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Introduction % &7

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

= b 2s['lI, and especially B> K* I'[-, with
a number of observables accessible
(exp. also easier), provides a wealth of
information of weak interactions,
ranging from the forward-backward
asymmetries, isospin asymmetries, and
polarization fractions
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Flavor changing Electroweak
penguin operators

o CIly, _ V CIng _ 5
07 877'2 sot (1 T ’)/S)bFMV‘I‘WSO'M (1 _Y5)bFMV
-
Oy = 5 =(ly, D(5y*(1 — ys)b),
-
Og = . = Iy, ysD)(5y*(1 — v5)b)

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

G
Heﬁ - TSVCKMZCiOi
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O, = ;;/”LuogyﬂLb O, =sy"Lu- ;yﬂLb
U= Ey”Lb-%c_]nyq O, = an"Lbﬂ -géﬂnyqa
O, =sy"Lb- Zgnyq O = Say "Lb, '\géﬁ? K,
q
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Branching ratios are proportional to form
factors, have large uncertainties, but
Angular distribution

iS not \ _
Partial decay width A :
T 13, \ \
dg?dcosOxdcosfydp §|MB| :

[Mp|? is decomposed into 11 terms
(Mpl? = [I§C? 4 21552 + (I5C2 4 21552) cos(26))
+21552 sin? 0; cos(2¢) + 2v/21,CS sin(26;) cos ¢
+2v2I5C'S sin(6;) cos ¢ + 2152 cos 6
+2v/217CS sin(6;) sin ¢ 4+ 2v/2I5C S sin(26)) sin ¢
421952 sin? 0;sin(2¢)]
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Angular distribution

I; = V2B[Im(ALoAL)) — Im(AgoAR)]

1
I = EBZQ IMm(AroA7 ) +Im(ARoAR )]
Ig = BZQ[Im(ALHAEJ_) —|— Im(ARHAjEu)]
» Api = ArLilcyg——Cyg

= 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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Forward-backward asymmetry in B> K*I*I-
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B> K*u*u: AFB

-&—|_HCb Theory mmm= Binned theory
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B — K*°u*u~ App zero-crossing point

@ The SM predicts App to change sign at a well defined point in g2
@ This zero-crossing point qg is largely free from form-factor uncertainties
@ Extracted through a 2D fit to the foward- and backward-going mpo and g? distributions

1-Theory ® Counting Experiment --Unbinned
g —

o "
< [ LHCb
0.5k Preliminary

-0.5

6
P (GeV/ch

@ The worlds first measurement of qg, at qg = 49*_’11%3 GeV?/c* [preliminary]

@ This is consistent with SM predictions which range from 4 — 4.3 GeV?/c* [1, 2, 3]
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B> K*u* u: polarization

-8 | HCb Theorv m Binned theorv
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g2 [GeV?/c?]

arXiv: 1112.3515
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Properties of resonances K*,

In addition to the lowest K*, can be best cross check

K35 JY n*t'L; m (MeV) T MeV) B(K% — Kn)(%)

K*(1410) 1= 2387 1414 £15 232+ 21 6.6 + 1.3
K3 (1430) 07 1°Py,2°Py? 1425 £50 270 £ 80 93 4+ 10

K3 (1430) 2t Py 14324+ 1.3 109+5 49.9 £ 1.2
K*(1680) 1~  1°D; 1717 £27 3224110  38.7+25
K3 (1780) 3=  1°Ds 1776 £7 159 + 21 18.84+1.0
K (2045) 4% 1° Fy 2045+ 9 198 £ 30 9.9 £ 1.2
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About K,(1430) and f,'(1525)
['= 100MeV , 73 MeV

2> K= , > KK
s F [y | 2 Meson
0|s=0|J=0] 'S |07 | Pseudoscalar (P)
s=11J=1| °8 |1~ Vector (V)
s=0|J=1| Py |17 | Axial-vector (A('Py))
=1 J=0] "By (077 ] Kk, (1430)
s=1|J=1] "P |1 |K,(1270),K,(1400)
JSZIE B 2 Tensor (T)




B> K I (B. = fI'I)
= 5 polarization states: Jz=-2,-1,0,1, 2
= 3 contribute to B® — K#%iti-, Jz=-1,0, 1,

because of angular momentum
conservation

= Similar to K* mesons. B° — K3iTi~
formulism can be got by some
substitution in 50 — k*+;— formulism
in pQCD approach.
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Form factors needed for exclusive
decays

e For ascalar meson K*,
 Only three form factors involved

2 ) 2 2
my — M- mg — My
: f/#]Fu(qz) t—0 4, Fo(q)

(Ko(Po)I5y,, ysb|B(Pg)) = _i{[Pp, - .

