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The Standard Model : an incomplete
theory

Still some unresolved problems :
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Electroweak hierarchy problem

Flavor puzzle

What do we do about
the prefou?
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Semi-leptonic B-decays

b — SZ_FZ_ transitions through Flavor Changing Neutral
Current (FCNC)

— No contribution at tree-level in SM
— CKM suppressed

| Sensitive to new
physics !




Semi-leptonic B-decays

h — sl transitions through
Current (FCNC)

— No contribution at tree-level in SM
— CKM suppressed

| Sensitive to n¢
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— Hadronic uncertainties
| Theoretical

complications




B-anomalies

SM predictions

blue : experimental results
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- Branching fractions
- Angular observables
- R-ratios

-Muon g-2
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B-anomalies
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B-anomalies

Anomalies in ‘clean’ observables gone :

a R and R, (LHCb 2022)
Q  BR(B, — up) (LHCb 2021)

Deviation in angular observables and
Branching fractions at low g2 still standing
(g? : square of invariant mass of the two
leptons in the final state)

— Theoretically challenging
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Motivation: B-anomalies status

Anomalies in ‘clean’ observables gone :

a R and R, (LHCb 2022)
Q  BR(B,— W) (LHCb 2021)

Deviation in angular observables and
Branching fractions at low g still standing
(g? : square of invariant mass of the two
leptons in the final state)
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Current status of B-anomalies




Current status of phenomenologists




Theoretical framework:

b — sl inthe weak effective theory

At the scale my, Heff — H@ffjsl + Heff,had
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Amplitude of B — KUl decays

p |
A(B — KWI*I7) = N{(CSJL/\L/ + CroLy) Fu(q?) — i}—g |C7F (@) + ]}

= had -
> Local JF,(q*) = (KW (k)|O7910|B(k + q))

L

Parametrized with local Form Factors

Non-Local




Local Form Factors computation:

At high-g®> : computed on the lattice

At low-g? : (mostly) Light-Cone Sum Rule (LCSR)

F.F
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Local Form Factors computation

At high-g®> : computed on the lattice

At low-g? : (mostly) Light-Cone Sum Rule (LCSR) | Challenging systematic

uncertainties

REMAINING
F.F . ANOMALIES

ANOMALIES

I'm in danger.

i
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Procedure for Light-Cone Sum Rules

Jiljeak’ (0)

(0, k) = [ o™ O T 15, (0) s (0) Bla + )

Jint(T)

B to vacuum correlation function

! !

Express it in function of the Compute it perturbatively
form factors on the light-cone : x*~ 0
(expansion in growing
twists)




Procedure for Light-Cone Sum Rules

" (q, k) =i f A (| TJL

(2)tear(0) | B(g + k)

B to vacuum correlation function

!

!

lef)eak (0>

Jint(T)

Express it in function of the
form factors

Compute it perturbatively
on the light-cone : x*~ 0
(expansion in growing

twists)

Match both expression
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Procedure for Light-Cone Sum Rules

HMV(Q’ k) =1 J‘d4xelljk.l} <0| TJLUm‘( )']1/11()(11.( ) |B(q + k)>

Hadronic unitarity

relation

+ HQET

Dispersion relation WEF Density of continuum

. and excited states
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1 &)
x* < 1/Ayep Light-Cone OPE
In growing twist (dimension — spin)
Non perturbative input : B-meson LC
What we want What is this? >
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Procedure for Light-Cone Sum Rules
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Estimating the density

At leading twist:

( 2 ‘ I +oC -
° I e : Borel transform
V1 (F) F(g) 1 p(s) L I(s) o
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Setting the parameters

F(q’) = T

Borel parameter M? : compromise
between supression of higher twists, and
continuum and excited states contribution

- : TR ST ()p—SIM?
higher twists J‘\“ ds I, (s)e

leading twist L‘;v ds I,(s)e=s/M?
r 3

A

~30% —

~10%

Range of the Borel parameter
E.g.for B —» K: M* € [0.5,1.5] GeV?

