B dovides Shadok.

EN ESCAYANT CoNTINVELLEMENT

ON FINIT PAR. P EUSSIR . DONC:
PLUS G-A RATE, PLUS ON A

DECHANCES QUE ¢ & MARCHE .
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(very) rare decays:

B.— £*¢-
| > <
b —p -
t Y AV,
5 —aL - L <"

Color meets Flavor sc

b—s £*2- transitions

Hb_) HS L*e-

hool Bad Honnef March 2024
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Bs/d_) £+£- L=ecorypu - e < B ey

O > < O
o ) ,e— SB:O ,£+ ,g— SB:O ,£+
SM : very rare (V,q, helicity suppression) left-handed particle fight-handed particle
In the SM, in the massless limit: left-handed anti- left-handed anti-particle fight-handed anti-particle
particle &right-handed particle are forbidden
4 : )
B(B)— e*e”) = (8.60+0.36) x 10~**  B(B)— p*p~) = (3.66 +£0.14) x 107 SM
' ) 0 +,,7) — —10
B(BY— ete) = (2.41 +0.13) x 10-5 BB = p7p7) = (1.03+0.05) x 10
\_ JHEP10 (2019) 232 )
Due to CKM, the By modes are further suppressed by a factor 1/30
Sensitive to the scalar sector
New Physics models with an extended Higgs sector BRMSSM « tan®B/M,*
ratio of the vevs of the
two Higgs doublets
FirSt SearCheS in 1985 (I) : CLEO BR <Co]loror;ie@FIZ/9r%mco%|§ad Honnef March 2024 91




Analysis in a nutshell

o Huge sample of B mesons

o Efficient trigger

o Powerful selection

o Vertex resolution
o Mass resolution
o Muon ID

o) - | I T T T ™
o BDT algorithm © - . §
J > 10 Preliminary 7§
b o) = o -
Lﬂ’ 1 ° ———— o o o ~ Expectations (from SM)
CQ =
8 3
S 107 1 NB - wtu)sy=147%8
10 ' 4  NB - ptu)gy=16%1
LHCb — 3
6 fb! — — " 5
107 —e— Combinatorial ¢ a
—— Welghted B — u u MC
10_4 . ) N T )
0 0 2 0 4 0.6 0.8 1
BDT

o Branching fraction estimated from a fit in 5 BDT bins (first one excluded since it's background

eFté FIav?)schooI Bad Honnef March 2024 92

dominated) and two run periods (Runf &



Two most precise measurements: CMS & LHCb

N LHCb
A0 9 fb!
B BDT >0.5

A

o
-

Candidates / ( 27.5 MeV/c?)
(U]
S

=
lllllllll
——t :

|
—e— Data

Total

—_— B?—);t*u‘

R BO—>,U+,U_

— Bioutuy

------ B—h'h"™
X,—huv,

______ BO(+ ()(+)/l+ﬂ_

------ Combinatorial

)
-7

LHCb-PAPER-2021-007

| 1 ) ] ] =
5500 6000
m,.,- [MeV/ ¢“]

[B(BY = putu™) = (3.097348+01%) » 10-° |

B(B®— ptp~) < 2.6 x 10719] @95 % CL

Color meets Flavor school Bad Honnef March 2024

https://doi.org/10.1016/j.physletb.2023.137955

CMS 140 b (13 TeV)
_IIII|IIII|IIII|IIII|IIII|IIII|]III|IIII|IIII|IIII_
140 Data Full PDF
N By — pp” el - pE T
120 Combinatorial bkg ~ «=---- Semileptonic bkg
O - Peaking bkg

©))
o

Entries / 0.05 GeV

D
o

|||||||1¢r||

N
o

9

\
L

.
*
0
.
.
-
.
.
.0
.,
e
ci_‘-\\\“

o e 1 S

9 5 5152

53 5.4 55 5.6 5.7 5.8 5.9
M, [GeV]

BBy - putu) =

= [3.83*938 (stat) 312 (syst) 013 (fo/ fu) | x 1072,

BB? - utu7) <1.9 x 10719 at 95% CL.
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-007.html
https://doi.org/10.1016/j.physletb.2023.137955

BR(Bs — ™) =3.52753;

Important to check By vs By

%107~
' | ' | ' | ' | ' |

- contours correspond to 68%, 95%, 99% CL regions

LHCb

4.4 b
—9 fb!

x 107°

x107

0.6

140 fb™' (13 TeV)

0.5
— 0.45—
T 0.3
™ |
R 0.2
0.1

o
K

...................................................

\

-----
Bl L Tq Sow: SRS ¢ Y e

&
S

..............................................................

-I-Ob

f-:.l.lll\lIllllllllllllllllEll

. if there is New Physics does it couples as SM ?

2 3
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%107

4 3} 6 7

B(B. - n'w)

CombinatiOn from arXiV‘221 O 07221 Color meets Flavor school Bad Honnef March 2024 SM'llke given the Current preCiSion



H,— H, £*£-: what do we measure ?

Branching Fractions there is no free lunch

theoretical

Angular observables
cleanness

Lepton Flavour Universality

observables:
Branching Fractions ratios

angular observables ratios

Color meets Flavor school Bad Honnef March 2024 95



dI'/dg?

