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Introduction

Interaction basis

= gauge interactions are diagonal

= mass terms are not diagonal

—Ly =Y/ QLH, + Y, Q Huly + h.c.
Non-diagonal Yukawa

Mass basis

= Yukawa couplings are diagonal

= The CKM matrix is the remnant of the diagonalisation

Lee ﬁiLw“dJLW:‘/Fj
CKM matrix
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The CKM matrix

nuclear 8 decays

]\K%WZD

/r
@ —) b — ulv
—) b— clv

Vi

® The CKM is a unitary matrix
® The elements associated with the first and second families are better determined

® How do we determine the other elements?
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The unitarity triangles

® The CKM is parametrised by three mixing angles and one CP-violating phase

= We can determine the not-so-precise elements from the most precise ones

® Unitarity is essential to assess whether there are any deviations that could hint at
BSM physics

® Useful to use the Wolfenstein parametrisation

1-)%/2 A AX3(p —in)
V= - 1—A2/2 AN? +0(0\Y
AN —p—in) —AN 1

Unitarity: ViyaVyy + VeaVi + ViaViy = 0
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1-)%/2 A AX3(p —in)
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Unitarity:  (VauaVi, + VeaViy + ViaViy) /VeaVs, = 0
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The Unitarity triangles
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The CKM status in 2024

.. .there is a general consistency, at the percent level, between the SM predictions
and the experimental measurements. Thus in order to discover new physics effects a

further effort in theoretical and experimental accuracy is required.”
[2212.03804]

However, there are tensions which (in my opinion) require even more urgent attention

0.228,

0.226!
® Violation of unitarity in the first row .
s 0.224;

0.222]

® The ‘/Cb/vub puzzle 0220560 0965 0870  0.975
Vi [2208.11707]
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The V,, saga



How do we extract V,;?

Inclusive processes:

® \We start from a well determined initial hadronic state and we sum over all
possible hadronic final states

Exclusive processes

® \We resolve the hadronic final state

® More data available

Requires predictions for observables related to hadronic decays
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The theory drawback

Hpartonic = Tp Mhadronic = AQCD

Fundamental challenge to match
partonic and hadronic descriptions
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E 4.6

The long-standing V,
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The long-standing V,;, puzzle
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B — wlo

The long-standing V,;, puzzle
B — D¢
— 48— 3
E 4.6 :_ Exclusive [V | A =10 COﬂtOl?IS _:
:..n 4.4 E_ Exclusive [V _| IS:J:SZZOU —E
> E] 4n :_ ‘V“‘,V‘Vcb‘ [V, global fit _:
4 E E HFLAV Average E
38F 3
ToR -
34F 3
32F =
= HFLAV
c ]
2.8 PGA)=8.9%
c, o oy oy by by b d
36 38 40 42

44
V| [107]

9/35



The long-standing V,;, puzzle
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Why we need a better determination of V,?
4.5[

3.5+

0.036 0.038 0.04 0.042 0.044
Ve

X B(By — ptp)

10°

® The value of V,; has a major impact on flavour observables like B(Bs — pt ™)

or ex

® A resolution of the puzzle is central given the perspective sensitivities at Belle |1
and LHCb
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Main challenges for the future

® Data are one of the most important ingredient

= Belle and Belle Il exhausted their available datasets, but Belle Il is taking data
according to the foreseen expectations

= LHCb started producing results, but we don’t have data yet that we can use for
phenomenological analysis

® From the theory point of view, progress has been done but more is needed

= We need to reconcile different approaches

= How do we estimate uncertainties and how can we go beyond the current status?
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Inclusive decays



Theory framework

_ 1 4 t
r=——tm [ d'a(BOIT {Hs()

Hes ( }\B
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Theory framework

b ‘ r— 'm d*z(B(p)|T {Hiﬁ-(w)Hcﬁ-(O)}lB(p»

Ptk Y T

1
Do WC71,¢07L+3,1'
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Theory framework

P =t [ @B {1y (@) (0)} B G)

