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Abstract

Recent measurements of time dependent CP asymmeBy-in¢ K, if confirmed, would indicate a new source of CP
violation. We examine flavor violating tree-lev&lcurrents in models with extra down-type quark singlets that arise naturally
in string compactified gauge groups lilkk. We evaluate the new operators at the sgate O(m;) in NLO, and using QCD
improved factorization to describe — ¢ K, find the allowed range of parameters foand, the magnitude and phase of
the flavor violating parametédy,,. This allowed range does satisfy the constraint from flavor changing précesset ¢,
However, further improvement in measurement of these rates could severely constrain the model.

0 2004 Elsevier B.V. Open access under CCRY license.
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1. Introduction regarding physics beyond the Standard Mdéag! In

the standard model, the proceBs— ¢ Ky is purely
penguin dominated and the leading contribution has
no weak phase. The coefficient of &itm gr) in the
asymmetry therefore should measure ginthe same
guantity that is involved inB — ¥ Ky in the Stan-

The ongoingB physics experiments by BaBar and
Belle Collaborationg1,2] provide a unique opportu-
nity to study the flavor structure of the Standard Model

uark sector and also the origin of CP violation. In ad-
q 9 dard Model. The most recent measured average val-

dition to this, any new physics effects B physics . -
can also be tested in these experiments. Recent time"©S of asymmetries argd,6] Sy x; = 0.734:+ 0.055

, . andSyx, = —0.15+ 0.33. The value folSy, ¢, agrees
dependent asymmetries measured in the détay L D0Ks - UPYKs e
¢Ks both by BaBar and Belle Collaboratiofit—4] ;/:]/ltPh(taheKStail;\?r?{g madeé:é(gjséagonénﬂ:ﬁnde;/(;iggg
show significant deviation from the Standard Model PKs guing penguin p

and this has generated much theoretical speculationbelng a Ioop mducgd Process 1 par_tlcularly sensitive
to new physics which can manifest itself through ex-

change of heavy particles. In this Letter we will con-
E-mail addresses: desh@oregon.uoregon.edu sider an extgnsmn of the Standard Model, with ext_ra
(N.G. Deshpande), desh@uoregon.edu (D.K. Ghosh). down type singlet quarks. These extra down type sin-
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glet quarks appear naturally in each 27-plet fermion whereS,x, andCyk, are given by
generation ofEg Grand Unification Theories (GUTS) 5
[7-10} The mixing of these singlet quarks with the g 2Imigks , Coks = 1—1hgksl 3)
three SM down type quarks, provides a frameworkto ~ ° 1+ [Agksl? 5 1+ Ak l?

study the dewatl_ons frlom the unitarity constrallnts of and A4k, can be expressed in terms of decay ampli-
3 x 3 CKM matrix. This model has been previously ,des:

studied in connection witl®, and F-B asymmetry at o

the Z pole as it provides a framework for violation of 2B M(B® — ¢pKs)
the unitarity of the CKM matrif10-12] This mixing oKs = ¢ M(B? = ¢Kg)’
also induces tree-level flavor changing neutral currents The branching ratio and the direct CP asymmetries

('.:C'.\I.C)' These tree-leyel FCNC couplings_can have a ot yoih the charged and neutral modesBof> ¢Ks
significant effects on different CP conserving as well have been measurét-4,6,31}

as CP violatingB processefl1,13-24]

4

In this Letter we study the FCNC effect arising  B(B° — ¢Ks) = (8.0+ 1.3) x 10°°, (5)
from the Z — b — § coupling Uy, to the B — ¢ Ky B(B+—>¢K+)—(94ﬂ:09)x10*6 ©)
process. This new FCNC coupling,; can have a T ’ ’
phase, which can generate the additional source of Spxs =+0.45+0.43+0.07 (BaBay, (7
CP violation in theB — ¢ K process, and thus af- — _0964+ 0.504:8.22 (Belle), (8)
fect measured values diyx, and Cyx,. We para- '
meterize this coupling by,, = pe'¥ . We then study =-0.15+0.33 (world averagk ©)
B — ¢ K taking into account the new interactions in  Cgx, = —0.1940.30, (20)
the QCD improved factorization scheme (BBNS ap- ACP(B+ N ¢K+) —(3.94+88+1.1)%. (11)