YN

Photon pole
&~ enhancement (from C7)

CKM suppressed
i light-quark resonances

Broad charmonium
resonances (above the
open charm threshold)

Sensitivity to
Cg and ClO
< >

<« increasing hadronic recoil

increasing dimuon mass =»

/ \
/] Sensitive to C7—Co phasespace
interference SUpPIESSIon
< >
1 1 [ [ I [} 1 1 1 I [} 1 1 1 I 1 1 [ [ ]
0] 5 10 15 20

Color meets Flavor school Bad Honnef March 2024

— B—K* £¢
- BK £¢
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One example of a BF measurement: B, — ¢ u p M2 PRL 127 (2021) 151801

Experimentally ‘easy’ for LHCb

* two muons Use of B, — J/3 (— u p) ¢ as a normalisation mode
* ¢ —KKandis a narrow resonance B(B%— Jhpe) = (1.018 £ 0.032 £ 0.037) x 1073
0 +,,- 0 + -
dB(By— ¢p'p™) _ B(Bs—= JW¢) x BUp— pu”)  Nowru- , Eops
2 o 2 2
dq Qmax — 9min N Jpe Coptp—
R S d/A N e Y L D O RE
[ | I 1 1 LHCb E NQ I I I LHCb _-:
9fb~! % 9fb~! -
;3 ‘-
. o 7
——data : i —1— data -
— total F = — total ]
—B = Jpo ] g — B = ¢utu 3
------ combinatorial ] g ------ combinatorial ]
] = =
1 S ) :
5500 5600 5700 055300 5a0 5500 5600 5700

m(K*K u*u”) [MeV/c?] m(K*K u*u~) [MeV/c?] 97



3] w w
g &8 8§ 8
llllllllllll]lllllll'll-

Candidates / ( 10 MeV/c?)
3

" LHCb
9!

—+ data

— total

— B = gutu
------ combinatorial

5300 5400 5500 5600 5700

[ e e T e =

Candidates / (10 MeV/c?)
B EBEERERE

———————>
———————>

m(K*K u*u) [MeV/c?]

—————r———
LHCb 150 < ¢* < 18.9 GeV¥/¢*
84fb !

+Data

— Total PDF

B Background

5300 5400 5500 5600 5700
m(K*K ) [MeV/e?]
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Candidates / (10 MeV/c?) Candidates / (10 MeV/c?)

Candidates / (10 MeV/c?)

70F LHCb 0.1 < % < 0.98 GeV¥/c*
coE 841 <
30 +Dala -E
40 — Total PDF
30 B Bockerouna 3
20
10
. ;
5300 5400 5500 5600 5700

m(K*K ) [MeV/e?]
T
OFLHCb 40 < g* < 6.0 GeVct
60 84!
50

—I—Dala

9 — Total PDF
30 .Background
20
10
0°300 5400 5500 5600 5700

m(K*K-pu-) [MeV/e?]
I easaacaasssasensssas

LHCb 11.0 < g2 < 125 GeV¥c*
80
& -+t Data
— Total PDF

40 -Background
20

(=]

5300

5400

5500 5600 5700
m(K*K~ ) [MeVic?)

Candidates / (10 MeV/c?) Candidates / (10 MeV/c?)

Candidates / (10 MeV/c?)

1 J L N 1 L

1.1 < g* < 4.0 GeV¥/¢c*

+ Data

— Total PDF

. Background

5300 5400 5500 5600 5700

m(K*K ) [MeV/e?]
QE T Ty
g0 LHCb 6.0 < ¢* < 8.0 GeV¥e*
70
o +Dala
50
40 — Total PDF
30 B Background
20
10
05300 5400 5500 5600 5700
m(K*K ) [MeV/e?]
160 T ———
140 1.1 < ¢2< 6.0 GeV¥¢et
120
100 -+ Data
80 — Total PDF
60 .Background
40
20

0 5300 5400 5500 5600 5700
m(K*K~ 1) [MeV/e2)
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x 1078
— | L 1 )
% uf " LHC —%- LHCb 1"
| - LHCb 31fb
> 12 i ‘ SM (LCSR+Lattice)
Q 10l SM (LCSR)
A 1 SM (Lattice)
T s :
S FLo TN :
+ 6 5
S. - i_‘ ’ ‘ ‘ —f— —— 4
NS —$=
1\ - |—§—|+|—§—|—§—| -
O 2 e —
S - i
0 | I T T [ I S ) I T T
% 0 5 10 15
g? [GeV?*/c!]

Measurements below predictions
Predictions correlated from a bin to another

_ Similar patterns for other decay modes
Better agreement at higher-g2 (LQCD)



To have more information: angular analyses
3 angles and g?= M4(£¢) one angle and g?
B—V £¢ B—PS ¢4

+

I

up CM frame
/ &

T

*
Ab_) A 41 Assuming that the A, is
Ab_) /| P  producedunpolarized at LHC
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g
T

A set of anomalies in b—s pp transitions

LHCb 2016

~ 2200 events 2

2
L L

B? - K% u~with 6fb~"' ( ~4600evts. )
BY - K tutu~ with 9fb~! (~ 700evts.) N——
B_‘, — ¢ﬂ+ﬂ_ with 9 fb—l( ~ 1900 evts ) 05200 5400 5600

m(K*mutu) [MeV/c?]

Candidates / 5.3 MeV/c?
S

200 [ ' -
~ | LHCb
. (] =g
B — ¢ u u dBR/dg? By — K* u u angular fits = A
=
PRL 127 (2021) 151801 %
Phys. Rev. Lett. 125 (2020) 011802 g 100 + o T
2 T 3= LHCbOfb | £ ol
(?Q LHCb3fb_1 5.“" 1_' L L L _ —g [PRL 126(2021)161802] 1
C ] g |
> SM (LCSR+Lattice) : ng Run 1 +2016 1 S
[ SM from DHMV ]
1) A 0_5.1 — 0°5200 5400 5600 5800 6000
IO SM (Lattice) T e . m(Kdrtptp~) [MeV/c?
— ] L i
N’ & - -
S Iy V2S) = or . § 400 LHCD 0.1 < g2<18.9 GeV%c*3
.- —_— ] C . ] Y 350f 3707 £
I ':iEZ' . - » (7} . i p= +Data 3
i I 'ZfZ—: ~0.5F { | < | 2 [ — ) Z(s)g — Towl PDF
.g: — C S Ca '_+_' ] :Vj 200 -Background _é
N - ] 3 N
QT; P B ., o | :l N B, % 150 B, — ¢utp E
- 10 15 - 0 S 10 215 - 5 00 [JHEP11(2021)043]
& q* [GeV7/c* q* [GeV7/c?] >0

