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First hint of nonstandard CP violation from B— ¢Kg decay
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We comment on the implications of the recently measuCd asymmetry inB— ¢Kg decay. The data
disfavor the standard model at 2.&nd, if the trend persists in the future with higher statistics, require the
existence ofCP violation beyond that in the CKM matrix. In particular, the-sss decay amplitude would
require new contributions of comparable size to the standard model ones with an order one phase. While not
every model can deliver such a large amountG® and flavor violation, those with substantial FCNC
couplings to theZ can reproduce the experimental findings.
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[. INTRODUCTION In the SM the above decay modes are related such that the
differenceDp of their asymmetries obeyd40-13,
The breakdown o€ P symmetry in theb system has been _ i )
established from measurements of time-dependent asymme- Dcp=|[sinN2B8(¢K)]—sin28(3/yK)][<O(\%), (5)
tries int B—J/¢K decayq1,2]. In the standard modéSM)
the phenomenon ofCP violation originates from the
Cabibbo-Kobayashi-Maskawa(CKM) three generation
guark mixing matrix[3]. It is an impressive success of this
CKM picture of CP and flavor violation that the world av-
erage of the asymmetry iB— J/ /K decayd4],

where A=0.2 appears in Wolfenstein’s parametrization of
the CKM matrix. Evaluation of Eqgl) and(4) yields Dcp
=1.12+0.41 and hence violates the SM at@.7The impact
of these experimental results on the validity of CKM and SM
is currently statistics limited. Future prospects at Bhéac-
tories are that the statistical err0r¢KS(stat) can be ex-

sif28(3yKs ) lworld-ave= +0.734:0.054, (1) pected to improve roughly by a factor of three with an in-
' crease of integrated luminosity from @l ! to 1ab™1 [15]
agrees with the value extracted from experimental conand it will take some time before we knoWcp with suffi-
straints from very different processes such as those in theient significance to draw final conclusions.
kaon sector, sir2B(J/yK)];;=+0.64 . . .4+0.84 at 95% Con- In the following we entertain the possibility of a would-be
fidence level(C.L.) [5]. However, this CKM paradigm is measurement of di83(¢Kg]=—0.39 or a similar value
now challenged by the recently reported measurements ofhich departs drastically from the SM expectation of E).

CP asymmetries iB— ¢Kg decays by BaBal6], We discuss the generic requirements to new phy&itRd)
models to explain these values in Sec. Il. In Sec. Il we work
sif 28( K s) Igagar= — 0.19° 325+ 0.09 (2)  out and discuss the reach of specific models in the observ-
able sif28(¢4Kg )] and conclude in Sec. IV.
and Belle[7],
_ Il. CONTRIBUTIONS TO b—sss FROM THE WEAK
siM2B(dKg)]gene= —0.73+0.64+0.18, 3 SCALE AND BEYOND
with the resulting error weighted average Time-dependent measurements Bg,B, decays into a
) CP eigenstatef such asJ/¢Kg,dKg return the value of
Si2B(¢Ks)Jaye= —0.39£0.41 (4 sin28(f)]=Ssin(2Bes+AP;). (As commented on in the Intro-

with errors added in quadrature. The value in Bj.corre- duction, we fix|A/A| =1 to first approximation.Here, Bers

sponds to the coefficient of the sine term in the time-iS the phase fromB,—B, mixing and is common to all
dependenCP asymmetry, see, e.d8]. Belle also quotes a By,Bo—f decays, and\®;=arg(A/A) is the phase from
value for the directCP asymmetry, i.e., the cosine term the decay amplitudes. In the SBL¢=8 and Ad,,,« and
Ak = —0.56+0.41+0.12 [7], which is consistent with AD=AD 4 =O(\?) [10-14. The “golden-plated” mode

zero. In view of the current large experimental uncertaintiesB— J/ 4K is mediated at the quark level by—>c€s decay
we neglect direcCP violating effects on the decay ampli- and receives a large contribution from the tree leWeex-
tudes in reporting the result of E¢d). With increasing pre-  change. Hence, we expettd .« to be subleading even in
cision they will become sensible and yield additional infor-the presence of NP. On the other hand, the Bre ¢K
mation[9]. decay appears in the SM only at the loop level, see Fig. 1,
and therefore is generically more susceptiblértew) phys-
ics from the weak and higher scales.
Throughout this papel/ ¢ stands for alcc states included in the Measurements of diBB(4pKg)] and sii2B(IyKg)] fix
experimental analyses for $&B8(J/yK)]. A® up to a four-fold ambiguity and in general have eight
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FIG. 1. SM diagram contributing tB— $K decay. FIG. 2. Examples of contributions beyond the SMitessss