proach)[25]. This method incorporates elements of
naive factorization approadas its leading term) and
perturbative QCD corrections (as subleading contri- 5 p _ ¢ K in the QCDF approach
butions) and allows one to compute systematic ra-
diative corrections to the naive factorization for the
hadronicB decays. Recently, several studiesBof>
PV, and specificallyB — ¢ K5 have been performed
within the frame work of QCD improved factorization

In the Standard Model, the effective Hamiltonian
for charmlessB — ¢ Ks decay is given by25]

G
Het = — —= Vi Vi |:C1(/L)(91(M) + C2() O2(1)

schemd26-30] In our analysis oB — ¢ K, we fol- V2

low [30] which is based on the original pagés]. In 10

our analysis, we only consider the contribution of the + Z Ci(WO; (1) + C7,07, + ng(’?sg},
leading twist meson wave functions, and also neglect i—3

the weak annihilation contribution which is expected (12)

to be small. Inclusion of these would introduce more where the Wilson coefficients; (1) are obtained from
model dependence in the calculation through the para-the weak scale down to scaleby running the renor-
meterization of an integral, which is otherwise infrared malization group equations. The definitions of the op-

divergent. erators can be found in Ref25]. The Wilson coef-
The time dependent CP asymmetryR®f> ¢ K is ficients C; can be computed using different schemes
described by: [35]. In this Letter we will use the NDR scheme.

The NLO values ofC; (i =1-10 and LO values of
I(BO(t) - ¢Ks) — I'(BO(1) — ¢Ks)

F(ﬁ(t) — oK) + F(Bo(t) — ¢Ky) 1 Latest results were reported_ :_at XXXIX_ Rencontres de Moriond,
(1) Electroweak Interactions and Uieid Theories, kly, March 2004.
. See talk§32-34] The Belle result o1, ¢ is unchanged32] while
= —Cyks COLAmpt) + Spk s SIN(Am pt), BaBar findsS, x = 0.47+0.347208 [33] which is very close to the

(2) result inEq. (7) Hence, our observations remain unchanged.

Apks(t) =
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Table 1
Standard Model Wilson @fficients in NDR scheme
Scale Cq Co C3 Cy Cs Ce
w=mp/2 1137 —0.295 Q021 -0.051 Q010 —0.065
w=mp 1.081 —0.190 Q014 —0.036 Q009 —0.042
C7/0tem Cg/otem Co/dtem C10/ctem C7y C8g
w=mp/2 —0.024 0096 -1.325 0331 —0.364 —0.169
w=mp —-0.011 Q060 —1.254 0223 —-0.318 —0.151
C7,, Cs,, respectively, ajx = m;/2 andmy used by u_ 4 ! Cg 1 Cras 12V, — H
yo o8 g a7 =az= 7+F y (= s — Hyp) |,
us based on Ref25] are shown inTable 1 ¢
In the QCD improved factazation scheme, the ) . Cio CFas
; ; o as=ai=Cq+ 1+ (V¢+H¢)
B — ¢Kg decay amplitude due to a particular oper- “9 = “9 9N,
ator can be represented in following form: C C o
F s
(9K|O|B) ¢
P Crag p Crag

= <¢K|O|B>fact[1+ > el + O(AQCD/mb)j|,

(13)
where (p K |O|B)iact denotes the naive factorization
result. The second and third term in the bracket
represent higher order; and Agcp/my correction
to the hadronic transition amplitude. Following the
scheme and notations presented in &3], we write
down the totalB — ¢ Ks amplitude, which is the sum
of the Standard Model as well @ exchange tree-
level contribution from extra down-type quark singlets
(EDQS) model in the heavy quark limit