5300 5400 5500 5600 57b0
m(K*K- i) [MeV/e?]
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https://doi.org/10.1103/PhysRevLett.125.011802

* In the SM Wilson coefficients are real, no necessarily the case for
Cl — ClSM + CLIVP New Physics

* Many parameters fit... reduced configurations

AR€<010>

K®F 330 e M
*+ L 310 |e—] et
B> K*uu alone = 5
2.0 — $r 190 —eo—| =
FL 1 &
15 7] ——— AFB O 2 4
. —— 5 Vector coupling C,
o4l [s e > 7 | 7~ ... IS _ o ,
> Global Wilson coefficients fit seems to

—— Run 1 + 2016

0.5 - indicate a pattern: different observables give

~

i a coherent picture
0.0 ~ I
—0.5 but
PRL. 125 (2020) 011802 theoretical debate about cc
—1.0 loop impact
LHCb Pmp
—1.5-
—2.0 ' '
~2.0 . . 1.0 1.5 2.0

ARe ( 09> 2024

k They can mimic Cy shift j
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bspp
Cio

Bs— pu
_05_

’
’
’

from plots from Peter Stangl La Thuile 2021
flavio

0.0 - :

| SM

b — sup BRs & ang. obs. 1o, 20
—1.5

1 = 1 —
—0.5 0.0

. 0.5
bspp
Cy
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NP
CIOu

ABCDMN

{|— as/csss
0.754| —— CFFPSV (PMD)
||— HMMN
1 % sum
0.50
0.25
0.001
—0.25-
—0.50-

— . 5- T T LI L L L L I F o4 T UL L | I EE [ ) | x| T | L L
Z175 —150 —1.25 —1.00 —0.75 —0.50 —025 0.00 0.25
CNP
7

» ABCDMN (M. Alguer6, A. Biswas, B. Capdevila, S. Descotes-Genon, J. Matias, M. Novoa-Brunet)

Statistical framework: x2-fit, based on private code arXiv:2304.07330

» AS / GSSS (W. Altmannshofer, P. Stangl / A. Greljo, J. Salko, A. Smolkovic, P. Stangl)

Statistical framework: x2-fit, based on public code flavio arXiv:2212.10497.

» CFFPSV (M. Ciuchini, M. Fedele, E. Franco, A. Paul, L. Silvestrini, M. Valli)

Statistical framework: Bayesian MCMC fit, based on public code HEPfit arXivi2212.10516

» HMMN (T. Hurth, F. Mahmoudi, D. Martinez-Santos, S. Neshatpour)

Statistical framework: x2-fit, based on public code SuperIso arXivi23xx. XXXXx

g ABCDMN
1.754 —— AS/GSSS
1/—— CFFPSV (PDD)
1.50-_ —— HMMN
1 % SM
1.257
1.00-
a3 0.75—;
S 0501
0.25
0.00-
—0.25-
—0.50-
b~ sltl~ 23
_075 LI LU L L L L L L L L L LU O L AL L LB L LA
-15 —~1.0 —0.5 0.0 0.5 1.0
NP
Cgu

1ef March 2024

From B. Capdevila
FPCP 2023

104



Be/g— i
* clean prediction (relative precision ~ 4 — 5 %) © clear road
 clean measurement for B, (~ 10%) ; B4 not yet measured. C1o constraint

Hb—> Hsptp
clean measurements (~ 10% on BR in various g bins)
« TH predictions not very precise for the BR. Better for ?79°7°7?

angular observables.
«  How to mitigate/constraint the impact of non-local
contributions ?



Why not electrons ?

L et's use the electrons and
double our statistics !

POURQUO\ FAIRE SIMPLE QUAND
ON PEUT FAIRE COMPLIQUE 7/

Color meets Flavor school Bad Honnef March 2024 106



Electrons emit Bremsstrahlung

magnetic field extrapolatif oo Before the magnet
- ' * electron can be swept out (=lost !)

/ ..................... « kinematics are “wrong”

TT [ oot W

-
i I || R (|| R || B

VEW P oRuORUURUPRN PUSPRPPRRRR | BRN (BN & -
il T
PV €

\ After the magnet

* Nnot an issue

Energy loss o« E,
Energy loss @ material In both cases E/p is correct

Color meets Flavor school Bad Honnef March 2024 107



0.18

LHCb unofficial

AU

0.02

018~

o F ECAL
0.14— .

E E fyom 0\‘\?—.\ .

O 0.12_— ......

q) = '

Aot

o [ With Bremsstrahlung recovery || | 7 (et lOW T L

& o0.08— from 1T

S ,osf. NO Bremsstrahlung recovery

Z Tk

| l_l

0O 500 1000 1500 2000 l2500 300? 3500 —
M(J/1))
60 T T T T T T
50 - LHCb 8 Data

N
o

Bremsstrahlung recovery algorithm is ~ 50% efficient
Well described in simulation

o8}
S

—_
o o o
.

Fraction of candidates [%]

- po *() . .
— Bo>K Wy ‘ | ‘ Simulation
1 1 I I 1
LOE LOH LOI LOE LOH

LOE LOH  LOI LOI
0 clusters 1 cluster > 2 clusters Color meets Flavor school Bad Honnef March 2024 108




Hardware trigger is very different for electrons and muons

MUON MUON

HCAL HCAL
ECAL
pv B ’ =
ELOe >  2.6Gev |

50000 _
ELOb > 34 GeV — Bk e ||E
1 40000 - — BoK*fypluy) || B
p%OF S ldcav Selection effect - ;
from LOe vs LOu o 30000 - 2
S . S
1 2 20000 - Slml.lal' =
= < efficiency
3 “ 10000 - } x
0 Ll L) 1 1
R 4 6 8 10

Slide borrowed from Renato Quagliani max(pr(@*), pr(#~)) [GeV]



1.0

0.8

0.6

0.4

0.2

0.0

—l B —)IJ/i,b(ee)Il{* |
— B J/Y(uu)K*

-~ o~ 140 MeV
- o ~ 40 MeV

ECAL |

resolution

5.0 5.2
m(Knll) [GeV/c?]