Fig®)

(K3 (Py)l50,,,q" ysb|B(Pg)) = [(mj — m%.)q, — ¢°P,] ;
- mpg + mg:
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For (axial)vector or tensor, there are

more complications

 They are non-perturbative in nature, difficult

to calculate with high precision
2V(q?)

(K(P,, €)5y*bIB(Pg)) = — €""P7 €}, Py, Py,

mg T+ m §

- 5 NIk | T &
<K;(P2, 6),§‘)/"‘}/;’7|B(PB)) = 2i]”K}A()((/“) J ,,q (//.t - I(”’B - ”11\"} )Al(q‘-)[elﬁ | ’)(I (/#}
q q-

e m — mi,-.
— iAy () —2 l [P# - : jq#]'
mp + Mg g
(K}(Py, €)[50*" g, bIB(Pp)) = —2iT\ (¢ )e*"*" €}, P, P,

% = ’ — J) ’, 9 % % 9] * (
(K7(Py, €)[sa™"y5q,b|B(Pp)) = Ty(q") (mp — ”’?(})f.}# — €; - qP*] + T3 (g€} - q[q# e _/ — P#}
g~ Mg
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Form factors calculated in pQCD to
leading order of 1/m,

F F(O) a b
B 0.21X333%3:83 1.73%3:8320:03 0.663:050.01
Ag 0.18X3:3376:03 1.7028:8276:07 0.64 7536696
Ay 0.13X83:3378:03 0.78X3:6120:04 —0. 1128337805
A5 0.08Z53528:01
Tii’j 0.17X8:8326:03 1.7328:0350:07 0.69X338~6:17
e 0.17%5:8376:03 0.7978:0470:05 —0.06759570: %
T3 0.14X53378:63 1.6128:3670:04 0.52X5:81 5861
v;*; 0.20Z8:3378:03 1.7528:05-0.03 0.69X387 2001
Ao 0.1625:35320:65 1.69X387 1003 0.64 25337602
Ag“ff 0.121 3555 0.80+333+93.92 —0.111303+a%
Ay ~"ff 0.00 3900
Ty 0.16X5:0378:62 1.7525:60-0.03 0.71 25312608
Ty -“ff 0.16+3:33+0-3 0.82fpaerans —Q0813 00 R0
732 0.13X50370.65 1.64230570.06 0.57 25812605
2011-T2-16 2}

V. Wang, PRD83,014008 19




And different models give quite
different results

[SGW2 [22] CLFQM [22, 23] LCSR [17] LEET+BSW [10] PQCD [7]

BK}

BK}

0.38
0.27
0.24
0.22

0.29
0.23
0.22
0.21
0.28
—0.25

0.16 £ 0.02
0.25 4+ 0.04
0.14 £ 0.02
0.05 £ 0.02
0.14 £ 0.02

0.02
0.017903

0.21 £0.03
0.15 £ 0.02
0.14 £0.02
0.14 £0.02
0.16 4 0.02
0.10 £ 0.02

0.2110-09
0.18%5 03
0.1379-04
0.087005
0.17%5:03

0.05
0.1470°05

CD Lu

20



And different models give quite
different results

[SGW2 [22] CLFQM [22, 23] LCSR [17] LEET+BSW [10] PQCD [7]

vEE 038 0.29 0.16 £0.02 0214003 02179
Ag"2 027 0.23 0.25+0.04  0.154+0.02  0.18735;
A7 024 0.22 0.144£0.02 0144002  0.137304
AR 0.22 0.21 0.05+0.02  0.14+£0.02  0.08%555
T 0.28 0.14+£0.02 016+£0.02  0.1750¢,
7" —0.25 0.0175707 0.10 £0.02  0.14%703
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The B> K*, form factors are mostly resorts to
the Lattice QCD simulations, which is quite
limited at this stage.

in the heavy quark limit and the large energy
limit, interactions of the heavy and light systems
can be expanded in small ratios A/E and A /m,

At the leading power, the large energy symmetry
is obtained and such symmetry to a large extent
simplifies the heavy-to-light transition

This soft-collinear effective theory constrains
the independent Lorentz structures

reduces the seven independent hadronic form
factors for each B> K*, (J>1) type to two
universal functions
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B> K*J (J>1)

K | Pz [\ -1 K eff mi e
Aoj(qz)( J ) = A r© ( )5" (([ ) - ff(qz),
HIK; H?B mpeg

Alf(qz)( J) EA]Je ~ - flj(qz)
mgs mpg + m X
o | Prs [\ -1 K* eff Mmgs» Mmg* g
AZJ(qz)( - ) EAzje 2( )[f_]_ (¢*) — §||J((/ ]
II?K; mpg
> |f1<*| J—1 . . m
VKJ(qz)( J ) = VKJ,effz( K)gl (q ),
mgs mg
K: | P11 K’ eff
Tl J(qZ)( m J ) - T Bk ‘DC.LJ((/ )
K}
K:, 5 |f1<j| J=1 K*eff q°
1,7 (q%) _ =T, =ll—— f_]_(q
mg+ myg — mK*
K | Pis [\ -1 K ff K} ’”K* Mg+ g
T3J(q2)(’ J) — € é':J(qZ)_(l_ 2) Jé:"J(qz)
mg+ my/) E
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For the case of B to scalar meson
transition, in the large energy limit, the
soft-collinear effective theory applies

