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Flavor changing Electroweak
penguin operators

0, = D 5ohr(1 + y)bF, + 2 5047(1 — y5)bF
8 772 w2 v
C}f

Oy = —— = (ly, D(5y*(1 — y5)b),
CY

Op = 5 =Ly, ysD(3y*(1 — y5)b)

No tree level flavor changing
neutral current in SM
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With QCD corrections from the
four quark operators u

G
H eff — T;VCKM ZCiOi

Olzaj/“Lu-gy/ﬂLb O, zgy”Lu-ayﬂLb

u

0, = 57"Lb- Xy, Lo O, =say"Lby-Xq,7,L4,

O, = sy“Lb- > qy,Rq O, = Say*Lb, -%q 7.Ra,
q
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Introduction

= Unlike b =2syor B =2 K*y, which have
only limited physical observables

= b =2s I*l, and especially B =2 K* I*l, with
a number of observables accessible
(exp. also easier), provides a wealth of
Information of weak interactions,
ranging from the forward-backward
asymmetries, iIsospin asymmetries, and
polarization fractions
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About K,*(1430) and f,'(1525)

['= 100MeV , 73 MeV
2> K= , 2 K K
[ S J | B, gre Meson
[=0]s=0{J=0| 1S | 07" | Pseudoscalar (P)
s=11J=11] °S |17 Vector (V)
s=0J=1] P, |17 | Axial-vector (A Lp, )
[=1 J=0| °F |07 Scalar (S)
s=11J=1] °P, | 177 | Axial-vector ( &z )
J=2| P |27 Tensor (T)
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B— K I'I7(B, —» f,I"1")

= b polarization states: Jz=-2,-1,0,1, 2

= 3 contribute to BY — K3%iti—, Jz=-1, 0, 1,
because of angular momentum
conservation

= Similar to K* mesons. BY — K3iTi~
formulism can be got by some
substitution in B9 — g*;+;— formulism
in pQCD approach.
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Form factors needed for the

exclusive decays
= Definition similar to the B->K* case

2V(q?)

K3(Py, €)|5y*b|B(Pg)) = — WP et PpoPag.
(K5(P, €)|5y*b|B(Pp)) 17?-B+f7?-1{j6 €Tyl Bpl2

sk - — . 6* ) q a £ 6* ' q
(K5(Py, €)I5y*ysb|B(Pp)) = 2img:Ag(q°) 22 g* + i(mp + m.K;)Al(qz)[em - 22 q*”’j|

2

2
e ¢ mp — Mg
_ !'Az(q2) T 4 |:P'“ o . q#j|
mp + mg+ q

(K5(Ps, €)|50# q,b|B(Pg)) = —25T1(qz)e””ﬂ“e’}vPBpPQm

2
(K3(Py, €)l50*"y5q,bIB(Pg)) = T(q*)(mp — mg.)€r, — €1 - gP*] + T5(¢*)er - f[|:f['u’ - P’U’i|.

Non-perturbative variables, difficult to T
calculate in QCD
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Form factors calculated in pQCD to

leading order of 1/m,

F F(0) a b
Vv EKS 02125647603 1.73260520:03 0.66250576.01
A{E i 0.18250320:03 1.70260320:07 0.6425:06206.10
Ay - 0.13250510:0 0.7813:8120:04 —0.112156325:63
Ay 0.08%53510:01
Tii 0.1778:0376:03 1.7378.0870:07 0.6978087 017
- 0.17250376.03 0.7976:6376.05 —0.0625957 6.7
75 0.145:5310:8 1.6125:0670:04 0.522387 5501
Vj; 0.2025:3516:03 1.7525:06-0:03 0.69X387 2501
Ag™ 0.1613:6516:05 1.69807 003 0.64 15327005
A}H’; ° 0.12256516:62 0.8025:06-0:03 —0.1115:6326.00
Ay -*; 0.09788: 7801
i 0.16+3:33+9.04 1.75%8.8676.:03 0.71 337508
T%; e 0.1679-93+0.04 0.82+3:00+0.04 —0.08+93:00+0.03
37 0.1323:0510:03 1.6425:06-6.06 0.57 25012005
2011/475 10
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Branching ratios are proportional to form
factors, have large uncertainties, but
Angular distribution

is not \ _

Partial decay width \

d4r 3 x
dg?dcosfpdcosbidy §|MB |

(Mpl? is decomposed into 11 terms

Mpl? = [I{C? 4 21552 + (I5C? + 21552) cos(26))
427552 sin? 0, cos(2¢) + 2v/21,C S sin(26)) cos ¢
+2v/215C S sin(6;) cos ¢ + 21552 cos b
+2v/217C S sin(8)) sin ¢ + 2v/2IgC S sin(26;) sin ¢
+271552sin? 9, sin(2¢)]
2011/4/5 11