M(BT — ¢pK™)
=M(B°— ¢K°)
G
7;me FE 5 (mg) ViV, [“3 +ay +ag

(a7 +ag + azp)
S atg,

(14)

wherep is summed over andc. The coefficientsai”
are given by

u c / Cz/l CF s

a3=a3=C3+V 1+ (V¢+H¢)
C, Cra Cra

P __ v ~3 Flys FG&s p

04—C4+NC|:1+ (V¢+ ¢)i| Ar N ¢
Cy C
ag:ag:cﬁﬁﬁ[pr F“’( 12— V¢)}
c

ajg aj, = ajg, = o NQ¢ (15)

with Cr = (N? — 1)/2N,. and N, = 3. The effective
Wilson coefficientsC; = C; + C;, (i = 3-10 is the
sum of the Standard Model and the EDQS model Wil-
son coefficients. The quantitiés,, Hy, P) and Q”
are hadronic parameters that contain af) nonperturba—
tive dynamics, are given in Refi5,36].

For the sake of completeness, we give the branch-
ing ratio for B — ¢ K g decay channelin the rest frame
of the B meson.

B |Pcm|

87'[ mB

where, tp represents thes meson lifetime and the
kinematical factof P, | is written as

BR(B — ¢Ks) =

|IM(B —

(16)

| Pem|
_ 1
= 2mp
X \/[m% — (mg +m¢)2][m% — (mg —mg)?].
(17)

3. FCNC Z couplingsin EDQS model

Models with extra down-type quarks (EDQS) have
a long history. The earliest consideration of such
models was in the context of the grand unification
group Es which arises from string compactification.
The quarks and leptons of each generation belong to



138 N.G. Deshpande, D.K. Ghosh / Physics Letters B 593 (2004) 135-142

the 27 representatidii—10]. Each generation has one o
extra quark singlet of the down type, and also one extra

lepton of the electron type. The group also has extra

Z bosons, which we will assume to be too heavy to VA

have any effect o8 — ¢ K process. The down type
mass matrix is then a 8 6 by-unitary matrix, and in

general when we rotate the quarks to their mass basis,

off-diagonal couplings arise. In EDQS model, the
mediated FCNC interactions are given by

_ 8
2 coy

In general forn copies of extra down-type quark
singlet modellyg is:

[d_LaUaﬂy“dLﬁ]Zﬂ. (18)

3 Nq

Uap =Y Vi Vig =8ap = )_ Vai Vi
i=1 i=4

(a, B=d,s,b, B1, Bz, ...), (19)

where N; = 3 + n represents the number of down
type quark states, and is the neutral current mixing

matrix for the down quark sector. The nonvanishing

components ofU,s will lead to FCNC process at

Fig. 1. Feynman diagram fof exchange tree-level contribution to
b — ss5 process.

contributions to the RG evolution equation which are
tiny. At the low energy, after the RG evolution the
above three Wilson coefficient§'s, C7, Cg) generate
new set of Wilson coefficienty, i = 3-10) in this
model. The values of Wilson coefficients (without
taking the overall factok) at scalesu = (mp/2, myp)
are shown iffable 2

4. B physicsconstraintson Upg

In this section, we review the constraints on the

tree level, generating new physics contribution to the flavor violating parametet/,; from different flavor
measured CP asymmetries. The new tree level FCNC changingB processes. These processes can be clas-

Z mediated contribution to thé — sqg process is
shown inFig. 1 The new operators arising from this

sified into two classes, CP conserving and CP vio-
lating. Among the CP conserving processBéB —

tree-level FCNC process have been shown to lead X,¢1t¢7), and AMp, can put constraints o,

to the following effective Hamiltonian fob — sqg
process in this mod¢R2]:

G _ - -
H%ewz _7’; Vip Vt"s< [C303+ C707 4+ C9Og],

where, the new Wilson coefficient&s, C7 and Cqg at
the scaleM; are given by:

(20)

