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Charge asymmetry in K*— z* vy induced by the electromagnetic penguin operators
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The CP-violating charge asymmetry in the decags — 7= yy, which is induced by the electromagnetic
penguin operators, has been studied both in the standard model and in its extensions. Because of a large
enhancement of the Wilson coefficients of the electromagnetic penguin operators in the supersymmetric ex-
tensions of the standard model, a significant upper bound on this charge asymmetry could be expected, and
thus high-precision measurements of this interes@iiyviolating quantity might explore new physics effects
beyond the standard model.
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Rare kaon decays provide a very useful laboratory both térom minimal flavor violation[16]. It is easy to see that the
test the standard modéSM) and to explore new physics SM structure,SU(2), X U(1)y, will impose the following
beyond it[1-4]. It is of particular interest to study the chiral suppression for these operatptg,18:

CP-violating effects, which arise in such weak decays from

dimension-five operators, including the electromagnetic and su_Cr .
chromomagnetic penguin operat¢dMO and CMQ since H et =Evtdvts
the CP violation induced by these operators is suppressed in

the SM; however, it could be enhanced in its extensions . e o
[5-12. On the other hand, present experiments, HyperCP +MgSRo,,tadL) G "+ Cro—— (Mys 0, dr
[13], and future NA48 experimen{d4], are going to sub- 8

stantially improve the present limits on the Wilson coeffi-
cients of these operators by studyi@gP-violating charge
asymmetries in charged kaon decays, such K$
—(3m)*, K*—=x=¢*"¢ ", as well as one-photon or two-
photon radiative decays. It is expected that charged kaowith
decays could be an ideal framework to explore dil€®
violation, or CP violation of pure AS=1 origin 3x? x3—5x2—2x
[3,6,7,11,12,1b The purpose of this paper is devoted to the Cra(my)= o1 )4In X T (5)
analysis of theCP-violating charge asymmetry induced by (1-x (1=x)

the EMO in the two-photon radiative charged kaon decay,
K=— 7= vy, both in the SM and in its possible extensions.

The general weak effective Hamiltonian, contributed by
the EMO and CMO, can be written &5]

Os —
Cllﬁ(mdSLU,wtadR

+mMgSgo,,d ) F#" | +H.c., (4)

x2(2—3x) 8x3+5x%—7x
nx—
2(1—-x)* 12(1-x)3

(6)

Ciamy) =

) . - - . . wherex=m?/mZ, andt, are theSU(3) matrices. However,
Her=C, (1)Q, (1) +C (1)Q, (1) +Cq (1)Qq (1) as we shall see, new flavor structures, for instance, from the
- - supersymmetric extensions of the SM, allow us to avoid the
+Cq (1)Qqg (m)+H.C., @ chiral suppression for the operators in Ed). [19].
It has been known that th&*— 7™ yy transitions are
dominated by long-distance effec{®0,21. Within the
framework of chiral perturbation theory20,27, K=

Q;Ze—Qd(gLUWdRigRUWdL)FW, 2) — " yy receives the first nonvanishing contribution at

wherecig are the Wilson coefficients and

67 O(p* including both loops and anomalous and nonanoma-
lous couterterms. The genef@(p*) amplitude of the decay
. gs — _ can be decomposed in the following wgg0:
Qg_ :@(SLO-;LVtadRiSRO-;LVtadL)GlaLV . (3)

MIK" (k)= " (p) ¥(d1,€1) ¥(d2,€2)]

Here Qq=—1/3, ando,,=i/2[vy,,v,]. Note that Eq.(1) A(y,2) ,
with complex Wilson coefficient<; ; could lead to new =€1,(01) €2,(02) o (959;—01-929"")
flavor structures beyond the SM, which generally depart K

N C(yz,Z)

8“”%1&24, (7)
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with =K' —>7"yy)—T(K =7 yy)|
K-(Qq— +05)? Im ¢|Ggagw|*Mg [ (1-r )2
_ (ql2 Q2)’ - 2(12) _ ®) :Tf , A (1z,r?)
m2 mi 2+ ar
X (r2—1-z)zImF(z/r2). (14

The physical region in the dimensionless varialesdz is
given by ) ) , . -
Thus information about the imaginary partofs relevant to

1 the estimate ofI". It is clear thatlLy and L4y cannot con-
Os|y|s§)\l’2(1,z,rf,), O=<z<(1-r_)? (9  tribute to it. In the SM, Int is therefore governed by the
weak-coupling combinatiorN,,—Ns—2N4g due to the