 Three form factors reduce to only one

me mg
e+ my. Fr(a’) = Filg®) =
0

F()(qz) — é:K‘ﬁ’: (612)
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In fact, if applying LO SCET, we need only these
functions, by Hatanaka and Yang, Phys. Rev. D
79, 114008 (2009); Eur. Phys. J. C 67, 149 (2010)

TABLE Ill. B — K form factors taken from Ref. [10].
K; ) £l
K*(1410) 0.22 = 0.03 0.28 = 0.04
K;(1430) 022 4,03 -

K5 (1430) 0.22 = 0.03 0.28 = 0.04
K*(1680) 0.18 = 0.03 0.24 = 0.05
K3 (1780) 0.16 = 0.03 0.23 £ 0.05
K;(2045) 0.13 £ 0.03 0.19 = 0.05

CD Lu
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BRs, fL

With the recent pQCD results for BY — K% form factors
Branching ratios:
BR(B — K3u™u™)
BR(B — KirT77)

Longitudinal Polarization

. . 2dl
fractions: f=lo_ J da=
I quzc%
fr(B — Kou u~) = (66.6: Yo,
fi(B— Kst717) = (57.2% %
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Estimate BRs from exp.

= Experimentally, we have

B (B’ — Kyy) = (12.4 = 2.4) X 107°,

BB — K*y) = (43.3 £ 1.5) X 107°.

B(B - K'I'I")=(1.09%0.12) x 10
» Assume R=B(K;)/B(K’) is the same for

radiative and semi-leptonic decays, we have

B oalB " — KT ) =131 207 X 107"
Compare with KC Yang, PRD79:114008,2009
B(B® — K;°(1430)utp™) = (3.5514107) x 1077
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D. Forward-backward asymmetry

The differential forward-backward asymmetry of B —
K171~ is defined by

dA d-T 3
FB [j f ]d cost;— = —I¢
dq dcost;, 4

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

= The O-cross point is
sensitive to new
physics

2 3 5 6
2011-12-16 2(GeV> 15
CD Lu 1oV 28



Forward and Backward Asymmetry

d’r

kL

d COS 0,
dg2d cos f,

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

my(mp + mpx)
CoAi1(s0)V(so) + Crr, 2

A1(s0)T1(s0)

S0
mp(mp — myx)
+C71 & : T2(So)ﬁ(8\o) =0
So — (3.1 -+ 01) GeVz,

S’

2011-12-16 Smaller uncertainty 16
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Using the form factor relations derived from
heavy quark symmetry and large energy limit,
the 0-crosing point of forward-backward
asymmetry simplify to

mympg

Re [Cg] + 2 C7LRK;}(SO) = ().
S()
) mg + my TKj(q2)
. R Ki(g?) = g B =1
with | mg  VEi(q?)

And in model calculations:

Rocen =108  Rpie~LIL
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Similarly for B, =21, [l

BB, — fop ) = (1.8%457) X 1077,

fLBy— fou" u™) = (63.2 * 0.7)%,
so(By — fom™ 1)
BB, — for 17 ) = (5.8757) X 10~
fr(Bs— for777) = (53.9 £ 0.4)%.




Agg(B to K (1270)I*1)

Forward backward asymmetry | %z&

In B> K, I'lI- decays
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0.0

-0.2 -

04+
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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 -|- hDQLHDR -|- TTLDDLDR-I- B,

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

The interaction for b-s-Z in VQM is free parameter
gci)\sb -

B e — coS Oy sY'PrbZ, + h.c., Ash = |Asb‘ exp (i0s)

with which the effective Hamiltonian for p — sl 1]~
IS given as

2G
Hy gt = ] AobCh(30)v— 4 |cf, (B0 v — 4 + cR(EO)y 4 4]
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NP scenario: Vector-like quark model (VQM)

The VQM effects can be absorbed into the
Wilson coefficients Cq and C,

CYLQ — oSM _ 4 Agpe (e 4 i)
’ cem VisVib ’

OVLQ C%(I)VI A7 )\Sbci(c% — c%)
0 aem VgV

Lepton section in VQM
IS the same as in SM.
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NP scenario: Family non-universal Z' model

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

Jor =g ) " [E?’LP (- E?RPR] Yi s

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
LE-ne = —g' (BEsrvubr + BEspyubr) 2" + hec.