1

Zn i 7nn Cn IOII+3 7

® The Wilson coefficients are calculated perturbatively

® The matrix elements (B(p)|On+3,:|B(p)) are non perturbative
= They need to be determined with non-perturbative methods, e.g. Lattice QCD
= They can be extracted from data

= With large n, large number of operators
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Theory framework

P =t [ @B {1y (@) (0)} B G)

1

Zn i 771” C?I IOH«FE 7

® The Wilson coefficients are calculated perturbatively

® The matrix elements (B(p)|On+3,:|B(p)) are non perturbative
= They need to be determined with non-perturbative methods, e.g. Lattice QCD
= They can be extracted from data

= With large n, large number of operators

loss of predictivity
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Theory framework for B — X (v

Double expansion in 1/m and a,

st () ¢ (2) oo (2) - (3-n (2))

2 3 3
Qs m
+(go+gl(*))w2b)+dopig_ 09117;9_’_]
i mb mb mb

The coefficients are known
o 1200 = o (BIB.GD)bu Bl 1) = 5z (Blbyio,u G, B),

= No Lattice QCD determinations are available yet

Use for the first time of o corrections [Fael, Schénwald, Steinhauser, '20]
® Ellipses stands for higher orders

= proliferation of terms and loss of predictivity
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How do we constrain the hadronic parameters?

We need information from kinematic distributions

000
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Can we do it on the lattice?

((a? - (@)?) [(GeV/ch)?]

¢ Measurement
X Model

Belle 1
Judt = 62810

2 3

5 6 7 8
af, [Gev?/c?]

Traditional method: Extract the hadronic parameters from moments of kinematic
distributions in E; and Mx

New idea: Use g> moments to exploit the reduction of free parameters due to
RPI

[Fael, Mannel, Vos, '18, Bernlochner et al, '22]

Measurements of branching fractions are needed and are at the moment quite old

[Gambino, Hashimoto, 20, '23, Hashimoto, lJiittner, et al, '23]
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Q) [GeV?]

Global fit

[MB, Capdevila, Gambino, '21, Finauri, Gambino, '23]

mit me p2 o opk o ph pls 10°BRep 10%Vy| a2, (/dof)
without 4.573 1.092 0.477 0.306 0.185 —0.130  10.66 42.16 22.3
¢>-moments  0.012  0.008 0.056 0.050 0.031 0.092 0.15 0.51 0.474
Belle 11 4.573 1.092 0.460 0.303 0.175 —0.118  10.65 42.08 26.4
0.012  0.008 0.044 0.049 0.020 0.090 0.15 0.48 0.425
Bell. 4572 1.092 0.434 0.302 0.157 —0.100  10.64 41.96 28.1
e 0.012  0.008 0.043 0.048 0.020 0.089 0.15 0.48 0.476
Belle & 4572 1.092 0.449 0.301 0.167 -0.109  10.65 42.02 41.3
Belle 1T 0.012 0.008 0.042 0.048 0.018 0.089 0.15 0.48 0.559
[ [ ] Theory Error 8 [ ] Theory Error - . [ Theory Error
5F 5 -
[] Param. Error [ Param. Error - [ Param. Error -
t S5 T cBelle -
= = Belle I
i}
[ 2
6; 3
of
[ « Belle « Belle : $
= Belle 11 1w Belle I
I T T R S .