5 o Cabbibo-Kobayashi-Maskaw&KM) phasg27]. This point
wherer ,=m./my and\(a,b,c)=a’+b"+c“—2(ab+ac  pas peen explored in the past literature, and some small val-
+bc). Note that the invariant amplitudégy,z) from l00ps  yes of the charge asymmetry i — 7~ yy have been ob-
and nonanomalous counterterms, @@,z) from anoma-  tained in Refs[24,3] and[25], respectively:

lous counterterms have to be symmetric under the inter-

change ofq; andq, as required by Bose symmetry. In the ST\ SM
SM, theO(p*) amplitude forA(y,z) has been given in Ref. (f <1073 [24], (15)
[20], which is
and
Ggmia’EM 2 z
Aly.2)=— ——|(rz—1-2)F z Ry
(f) <10* [3]. (16)

+(1-r2-2)F(z)+cz/|, (10

We would like to give some remarks here. First, Etp) is
5 s 5 the updated version of the result given in Rgf0], and a
where agy=e/4m, and[Gg[=9.2<10 ° GeV % We do  vanishing imaginary part oi;,— N;s— 2N, has been pre-
not display the explicit expression f@(y,z) since itis ir-  dicted by the authors of Ref28] using 1N analysis. Sec-
relevant to the present discussi®i{z/r%) andF(z) are gen-  ond, in deriving Eq.(16), the O(p®) unitarity corrections

erated froms and K loop diagrams respectively, which [25 26 from the physicalk*— 3 vertex toK*— 7= yy

could be defined as have been taken into account. As an order-of-magnitude es-
timate for the charge asymmetry i — 7= vy induced by
4 X the EMO, in the present paper we do not considerQiip®)
1- ;arcsu?(7), x<4, unitarity contributions since, as pointed out in REI5], it
F(x)= 5 (11) does not alter significantly the value of the charge asymme-
1/ 1-VJ1-4/ix . try obtained alO(p?) in chiral perturbation theory.
1+ X Inmﬂw , X=4. Let us now try to delve into the analysis of the

CP-violating charge asymmetry id~— 7~ yy arising from
“ ] . the EMO formulated in the general effective Hamiltonian of
¢ in Eq. (10) is from O(p“) nonanomalous local counter- gq (1). It will be shown below that this asymmetry is very
terms, small in the SM, however, it could be significant in the su-
persymmetric scenarios beyond the SM by comparison with

12872 those given in Eq915) and(16). Using the same way given

3 [3(LotLio) + N1s=Nys=2Nygl, (12 in Ref. [9], we first construct the effective Lagrangian that
represents the EMO. In fact there are many possible chiral
realizations of these operators. To the purpose of this paper,
the leading orde®(p*) realizations of the EMO, which are
relevant toK — myy transitions, could be expressed as

c=

whereLg and Lo are couplings in th@®(p*) strong chiral
Lagrangian 23] andN; (i=14, 15, 18 are couplings in the
O(p*) weak chiral Lagrangiafi22].

From Eq.(12) it is obvious that ther-loop contribution,
which is proportional th(z/rf,) in Eqg. (10), will generate a

CP invariant absorptive part. Thus & has a nonvanishing 9
phase, the interference between these two parts will lead to L, d C;O\U(FLM#UTFRWU)“—”?\

the charge asymmetry iK™ — 7= yy as follows[20,24: N 612

£=a1£1+ azﬁz, (17)

X(FLu+UTFgR, UUNFA + He, 18
5F_|F(K+—>7T+'yy)—F(K_—>7T_yy)| 13 (FLuv ruIUY) (18)

2T (K —=a'yp+T(K =7 yy) and
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eQ

. eQy .
£2—IIE;EC7<XUL L,=

pev—

AL,LUNF#+H.c., (19

where a; and a, are unknown coupling constants,,
=iuU TD#U, and (\);; = 5 6, . We use the standard notation
in chiral perturbation theory29|, F, ,,=Fg,,=€QF,,,
D,U=49,U—-ie[Q,U]A,, andQ=diag(2-1,-1)/3. U is

a unitary 3<x3 matrix with detU=1, which collects the
Goldstone meson fields#(, K, and ») as follows:

U=exp(i 2®/f ),

78 + +
_— — ar K
V2 6
1 _ 0 78 0
o= —\egu)=| T =+ k|,
A Pa(X) ARG
- — 27g
K KO -
J6

(20

where the A\*s are 3xX3 Gell-Mann matrices andf .
=093 MeV. Note that our resuftEq. (17)] is not contrary to
that in Ref.[28] since it does not give any contribution to the
imaginary part of the weak-coupling combinatidiy,— N5

—2Nqg. However, it is easy to see that the effective La-

grangian[Eq. (17)] will give new contributions to decays
K*—#"yy andK~— 7 vy, respectively, one can there-
fore expect that the new structures in E@3) and(19) with
the complex Wilson coefficient@f will induce a possible
charge asymmetry iK*— 7~ yy decays. Consequently, the
interference between the amplitude f&r— 7*yy from

Eqg. (17) and the absorptive part in EGLO) will give

STEMO= (KT =7 yy) —[(K~— 7 yy)|EMO

:aéM|G8|mi

.
3.2875¢2 mey

531—32
(1-rp)2

1
dJ|
a2

r7T

daY(1z,r%)(r2—1-2)z
XImF(z/r2). (22)

The first observation oK* — 7" yy has been reported by
the BNL E787 Collaboratioh21], and the branching ratio of
the decay has been measuféd,3Q,

Br(K*— 7" yy)=(1.120.3+0.1)x10°%. (22

Thus we have
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1—ay |- (23

S EMO . 2
(zr) —(2.41“0.7)><106‘ Im C| 3
Our next task is to evaluate the magnitude ofO[)*n and
(2/3a;—a,) to check whether it is possible to get a signifi-
cant charge asymmetry &~ — 7=y from Eq.(23). How-
ever, since unknown constaras and a, in Egs. (18) and
(19 are related to the low-energy chiral dynamics, at the
present we have no model-independent way to give a reliable
determination of them. In the following we will estimate
them using naive dimensional analysis, within the chiral
quark model, and employing lattice calculation, respectively.
Naive dimensional analysiAs the order-of-magnitude
estimate, using naive dimensional analyj§%], we can ob-
tain

fr

aINaZNfWA_I (24)
X

with A, =4mxf_ as the chiral symmetry spontaneously
breaking scale. So we get

2
‘ i T i Sy (29
and
ST EMO
. — +
(zr) 1.8x10" GeVlimCJ|. (26)

The chiral quark modelThe chiral quark model has been
extensively used to study low-energy hadronic physics in-
volving strong and weak interactiof82—-35. In order to
study the directCP violation in decaysK—m¢* ¢~ (£
=e, u), this model has been employed by the authors of
Ref. [12] to evaluate the Bosonization of the EMO, which
corresponds to tha, part in Eq.(17). In the same way as
that in Ref.[12], one can obtain the effective Lagrangian
corresponding to tha; part in Eg.(17). This leads to

f2

m

_ _3Mg
4Mq

a,=
872

: (27)

ai

where the constituent quark mads, could be set about 0.3
GeV[12]. Thus we get

ol

EMO
o)

=(1.6-0.4x10" GeMimCJ|. (29

Lattice calculation So far there is no direct lattice calcula-
tion ona; anda,. However, note that tha, part in Eq.(17)

will also contribute to transitiolk — 7y* — ¢ €, and the
first lattice calculation of the matrix element of the EMO,
(7°|Q; K%, has been done in Ref36]. One therefore
could determine the value af, by comparing the result from
Eqg. (17) and that from the lattice calculation. In general, the
matrix element of the EMO can be parametrized in terms of
a suitable parameté [5,36]:
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J2eq, the enhancement o€, , at one loop, via intermediate
(7°1Q; IK%) =i ———Brp4pkF .. (299  squarks and gluinos, which is due both to the strong-
16m°my coupling constant and to the removal of chirality suppression

present in the SM. Full expressions for the Wilson coeffi-
tients generated by gluino exchange at the SUSY scale can
be found in Ref[19]. We are interested here only in the
contributions proportional to fiy, which are given by

On the other hand, using the effective Lagrangian in Eq
(17), one can get

\2eQy 2a,m
(770|Q;|K0>=|167T2mK 2 phpkF .. (30

N s(Mg) .
C,, susv(My) :m—g[( 80R)21= (BLR) T2l F susv(Xgq)
9

SinceB;=1.18+0.09 has been found in the lattice calcula- (34)
tion [36], from Egs.(29) and (30), we have

s(mg)
m—g[(éER)Zli(aER 121Gsusv(Xgq).