C3(Mz) = % (21)
C7(Mz) = K:% sir? Oy, (22)
Co(Mz) = —Kg(l —sif 6y ), (23)

Ups L
where, k = (Vmbvfg)’ and operatorg); in Eq. (20)

are given in Ref.[25]. We now evolve these new
Wilson coefficients from the scal#f, to the scale
u ~ O(myp) using the renormalization group equation.
While doing this we have considered NLO QCD
correction[37], neglecting the ordew electroweak

[13,15,16] Using recent Belld38] measurement of
B(B — X, ¢t¢7) = (6.1+ 14771 x 107° the au-
thors in Ref.[21] had shown thatU,| < 1 x 1073
However, this bound has recently been updated in
Ref.[22] to

|Ups — 4.0 x 1074 <8 x 1074, (24)

which also updates their previous bounds in REfg,
39]. The bound inEqg. (24)is based on inclusive
B — X eTe™ decays at NNL(40]. We shall adopt
this bound in our analysis. This bound is valid in
both generah extra down-type singlet quark model
and in the model with a single extra down-type quark
singlet[16]. Similarly, theb — sy branching ratio
provides comparable limifd4,16]

It has been shown in Ref$20,41] that in the
presence of tree-level FCNC coupliblg; and/orUps,
the standard box diagram fdy /S—Ed /s IS not gauge
invariant by itself, but requireg exchange penguin
diagram as well as tree lev&l FCNC diagram. The
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Table 2
Wilson coefficients of EDQS model in NDR scheme, without the overall multiplicative factor
Scale 63 64 65 66 67 ég ég 610
n=mp/2 0.195 —0.088 00180 —0.053 Q0133 Q108 —0.604 Q174
w=mb 0.182 —0.0629 00157 —0.0370 0136 Q0732 —-0.574 Q122
additional Feynman diagrams are given in Rdfl]. ;
Following the papef20], with slight change in the e
notations, we write down the expression for thg- £
B, mixing: E-1s
>
272 £2
G My [, B,mpo 25 !
AMp, = > ’ : S
67 )| @) ®»
t 2 B: 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
x [(2gp) "M’ So(xe) + Anew], (25) oo oo

where(q =d,s)and Fig. 2. Contour plots ofSyx,, B(B — ¢Ks) and |Ups —

B Az sinfOy s ) 4x 104 =8x 10~%in p—y plane for two values of. = m;/2 (a)
Anew = —8quktqb N Yo(xy) + ——n,’ qu, andmy, (b), respectively. The area left side of the dotted contour is

the allowed region ot/ from the inclusiveB — X ¢ ¢~ process.
(26) In figure (a), the area marked ¥ is the 2 allowed regions from

where the definitions of different parameters used
above can be found in RgR0].

We have found that to satisfy the measured 5,2
within one sigma, where we consider both the theory
error of 20% arising from the value quq I§Bq and
the experimental error taken in quadrature, the FCNC
coupling |Upy| should be less thar (2—3) x 1074,
This is a very stringent limit.

The AMp, has not been measured yet, and so
only lower limit on the mass difference is available.
We have found that the new contribution M p,
from EDQS model is less than 3% when compared to
the Standard Model. It can be shown that for similar
values ofU,q and Uy, the FCNC effects om Mp,
will be suppressed by a facter 12 when compared
with the effects onAMp,. This implies that in EDQS
model, FCNC effects are hard to detect lj—B,
mixing [41].

5. B — ¢Kg analysis

In the last section we have discussed the allowed
range of the FCNC parametéh,; from different B

2 The experimental value fofAMp, | = 0.489+ 0.008 pst
[20].

the measurement &fsx andB(B — ¢Ky). In figure (b), such 2
allowed region is a point where the three curves intersect.

processes. In this section we will study the effect of
this FCNC parametgiUp,) in the B — ¢ K g process.
For this we expres#, in the following form: Uy,
pe'V. We will then vary p and 2 in range such
thatEq. (24)is satisfied. We then study the allowed
region of parameters in the—y plane from the three
measured quantities (#(B — ¢Ks), (b) Sgx, and

(c) Cyk,- To getthe allowed parameter space, from the
B(B — ¢Ky) branching ratio, we allow it to vary by
20, respectively, from itg€entral value. This @ band
contains both experimental and theoretical errors. The
main source of theoretical error is the form factor
FE~X In our analysis we have considered 20% error
on this parameter. Similarly, we va; g, andSgx

by 1o and 2 from their central value to get the
allowed region in thep—)r plane.