5.4

5.6

Color meets Flavor school Bad Honnef March 2024

Pulls Candidates per 10 MeV/c?

JHEP 08 (2017) 055

LHCb
S0 £ B'-»K"J/y
[ | gombinatorial
B N)-KpIly
B B)-K " Jly

I Combinatorial
B /0 KpIIy
Bl B)~K Ny

[

[

3500 5000 5500 6000
m(K* I e;elg [MeV/c?]




Using modes with electrons to increase the statistics is not the best idea
Use electrons for:

* measurements which cannot be done with muons or where the SM contribution is so tiny that any sign
of a channel is NP

b t S b W= S

« search for New Physics

bt s I\;\\/grr\[;)z s bt s
T ( eéc) — W Wt

1%
v, 2
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\_

Why don’t you look at B,—ee ?

SM prediction

B(B®— ete™) = (8.60 & 0.36) x 10~

B(BY— ete™) = (2.41 +£0.13) x 10-15

more helicity suppression !

B(B?— putp~) = (3.66 +0.14) x 107
B(B°— putp~) = (1.034+0.05) x 10719

~

(5 tb)

Candidates / ( 120 MeV/c?)

50

LHCb-PAPER-2020-001

LHCb

4500

5000

—4— 2011-2012 data

—— full model ]
[ combiilgtorial 7
B B*— D e*v, decays ]

B— Xe*e decays ]
B X,— h'e" v, decays ]
B— h*h'~ decays .

5500 6500

6000
m(e*e”) [MeV/c?]

Candidates / ( 120 MeV/c?)

400

200

4500

5000

—$— 2015-2016 data

—— full model

[ ] combiilgtorial

B B*— D e*v, decays |
B— Xe'*e™ decays

I X,— h'e” v, decays _|
B— h*h'~ decays

la o PP = =
5500 6000 6500

m(e*e”) [MeV/c?]

Not enough mass resolution
to separate By from B;

- LHCb simulation

<
(@]
e

T
|

- — B> efe 2016
— B e 2016

Candidates (a.u.)
(@]
]

g
(=
[\

T
|

=)
(@]
—_
L L

ISOOOI — I5500
m(ete”) [MeV/c?]

L L | L L L
4500

B(B? — ete™) < 9.4(11.2) x 107? ,at 90 (95) % confidence level =~ noresultsfrom =

ATLAS or CMS


https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2020-001.html

@ Want to know about the photon polarization in b—sy ?

B% - K*07+1~ x 10°

2 2
dBR A7(q°)
102 - K* AZ for BO» K 0ete~
qu ee 1.00
i * 075 Flavio
log scale ! K*pp SM
1 0.50 -
10" 4 0.25
] 0.00
~0.25-
~0.50
100
] ~0.75-
T o 05 10 15 20 25 30 35 40 45 50 55 2
(\ T q? q
1 T 1 T .25
0.00 0.05 0.10 0.15 0.20

q? 2
g
Electrons should give us access to C; and C'; Wilson coefficients
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Complicated full B—>K*uu angular fit (8 parameters) can be
reduced to the variables of interest to probe the photon pole
(4 parameters)

_ 9
167

[%(1 — F1) sin® 0, + Fr, cos® Ok

+3(1 - FL) sin? Ok cos 20, — Fr, cos® Ok cos 20,
+(1 — F1)AResin? 6 cos b,
+%(1 - FL)A(TZ) sin? O sin? 0y cos 2¢

+%(1 — FL)A’}" sin? O sin® B, sin 2&] :
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Events / (34 MeV )

Im(C7/C7)

100 - LHCb prelimindry P BY o Ktete
E I Data : Combinatorial
80 [ —— Model : : B — K*ncte’
60 - LI B~ Komee)
- B’ —> K*n'(e'ey) ]

BO - K*Yee

s,

Sl gy ot
4500 5000 5500 6000

.........

m(K*wete’) [MeV]

Candidates / 0.057

uuuuuuuuuuuuuuuu

50 - LHCb + =

3
é
1.0
] Constraints at 20
— B(B — Xs7)
| - —— BY & K*0ete—
0.5 -
] BY — ng%
_ —— B) = ¢
] — Ab — /1’}/
0-07 \ ————— Global
—0.5 1
C7SM = —0.2915
—-1.0 — 7T T ——T— -
—-1.0 —0.5 0.0 0.5 1.0

Re(C7/C7)

ef March 2024

AP (SM)
AL (SM)

0.044 =+ 0.026 + 0.014,
—0.06 & 0.08 + 0.02,
4+0.11 4 0.10 = 0.02,
4+0.02 4 0.10 =+ 0.01,

0.033 + 0.020,
—0.00012 = 0.00034.

5% precision on the photon
polarization in b—sy
transitions
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?

S

</ -1
gw

_|_
}<
N |
< |

In the SM only difference : kinematics
(lepton masses)

Any ratio of observables in principle

Start with the simplest (?) one: ratio of
branching fractions

B*9, Bs, /\o “~ / K, K* &, PK ...

di(B— Hs ut u™
_f ( —>dq2u 7 )dq2 51’\,” 1
s prdli(B—Hsete) o
f dq2 dq2
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Ry =

Practically at LHCb:

N(B—Hp" p~)

N(B—Hete™)

e(B—~He"e™)

e(B—~Hp"p~)

H =K, K*, pK ...