. . decays.
pairs (Beii,AP) as solutions. For example, let us take the Y

goodO (10%) agreement between data on YKsu)] ¢ suming a larger Wilson coefficient of order 1 requines

and the SM fit for sin B as an indication that the value o A
Beis €xtracted is in the same branch as the one from the Sl\7|'2_3 TeV. Another possibility is tree level FCNC at the

L — — weak scale, wherBly=m;, gx=0w, andéc=Us. This is
fit, i.e. we assume that— ccs decays an@y-Bo mixing are j,srated in the right diagram of Fig. 2. Trezb coupling
dominated by the SM contributiorfThis concerns discrete as to be dominantly imaginary and sati$ty,J =102 to
ambiguities and barring accidental cancellations does not aEe in the right place. bs

fect our conclusions about large phasedinsss decays.
Then, Bei=24° andAd® = —70°,—204° using central val-
ues. This requires a large source ©P violation in theb

—sss amplitude outside of the SM. We recall that there isno  In this section we examine the reach of different models

conflict with a small+direcCP asymmetry as measured by jn the phase of the— sss decay amplitude. In particular we
BaBarAcp(B~ — ¢K*)=—0.05+0.20+0.03[16]. While & study the minimal supersymmetric standard maSSM),
large value forAcp would unambiguously indicate the pres- 3 variant of the two Higgs doublet mod@HDM) 11l which
ence of NP, a small or vanishing one could be caused bygntains an extra source 6fP violation and a model with a

small or v_anishing strong_phases. . vectorlike down quarkVLDQ). The CP reach inb—sss is

Let us illustrate what kind of scales could be invoked for o ateq ysing the effective Hamiltonian description and
an interpretation of a®(1) phase in thé—sss decay am-  factorization [18,19. While this latter approach contains
plitude. The measured branching rati®(Bo—#Ko)  model dependence it gives the right pattern in which NP
=(8.1°35+0.8)x107® [17] is in agreement with the SM enters the rare decays. Our findings are summarized in Table
assuming factorizatiofl 8], which has, however, substantial |. Only those models witih ®~O(1) are able to reproduce
errors from hadronic physics. In the absence of a first prinsinf28(¢Kg]=-0.39 or a value similarly different from
ciple precision calculation of hadronic two-bodd/decays  sin28(J/yKg)].
into light mesons we will not perform here a detailed study \what is the explanation in supersymmet§USY)? To
of the B— ¢K matrix element. Instead we assume that depart significantly from the SM with ®<O(\?) one has
—sss decays proceeds via a single flavor changing neutraio go beyond the MSSM with minimal flavor violation
current (FCNCO) operator with appropriate Dirac structures (MFV), i.e., allow for moreCP and flavor violation than the
I, one present in the SM which is in the Yukawa couplings.
o Recall that gauge and anomaly mediation are MFV, whereas
,SI'1bsl;s in general SUSY grand unified theorié&UTs [20] and
O= §F9><T’ (6)  effective SUSY model§21,29 are not.

X Allowing for arbitrary mixing in the down squark sector,

generated from an interaction at scalg with couplinggy  the effect of gluino contributions ibﬁs_$ decay has been
and & contains all flavor mixing information. In the SNk analyzed in Refs[23—-25. As shown in[25], an order one

is the weak scale, i.eMy=M, gx=0w, and&r=Vy, Ve NP contribution to the QCD penguins at the weak scale can
contains the CKM angles. The operator contributes with th@ive at most a 10% contribution at the scale-m,. By
Wilson coefficientCo, renormalized at the-m,, scale of size  IMPOsing experimental constraints frdm-sy a rangeAd

of a few times 102[18,19. The NP contribution t® hasto ~ =0.7 has been obtaing¢@4]. A most important contribution

be roughly of comparable size to the SM one to explain thd" @ generic MSSM without MFV stems from up squark
observed,— ¢K, branching ratio and has an order d@®  Mixing between the second and third generation which flips
phase in the overall mixing coefficiest to explain a large chirality, parametrized by &35 . This parameter

CP asymmetry induced by thie— sss decay amplitude.
Examples of contributions from physics beyond the SM to
b—sss decays are shown in Fig. 2. The left diagram dis-
plays the effect of a new bosox in the FCNC loop with
matter g; in close analogy to the SM mechanism. g§
=gw, flavor anglegée|=1 and anO(1) CP phase, an€o
is SM-like, then this require$/ =400 GeV to satisfy the |A®D| O(\?) 0(1) =<0.2 0(1)
conditions on size an€ P breaking discussed above. As-

. WHICH NEW PHYSICS IN B— ¢K?

TABLE I. Reach of the SM and models beyond ihd
=arg(A/A) in b—sss decays.