In Fig. 2(a)we show such allowed region jp—y
plane for the scalg = m;/2. The whole area left of
the dotted contour is allowed by saturatigg. (24)

The area outside the thick contour labeled by BRois 2
allowed region from the brauhing ratio measurement.
The parameter space enclosed by the thin contour

3 4 in units of radian.
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marked byS,k is allowed by 2 from data on the
Seks. This whole parameter space is allowed by 1
from Cyx; measurement. The regions (markedby

is the only allowed parameter spacepiy plane with
65x 104 < p<10x 104 and—1.7< v < —0.85
which satisfy the experimentally measurétyx;,
Sexs and B(B — ¢Ks) within the errors described
above. We note that only negative valuesyofgive
acceptable range dfyx. The Fig. 2(b) corresponds
to the scalew = my. In this case though we have
larger allowed area from thS,x measurement, but
the Z branching ratio contour pushes the allowed
range towards higher values pfand somewhat lower
range of the phase/. This particular behavior of
the branching ratio contour can be understood from
that fact that foru = m;, the SM branching ratio is
3.8 x 1075, which is much smaller than the lower end
of the 2r band of the experimental number. Hence,
one needs larger values@to push the total branching
ratio within the 2 limit. For this reason the allowed
region shrinks to a point in this case.

6. Conclusions

In this Letter, we have studied the tree-level flavor
violating Z contribution toB — ¢ K process in mod-
els with extra down-type quark singlets which arise
naturally in the context of the grand unification group
Eg. In the presence of such flavor violating interac-
tions, B — ¢ Ks process receives additional contribu-
tions, governed by a set of new operators which can
be expressed in terms of the standard operaijts
(i =3-10. We then evolved these new Wilson coeffi-
cients from the scal@/; to the scaleu = O(my) rel-
evant for our process using the renormalization group
equation. We have found that, at the lower scale these
Wilson coefficients significantly modified from their
initial values at the scalee = M. We have found
that this new flavor violating interaction can modify
the Standard Model Wilson coefficiends, (i = 3—10
significantly. We have used following experimentally
measured quantitieSyx,, Cyx; andB(B — ¢ Ks) to
constrain the flavor violating parametéy;. We have
shown that in the model with an arbitrary number of
down type singlet quarks, the value$fx, andCyk
can be well explained by the values pfand v in
the region marked by in Fig. 2(a) Improvements in

N.G. Deshpande, D.K. Ghosh / Physics Letters B 593 (2004) 135-142

measurements aB — X,£T¢~ can tighten the con-
straints inEq. (24)and either rule in or rule out this
model.
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Appendix A. Input parametersand different form
factors

In this appendix we list all the input parameters, de-
cay constants and form factors used for the calculation

of B— ¢Ks.

(1) Coupling constants and masses (in units of GeV):

Qe = 1/129, ay(Mz)=0.118
Gr =1.16639x 10°° (GeV) 2,
Mz =91109, mp = 4.88, mp =5.2787,
mg = 1019 mg = 0.493
(2) Wolfenstein parameters:
A =0.2205 A =0.815
n=0324  p=0224
(3) Constituent quark masses (i =u,d, s, c,d) (in

units of GeV):

m, =0.2,
me.=1.5,

mg =0.2,
myp = 4.88.

mg = 0.5,

(4) The decay constants (in units of GeV):

f5=019,  f;=0237  fx =016

(5) The form factors at zero momentum transfer:

FE~K =033
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