Tt [GeV?]

o [GeV?]

o [GeV?]
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About QED effects in inclusive decays

Why do we care about QED Effects?
® \We want to match the theory description with the experimental measurements
that are always affected by photon emissions

® The MC PHOTOS accounts for QED effects, reporting results which can be
compared with the non-radiative theory predictions

® PHOTOS knows only about real emission and obtains the virtual part by
normalisation

dI’
m = -F(O)(inrtual + Wreal) = /dx(wvirtual + Wreal) =1

Are virtual corrections under control?
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Leading contributions
1. Collinear logs: captured by splitting functions

b 3
2
e Qe 2 [y
~ — log 5
™ m2
Y
v

2. Threshold effects or Coulomb terms

b c
Y
. N AT oe
9
v

3. Wilson Coefficient
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Branching ratio

[Bigi, MB, Gambino, Haisch, Piccione, '23]

® The total branching ratio is not affected by large logs due to KLN theorem

® The large corrections are from the Wilson Coefficient and the threshold effects

r a M2 11
=14+ —|In(=£) - = +5516(14
T g(p) +W{n(m§) g T o160 )}

=1 + 1+2.31%

Wilson Coefficient Threshold effects

® Large shift of the branching ratio of the same order of the current error on V;
® How do we incorporate in the current datasets?

® Moments are less sensitive because they are normalised
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Global fit + QED

[Finauri, Gambino, '23]

® Implementation of QED corrections are analysis dependent
® BaBar provides branching fractions with and without radiation
Bab
RACDh = CqepRoeh

= (QED accounts for the misalignment between the corrected BaBar results and the
results from the full O(ae) computation

mlgi“ me(2GeV) u2 ;L?}(mb) o (my) ﬂ%s BRen,  10°|Vy)|
4.573 1.090 0.453 0.288 0.176 —0.113  10.62 41.95
0.012 0.010 0.043 0.049 0.019 0.090 0.15 0.48

® The central value shifts slightly
® Belle Il data are needed to understand how to apply the correction

® Can we go beyond scalar QED?
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Exclusive decays



Exclusive matrix elements

(Ho|lJu|Hy) =Y S, F,
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Exclusive matrix elements

(Hc|Ju|Hy) = Z S;Fi «—— form factor

scale Aqcp independent

Lorentz structures
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Exclusive matrix elements

(Hc|Ju|Hy) = Z S;Fi «—— form factor

scale Aqcp

independent

Lorentz structures

Form factors determinations
® Lattice QCD
® QCD SR, LCSR

Form factors parametrisations

® HQET (CLN + improvements) = reduce
independent degrees of freedom

® Analytic properties — BGL

only points at specific
kinematic points

data points needed
to fix the coefficients
of the expansion
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subthreshold
resonances

2
Imax

The z-expansion and unitarity

Im(z)

semileptonic

region

[Boyd, Grinstein, Lebed, '95, Caprini, Lellouch, Neubert, '98]

® in the complex plane form factors are real
analytic functions

® 42 is mapped onto the conformal complex
variable z

Vi ¢ -V &
Vir — @ Vi

® 42 is mapped onto a disk in the complex z
plane, where |z(¢?,to)| < 1

P(z Zakz
if lai|* <1
k=0

[Alternative method: 2105.02497 and following]

2(q%, to) =

F;, =
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The Heavy Quark Expansion in a nutshell

The HQE exploits the fact that the b and ¢ quarks are heavy

® Double expansion in 1/my.. and as
® The HQE symmetries relate B®*) — D) form factors
® At 1/my, . drastic reduction of independent degrees of freedom

With current precision we know we have to go beyond the 1/my . order and we use
the following form

2my

Qs Aqc j Aqc j A E
F; = (ai + bz?) §+ cach E Cij&%ll + 2(;7(1 & E di]féh + < - D) 9”65314
j C J

® Total of 10 independent structures to be extracted from data

® We use the conformal mapping ¢® — z(¢?) to include bounds and have a
well-behaved series
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[MB, Gubernari, Jung, van Dyk, '19]

Unitarity

/

it 2/1/0
] fit 3/2/1
T Lattice
1 I FKKM 2008

GKvD 2018

EOS v0.2.6

=5 0 5 10

N

Lattice QCD
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B — D* after 2021

FNAL/MILC 21

* HQE®1/m?
® Exp data (BGL)
e JLQCD '23
* HPQCD '23
w
® Are the Lattice QCD datasets compatible?
® What's the source of the discrepancy with HQET? [MB, Harrison, Jung, ongeing]

® Why are experimental data so different from LQCD data?
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Can we combine the LQCD results?