Angular distribution
I; = \/Eﬂz[lm(ALoA*LH)—Im(AROAEH)]
2 s20m(Ar0A; ) + Im(ApoAl )]

V2
Iy = BFIm(Ar A} ) +Im(Ag A%)]

Ig =

. AR’I, — ALi|010—>—Clo
= Up to one-loop matrix element and resonances taken out,
only C§™ contributes an imaginary part.

Without higher order QCD corrections
I =0, Ig and Ig is tiny

They could be chosen as the window to observe those
effects that can change the behavior of the Wilson
coefficients, such as NP effects.
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BRs, fL

With the recent pQCD results for BY — K3 form factors
Branching ratios:
BR(B — K3uTp™)
BR(B — K5rT77)

[l
/N N
O N

Longitudinal Polarization

fractions: P o quzdro
L=— =

2 dl‘

I_ qu dq2

(66.6 0.4)%0,

fr(B — Kop™p™
T (57.2 10.7) /%

fo(B — K31
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Estimate BRs from exp.

= Experimentally, we have

BB — K5y) = (12.4 £2.4) X 107°,

BB’ — K*y) = (43.3 £ 1.5) X 107°.

B(B — K'I'lI") = (1.09£0.12) x10°®
= Assume R=B(K;)/B(K") is the same for

radiative and semi-leptonic decays, we have

B exp(B' — K3°1717) = (3.1 =20.7) X 107’
Compare with KC Yang, PRD79:114008,2009
B(B® — K3°(1430) ™) = (3.5714107) x 1077

2011/4/5 14



D. Forward-backward asymmetry
The differential forward-backward asymmetry of B —

K171 is defined by
d*T’ 3

[j j ]dcos@ 5 = —I¢
dg-dcost;, 4

= The forward backward asymmetry varies
from positive to negatlve as g% grows up

= The O-cross point Is
sensitive to new
physics

—(B"=K5")

dg-

Ay — —
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Forward and Backward Asymmetry

\\

dA d°r
F B — / f d Cos 6,
dq2d cos b,

The zero-crossing point so of FBAs is determined by
the equation

my(mp + M)
CoA1(s0)V(so) + Crr, ” 2-A1(s0)T1(s0)

my(mp — M)

+C71, =T5(s0)V(sg) =0

S0
so(B — K§u+u_) = (3.49 :I:GeV2

2011/4/5 Smaller uncertainty 16




Similarly for B,=21,” II°

B(B, — fim*u ) = (18551 x 107,

fL(By— fou"u) =(63.2%=0.7)%,
so(B, — fhu" ™) = (3.53 £ 0.03) GeV?
BB, — fir 7)) = (5.8757) X 10719,
fL(By— fir777) = (53.9 £ 0.4)%.

2011/4/5 17



NP scenario: Vector-like quark model (VQM)

Expanding SM including a SU(2), singlet down type
quark, Yukawa sector of SM is modified to

EY —_— QLYDHdR —|— hD@LHDR —|— mDﬁLDR —I— h.c.

This modification brings FCNC for the mass
eigenstates at tree level.

The interaction for b-s-Z in VQM is free parameter
QCL)\Sb —

Lp_ o = Cos Oy 'y”PLbZM + h.c., Agh = ‘)\sb‘ eXp (7:95)

with which the effective Hamiltonian for p — st~
IS given as

QGF
H()Z_>S,j—|—l— — \/5 AspC,(8b) v — A[CL(EE)V A+CR(€£)V+AJ

2011/4/5 18



NP scenario: Vector-like quark model (VQM)

The VQM effects can be absorbed into the
Wilson coefficients Cy and Cy

CVLQ — oSM _ 4 Agpei (e 4 i)
7 aem VisVib ’
A AacS(cb — ¢t

Qtem VisVib

Lepton section in VQM
is the same as in SM.

2011/4/5 19



NP scenario: Family non-universal Z" model

Expand SM by simply including an additional U(1)
symmetry. The current is

Jy=g Z Dyt [E?LPL + G?RPR]% ,

which couples to a family non-universal Z' boson.
After rotating to the mass eigen basis, FCNC appears
at tree level in both LH and RH section.