Ry =

N(B—Hu " p™)

N(B—HJ/Y(ut pn™))

N(B—Hete™)

N(B—HJ/y(eTe™))

_|_

= Use of the double ratio using the resonant channels

_ BR(B—HJ/$(utu))
"J/v = BRBSHIb(ete )

=1

well tested LFU in J/y modes

e(B—He™

e )

e(B—HJ/y(ete™))

e(B—Hu™+

po)

e(B—HJ/y(ut

©))

= cancels out most of the s

Color meets Flavor school Bad Honnef Mar

systematics due to e/u differences



b t s b _VI_/: S
\??V\W+ ut ¢ ?? ut
/,L_ 7) ZO -
1.4 — T T T
- == SM
12'_ == NP: ARe(C)——l
Tl == NP: ARe(C )——ARe(C 0)=—
I NP: ARe(Ch) = — ARe(Cd") = —
0.3 i charmonium
| f === Tesonances
0.6 [ flavio
L L L L I L L L L I L L L
0 5 10
[GeV?2/c4]

1
2
|

1.4
1.2
L 1.0
0.8

0.6

= SM
E== NP: ARe(C})= -1

== NP: ARe(C})= - ARe(Cl))= -
NP: ARe(C4)= — ARe(Cd)= -

charmonium
resonances

1
2
1




b t s b W s
\??V\W+ ut ¢ ?2? ut
/L_ ,YaZO ,Ll,_
low-g
1-4_I-l"'l""l"'l
- == SM
1oL || B8 NP{ARe(Ch)= -1
T B NP{ARe(Ch) = — ARe(Cly)= -1
I & NP{ARe(Ch)= - ARe(ClHy= -1
y 1.0 - {
0.8 B charmonium
L f——-——-ss resonances
0.6 -

S
|—

NVio

-

central-g

14 i | 'I L L L L DL L B |
- == SM i
oL == NP:JARe(CH)= -1 b
s B NP:[ARe(CH) = — ARe(Clg)= -1 1
I & NP:JARe(C))= - ARe(ClHy= -1 ]
. 1.0F _
LU L ﬁ ]
0.8 B charmonium 7
L resonances i
R I |
0.6 = fhvio -

I | ' - - I - L L L I L L L 1 I L
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= the LHCb R, analysis

Simultaneous fit of
e B—K {22 and B—K" £¢
* in 2 kinematical regions (low and central-g?)

Full correction of the MC samples using data control samples

Extraction of the misld background in the ee- samples from the same data



e,
o

Simultaneous fit for R, extraction: muon modes

low-g> central-g* resonant-J/y
%108

g{)\ ik e R ¢ iow_' 2 ik g';\ I I l Ry central- 2 B l l | R 'l‘] / y)-cont.rlol
=400 glgbqf + s ] S1500F Sa _4_»_“11331 R 1, ] _f_“?a:al -
= | e gf;i?ll | = 3 '*“ --- sgfal' PR E ' k —-—-s‘iog;aa; |
§ 200 Combinatorial § 1000 f ] * Combinatorial ] § 1 i \ —Ic’zrlzl:lrl?tl‘;:f;ed ]
= 41 = ; 1 L1 B Ky T
Py J | 2 s00f 13 I+ ErREA. ]
JA AN 1910 r
8 0 O 0= oy . O 0 i AT EPorgo B orato Dt

5200 5400 5600 5800 5200 5400 5600 5800 5200 5400 56C0 5800 6000

m(Ktu u™) [MeV/c?] m(Ktutp™) [MeV/c m(Ktptp~) [MeV/c
x10°

&400 B LHCb Ry low-¢7 7 N& L LHCh Ry central-¢*> | N{ [ LHCb Ry« J/v-control
z | e w4 600 9 fb! dbes 1 =ek 4 on ke -
O, 3 ombinatorial O, 400 B 0mbinatorl = C\! i | — Pzrmlaill'l\a l(-{)l'e]cit)(x'i 5
=200 & 1 = [ I3 | 8,4 ' \ =..\g ;p‘k/-J/.;: 3
~ i y < - \ 1 ~ BY = oy
£ X 8200r 1 221 ‘ - K ]
é i \ § i g 2 ] B K — 7 swap

peetes . . “eescdesccsn [P | o GRS~ VO VPO A O () kesaear®, abacinarodiotocdaiod asn.oin.ilon

‘ 5200 5400 5600 5800 0 5200 5400 5600 5800 ¢ 5200 5400 5600 5800 6000
m(Ktn~pu ™) [MeV/c?] m(K n~u p™) [MeV/cY m(Ktr~ptp™) MeV/c?]
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e,
o

Simultaneous fit for R, extraction: electron modes

low-g° central-g* resonant-J/y
L [ LHOb + pulK o’ A LHCb e = LHCb it oonizdl. |
Z 60k 9! I3 D d4 g 9 fb? e 1210F 9! Bl :
it | ] ——-gi(;leu ] =200 ﬂ\ -""'Siogtnal 1= [ - == Signal
= I Combinatorial 4 S i Combinatorial S B Combinatorial |
2 40 F i1 I Misidentification e o~ {l *- Misidentification a1 ! - * BN Partially Recoed |
acH " || M Partially Recoed 1 & /) NN Partially Recoed L05F 4 B K Iy -
N | TN B Ky etey) ] 100 3 5 /B Ktfy(oete) | T J G )y
Iy ta | 0 7 7] E //
-g 20 : : "g / \é\*’ § |: .0... ’ \.
S N 4
5, 0 . - o (3 0 eaie R TV T T S - 1 8 0.0 ?&‘— s doo
5000 5500 6000 5000 5500 6000 5000 - 5000 ‘ 6000
m(K*ete™) [MeV/?] m(K*ete™) [MeV/c m(K*e*e™) [MeV/d]
, x10*
& [ . ——1 — —r—r e R L T e / ,tml.
= [ LHCb R+ low-¢* i Qloo LHCbH Ry central-¢~ 4 <4+ LHCb Ry« J/y-con 5
Z60f 90 { el ] 2 9 fb~! { e ] 3 9b f\ o
I - -~ Signal ! - -~ Signal -~ - -~ Signal
S nglbinaiorial S 1! Cgrnnbinatorial = Clg:]nbinatorial 1
~40F B Misidentification = =~ I M Misidentification 1 ~i 3 W Partially Recoed
® T B Partially Recoed T & 50 H %-Pmtially Recoed 41 &2F o . A S pK-Jfy ]
— | ] J \EEB o KYY(sete) 1~ A | . B - 6J/Y
220 1 & ‘ 1 2 -5 Ky
§ 8 § ot Bl K — 7 swap
o —— : @] 0! AP =~ 0 i e e e NP Y
‘ 5000 5500 6000 5000 2500 6000 5000 5000 6000