R\(\' [MB, A.Jiittner, in preparation]
e
R " ° o )
e e i R
5.5 [ o ISy °
= @ o  oso
\.5 o L‘S s ° q§ o ]
< e 2 o0
14 < »
4.5 12{®@ o @
te 11 a1z s 11 s 100075050025 00 0.35 050 075 100
1.0 1.1 1.2 1.3 1.4 1.5 w cost;
S Py ot ® ®
oes .
17.5 1S
I
[N ° =" o 0 o
. < Mo
< 15.0 g 0w ® q*
o <] o1
12.5 9 040 ® @ o1 ®
. . @ © $ ®
1.00-075-050-0.25 000 035 0.50 075 100 o 1 3 3 1 5 e
cost, X

® A combined fit to all possible LQCD data is possible in the BGL approach
® How does it compare with data?

® New Belle and Belle Il datasets available!

® How can we extract V7
25/35



V., from JLQCD and Belle Il data
\

R\( [MB, A.liittner, in preparation]
Wh
qen™
0.05 0.05 0.05 0.05
004 <004 “0.04 “0.04
1.2 1.4 —0.5 0.0 05 —0.5 0.0 0.5 2.5 5.0
w 6 [ X
0.05
3
0.04

e With JLQCD results and Belle Il datasets V. is flat throughout the bins
® The combination needs to account for correlations

® The statistical procedure to do it has to be carefully defined
[See also:2310.03680]
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Comparison with kinematic distributions

[MB, A.liittner, in preparation]

2 4 6
X
. 1.0
£20.251 I
I
= 0.51 e
0.00 4 ; ; . : :
0 5 10 0 5 10
7% [GeV] ¢*[GeV]

® Fits are all acceptable

® Theory and Experiment agree on the shapes

27/35



An(g?)

What can we learn from the HQE?

MB, J. Harrison, M. Jung, in preparation]

BGJvD EOS v1.0.1%
HPQCD23 with HQE
combination

HPQCD 2023

GKvD 2018

0.5

0.4

0.3

=5 0
7*[GeV]

BGIvD EOS v1.0.11
HPQCD23 with HQE
combination

HPQCD 2023

-10 5 0
7*[GeV]

1.0
BGIvD EOS v1.0.11
09{ === HPQCD23 with HQE
W combination
08{ I HPQCD 2023
I GKvD 2018
—07
Ko
<06
05
0.4
0.3
=15 -10 =5 0 5 10
7*[GeV]
1.4
BGIvD EOS v1.0.11
1.2{ =99 HPQCD23 with HQE
W combination
101 I HPQCD 2023
I GKvD 2018
08
5
<
<06
0.4
0.2
0.0

10 55 0
7*[GeV]

= V and A; drive the V., determination and they are quite well compatible
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HQE with lattice only

[MB, J. Harrison, M. Jung, in preparation]

0.6
14 BGIVD BGJvD EOS
LQCD B — D* ) 05 LQCD B — D*
124 I HPQCD 2023 T HPQCD 2023
T GKvD 2018 049 I GKvD2018
LOT T FNAL/MILC 2021 T FNAL/MILC 2021
= T JLQep 2023 £ 031 T JLQCD 2023
508 R
:cé B
0.6 =
0.4
Wl g—
0.0 —0.1
~15 ~10 -5 0 5 10 -15 -10 -5 0 5 10
¢ [GeV] ¢ [GeV]
0.6
14 BGIVD BGJvD EOS
LQCD B — D* ) 05 LQCD B — D*
12 LQCD B — D® LQCD B — D)
o I HPQCD 2023 041 T HPQCD 2023
T GKvD 2018 T GKvD 2018
Tos] I FPNALMILC 2021 & 03] I FNAL/MILC 2021
= T JLQCD 2023 = T JLQep 2023
= 06 - 02
0.4 0.1
— e
025 0.0
0.0 —0.1
~15 ~10 -5 0 5 10 ~15 -10 -5 0 5 10
¢ [GeV] ¢ [GeV]