S dsl(

) (s-mZ)/M2

Duality threshold sO : Independence of
F(g?) w.rt M?:

d
Daughter Sum Rule: ——F(g?) =0
g i)
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Preliminary results:

sy from SVZ sum rules Khodjamirian-Mannel hep-ph/0308297
$

v .
Forr;szgtor Our Result Gube;r(m)?g etk Other results
0258+ 0,031 [1] Results in agreement with
ff—m 0.249 + 0.064 021 +0.07 0254005 [2] previous calculations
PRELIMINARY 0.301 +0.023 [3]
0.280 +0.037 [4]
0.253 +0.028 [1]
fg_’” 0.259 £+ 0.065 0.19 + 0.06 021004 [2]
PRELIMINARY 0.273+0.021 [3
0.26£0.06 [4]
0.331 £0.041 [1]
—-K 0.376 + 0.068 0.31+0.04 [2
ff PRELIMINARY 0.27 £0.08 2
0.395+0.033 [3]
0.364+0.05 [4]
- 0.358 +0.037 [1] [1] Ball and Zwicky 2005, light meson DA’s
fg_)K %ggLMNOAg? 0.25 +0.07 Gare0ny 2] [2] Khodjamirian, Mannel, Offen 2007, B meson DA’s
0.381 +0.027 [3] o
[38] Khodjamirian, Rusov, LCSR + CKM
0.363+0.08 [4]

[4] Lu, Shen, Wang, Wei, LCSR + QCD SR up to twist 6 16



After working on LCSR for a few weeks
-
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After working on LCSR for a few months

PEOPLE WHO DON'T
KNOW HOW LCSR
WORK




Local Form Factors computation

At high-g®> : computed on the lattice

At low-g? : (mostly) Light-Cone Sum Rule (LCSR)

3.0 3.0

1 — fld) { -

259 — £id) / 25
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2.0

1.59
1.0

0.59

0.0-

LCSR soon obsolete ?
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Amplitude of B — K(*)Il decays

AB — K1) = N{ (oLl + Coll)Fule) - 5 [CF, 1) + 74,071

= had -
> Local JF,(q*) ={(K®(k)|O7910|B(k + q))

\

Parametrized with local Form Factors

Non-Local

Only with LCSR




Conclusion

Start a PhD in
B-meson
Physics

Realize

| won’t have .

a job
whether
anomalies
die or not

| Computation

to
understand
more about
remaining
anomalies

Realize
| won’t have |-
a job
whether
anomalies
die or not




THANK YOU FOR YOU
ATTENTION !!!

Remember to go watch
Stitch, the live action
in 20241 f
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Estimating the density:

At leading twist:

Borel transform
M2 : Borel parameter
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Setting the parameters:

F<q ) meBS dS] ) —(s-m?)/M?

Borel parameter M? : compromise Duality threshold sO : Independence of
between supression of higher twists, and F(9?) w.r.t M?:
continuum and excited states contribution

higher twists J;‘x’ ds I(s)e ™" p 2
S [rds e Daughter Sum Rule : -~ F(g*) = 0

A

~30% —

~10%

Range of the Borel parameter
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R-ratios

R-ratios :
0 Mostly free of hadronic uncertainties
0 Search for lepton flavor universality violation

1.4 - LHCb R low-¢> = 0.994700%1
L9 fb_l Ry central-¢” = 0.949700%%
o I ~00gy

R central-g® = 10277007

] gﬁ‘{ta x2=16,p=0812 0 =02

.

Recent update of R, _and R, by LHCb

—_—

< LOF
Q: L.

0.8

0.6

Ry low-¢> Ry central-¢> Rp- low-¢° Ry central-¢ 5



R-ratios

March 2023 LHCDb (including part of run 2):
R(D*)=0.257i0.01210.014i0.012

BaBar 2012, had. tag
0.332+0.024 £0.018

Belle 2013, had. tag
0293 +£0.038 £0.015

Belle 2017, (hadronic tau)

0.270 £ 0.035 £ 0.027
LHCb 2023. (hadronic tau)
0257+0012+£0.018

Belle 2019. sl ta

0.283 £0.018 £0.014

LHCb 2022

0.281+0.018 £0.024
Average

0.284 £0.013

SM Average

0.254 £ 0.005

PRD 95 (2017) 115008
0.257 £ 0.003

JHEP 1712 (2017) 060
0.257 +0.005

PLB 795 (2019) 386
0.254 £0.007

PRL 123 (2019) 9.091801
0.253 +0.005

EPIC 80 (2020) 2. 74
0.247 +0.006

EPIC 82(2022) 12,1141

HFLAV

R(D*)
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Angular observables : P'5

Appropriate ratios of angular coefficients

1 designed to cancel most of the dependence on the form factors
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Branching fractions:

EN] . CSR Lattice —eData
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C,-C,, Global fit : Superlso

Np = AU, x%/ndf = 1.85
B - uu, x?/ndf = 0.07
' High g2, x?/ndf = 1.03
; 209 _ Angular and
e RS I = R Branching fractions
b - s uu at low g2, x?/ndf = 0.93

BOK up
Rk R+, x?/ndf = 0.38 BOK*up

B, [1 ®up

NP
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