signal ofCP vio-
lation.

Recently an economic and successful model of theCP-
conserving part of hyperon nonleptonic decays has been pro-
posed@5#. The success of the model stems from allowing a
substantial~relative toW exchange! total penguin contribu-
tion in baryon-to-baryon weak transitions. In agreement with
general requirements of chiral and weakly broken SU~3!
symmetries the contributions from diagrams with weak
Hamiltonian acting in the meson leg were assumed nondomi-
nant. Without introducingany additional parameters the
model of@5# generates then a relation between the values of
the f /d ratios forS andP waves, which agrees with experi-
ment very well. While the deviation off /d from21 is, in the
model, due to penguin diagrams, the origin of the difference
in the values of thef /d ratios for the two waves arises from
SU~3! breaking in the intermediate states. In short, the ap-
proach fixes the size of~the real part of! the total penguin
contributions in theS andP waves.

Short-distance estimates of theCP-conserving part of the
penguin contribution in hyperon decays yields values that
fall short of the data by a factor of at least 5@6#. A similar
factor of 5 is needed in kaon decays as well. Arguments have
been presented that such factors presumably originate from
long-range hadron-level effects@7–9#. If hadron-level effects
are indeed that important, then for a reliable estimate of the
CP-violating penguin contribution one has to consider both
hadron-level~dispersive! and short-distance effects. How-
ever, the estimates ofCP violation in hyperon decays carried
out so far are based on short-distance calculations only
@3,10,11#.

In general, calculations of the scale of dispersive effects
may easily differ between various approaches by a factor of
5 or more. In order to proceed we assume in the following

that the total penguin contribution to nonleptonic hyperon
decays is dominated by hadron-loop effects. If these effects
are smaller, the numbers calculated below should be scaled
down appropriately.

In Ref. @5# we have obtained a description of theL2
0 and

J2
2 decays given in Table I, where contributions due to pen-

guin diagrams are explicitly shown.@The relevant reduced
SU~6! matrix elementsb ~W exchange! andc ~penguin! are
~in units of 1027!: ~1! for theSwaves:bS525, cS512 with
( f /d)S52112cS /(3bS)522.6 and~2! for the P waves:
bP52132, cP5158 with (f /d)P52112cP /(3bP)
521.8.# A description of theP-wave amplitudes forF/D
50.57 is given in Table I as well.

The hadron-level penguin contribution arises from that
part of hadronic loops which, when viewed at the quark
level, generates quark loops withq5u, c, andt ~Fig. 1!. Its
real part, of interest to us, may be estimated through disper-
sion relations. Contribution from hadronic states involvingt
quarks may be safely neglected: the relevant thresholds are
very remote. On the other hand, dispersive effects which
correspond tou and c quark loops have to be considered.
Although we will neglect direct contribution from the top

FIG. 1. Example of quark-loop generation from a hadron-level
loop diagram for the baryon-to-baryon matrix element of the parity
conserving part of the weak Hamiltonian.
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states, the existence of thet quark is felt in theu, c sector as
a deviation from equality ofVud* Vus and2Vcd* Vcs :

Vcd* Vcs52Vud* Vus2Vtd* Vts . ~1!

Thus, the sum of contributions from intermediate hadron
states corresponding to quark loops is

Vud* VusLH~u!1Vcd* VcsLH~c!1Vtd* VtsLH~ t !

'Vud* Vus@LH~u!2LH~c!#2Vtd* VtsLH~c!, ~2!

where dependence on Kobayashi-Mashawa~KM ! factors has
been explicitly factored out of the hadron-level-induced loop
contributionLH(q) of quarkq. The second term on the right-
hand side~RHS! of Eq. ~2! inducesCP violation. The size of
theCP-violating term is governed by

Imt[Im
2Vtd* Vts

Vud* Vus
5A2l4h<1023 ~3!

~usingl50.22,A50.960.1, andh<0.460.2!. A large mass
of the c quark produces an additional suppression factorsc ,
so that, in fact, the scale ofCP-violating amplitudes relative
to theCP-conserving one is set by

Imtsc[ImtLH~c!/@LH~u!2LH~c!#. ~4!

To estimate the ratio of dispersive factors let us note that the
long-range penguin contribution originates from weak tran-
sitions that occur within hadrons from intermediate meson
1baryon virtual states. Loop factorsLH(q) are proportional
to the probability of finding such a virtual state in a physical
baryon. For degenerate lightu, d, s quarks this probability
may be estimated in the dispersive approach as proportional
to @12#

E
thr

` 2Im)~s8!