= Motivates a joint B — D) LQCD analysis
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Predictions

0.34] BN BGJvD
B LQCD B — D™
0.321 LQCD B — D*
BN HFLAV
0.301
50.281
3
0.26 Q
0.24 v
0.22
0.20 . . . . . .
010 015 020 025 030 035 040 045

Rp

B(B — DY rp)

Bo = BB S Do)

® The predictions for R, (.) change quite drastically combining different datasets

® The combined B — D™ fit yield values in between the HQE and the B — D*
only fit
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B — D [Bigi, Gambino, '16]

® Belle+Babar data and HPQCD+FNAL/MILC Lattice points

13

12

11p

10+

0.9t

0.8t

001 0,02 0,03 0,04 0.05 0,06
form factors f,(z2) (upper plot) and fo(2) (lower plot)

[Ves| = (40.49 4 0.97) x 10~°
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Pheno Status 1

Inclusive : 2107.0064
¢% moments : 2205.10274
BGL B — D : 1606.08030
HQE B — D : 1912.09335
DM B — D : 2111.10582
BGL B — D" : 1905.08209
HQE B — D™ : 1912.09335
DM B — D*: 2111.10582
—_ HQEge : 2206.11281
FNAL/MILC B — D* : 2105.14019
HPQCD B — D* :2304.03137
JLQCD B — D* : 2306.05657

0.035 0.04

Veo
The inclusive determination is solid
No evident issues for B — D

Spread between inclusive and exclusive up to 3 — 4o

Work in progress for the theory predictions of B — D™ to understand the various

tensions

= Do we have to correct for QED?

New experimental data are available are under scrutiny
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Pheno status 2

~04 T

5 A 68% CL Fonfours
_ BGL B — D* : 1905.08209 I I oriond 2024 Bellé* BaBar
—_— DM B — D" : 2111.10582 0351 WHEE
o lell
f— HQE B — D* : 1912.09335 03 E BS,QQ
— HQEgc : 2206.11281 F
[ LHCb”
FNAL/MILC B — D* : 2105.140 025
' HPQCD B — D" : 2304.03137 E
02 - FHFLAV SM Prediction vgg‘)r‘:%‘%wfﬂ 026, 4
JLQCD B — D* : 2306.05657 “t R(D) <0258 0,004 R(D")=0285 +0018,, o
N R(D*)=0.254 +0.005 g&;)ojw% 1
= 1 1 1
025 027 029 05 03 o7 o5
Rp- R(D)

® New Lattice QCD results point to larger values for Rp-

= Difference in the slopes is crucial and has to be understood

® No change in Rp, where Lattice QCD results, LCSRs, HQET and experimental
data agree very well with each other
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Other open problems

® The QED issue is present also for exclusive modes

= One calculation available for B — D only
= The B — D* case is much more involved

= How do we reconcile the threshold effects between the exclusive and the inclusive?

B(B — X 4v) = B(B — Dév)+ B(B — D*lv) + B(B — D**{v) + ...
® The exclusive V., from B — D™ is roughly determined by one form factor which
agrees quite well in different determinations

= Even with more precise LQCD data this won't be resolved if not made worse by
smaller uncertainties

® Concerning the inclusive determination, new branching fractions measurements
are welcome

= Can LHCb have a say concerning Bs — X v and Ay — X 40?7
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Conclusions

Veb is a fundamental parameter that drives predictions for many processes

At the current status, there is a significant difference between inclusive and
exclusive determinations

The inclusive determination is solid, different datasets yield very compatible
results, the only caveat is the branching fraction measurement

The exclusive determination is more messy

= New Lattice QCD determination disagree among themselves and with experimental
data

=> The solution is not clear yet, work in progress in many directions

= This is a combined theory+experimental problem, only synergy between
communities can shed light on this puzzle
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Appendix