SM, MSSM Generic
with MFV MSSM 2HDM I VLDQ
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is essentially unconstrainédy, 5| <O(1), can becomplex, IV. CONCLUDING REMARKS
. . U
a_md induces an effectiveZb vertex | Zsy <0.1] 554 | de- We have examined the implications of the experimental
fined as[26,27) results[6,7] on CP violation from interference between mix-
) ing and decay iB— ¢K decays. These data are in conflict
_9 g b s 7 7) with the SM at 2.4 and with many NP scenarios without
27 42 2COSByy - mILEsh: A® of O(1), ascompiled in Table I, such as the MSSM

with MFV. As we find, models with sizable and complex
These Z penguins are constrained by—sl™l™ decays szp couplings do have the requiredP reach inb—sss
|Zsp/<0.1[26-29. The contribution tob— ¢s is then=  gecays. Note that anomalous couplings generically lead to
(— 3+ 5sir@)(97/47%) Zsp. If the penguins are sizable— |arge effects in thesZb vertex[33]. TheZ penguins contrib-

indicating the presence of large, complex up squark mixin epto- — A
in the MSSM—they access values &fP of O(1). The ef- qr{r:s(iﬁlgs([)ng st™¢" decaysb—svy decays, andsB,

fect of R-parity violating operators\jj, u;d;dy is small be- A new CP violating NP contribution to the operat®6)
cause there are no tree level contributions to bhesss  will leak into other decays such &—K#,K%' which do

operator(6) due to the symmetry properties of the superpo-have ass admixture. Belle reported for the time-dependent

tential[10]. _ asymmetry parameters EB(7'K9]=0.76+0.36" 332 and
.We study the 2HI?M [l as an example of a NP scenanoAﬂ,KS: +0.26+0.22+0.03 [34,7]. Because of the anoma-
with an extended Higgs sector. The relevant model paraml—ousl

eters are the charged Higgs boson mass and the “wrong®""Y large branchlng ratio @ — (K, Xs) 7 decays[-18,33.
Higgs couplings of the third generatijwe neglect all en- the effect of NP in the gb)(ss) vertex can be diluted in
tries except the (3,3) of@nd their relative phase. This new these _channels by an enhancgd SM contrlbl_mon. Hence, it is
CP phase enters predominantly the dipole operators such &9nceivable that sj2p(7'Kg)] is closer to sif28(J/yKg]

the one with a quorogzgaWbG“V, see[30] for details. than sif2B(4Kg)] in agreement with the data and the hy-

. . — ) . pothesis of sizable NP iB— ¢Kg decays. There might be as
This operator contributes to the— sss amplitude, though in well already NP in theCP asymmetry inB—J/yKs, de-

the SM at a subleading level compared to the QCD penguin . S .
diagrams, e.g/,24]. Theg 2HDM 1lI r?mdel is cons?rainepd b?/ Cayi(l)' Excluding the possibility that NP ib— ccs and/or
nonobservation of the charged Higgs bosng- >80 Gev,  Bo-Bo mixing conspires such that the fit lives on a differ-
the b—sy branching ratioBo-§0 mixing, thep parameter, ent branch tharB.s¢, this effect is at the 10% level. Since

and the neutron electric dipole moment. We scan over th@(B— #K)/B(B—J/yK)=10 2 [17] and assuming ap-
allowed parameter space and obtaib<0.2, proximate flavor universality an or_der one NP contr|_but|_on to
A simple model beyond the SM with an enlarged matterB.H .‘i’KS is roughly a 10% correction B—J/YK, Wh'Ch.'s
sector is the one with an additional vectorlike down quarkW_'thln the errors. Sgn_smvny to NP from m(_aasurnﬁ;_ln
D,. The (3x4) dimensional extended CKM matri¥ in- d'ﬁEfe”F decays IS limited by the error on sif, which
cludes mixing betwee, and the SM quark doublets and can be improved if the_error ofYy| decreases and the SM
causes tree level FCNC couplings to tAg31]. These are background fromb—uus contributions toB— ¢K, which
given asUps= — VI,V for b—s transitions, where/d di- ~ has been suggested to bound®Y(3) analysig[13].
agonalizes the down sector. This gives also the amount of
CKM unitarity violationU,s= 2, _, . (Vi}, Vis Which vanishes
in the SM. Following the discussion for the SUSY models It is a pleasure to thank David Atwood, Susan Gardner,
with Z penguins, we relaté),=—g?/(47%)Zs, and get and Martin Schmaltz for stimulating discussions. | am grate-
|Up{ =103, slightly better than the bound frof82]. The  ful to Yossi Nir for communication. This work was supported
reach of the VLDQ model id® is O(1) in agreement with by the Department of Energy, Contract DE-ACO03-
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