Interaction for b-s-Z' is given as
Cécene = —g' (BLsvubr, + BEspyubp) Z* + hec.

The effective Hamiltonian for b — sl T1 ™ is given as

8G _ _ _ _
= \/EF (phsrvubr + pEsrYubr) (ol Ly e + pifErRY"CR)

2011/4/5 20



NP scenario: Family non-universal Z" model

Different from VQM, the couplings in both the
quark and lepton section are free parameters.

Too many free parameters. So we set p; = O
in our analysis to reduce freedoms.

Z' also only affects Cg and C,, phenomenally:

L ¢ L R L ¢ L R
47 Psb(PH ‘|‘ng) Olzé — Cio + 47 psb(ﬁgg _ng)

/
C§ HiC, - ,
aem VipVis aem Vis Vi

2011/4/5 21



Constrain the model parameters by exp.

Data used for fitting

h— cl b— slTl B — K*Itl
(10.58 £ 0.15) x 1072 (3.667)12) x 107%  (1.09713) x 10°°
q°(GeV~?) B(10~7) Fr, —App
[0, 2] 1.46 £ 0.41 0.29 £+ 0.21 0.47 +0.32
2,4.3] 0.86 4+ 0.32 0.71 4+ 0.25 0.114+0.37
4.3, 8.68] 1.37+0.61 0.64 4+ 0.25 0.45 4 0.26
10.09, 12.86] 2.24 4 0.48 0.174+0.17 0.43 4 0.20
[14.18, 16] 1.05 4 0.30 —0.15+0.28 0.70 4+ 0.24
> 16 2.04 4 0.31 0.12+0.15 0.66 4+ 0.16
1, 6] 1.49 4+ 0.47 0.67 &+ 0.24 0.26 4 0.31

Definition of x2

2011/4/5

Heavy Flavor Averaging Group, arXiv:1010.1589;
Particle Data Group, J. Phys. G 37,075021.

X2 B (the L Bfﬂ?p)Q
£ =
(BE?"T)Q
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Constrain the VQM parameters

Re)\sb
Im)\sb

(0.07 4

- 0.04) x 103 } —

(0.09 -

- 0.23) x 1073
{ M| < 0.3 x 103

Phase less constrained

Constrains on the Wilson coefficients

with x2/d.o.f. =2.4

|ACq| = |Cg — C‘ggM| < 0.2
|AC10| = |C10 — O3 < 2.8

2011/4/5
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Constrain the Z' model parameters

Assume ACy, ACqp as real
ACg =0.88+0.75, ACi90=0.01=x0.69

Both ACgand AC1o are complex numbers.

with  y2/d.o.f. =23
(—0.81 4+ 1.22) 4 (3.05 + 0.92)i
(1.00 £1.28) + (—3.16 £ 0.94)i

ACqy
AC10

L2 |
withx</d.o.f. = 2.4
IM[C10] has little effect on X2

Combining the above results |[ACq| < 3, |ACig| < 3

2011/4/5 24



New Physics effects in observables
In the NP effects, we choose ACy = 3¢im/4:i37/4

and ACig = 3¢7/4437/4  ag the reference points.

T o
Br‘ (10-7) may be '1_."_ T e B Cp =7
enhanced, \\

however, large
uncertainties

g (0eVH

In this parameter space, B(Bs — ptu~) is consistent with the
recent measurement. B(Bs — ptpu”) < 5.1 x 107°

2011/4/5 DO collaboration, PLB 693,539. oe




New Physics effects in observable

ZerO' 0.2
crossing 0.
point of
AFBmay |
be -0.1
changed

significan
tly in new | -o:
physics
model.

-0),2

L
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Polarization fraction f,

some L0 prr——
changes
of
Polarizati
on
fraction f,
In hew
physics
model.
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Summary
= BY — K3(— Km)Itl™is investigated in SM.
* B(B— Kintp )= (25719 x 1077
+ expected to be observed in future Exp.

FBA, polarization fractions, etc, are investigated, with
small uncertainties.

= Two NP scenarios (VQM, Z' model) are investigated.

Parameter space constrained with data of B° — K*ITi~
and b — slT1~

Zero-crossing point of FBA can be changed
dramatically, which are sensitive to NP effects

2011/4/5 28
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Thank you
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