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Introduction

loop and CKM suppressed
SM amplitude
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sensitive to new
w w . .
particle in loop
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valuable probe for indirect
search of NP
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large no. of experimentally
accessible observables




INntroduction

Angular analysis in well known helicity frame [Kruger, Sehgal, Sinha, Sinha ‘99]
-
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dT(B — K*(+¢-)
dg? d cos 0; dcos 0 do

The differential distribution
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+ 17 sin 20k sin 0 sin ¢ + Ig sin 20k sin 20, sin ¢ + Iq sin? O sin? 6; sin 2(;5}
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Motivation

» [, = shortdistance + long distance
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Motivation

[, = short distance + long distance
% Non-factorizable
Wilson coefficients: contributions:
perturbatively calculable
Form-factors: ki

non-perturbative estimates
from LCSR, HQET, Lattice ...

no quantitative computation

2 Challenge: either estimate accurately or eliminate
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Model Independent Framework

2 The amplitude A (B(p) — K*(k)€+€_) [RM, Sinha, Das ‘14]
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Model Independent Framework

The amp”tUde A (B(p) — K*(k)€+€_) [RM, Sinha, Das ‘14]
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Wilson coefficients
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Model Independent Framework

& The amplitude A (B(p) — K*(k)¢*¢™) [RM, Sinha, Das "14]
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lorentz & gauge invariance
allow general parametrization
with form-factors X;,
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Model Independent Framework

2 The amplitude A (B(p) — K*(k)(*¢™) [RM, Sinha, Das ‘14]
%:%bv;;; {09 (K*|5v" Ppb|B) — QQC; (K*|5i0"" q,, (myPr + msPr)b|B)

1672 _ . o ]
-— >, GH} }5%8 +C o K*|579" PLb| B) £y,y5¢

Wilson coefficients . .
lorentz & gauge invariance

allow general parametrization
with form-factors X;,

HE ~ <K*i/d4x eiq“T{jgm(x),Oi(O)}B> — > parametrize with ‘new’

form-factors =
[Khodjamirian et. al’10]
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Model Independent Framework

2 Absorbing factorizable & non-factorizable contributions into

Co— Cg’ = Ty +AC5™ (¢) + ACE" ™" (¢?)

W_J
~2 02X
2(my+m. ~ 2(mytm.
) 3, A, 3
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Model Independent Framework
2> Absorbing factorizable & non-factorizable contributions into
Co— Cg’ = Ty +AC5™ (¢) + ACE" ™" (¢?)

W_J
<202/ &,

2(mp+my) ~ 2(mp+my)
bq2 Cr Yy — V= qu Cr Y+

2 Most general parametric form of amplitude in SM

Af’R — (69 F Olo)f)\ — é,\ At‘ =

me=0

Form-factors: 7 = Fa(X;)and Gy = gNA(yj)
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Right-Handed Current

% Chirality flipped operators O ¢ O’
s, PLb  <{—  5v,Pgb
§i0,, PRb (=  §ic,, PLb

2 In presence of right-handed gauge boson or other kind of new
particles like leptoquarks etc..
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RH Current

» Amplitudes AX " = (Co 4+ 1) F (Cro + 1)) FL — Gy

L,R ~|,0 _
Aft = ((C3° = CH) F (Cro = 1)) Firo — G0

: Re (GVA ) )\ Ci 0 / OS/)
— — Re(C = =
2 Notation ry i e(Cy) & Cro § Cro

L — (;l —
2 Variables R} = —=° , Ry === , Rop = —=
| 1 o I | 0 1
| G g G 2mpympC Grinstein, Prijol ‘04
2 HQET limit ?|||| — }_—i = ?(; = —K qu L [[Eglggteetlk]nét.rgcl)’10]]

—— > T =7 =7L =7 ignoring non-factorisable

corrections
——>  Ro=R;# R,

B ———
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RH Current

At kinematic endpoint | Mexact HQET limit
[ polarization independent
non-factorisable correction

1 2 2
2 Observables Iy (qgnax) — § FH(qmaX) — 5 A4(Qr2nax) — 9.

F1 (¢max) = 0, ArB(Gimax) = 0, A5,7,8,9(dmax) = 0.
[Hiller, Zwicky '14]

2 laylor series expansion around ¢ = qfnax —q°

1
FL=3+ Fs + FP52 4 pP)g3

FJ_ — (1)5 1 F(2)52 4+ F(3)53
App = AWs7 + A2 55 1+ AB) 3
As = AWs3 1 AP53 4 4AB55
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RH Current
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Fit to 14 bin LHCb data
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RH Current

2 Limiting analytic expressions

RJ_ (qmax) — w2\/w1 — 17 RH(QmaX) — wo — 1 — RO(QmaX)
s DR 1 (248 - A} 1 (24 - A3
Wy = — or — and wo =
24007 84l 34w (350 + FY) e (3 4 R
3. —— e
/Nv | | between slopes
SM prediction 0 —— 4
_1' -------------------
0 5 10 15 20
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Results In Ciy/Cio — Cqy/Cho

D et
r/Cqio=0.84 > SM |nput
1. -

2 Of »  More than 50 deviation
S »  (y/Cro = —0.8340.82

i C4/Cro = —0.90 + 0.28

=6 4 2 0 2 1

C'10/Cro
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Results In Ciy/Cio — Cqy/Cho

D et
r/Cqio=0.84 > SM |nput
1. -
2 > More than 5¢ deviation
S »  (y/Cro = —0.8340.82
i C4/Cro = —0.90 + 0.28
=6 4 2 0 2 1 2 v _
C10/Cho _ r/C1o = 0.60 ]
Significance of deviationis .. '
smaller for lower r/Cio values |
S |
K

Other kind of NP like Z’ |
as hinted in global fits =

[Altmannshofer, Straub '14

& other groups also] C'10/Cro
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Fit to form factor observables
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Fit to form factor observables

1.2

1.0}
0.8}
[1 0.6}
0.4}

0.2}

0.0K
0

1.0
0.8}
0.6}
5 04

| & o02]

0.0
-0.2}
-0.4

0

0.5}

<,: 0.0f~

-0.5}

\\
- \N
S
S

CKM 2016, TIFR 12 Rusa Mandal, IMSc



Convergence of coefficients
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Convergence of coefficients
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Resonances

cC bound states added:J/v, ¥(25),1(3770), ¥ (4040) 1)(4160)1)(4415).