(39

a,=0.010-0.001 GeV. 31  CasusiMg)= .

Unfortunately, now we are not able to use the similar way to
extract any information om, from the lattice calculation. where (5ER)”:(M%)iLJ-R/m§ denotes the off-diagonal en-

However, by comparing the value @k in Eq. (31) with  tries of the (down-type squark mass matrix in the super-
those from naive dimensional analy$is Eq. (24)] and the kM pasis. x..= m2/m2 with me being the average gluino
chiral quark modefin Eq. (27)], one can find that they are of mass and’nl tgr?e avgeraqge squa?k mass. The explicit expres
the same order of magnitude. Meanwhig,from Eqgs.(24) . q N )
: : ions of F X) and G X) are given in Ref[5], but
and(27) are also of the same order of magnitude. This IeadSc'Oting thaﬁﬁ\é(y )do ot ggf)\é(m)j stror?gly it is su[ffi]cient

to the same order of magnitude estimates for the charg .
: : : . ~T0r our purposes, to approximakesysy(x) ~Fsysy(1)=2/9
asymmetry in Eqs(26) and (28), which are from naive di )gnd Gevsv(X) ~Gsuev(1)= —5/18. In any case it will be

mensional analysis and the chiral quark model, respectively. ;
Therefore, in general, easy to extend the numerology ongg, is better known.

Also the determination of the Wilson coefficients in E(&1)

ST\ EMO and (35 can be improved by the renormalization-group

(f ~1.0x10* Ge\AIij| (32  analysis [5,36]. Then by taking my=500 GeV, m
=174 GeV, m,=5 GeV, andu=m.=1.25 GeV, we will
have

could be expected except in a fine-tuning case in which there
is an accidental cancellation between&/anda, (since we L sUSY ., N 5 b s
cannot reliably fix the relative sign @, anda, in a model- [Im CJ[>*57=2.4x10"* GeVHIm[(Sr) 21+ (SR) L2l-
independent way

In order to go further into the charge asymmetry in Eq. (36)
(32, now one has to compute the imaginary parts of the
Wilson coefficientsci, which are related to the short- Using the experimental upper bound on the branching ratio
distance physics. In the SM it is easy to geta)@ﬁ from Egs.  of K, — 7% e~ measured by the KTeV Collaborati¢89],
(1) and(4) as the lattice calculatioi36] has given

3G, M (8P2) o1+ (60R)%,]| <1.0x1072 (95% C.L).
[Im C|SM=—=(mg+my)|Im\,C1J], (33 (37
V2
Thus from Eqs(32), (36), and(37), the charge asymmetry in
where \;=V,4V.. Due to the smallness of Im~10% ~ K“"—a yy induced by the EMO in the supersymmetric
this contribution from the SM to the charge asymmetry inextensions of the SM could be bound as
K*— 7= vy is strongly suppressed and could be negligible.
Therefore in the following we will turn our attention to phys- ST\ EMO
ics beyond the SM. (f) <afew x1073, (38
Among the possible new physics scenarios, low-energy susy
supersymmetryfSUSY) [37] represents one of the most in-
teresting and consistent extensions of the SM. In generiwhich is significantly larger than the charge asymmetries
supersymmetric models, the large number of new particlegiven in the SM[3,24,28.
carrying flavor quantum numbers would naturally lead to In conclusion, we have studied tl@&P-violating charge
large effects inC P violation and flavor-changing neutral cur- asymmetry induced by the electromagnetic penguin opera-
rent (FCNC) amplitude[38]. Particularly, one can generate tors in K*— 7= yy transitions, and supersymmetric exten-
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sions of the SM may enhance the Wilson coefficients of thes&*— 7~y up to 10 2 would be a signal of new physics,
operators, which leads to interesting phenomenology in thignd thus high-precision measurements of Bi-violating
study. It is found that the constrain imposed by experiment§bservable might probe interesting extensions of the SM.

[39] on the SUSY parametém[ (50g) 21+ (S0R) 1| allows  The author wishes to thank G. D’Ambrosio for very help-
a significant upper bound on the charge asymmetry given iful communications. This work was supported in part by the
Eq. (38). Our analysis shows that the charge asymmetry ilfNSF of China under Grant No. 10275059.
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