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Introduction

Angular observables C short distance + long distance
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Introduction

2 Angular observables C short distance + long distance

Wilson coefficients:

perturbatively calculable
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Introduction

2 Angular observables C short distance + long distance

4

Form-factors:
non-perturbative estimates
from LCSR, HQET, Lattice ...

Wilson coefficients:
perturbatively calculable
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Introduction

2 Angular observables C short distance + long distance

/ Non-factorizable

Wilson coefticients: contributions:
perturbatively calculable

Form-factors:
non-perturbative estimates
from LCSR, HQET, Lattice ...

Limited by unknown
QCD dynamics

2 Challenge: Improve precision in estimates
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Inverse moment of DA

2 Key parameter in Light-Cone Sum Rule estimates of form factor

] < dK |,
N, ) = [ ok

/IB — 460 += 110 MeV [Braun, lvanov, Korchemsky 04] Calculated in QCD SR

Ag. =438 £ 150 MeV  [knodjamirian, RM, Mannel 20} uncertainty
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Inverse moment of DA

2 Key parameter in Light-Cone Sum Rule estimates of form factor

_ < dk (s
Aol (0= [ 5o e
0
/IB — 460 += 110 MeV [Braun, lvanov, Korchemsky 04] Calculated in QCD SR

Ag. =438 £ 150 MeV  [knodjamirian, RM, Mannel 20} | uncertainty

2 Direct extraction of Ag from B — fvy might give
orecise estimate

For dg @ B, —> ¢y with nonlocal effects

need to understand SU(3) violation effects— difference (if any)

2 Look for methods to constrain
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Form factors

2 Use Lattice estimate of form factors B, - P@g* =0 [rraco 22
— small uncertainty

— with LCSR predictions
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Form factors

2 Use Lattice estimate of form factors B, - P@g* =0 [rraco 22
— small uncertainty

— with LCSR predictions

2 QCD Sum rule methods for estimates

Based on [Shifman et al. *79]

Perturbatively calculable Quark & gluon .
amplitudes T charactarises QCD vacuum

or distribution amplitudes in LCSR
— [ Dispersion relation [Khodjamirian et al. 05,07

Physical hadronic parameters
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Form factors

2 Use Lattice estimate of form factors B,y - P@g* =0 (HPacD 22
— small uncertainty

— with LCSR predictions

& QCD Sum rule methods for estimates

Based on [Shifman et al. *79]

Perturbatively calculable Quark & gluon .
amplitudes T charactarises QCD vacuum

or distribution amplitudes in LCSR
~ " Dispersion relation [Khodjamirian et al. ‘05,07

4 Ground state

Physical hadronic parameters E
©

C : : : ® ti
& Limitations: hadronic parameter extraction B o

depends on for the spectrum s /\

>
Borel parameter

FPP®@IISc Bangalore 1 Rusa Mandal, IIT Gandhinagar



Form factors B — P

2 Correlation function with & weak currents

f’MV(q,k) — z/d4113 e"k"” <O|T{ mt( )7 weak( )} |qu(q T k)>

32(z)Y 1591 () N\ 3 2 (O)Tb(0)
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Form factors B — P

2 Correlation function with & weak currents

f’MV(q,k) — z/d4:13 e"k"” <O|T{ mt( )7 weak( )} |qu(q T k)>

QQ(SU)’YV’Ys(h(ZU) \\_b 61(0)115111(0)

2 Dispersion relation for hadronic representation

(0 @27 v591| P(k) <P ) | T4 b (Q+k)> 4

m% — k2
¥  Form factors

F}/::d(% k) —

decay constant for P: ifpk”

(PO @r"b|BW) = |(p+ k)" = = = q“] fiot =2 f
(P @™ @b |B®) = —L— [ (p+ b = (m = m2) "]
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Form factors B — P

2 OPE part: correlator expanded near the light-cone k* < m;, ¢* < (m, +m, )

v 1k-x d4l —il-x [V l+m1 —Q D
Fopn(ak) = [d'ze®s [ ge = [y T Ol @ 0)1B(a + )

inputs:
LCDASs: ¢, g+

Parametrised in terms of Az in HQET
[Braun et al. '17]
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Form factors B — P

