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Introduction

@ The B — K*(— Kr)¢*£~ decay is b — § Flavor Changing Neutral Current
(FCNC) transition

@ in the standard model FCNC transitions are loop processes and therefore highly
suppressed
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Effective Hamiltonian for b — s¢+¢~ transition

@ The Effective Hamiltonian for b — s¢* ¢~ transition [Bobeth, et.al '99; Buchalla, et.al
'96]
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@ In the standard model basis the dominant operators are [Bobeth, et.al '99]
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B — K*¢¢ amplitude

the B — K*(k)¢*(qg1)¢(g2) amplitude
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e Wilson coefficients are known up to next-to-next-to-leading-order (NNLO) [Bobeth et
al. '97, Bobeth et al. "99, Gorbahn et al. '04]
o (K*|07.9,10/B) and H!" are non-perturbative quantities

parameters C;, Cq and Cy indicate the true values of Wilson coefficients, which are by
definition not dependent on the order of the perturbative series to which they are
calculated



B — K*¢¢ amplitude

hadronic matrix elements of quark bilinear operators are written using Lorentz
invariance

(K*(e", k))|8" PLb|B(p)) = €, (Xo qtq” + Xy (9" — "‘;—Z") + Xp (K~ %q“)q”
T iy ehvPT k,,qa) 7
(K*(¢*, k))|i8a"" qu Pr,Lb|B(P)) = €, ( £V (9"~ %) £+ Vo (K~ %Q”)Q”
+ i3 etVPe kpqa)

the form factors Xy, Xy, Xo, X3 and Xy, X», X3 are function of g2 and k2 and can be
related to the well known B — K*¢¢ form factors Ay 12, V, T 2



B — K*¢¢ amplitude

[Beneke/Feldmann/Seidel '01, Grinstein/Pirjol ‘04, Khodjamirian/Mannel/Pivovarov/Wang '10,
Beylich/Buchalla/Feldmann ’11]

hadronic matrix elements of current-current operators O1 » and penguin operators
0O3_g,8, connected to a virtual photon to produce ¢ ¢~ give rise to nonlocal matrix
element 7{!*

HE = (K(e*, k)i / d*x €9XT{jbn(x),0i(0)}|B(p)) where g, H!'=0

following Lorentz invariance and current conservation the most general form of 7! is

) Hqv ) k. o
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2}, 25, 2} are new form factors




B — K*(k)(— K(ki)m(k2))("(q1)¢(qz) amplitude

the transversity amplitudes
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some non-local effects has been absorbed by redefining Wilson coefficients Eg)



B — K*(k)(— K(ki)m(k2))("(q1)¢(qz) amplitude

our model independent framework is based on the following observations

for massless leptons A5 can be written as

ALR = (FCig — 1) F + e,
where

Re g~ ~
n= ") Re(y),
ex = Im(C)Fx — Im(Gy),
Fa=Fa(Xi-), =G ).

o # of theoretical parameters is 9



Angular Distribution

The differential decay distribution of B — K* (k)(— K (k1)m(k2))¢*(q1)¢~(q2) is

a‘r
dg? d cos 0, d cos Ok do

- 3% [11S sin? B+ 1§ cos? O+ (IS sin? O+ IS cos? Oy ) cos 20,+ I sin? O sin? 6, cos 2¢
viy
+ Iy sin 26 sin 20, cos ¢ + I5 sin 20 sin 8, cos ¢ + (IS sin® O + IS cos? B) cos b,

+ I75in 20k sin 0, sin ¢ + Ig sin 20 sin 26, sin ¢ + Iy sin® O sin® 0, sin 2¢] .

[Sinha 96, Kruger/Sehgal/Sinha/Sinha ’00]
o # of observables 10: F,, FL, FH ) FJ_, AFBa A47 A5, A7, Ag, Ag



Model independent framework

# of theoretical parameters is 9
# of observables is 10
one model independent relation between observables

2V/2¢ e 8A5A
A= 10 5AFE
iy

the effect of lepton mass can be easily included
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Model independent framework

LHCb measured A;_q to be consistent with zero which leads to following
simplifications

8 4
8A5ArB \/FLFl - §A&23\/FH FL— 5%
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Exploiting symmetry of angular coefficients

Ne — Ng = 2N — Ns

ne: number of angular coefficients

ng: number of dependencies between the coefficients

2n,4: number of theoretical parameters determined by the amplitudes
ns: number of symmetries that leave the angular coefficients invariant

ne = 12, (12 angular coefficients)
2np = 12, (6 complex amplitudes)
ns = 4, (two phase transformations+two rotations that mix .AY")
Ng = 4
ch = 0, l1s = 3’257 l1c = _120
b p(@hst B)AR 4 B) + (2hs — B)(E + 4F)
2 162, — (42 + 2+ 42)

lss(lals + F1g) + lg(lsl7 — 4l4lg)
1612, — (412 + 12, + 412)
Egede/Hurth/Matias/Ramon/Reece JHEP 11 (2008) 032

Egede/Hurth/Matias/Ramon/Reece JHEP 1010 (2010) 056
Matias/Mescia/Ramon/Virto JHEP 1204 (2012) 104
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New Physics Analysis
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Figure: Comparison of predicted and measured values of A4 in different dilepton invariant mass
squared bins.
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New Physics Analysis

Define a x? as

exp pred \ 2 exp 2 2 exp 2
2= 1 ATP - A n FP —FL n FP —F. " AR — Arg
2|\ ane AFSP AFP DATS

AP _ 2 2
+ (B

AAexp N

5

- AJP FPP PP AZP. AZP —experimental central values of the observables
— DATP AFP® AFS® AASP, AAZ® —experimental uncertainties
_ ppred __ ppred exp exp [exp Aexp aexp
Al — AP (FL ,FO® FOP A As_g)

Il FB

the minimized x?2 is projeccted in different set of planes of the observables, (F, — F. ),
(Arg — FL) etc




New Physics Analysis
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Figure: The x2 projection onto the plane of observables Arg and F; using the experimental values
of all the observables from LHCb [arXiv:1112.3515, 1304.6325, 1308.1707]. The green dots
corresponds to best fit value from x2 minimization and the black squares corresponds to the
measured central value. The pink (dark), yellow (light) and blue (darkest) correspond to the 1o, 20
and 3o confidence level regions respectively. The two solid lines correspond to the constraint
73(1 - FL)/4 S AFB S 3(1 — FL)/4.[Das Sinha’ 12]



Conclusions

—in SM there exist model independent relations between the B — K*¢¢
observables

— violations of these relations can be used to search for physics beyond the
standard model
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