Dispersive analysis of B - n/*/~and B -~ K/{*(-
decays at low ¢?

Sergi Gonzalez-Solis'

in preparation with Yun-Hua Chen and Feng-Kun Guo

Institute of Theoretical Physics
Chinese Academy of Sciences

CRC110 General Meeting 2017
30 august 2017, Beijing (China)

'sgonzalez@itp.ac.cn



Outline

o Introduction

9 B - my* and B - K~* form factors in dispersion theory
@ Pion Vector Form Factor: Omnés equation
@ B — 3w and B — 27K decay amplitude: Khuri Treiman

e Results

e Conclusions



Introduction

Motivation

@ FCNC transitions in the SM: Loop and CKM suppressed
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@ FCNC transitions in the SM: Loop and CKM suppressed
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@ Indirect searches of NP: new particles with new type interactions?
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Introduction

Anatomy of b —» d¢*¢~ and b — s/* ¢~ transitions in the SM

@ Weak Effective Hamiltonian
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Introduction

invariant mass distribution

@ Hadronic matrix element

- m% —m?2 m% -m?2
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mp+ Mg

@ Differential decay rate distribution
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@ f.(¢*) dominates: is subdominat (|C<T| « |C§T,[), while

fo(q*) is suppressed by m?.
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Introduction

B — 7w Form

Factors

@ Lattice Form Factors+B — w/v, data

Phys.Rev. D92 (2015) no.1, 014024
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Introduction

B — 7 Form Factors

+ o= e Phys.Rev.Lett. 115 (2015) no.15, 152002
@ B — w/"¢~ description
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@ Our purpose: To describe the region where light vector resonance
are produced (¢? < 1 GeV?)
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B - K Form Factors

Phys.Rev. D93 (2016) no.2, 025026
fr ==
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@ Lattice Form Factors
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B — 7" and B - K~* form factors in dispersion theory

Transition form factor B — P/¢~

@ Two-pion discontinuity of the B — P~* transition form factor

B - B
disc| ] =
P LT P

@ Ezempli gratia : P =m

discfFE(s) = 2io(s)E) " ()77 (5)0(s - 4m2),

o) = g [ I,
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B — 7" and B - K~* form factors in dispersion theory

Transition form factor B — P/¢~

@ Two-pion discontinuity of the B — P~* transition form factor
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B — 7" and B - K~* form factors in dispersion theory

Pion vector Form Factor (Warm-up)

Pion Vector Form Factor: Omnés equation

@ Chiral Perturbation Theory O(p*)
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B — 7" and B - K~* form factors in dispersion theory

Pion Vector Form Factor: Omnés equation
Pion vector Form Factor (Warm-up)
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B — 7" and B - K~* form factors in dispersion theory

Pion vector Form Factor

@ Omnés

m2  s'(s'—s)

oo 1
FY(s) = exp{s / ds'éli(s)
7 Ja

Pion Vector Form Factor: Omnés equation
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y* and B — K~* form factors in dispersion theory Pion Vector Form Factor: Omnés equation

Pion vector Form Factor

@ Omnés

oo 1
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B — 7" and B - K~* form factors in dispersion theory

Pion vector Form Factor

Pion Vector Form Factor: Omnés equation

@ Phenomenological model to incorporate p'(1450), p”(1700)

P. Roig, Nucl. Phys. B 161 (2012) [ArXiv: 1112.0962]
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B — 7" and B - K~* form factors in dispersion theory Pion Vector Form Factor: Omnés equation

Pion vector Form Factor

P. Roig, Nucl. Phys. B 161 (2012) [ArXiv: 1112.0962]
@ Phenomenological model to incorporate p'(1450), p”(1700)
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B — 7" and B - K~* form factors in dispersion theory

B — 37 and B — 27 K decay amplitude: Khuri Treiman

3-body decay: dispersion relations a /a Khuri Treiman
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discfi(s) = discF(s) = (F(s) + ﬁ(s)) sin 5%(5)6_7:5%(8)9(5 —4m?)(s),

Fils) = % f4°° a5 35D r oy s £ s))

m2 s'—s—ie
@ 61(s): P-wave w7 scattering phase shift

@ F(s) is the inhomogeneity: s-channel projection of left-hand cut
contributions (¢t-and-u channels)

@ Dispersive integral: accounts for final state interactions between
all three final state pions
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B — w~y* and B — K~* form factors in dispersion theory B — 37 and B — 27 K decay amplitude: Khuri Treiman

3-body decay: dispersion relations a /a Khuri Treiman

@ Dispersive integral: accounts crossed-channel rescattering
(t-and-u channels)

_ s [sew  sindl(s")F(s")
F(s) = aQs) (1 t f4m% ds |Q(s’1)|s’(s’—s)) ,
F(s) = §fldz (1-22)F(t(s,25)), zs=cosbs= _ftruw
' 2J1 7" ° e T dp(s)a(s)
p(s) = =N P2(s, MEm2),  g(s) = == A2 (s,m2,m2),

2V/s 2V/s

@ If (s) =0 (no left-hand cut contributions)= F(s) = «2(s) (pion
vector form factor)

@ « is a subtraction constant: only free parameter of the model

S.Gonzalez-Solis (ITP-CAS) CRC meeting 30 august 2017 17/33



d B - K~* form factors in dispersion theory

w — 37 (warm-up)
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B — 37 and B — 27 K decay amplitude: Khuri Treiman