2 OPE part: correlator expanded near the light-cone k? < m?, ¢> < (m, + m_)?
; q1 b q1

v d4 —za: l+m1 o _
Fopn(ak) = [atae™= [ Sty ] O @0)|Bla + k)

q | - 7

V

inputs:
LCDASs: ¢, g+

Parametrised in terms of Az in HQET
[Braun et al. '17]

hadronic representation with OPE using

— Quark-hadron duality assumption

Sum rules for form factors
— Borel transform to

2\ 2 2
excited & continuum state contributions F(q*) = f(q", M, 50, Ap)
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Decay constant

2 Effective threshold s,;, determined from decay constant sum rule

@ w@w

g
s e = [ g [ppf;x >+;p§;;?<s>+p 9 ()(GE)]

a2 m2  m’md\ ,_ 5  m? 2
— dme ™M (1— anz 16M2) (5s) + (——4M2>e —Am /M GQY

R e

—m2_/M?
2 Solve s, from om2 =4 prptFe ™
th ns Fo—m2,/M?
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Results

2 Fit to Lattice data

X2 — Z(OzLattice . O:li:heO). CO’Uil. (O?attice . O;heo) i X121uis

v
%]

Form factor Our work LCSR

B—> K | 4(1GeV)=338tMeV | 383 +153MeV

[RM, Nandi, Ray PLB '23]

B, —n, | 43 (1GeV)=480"3MeV | 438 £150MeV

[RM, Patil, Ray JHEP '24] [Khodjamirian, RM, Mannel JHEP20]

~ Improvement in uncertainty
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Results
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Results

|||||||||||||||||||||

[1804.04962]

E.,=1.5 GeV |
- _
b ) With 1/E, & 1/m, §
g corrections =
=
Uy =

LO diagramto B — fuvy

(0.89 +0.10) x 10~° (E,>1.5GeV)
2 Constrained prediction B(B — vylv) =

(0.34 +0.02) x 107 (E,>2.0GeV)

& Implications of updated 4 | value can be seen in other modes

— weak decay predictions using QCD factorization
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Non-local FFs

G 2C~
A(Bs = ¢t™l7) = \/ga‘/ibv;{; [{C9<¢|§7“PLI)|B ) — q—<¢|520“ qv (M Pr + msPp)b| B)
16
qﬂ }f’mf + C1o(0|57" PLb| B, )5%754

H -t = 202 (G2 = ) (G(BIO*@IBulk + )

%‘ . __calculated in LCSR

[Khodjamirian et al. "10]
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Non-local FFs

G 2C .
A(B. = 676) =22V, [{09<¢|WPLb|BS> - 2 Glsio™q,(muPr + m PV B,
1672 w7 _ 7
2 H* b Ly,L + Cro{@|57" PLb| Bs) £y, |,
7 C oY
H |non—fac — 2Qc 02 — 9N <¢(k)|0 (q)|B8(k + q)>

%‘ . __calculated in LCSR

[Khodjamirian et al. "10]

Leading contribution from quark-gluon-antiguark non-local operator

3-particle distribution amplitudes

H
~ Causes nCy: AC}x —2
F;
Crucial in order to from new physics
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Non-local FFs (Preliminary)

2 O(3) in Z , in two previous calculations

Transition ~ V(¢?> =1GeV?) [Gubernari et al. '21]  [Khodjamirian et al. "10]

B— K A (+4.9+2.8)-1077 (-1.3%39) - 10~*
V, (—4.4436)-1077GeV  (—1.571%).1074GeV
B — K* V, (+3.34+2.0)-1077GeV  (+7.3714)-1075GeV
Vs (+1.14£1.0)-10°5GeV  (+2.4%55). 107 GeV
V, (—4.4£5.6) - 1077 GeV —
B, — ¢ V, (+4.3+£3.1)- 1077 GeV —
Vs (+1.7 £ 2.0) - 106 GeV —