The effective Hamiltonian for b — sl 71 is given as

A 8G
Here = T(PsbSL'YMbL + pebsrYubR) (Pl Erv" s, + Pt eRYCR)
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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 ps% =0
in our analysis to reduce freedoms.

Z' also only affects Cqy and C,;; phenomenally:

4 L ¢ - R 47 Ll _ R
/14 Psb(Pu T PH)’ C1Z(3 — Cio0+ Psb(Pu Pu)

/
Cé FhU, —
aem  VipVik aem Vi Vi
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Constrain the model parameters by exp.

Data used for fitting

b — clv

by—s sl i

B’ — K+l

(1058 £0,05) x 10~2 , (8,665 x 10~ (1.097077) % 148
¢>(GeV?) B(10~7) Fy, —App
[0, 2] 1.46 + 0.41 0.29 £+ 0.21 0.47 £ 0.32
2, 4.3] 0.86 + 0.32 0.71 £ 0.25 0.1140.37
4.3, 8.68] 1.37 4+ 0.61 0.64 + 0.25 0.45 + 0.26
[10.09, 12.86] 2.24 + 0.48 0.17 £ 0.17 0.43 £ 0.20
[14.18, 16] 1.05 4 0.30 —0.15 £ 0.28 0.70 £ 0.24
> 16 2.04 +0.31 0.12+0.15 0.66 £+ 0.16
[1, 6] 1.49 4 0.47 0.67 £ 0.24 0.26 £ 0.31

ANAA

Definition of 2

A~

A~

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

X2 B (thhe L fop)Q
(2 2
(B{™)
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Constrain the VQM parameters

Re)\sb
Im)\sb

(0.07 4+ 0.04) x 1073 } —

(0.09 + 0.23) x 1073
{ M| < 0.3 x 1073

Phase less constrained

Constrains on the Wilson coefficients

with x2/d.o.f. =2.4
|ACq| = |Co — C8M| < 0.2
|AC10| = [C10 — CT0"| < 2.8
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Constrain the Z' model parameters

Assume ACq, ACqip as real
ACg =0.88L0.75, ACi90=0.01=x0.69

Both ACq and AC;o are complex numbers.
with  y2/d.o.f. =23

ACq (—-0.81+1.22) 4 (3.05+0.92):
ACi0 = (1.00£1.28) + (—3.16 =0.94):

WithQ/d.o.f. = 2.4
IMm[C10] has little effect on x2

Combining the above results |ACq| < 3, |ACqg| < 3
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New Physics effects in observables
In the NP effects, we choose A(Cqy = 3¢im/4/i37/4
and ACig = 3¢im/437/4  as the reference points.

Br (10-7) may be
enhanced,
however, large
uncertainties

05

04

~>
0.3

A
0.2

0.0

0 2 4 6 8 10 12 14

¢ (GeVH)

In this parameter space, B(Bs — utu™) is consistent with the
recent measurement. B(Bs — pTpu") < 5.1 x 10°°

AMAA A AN

DO collaboration, PLB 693,5309. -

CD Lu 40




New Physics effects in observable | ¢4z
B> K, II

ZCI"O- 0.2
crossing o
point of
AFB may 0.0
be 0.1
changed

significan
tly in new | -0
physics
model.

-0.2

-0.4
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New Physics effects in observable
Of B> K, I'-

O Asym-
metry iIs
expected
in SM,
changed
signifi-
cantly in
hew
physics
model

AFB(By~»K*'(1430)+u* +17)(GeV™?)

0.05¢

0.04

0.03 1

0.02

0.01} ,-

dArp
dq2
_l.-.'\.
I g
i S010 GUT—
.’ susylm —--—
!' \-\-‘. SUSY II _____
I S
i o
i ™
i '\_\.
i "\.\
\-\‘\-\ ./_ "'"‘_. i
e . X \
, !
N b i 2 £ LY
o ,‘
0 2 4 6 8 10 12 14
q*(GeV?)
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SUSY contributions to parameter 4iz:

d
OfB%K*OTT f

0 Asym- S 0s e
metryis |z .
2 025
expected | & %
In SM, *; 0.2} ,."’ \
Changed § 0.15 _,-"
signifi- s
: <01
cantly in | t ;
(l--] )
hew & 0057 i !
: < = N
phy3|cs DL X
13 13.5 14 14.5
model et
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B-> K', I'l- Polarization fraction f;

some 1.0_...............................
changes |

Of 0.8

Polarizati [

on 0.6- :

fraction f, |

- 0.4

In hew N

physics | .|

model. |

0.0
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Summary

* B> K,(K*,, K,,K3,K,;) I+ |- decays are
investigated in SM with large branching ratios
up to 10°® ~10’

polarizations, FB asymmetries are predicted
with smaller theoretical uncertainties

e Some New physics contributions are also
studied with quite different behavior from SM

e These channels are cross checks in addition to
the B> K* I+ |- decay
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Thank you