B. Kubis et.al., EPJC 72 (2012) 2014
B. Kubis et.al., PRD 86 (2012) 054013
1.V. Danilkin et.al., PRD 91 (2015) 094029
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d B - K~* form factors in dispersion theory B — 37 and B — 27 K decay amplitude: Khuri Treiman

w — w9 transition form factor
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B — 37 and B — 27 K decay amplitude: Khuri Treiman

B. Kubis et.al., PRD 91 (2015) 036004
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Redl part

Absolute value

B — 37 and B — 27 K decay amplitude: Khuri Treiman

4 6
—— Oomnés(F(9=0)
[ 1st and only iteration of F(s)
— fi9=F(e+F(©
4
g
>
g3
g
1 N =2
T —— Omnes(F(9)=0)
_of 1st and only iteration of F(s) 1
— f1(9=F(9+F(
_3
03 04 0.5 0.6 0.7 08 0.9 10 %53 0.4 05 0.6 0.7 0.8 0.9 1.0
Vs [GeV] Vs _[GeV]
6 —— Omnes
—— omnés(F(9)=0) — fi(9)=F(9)+F(9)
5L 1st and only iteration of F(s)
— 1) (9=F(9+F(s) 0.1
4 ]
@ 001
3 g
[
2 0.001
I
_____ |
1 104
0 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10 0.3 0.4 05 0.6 0.7 0.8 0.9
Vs [Gev] Vs [Gev]
S.Gonzalez-Solis (ITP-CAS) CRC meeting 30 august 2017 21/33



B - mv* transition form factor
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B — 2n K decay amplitude: B* resonance exchange

t /u-channel t /u-channel

* *
B B K B b K
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T(t,u) = 5 tteul,9BBn=—"F 9,
2 t—mp. Jx

T(s)=3 [11 4zs (1-22)T(t(s, 25),u(s, 2)),

g =0.569(76) (lattice)

2 9B+ Kkx=5-107%(B - K*r)

§ [ Scut sin 0L (s")T (s’ .
F(s) = Q(s) ((,7[4 gs SO ()T )),fl(s)=}"(s)+7'(s)

m2  |Q(s")|s" (s - 5)

We fix « such that we reproduce Fix(0) = 0.319 obtained in the Lattice

S.Gonzalez-Solis (ITP-CAS) CRC meeting

30 august 2017 23/33



B — 2n K decay amplitude: B* resonance exchange

t/u-channel
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B - K~* transition form factor (preliminary)
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Application

@ Predictions for R, and Ry in the range 0.045 < ¢% < 1 GeV?

R

_Bomptpm
B mete

Ry

_ B Ku'yw
" B Kete™ '

\/ Scut (GeV)

1.3

1.8

2.5

R

0.9300

0.9298

0.9298

0.9297

Ry

0.9300

0.9300

0.9300

0.9300

@ Results insensitive to the value of the cut-off

@ Central results (preliminary): R, =0.930(1) and Rx =0.930(1)
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Conclusions

Conclusions

@ We describe the B - 7 and B - K form factors in dispersion
theory in the region where light vector resonances are produced

@ Elements required as input:

@ Pion Vector Form Factor: Omnés equation
e B - 3w and B - 2xr K decay amplitudes: Khuri-Treiman

@ The 4;(s) is (almost) all what we need

@ Crossed-channels rescattering effects taken into account

@ We predict R; =0.930(1) and Rk = 0.940(1) in the region
0.045 < ¢ < 1 GeV?
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In progress

@ In progress: To add B* resonance exchange to B — 3«
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Back-up



The Omneés equation

@ Schwartz reflection principle R. Omnés, Nuovo Gim. 8, 316 (1958)

f(s+ie) =|f(s)e?®
f(s—ie) =|f(s)|e)
@ Take the discontinuity

} f(s+ig) = e2i6(s)f(s —ig),

disclog f(s) =log f(s +ic) —log f(s —ic) = 2id(s) .
@ Write down a dispersion relation for log f(s)

log f(s) ds’,

@ Omneés solution

F=ew| L [7 a0,

m (8" —s—ig)

1 f°° disclog f(s)

" 2 Jsu (s' —s—ie)



Subtractions

@ The discontinuity is not known up to arbitrarily large energies

@ Performing subtractions we diminish the importance of the
contribution from the high-energy region of the integral

@ The subtraction constants absorbs the information encoded in this
region

£(5) = F(50)2(s) Q<s>=exp[8‘5° [ CAR—,

T m (8" =80)(s" —s—ie) ’

Ref(s) = f(s0)exp —738 —% [ o) ds’- cosd(s),

T s (8" —s0)(s"—s) |

tand(s)Ref(s),

Im f(s)

_ sn) ex [ 550 *® 5(3,) /-
O = fne | P2 [T oL,




The Omneés equation

@ Most general solution

f(s) = P(s)Q(s).

@ To fix P(s) we analyze s — oo where usually o, = limg_,o 0($)
tends to a constant

HOBINOS

lim f(s)

S—> 00

§—=350 Sth — S0

— 5000 _ ,
lim P(s)exp [S 50 Jeo () log( Sth 5 )] ei0
§—00 e

§—00

NN
lim P(s) (M) e .
s

@ Assuming f(s) to vanish for s - oo implies P(s) to be a constant
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