2 Improve with complete set of LCDAs  [Ongoing work with: Alam Khan, Patil, Ray]
Revisiting the between different twist contributions

S 10 times INn Non-local FF estimates
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Non-local FFs (Preliminary)

1 n—
of— 0;
qb e P R . T =
o N S
L4 -2 ' = —2T
moc; i mom‘ i
% -3t _ _Bsg->¢ : % -3¢ - ABs->¢ :
@ | —=— (Re[ACy7 Iact. © | —=— (Re[ACyj act
-4 . ] -4r -
(Re[ACS,Sl ¢])non—fact. (Re[Acg'j ¢])n°n_fact_
-5} ; 1 -5F
_3: --------------------- -6- .....................
-7 -6 -5 -4 -3 -7 -6 -5 -4 -3
¢ (GeV) ¢ (GeV)
ACE ~ —1 . Also from global fits to angular observables

2 Need to investigate the eftect in physical region via dispersion relation

— Model ansatz & use of data on states

FPP@IISc Bangalore 14 Rusa Mandal, IIT Gandhinagar



N
o

-
(o]

-
(+}]

—
=y

—_

Max Luminosity [10*/cm?%s]
N

-
o

Outlook

[by Y. Ushiroda '20]

a0 @™

N

()]

N
(onn )

w
[1-qe] Axsouiwn] ‘ju|

N
—

—
o

o

10 —
— LHCDb A 300';_% _ —Lpeak Before IR upgrade || ——Int. Luminosity
— 2 Tn —L  After IR upgrade

- ] P4 N 8 | peak

- —250 3 &
E 1 3 ¢
3 20y S 6 RF _

- 0 & 1 £ X Belle-ll [partiall i
—: — - __150 | > |R (QCS) |

3 - = 4
— - D J |

3 _ o I
= —100 g |
= ] 5 2 :

. —150 A | N
— ] oS |
j-'_h'—lﬁ&:;—r 1 T | 1 - | 1 | 1 1 1 : &J 0 (Tunmg) l
2010 2015 2020 2025 2030 2035 2019/ 2021/1 202311 20251 2027/1 202911 2031/1

Both LHCb & Belle-Il will be running for at least
— of discrepancies observed so far...
— plenty of b- & c-hadron decay channels are to be explored
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Thank you for your attention
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LCDAS

2 2-particle: Bto vacuum is HQET

05" @) [B.) = =722 [Tl (14 9)[04(0) - (0102
Ba
+5 (0) ~5)0,0) 18, 35}
where y y
3w) = [ dn(@n) - o), and gw) = [ (o) - 9-())
0 0
b (w) = wige—w/wo, d_(w) = wioe—w/wo B >\1;18_w>\H (ng — dwwg _|_w2) o~ w/wo ,
g+ (w) = —g\—c%{(w — 2wy ) Ei <_wio) + (w4 2wy )e /w0 (ln wio + ny) — 2we—w/wo}
e /v 119 2
T 2w ¥ {1_36%()\ - )}
3 AL - )% w 1/w)’ /o
=) :""{1 g [1 -a+i(a) ] } |
Wy — )\B
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LCDAS

3-particle: Bto vacuum is HQET

272
V7

(05%(z)6 [wa — iny. - D] G,-hi(0) | B(v))

_ stfles / dwle—icﬂv-x {(1 4 3&) [(,UO"YT — ’UT’)’U)[wA — '(pv] — iUUT¢V
0

+ (0507 — 0;05) X 4 — (05Yr — OrYo)[W + Y 4] + z'eamﬁé‘o‘vﬁ%;/l

x>ny,r2~0

_ _ _ ba
— 7:60-7-041360"}/'8’)/5YA — (60-'07- — 37”00)@”/ + (ao'fyT — 67‘70‘)aZ] 75}

w1

dan(TIl? w2)

7(&)1,602) / . .
/o Combinations of LCDAs
0

w1

dan(nl ) w2)

>

(w1, w2)
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