B — D™ form factors

7 (SM) + 3 (NP) form factors

Lattice computation for ¢? # g2, only for B — D
Calculation usually give only a few points

¢> dependence must be inferred

Conformal variable z

_ \/t+—q2—\/t+—t0
\/t+*q2+\/t+*t0

t+ = (mp + mp)? pair production threshold

Z(q27 tO)

to < t4 free parameter that can be used to minimise |2zmax|

|2| < 1, in the B — D case |z| < 0.06
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The HQE parametrisation 1

® Expansion of QCD Lagrangian in 1/mp . + a5 corrections

[Caprini, Lellouch, Neubert, '97]

® In the limit mp,c — oo: all B — D™ form factors are given by a single
Isgur-Wise function

Fi~¢
® at higher orders the form factors are still related = reduction of free parameters
Aqcp Aqcp
Fi~ (1‘*’*)5“‘ 2 §SL+ Q ESL

® at this order 1 leading and 3 subleading functions enter

® ¢ are not predicted by HQE, they have to be determined using some other
information

2/15



The HQE parametrisation 2

Important point in the HQE expansion: ¢* = g2«

At this point Luke's Theorem applies: the subleading corrections vanish for some
form factors

The leading Isgur-Wise function is normalised: £(¢* = gZax) = 1

Problem: contradiction with lattice datal

1/m? corrections have to be systematically included [Jung, Straub, '18,
MB, M.Jung, D.van Dyk, '19]

® well motivated also since ais /7 ~ 1/my ~ 1/m?

3/15
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Comparison with kinematical distributions
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good agreement with kinematical
distributions
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Fit stability
® BGL fit to Belle 2017 and 2018 data (yellow)
* HQE fit 2/1/0 (red)
® HQE fit 3/2/1 (blue)

40

-40
-20 -15 -10 -5 0 5 10

ala by/by

® compatibily of HQE fit with data driven one

® 2/1/0 underestimates massively uncertainties

3/2/1 is our nominal fit
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HQET in a nutshell

In HQET it is convenient to work with velocities instead of momenta

Instead of g we use the dimensionless variable w = vp - vp~

When the B(b) decays such that the D*(c) is at rest in the B(b) frame
VB = Up* = w=1

The brown muck doesn't realise that anything changed

At zero recoil, the leading IW function is normalized
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BGL vs CLN parametrisations

M [Caprini, Lellouch, Neubert, '97]

® Expansion of FFs using HQET
® 1/my,. corrections included

® Expansion of leading IW function up to 2nd order in (w — 1)

LGL [Boyd, Grinstein, Lebed, '95]

® Based on analyticity of the form factors
® Expansion of FFs using the conformal variable 2z

® Large number of free parameters
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Results: unitary bounds

Bound for J”

Bound for J” = 0*
—— scenario C' EOS v0.3.1 —— scenario C EOS v0.3.1

20] — BIWDLY 20] — BIDIY
15
10
05
0. +

04 06 08 0.0 02 04 0.6 0.8 10 12
saturation saturation
Bound for J© =1 Bound for J© =17
18.0 1 18.01
—— scenario C EOS v0.3.1 —— scenario C EOS v0.3.1

1603 BIVD19 R |- BIvD19

14.0 14.0

120 12,0

10.0 10.0

8.0 8.0

6.0 6.0

40 4.0

20 20

0.0 0.0

0.0 0.2 04 06 08 10 12 0.0 02 04 0.6 08 10 12

saturation

saturation
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Unitarity Bounds

’ b =i [dee 0T {ju(x), 55 (0)} 10) = (gur — quan)TL(g%)
If ¢ < m? we can calculate TI(¢?) via perturbative techniques = x(0)

Dispersion relations link Im (II(¢*)) to sum over matrix elements

S IEOF < x(0)

[Boyd, Grinstein,Lebed, '95
Caprini, Lellouch, Neubert, '97]

The sum runs over all possible states hadronic decays mediated by a current
elyub

® The unitarity bounds are more effective the most states are included in the sum

® The unitarity bounds introduce correlations between FFs of different decays

® Bs — Dg*) decays are expected to be of the same order of B, 4 — ij; decays
due to SU(3)p simmetry
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How do we constrain the OPE parameters?