Observable — Form-factors + Kruger & Sehgal parametrization

0.4.'

Asymmetries decrease

0.2l in high ¢~ region

o0
< 0.0 makes observable

w1 unphysical
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Random variation of each strong phases
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Resonances

cC bound states added:J/v, ¥(25),1(3770), ¥ (4040) 1)(4160)1)(4415).
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Resonances
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Resonances

cC bound states added:J/v, ¥(25),1(3770), ¥ (4040) 1)(4160)1)(4415).

Observable — Form-factors + Kruger & Sehgal parametrization
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Summary

Popular approaches Our approach

™ Combine allb — s transitions & Most general parametric form of

SM amplitude
_|_
many decay modes i.e observables g _ K*¢t 0~ observables
+ +
more hadrci;’_nc uncertainties eliminate hadronic uncertainties

conservative assumption of

non-factorisable contributions o
no/minimal dependency on

form-factors & independent of
non-factorisable contributions

™M Focusing on low q2 region ™ Conclusion derived at endpoint
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sSummary

M Formalism developed to include all possible effects within SM

M Strong evidence of RH currents derived at endpoint limit —

> systematics studied by varying polynomial order & bin no.
2 finite K* width effect considered
2 resonance systematics & experimental correlation can reduce

significance of deviation

4 Fluctuation? Wait for more data to be accumulated!
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Complex part of amplitudes

2 SM amplitude Af’R = (éé\ T Cro)Fx — G
2z Complex part ex Elm(éé\)]:/\ - Im(@})

> |terative solutions

£ = \/§7TFf -A9P1 n A8P2 B A7P1P2’f’_|_-
T (ro—rFL 32 4 3nCio |

- \/ﬁ’/TFf i Ag?‘o | Ang’l‘H B A7P2r||-
| (TO_TII)]:_L _3\/§TJ_ | 4P17 37‘(’6’10 ] ’

e — \/§7TFf — AgPl’rO | Ag’r” B A7P1’I‘0-
° (ro—m7)) FL _3\@P2m 4y 3#510 | |
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Complex part of amplitudes

q” range in GeV? 5L/\/E €||/\/ITf 80/\/ITf
0.1 <¢g*<0.98 | —0.048+0.116 —0.047 +0.103 0.020 + 0.111
1.1<¢g*<25 | —0.0104+0.078 —0.010+0.078 0.078 £ 0.172
2.5<¢*<4.0 | —0.009 +0.079 —0.008 + 0.080 —0.025 4+ 0.212
40<¢*<6.0 | —0.026+£0.097 0.014 +0.093 0.032 +0.234
6.0 < ¢g* <80 | —0.011+0.088 —0.046 + 0.078 —0.132 + 0.129
11.0 < ¢* < 12.5| —0.011 £ 0.050 0.038 +0.074 —0.078 +0.114
15.0 < ¢* < 17.0 |—0.0003 £+ 0.067 —0.027 £+ 0.071 0.020 4 0.072
17.0 < ¢* <19.0| 0.0064+0.076 —0.090 &+ 0.090 —0.040 + 0.088

€

iy,

values with errors are consistent with zero
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RH Current

2> Limiting analytic expressions

Wo — W1

2 _ 2 _ Vw; — 1 2
RJ_ (qmax) — WQ\/W1 — 17 RH(QmaX) — Wy — 1 — RO(QmaX)
PR AN Y (248 — A 1 (24 - A
e i AR RV FY) oAl (3R + FD)
o . Adding
Real limit Complex limit finite K *width
""""""" wd1.()9::0.33h098——0.33‘118—:0.35
1 10934036 0.85+0.30 1.02 + 0.40
- w2J—2.87__6.69L—285——1254 """ —2.48 +5.95
—2.65+£6.18 —2.59+6.22 —2.30+5.51
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Resonances

Parametrization in Wilson coefficient Cg [Kruger, Sehgal '96]
( 2) 81 me 4 i q2 P/?ng ﬁgd(x) d 1+ -ﬂ-RC(_: ( 2)
Me,q") = —=ln— — — 4+ — T+ i< Ry

J ! 9 my 9 3 Jamz x(x—¢°) 3 had

10V

Z 9¢* Br(V — lﬂ_)rt‘;gtalrk‘{ad o

2 2 \2 2 TV 2
(q _mv) + my L ota
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Solutions

1—¢€ 1
p, = 13 LTt 4P FL=2C(1+€)(1+ RY)
2 PlAFB FH 3% — QC (]_ _ 5)2(1 0 Rﬁ)
14¢
Ry =3 (E)PFi+32 . FPE=20(1- €21+ BY)
- Ao AppP1 =3¢ (1 -¢°)(R) + R1)
Ry = & : (%)PzFL + 32 V2A5P; =3¢ (1 - §)(Ro+ R.)
T T 2V2 As
o (T.é)mDIAFBFJ_
2 =

V245 ((1+§)2F¢ + Z1P1) — Z2P1ArB

16 32
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