m(K*r~ete™) [MeV/c? m(Ktm~ete”) [MeV/c? m(K*n~ete™) [MeV/c?



A factor ~ 4 in yields between electron and muon modes

Measured yields from simultaneous fit to Ry

LU observable Muon (x10%) Electron (x10%)
low-¢°> Ry 1.25 £ 0.04 0.305 £ 0.024
low-¢* Rk- 1.001 £ 0.034 0.247 4 0.022
central-¢°> Ry 4.69 £ 0.08 1.19 +£0.05
central-¢*> Ri- 1.74 £ 0.05 0.443 £ 0.028
JWb Ri | (2,964 +0.002) x 10°  (7.189 + 0.015) x 102
JWp Ri- | (9.73340.010) x 102 (2.517 % 0.009) x 102
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- Results

CMS
low-g* <rRK = 0.994 " 0go (stat) 037 (syst), arXiv:2401.07090
|Ri+ = 0.927 Zgg7 (stat) T35 (syst),
( 0.042 0.022 !
central-g2 < Rk = 0.949 Tg 41 (stat) Tg02 (syst), 14k [LHCH Ri  low-g? = 0.994*00%
4 R — 1.027 +0.072 (stat) +0.027 (S t) Tl 1 ) +0'048
(R —0.068 —~0.026 \SYSt); - 9fb Ry central-g> = 0.94970:9%3
R+ low-¢> = 0.927100%
1.2 A Ry central-¢> = 1.027f?)'.8%
< o }
< 1.0 I 1
< t f
0.8F
First or most precise test of LFU in b—s#? | { Data 16 p 0812, 0 02
o6f — °M
Compatible with the SM at 0.2 -

Ry low-¢° Ry central-¢° Ry low-¢° Rp central-¢°
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http://arxiv.org/abs/arXiv:2401.07090

Y] B-Factories  Experimentally very challenging
B — KVV * Low branching fraction with large backgrounds (eg K+K K| )

*  No peak
Theoretically cleaner = precise SM prediction:
B(B - Kvv) = (5.6 + 0.4) 107°
PRD 107, 119903 (2023)

pn(BDT?2)
0.92 0.94 0.96 0.98 1.0
3000 o :
:  BelleII preliminary mmm Bt —K‘tw
:qJé JLdt=(362+42)fb' =3 BOB®
< 2000 : BN B*B
. . = I Continuum
Check of the efficiency g }  Data
< :
O 1000 :
Rest of the event 0 Inclusive t:ag
o SM
ey I F 0.497 £ 0.037
= 0 F T : : — Belle II (362 fb™!, combined)
Q-‘ _5 o 1 1 i | | i 1 1 i | 1 : 2.44 0.7 This analysis, preliminary
1 4 82541 4 8 2501 4 8 251 4 8 25 T Belle I1 (362 1 jhadronic)
qgcc [GeVQ/c‘l] —_—— BL«HE 1111 (?612 ﬂ)-lf‘ inclusive)
: 2.840.7 This analysis, preliminary
Belle II (63 fb'!, inclusive)
1.941.5 PRLI127, 181802

Belle (711 fb!, semileptonic)

<1.9 (90% C.L.) PRDY6, 091101

B(Bt — Ktvp) = [2.4 4 0.5(stat) 705 (syst)] x 107° Bell (711 1", hachoni)

BaBar (418 fb'!, semileptonic)

A

A

: 0.240.8 PRDS82, 112002
b —e— BaBar (429 fb'!, hadronic)
M 1.541.3 PRDS87, 112005
L i P T S EA I I B
0 2 4 6 8 10 12

arXiv:2311.14647
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https://arxiv.org/abs/2311.14647

* Mostly launched by B-factories (BaBar & Belle) even if started before (ARGUS, CLEO, LEP)

* Nowadays mostly LHCb and Belle-II : _

e At the electroweak scale, the CKM mechanism dominates CP violation

* Still room for physics beyond SM at ~ 20% in FCNC
* In 1964 the discovery of the - amount of CP violation came as a surprise
* A bunch of tensions in FCNC b—s£¢ transitions, more data is needed to pin-point the origin.

* Heavy Flavour physics is much more that what | had time to touch upon

new detectors / new data / more sophisticated analyses
= exciting times ahead !