~s2s8!
2ds8, ~5!

whereAs is total baryon energy andAs8 is the energy of the
virtual meson1baryon state. In the framework of the unita-
rized quark model of To¨rnqvist @13# the numerator in the
integrand of Eq.~5! is proportional to

k83exp@2~k8/kcutoff!
2#, ~6!

where the first factor comes from the phase space and the
p-wave character of strong virtual decays, and the second
factor arises from hadronic form factors and provides the
cutoff. In realistically sized hadronskcutoff'0.7 GeV @13#.
The dominant contribution comes then from intermediate
meson ~baryon! momenta k8 in the rangek82'0.6–1.2
GeV2.

Assuming SU~4! symmetric couplings, the dominant size
difference betweenLH(u) and LH(u)comes from different
values of the denominator in Eq.~5!. Thus, the ratio
LH(c)/LH(u) may be roughly estimated as

LH~c!/LH~u!'@~EMu
8 1EBu

8 2As!/~EMc
8 1EBc

8 2As!#2,

~7!

whereEMq
8 5AmMq

2 1k82, EBq
8 5AmBq

2 1k82 are energies of

the intermediate meson and baryon containing loop quarkq.
One then obtainsLH(c)/LH(u)'0.1–0.2. In conclusion,

dispersive calculations are expected to givesc of the order of
10–20 %. A calculation ofCP asymmetries is now straight-
forward. Normalizing the penguin contribution to the full
amplitude according to Table I, one obtains the following
weak phases:

fS~L2
0 !510.7scImt,

fP~L2
0 !'11.35scImt,

~8!
fS~J2

2!510.54scImt,

fP~J2
2!'20.55scImt.

TheCP-violating asymmetries are then calculated from the
formula @3#

A52tan~dP2dS!sin~fP2fS! ~9!

which is valid if one neglects the experimentally smallDI
53/2 transitions~in the model employed these transitions
vanish identically!. In Eq. ~9! dP,S are phase shifts due to
final-state strong interactions in appropriate isospin states

TABLE I. Full amplitudes and penguin contributions inCP-conserving amplitudes of nonleptonic hy-
peron decays~from Ref. @5#!.

Wave SU~3! expression Penguin
contribution

Total Experiment

L2
0 S 2

1

2A6
bS1

1

2A6
cS 2.45 3.47 3.23

P (F/D)

2/3 1

6A6
bP1

1

2A6
cP 32.3 23.3 22.1

0.57 29.2 17.6

J S 1

A6
bS2

1

2A6
cS 22.45 24.49 24.50

P (F/D)

2/3 2
1

3A6
bP2

1

6A6
cP 210.8 7.2 16.6

0.57 27.7 15.5
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(I51/2 forL2
0 andI51 forJ2

2!. With Imt'1023 and using
I51/2 phase shiftsdP~L2

0 !521.1°, dS~L2
0 !516.0° from

Ref. @14# one gets

A~L2
0 !50.081scImt'~0.821.6!31025. ~10!

For theJ2
2 decays the relevant strong rescattering phases

were calculated both in the past@15#, with the result
dP~J2

2!522.7° anddS~J2
2!5218.7° corresponding to the

asymmetry

A~J 2
2!50.31scImt'~326!31025 ~11!

as well as more recently@16#, in which case smaller values
were obtained:dP~J2

2!521.7° anddS~J2
2!50.2° leading to

A~J2
2!520.036scImt'2~0.3520.7!31025. ~12!

Comparing the above results forA~L2
0 !, A~J2

2! with the
estimates of Refs.@3# and @4# we conclude that dispersive
contributions to asymmetries in question may be of the same
order as their short-distance counterparts. Thus, experimental
observation of asymmetry of this order should be interpreted
with great care.

This research was supported in part by the Polish Com-
mittee for Scientific Research Grant No. 2 P03B 231 08.

@1# For a recent review see B. Winstein and L. Wolfenstein, Rev.
Mod. Phys.65, 1113~1993!.

@2# J. Russ, Nucl. Phys.A585, 39c ~1995!; J. Antoset al., Fermi-
lab Report No. P-871~unpublished!; G. Gidal, P. Ho, K. B.
Luk, and E. C. Dukes, Fermilab Report No. E871~unpub-
lished!.

@3# J. Donoghue, X.-G. He, and S. Pakvasa, Phys. Rev. D34, 833
~1986!; X.-G. He, H. Steger, and G. Valencia, Phys. Lett. B
272, 411 ~1991!.

@4# X.-G. He and G. Valencia, Phys. Rev. D52, 5257~1995!.
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