2100077\\\‘\\\‘\H‘H\‘\H‘\H‘H\‘H\ T u\i

er 0.1 GeV,

[=%

Entries

Belle ‘”H
t

I
1=}
=3

T
|

+

04 0.6 08 1

B (GeVic)

12141618 2 2224

® | epton energy and hadronic invariant mass
distributions can be used to extract non
perturbative information

® Moments of the kinematic distributions

n _dIl’
ng>E4 dEcE; dE,
(E¢) = T
E¢>Eyp cut
f , -0
R* = E>Ep cut dE,
def dE,

® Similar definition for hadronic mass moments

® The moments give access to the distribution, but not to the normalisation

® They admit an HQE as the rate

= No O(a?

) terms are known yet

10/15



The inclusive case

® |f wrt QCD the hadronic and leptonic system are separated, QED corrections mix
them

= Defining fully inclusive observables is harder v

= Analogy with experiments is essential

® The OPE is still valid for the total decay width

e At the differential level, this is generally not true

= Large contributions factorise wrt to tree-level

= Useful to go beyond NLO
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Two calculation approaches

1. Splitting Functions

Y _a g /deﬁpm(y) ar
dy _27‘%_@ x ,\:c dr

log(mﬁ/n’z,f) plus distribution

® Correction vanishes for the inclusive branching fraction

® Suitable for evaluating O(a?) and O(a/m}) corrections

2. Full O(«) corrections
® Access all corrections, not only the one that factorise
® Real corrections are computationally expensive

= Cuba library employed to carry out the 4-body integration

= Phase space splitting used to reduce the size of the integrands

12/18



Lepton Energy spectrum

[Bigi, MB, Gambino, Haisch, Piccione, '23]

® We compute bins in the lepton energy using the full O(«) calculation

® \We compare them to the results given by the splitting functions

® The difference the two calculations for the lepton energy spectrum and obtain a
full analytic formula for the radiative corrections

= Relatively small, easy-to-use formula to obtain branching fractions, lepton energy
moments w/o cuts

Lysc
FO) = = )+ AF D ()

0.0 0.2 0.4 0.6 0.8
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Comparison with data

[Bigi, MB, Gambino, Haisch, Piccione, '23]

® Babar provides data with and without applying PHOTOS to subtract QED
effects
= Perfect ground to test our calculations
= Not the same for Belle at the moment, could be possible for future analysis?
0. 0.4 0.004,
o 70008 T 0004 o 0.003
2 2 %
& -0010 S 0002 S 0002
~ 0015 = -
5370020 ’:= 0 \‘Iﬁ.{__{———{ ‘E; 0.001
3 o0 3 ~0.002 LY hd Y
00305 0.8 1.0 12 14 ~0004% 0.8 10 12 14 00015 0.8 1.0 12 14
Eeu [GeV] Ee [GeV] Eeu [GeV)
® The moments, since they are
normalised, are not affected by the f dE,Ep 4L
. n E¢>Eyq cut dE,
large threshold corrections (E) =
FEe >Ey cut

® The agreement with BaBar is very
good
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QED for exclusive decays

For B® — D¢, the threshold effects were calculated and are 1 + ar

[Ginsberg, '66, De Boer, Kitahara, Nisandzic, '18]

For B® — D*T ¢, the threshold effects might have a different structure because
the hadronic matrix element is different

= To verify explicitly

Structure-dependent terms are unknown, but maybe something is doable in the
HQE?

How do we reconcile the threshold effects between the exclusive and the
inclusive?

B(B = Xlv) = B(B — Dv) + B(B — D*4v) + B(B — D™"{v) + ...
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