Many thanks to J. Rouxel &

JP Couturier for the Shadoks Color meets Flavor school Bad Honnef March 2024 126
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rmeesioneieine Pentaquark signals

(a) C (b) Sy~
1y v opukK
N\, — J/@pK decays A0 b W .
u—
V) M=
PRL 115 (2015) 072001 \d T M
3 : Two charged states:
L1000} maata My, all A pentaquark
3 @ total i * P.(4450) narrow
P sool. — Packground « P(44380) broad
T & P_(4450) $
:>j <= P,(4380) .
600}— - A(1405) " ’#

3 A(1520)
-0~ A(1600) ¥
400 and other 'f

200 /ﬂ'

4 . : 4 : 5
Color avor school Bad Honnef! Al
m oo [GeV]




Update using Run2 full statistics =x 9 statistics of the published result !
(x2 selection , x3 integrated luminosity, x cross section changes with energy)

Narrow bump hunting analysis with empirical background shape P.(4450): a two
Ay ., -, peaks structure !
“"New"” peak at z:D Z.0"
4312 MeV : :
. . . ——data LHCb
Full amplitude analysis ongoing — total fit | | preliminary
<— background

especially needed to confirm the broad
P.(4380)

800

Weighted candidates/(2 MeV)

600

LI | I .. 8.k I L l . Y l | % |

State M [MeV ] [ [MeV]  (95% CL) R [%] 400

P (4440)' }\ P,(4457)"
|

P (4312)*

N
H
AAJ/\—‘
P L W

P.(4312)* | 4311907555 | 9827535 (<27) | 0.30+0.07255
P.(4440)* | 44403 £1.3%371 | 206 £4.9+ 37  (<49) | 1.11+£0.33702 200
P.(4457)* | 44573+ 06+41 | 64120537 (<20) |[0.53+0.16*315

lll'llﬁ'—i

i | 300 4250 4300 4350 4400 4450 4500 4550 460C
B(A, = PFK™)B(PF — JAibp) My1p MeV]

R
B(Ab — J/L,:‘pp]\"—) Color meets Flavor school Bad Honnef March 2024 129




BFactories (Belle-lI)

Beam energy const. + tag-side
- kinematical constraints

Inclusive decays

Access to absolute BR

BaBar & Belle ~ 1.1 ab-!

Belle-Il (ICHEP2020 schedule) :
10 ab'in 2025, 50 ab-! in 2031

/

Very large boost—> flight distance
reconstruction
- kinematical constraints

All b-hadrons species

No access to absolute BR

LHCb: 9fb-" at hand

LHCb-Upgrade 1 (soft. trigger) :
at the end of Run3 (2024) : 23 fb"'
at the end of 2020s : 50 fb!
LHCb-Upgrade 2 : 300 fb

Color meets Flavor school Bad Honnef March 202

Flight distance reco. and beam+other
hemisphere
- kinematical constraints

All b-hadrons species

Access to absolute BR

FCCee (from late 2030)

5101220
1.5 108 WW

o/ \_ ./




SS Pion

SS Kaon

SS Kaon NNet
SS Proton

SS Pion BDT

/

Same Side

Signal Decay

Opposite Side

OS Kaon
OS K. NNet

0OS Muon

OS Vertex Charge
OS Electron

0OS Charm
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By — KO uu

Branching fractions for b—s uu transitions

&8of "~ T T T T T T T T
CMS-PAS-BPH-22-005 5 10 — Total
o y Ab —>A(1 520) uu E 60 -ﬁﬁjif,?j 1.1<¢?<6.0 GeV?/c*
102 CMS Preliminary 33.6 fb (13 TeV) < 50 = A1600) o2
& E 40 maas00)  CeNntra -q
-> i HEPFIT £ 3
0 ool SUPERISO arXiv:2302.08262 @ 20 Ly
Q) o [T T & . ¢ T T T rF Fo 7T 10 e
—_ B EOS ‘E 500 LHCb 0 1,
N Data > - 1 1 L 1 L
O ) C 9 fb~ 1500 1600 1700 1800
D E 400 - + Dus m(pK-) MeV/c?]
% 40 E 300; Bl Combinatorial . — .
% - . A(b) — pK utu- § 7 —3— Data LHCb —;
= 200F — Total 2 6 ) 9fb™ 3
g C o 5 B Ac1405)  15.0<g%<17.0 GeV¥ct 3
@) - = . A(1600) E
20 9 5 45 B A(1800)
= 3
0 -
5600 5700 5800 5900 ol
EE— m(pK ~utu) [MeV/c?]
e X W 0
0 | | N(Ab—pK-p+p-) =2250+57(stat) ] P . S I TN
' —— 1500 1600 1700 1800
0 5 10 15 20 25 m(pK‘) [MeV/cz]
D) 2 — k*0
of [GeV’] w:  Ba = KPpp
=== BSM best fit 5 -7 = I : -
& . ;E ~ - BSM benchmark “.; 10 i —— HCb |
> °5 SM prediction > fb_l
A FH LHCb 2016 ) ._i_.'—§—‘ ——
O \ FH  Belle 2019 . - ':i: _
’§ 6 - '|‘ BH cwMS 2013 _g' i | —
& . ! f cMs 2015 =
8l 4y AL T - 3 i ~4- Daa
S - o —-s e S | SM@LFQM)
i|> PR T | = B [ ] sMvRQW) J
17 B ? I sM LQep)
&l EOS v1.0.3 o<.m SM (LQCD+DB)
0 . . . le—]] 1 1
lor meets Flavor schoot Bad Hennef March 2024 % 0 5 10 )
¢* [GeV?] g2 [GeV¥ ¢4




Many parameters extracted in a large number of bins

B*—K™ uu

1:5 L T T T T T
I 'L
0.5 e
o~ T L T
——
05 F = LHCb
] —— Data 9fb~!
a1k SM from DHMV
r 777} SM from ASZB
Lo~ 5 0 15
q* [GeV/c']
BO—K™uu
Q:l 1F T —T1 T ]
C LHCbRun 1 +2016
r [ SM from DHMV :
0.5 —
X ;: ] ]
of+ :
= )\ ]
B 1 5 ]
0.5 Eis ij:r 6 ]
-1 1 A R B T
0 5 10 15

g* [GeV¥ 4]

Optimized variables
(less FF dependent)

Phys. Rev. Lett.126 (2021) 161802

1.5 — T — —
: LHCb ]
1r — Data 9fb! -
Sl | SM from DHMV ]
0.5$ 7/, SM from ASZB _:
C ' ; 1 L 2
S e = o Py = 5Ars/(1 - F1)
o5t 7 _ o ) —
L s + e Pi = S5/+/FL(l — F1)
-1k 8
1.5(; il é T T 1'0 M 115 R

q* [GeV?/ct]

P Re (Af AL — ARARY)

|
(A6 +14512) (JAF2 + AR + AL 2 +]AR2)

Phys. Rev. Lett. 125 (2020) 011802

a.‘ln 1F L B B L
C LHCb Run 1 + 2016

g [ SM from DHMV

0.5F i
of
~0.5F ¢ | < 2 {-:
—1-_ e :l R P
0 5 10 15 133
q* [GeV¥c4


https://doi.org/10.1103/PhysRevLett.126.161802
https://doi.org/10.1103/PhysRevLett.125.011802

Life is not that simple ...

Lot % GeVepVis ) (GiO; + C/OD

1=7,9,10

~ %10 7

dB(B° — K*u*u)/dg?
QA
1

c? —cV - arrow ¢¢ broad ¢¢ and |
int;rferer?ce C Cba r DD thresholds 3
1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 ]
0 5 10 15

q* [GeV?/c*]
non-local contributions
b

0
0+
S
9 q
B M _
b

Would appear as a shift in Cy
Varying as function of g? (not the case for NP)

q
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Searched for during ~ 30 years. First evidence in Nov 2012 (LHCb)

o — -
- — — F Zoom on LHC
e .0 N3
£ (0 g =aF
2 E TI 1 Z
& - (1 1
@ 107 g Y T ------------------------- [
I Tl :
E L T ----- T ----------------------------------------------------------------------------------------------------
D E (I
O -

A
T 0 E
O —
O — | * CLEO A Belle
S 10°=-| » ARGUS 0O B
o = aBar
25 — | YV UAT1 ME | HCb
«= [ | ** CDF ¢ ¢ CcMs
c 10E|vvLs O O ATLAS
1 — | AA DO ® ® CMS+LHCb

ol | ©O ATLAS+CMS+LHCb

10 E | | | | | | | I |

1990 2000 L2




From a yield to a BR Number of
observed decay Efficiency

N(B, = pft) e _ N(By = f4p) s ' €
N(B,) , odiced L X0y, X £

/ I \ Fraction of b quarks

bb cross  that hadronize into a B,
section

BR(B, = pp) =

Integrated
luminosity

L

s Opps € have large systematic errors

I—
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— Normalize with respect to another decay with a very well known BR
(BFactories crucial inputs) :

Bt — JWK*t or B - Ktn~

BR(B, — pup)  N(B, = up),,, gB—)J‘PK Xfu
BR(B* - J¥YK*) N(B— J¥K) g

B, — f:v

obs

Most of systematic uncertainties cancel in the ratio of efficiency

This cancellation is very efficient if you have a normalization channel similar to your
signal and selected in the same way!
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BO —>K*Ouu

dT'B— K*utpu=] 9

42 d6 327 2 L(¢*) fi(Q) }
d'T[B°— K*%tp] _ 9 S L) £(5) Q = (0, 0k, $)
dg? df2 321 :
i (i=1,9) are encoding the matrix elements of the decay
diT 9

dg? d cosfpd cos g do T 327 [ il sin’ O + li cos” ¢

+15 sin? O cos 20, + I 2 cos? O cos 26,

+15 sin® Ox sin’ B cos 2¢ + 14 8in 20k sin 260, cos ¢

+1 sin 20 sin B cos ¢ + Ig sin? Ok cos Oy

+ 17 sin 20 sin 0y sin ¢ + Ig sin 20k sin 26, sin ¢

+Ig sin? O sin® 6 sin 2¢ ] , The |, depend on the amplitudes

| )
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CP violation in the mixing

Mass eigenstates Flavour eigenstates

|M.) = p|M) + qM)
|My) = p|M) — qM)

‘z‘;m P(B - B) # P(B » B)
p
q _P(B_q_’Bq)_P(Bq_’B_q)_1_|Q/p|4~ Al

" p(B;—»B,)+P(B,~B,) 1+lq/pl*  Am,

a t 12

So far only observed in the K system
Expected to be small in the SM ; ~ -5 104 (By) and 2 10~ (B,)

Color meets Flavor school Bad Honnef March 2024
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[%]

S

sl

Phys. Rev. Lett. 117, 061803 (2016)

| T T T | T T T T | T T T ] Ii T T T T | T 1

IF Standard Model i -

- } ~. i -

O?_ ............................. (\__ _.;__ ...................... _jl

S 5 -

_ - : -

- | 32 \ | -

—1 __ ¢ : __

S “ B )

2+ S - ! —

- 3 i -

3 LHCb DOuvX  —rs .

- R DO D(*)/.{VX : . -

=3 o BaBar D'lv —— -

- A BaBar [/ = . { -

i Belle /] . i
_4 1 1 1 1 | 1 1 1 1 | 1 1 1 1 || 1 1 1 1 | 1 1
-3 -2 ~1 0 o
ag [%!
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http://dx.doi.org/10.1103/PhysRevLett.117.061803

B,—J/W ¢ analog of the previous case (By—J/W K)

PS — VV, admixture of CP-odd and
- ¢dec CP-even states, measure also Als.
= 3 “P-wave” amplitudes of KK system

¢ - gb . 2 ¢d o 1 “S-wave” amplitude (A)
S mixX e€c o 10 terms with all the interferences
C.Dmix 0 _¢dec 0 @s, Als , Ts

B

- - 222’ ’a’a’
b t,c,u S b w+ s
W 174 B B[ |tculk vieu| | B Mixing
S t,c,u b S W-— b
- - ~ANANANS

o d‘ I
‘ P

Decay

(a) tree (b) penguin
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Probing CKM matrix elements complex at higher order

1 —2A° A AN (p —in)
Vekm = = 1 — 2\ AN + O\
AN (1 —p—in) —AN? 1
> 1-A2/2-2"/8 A A (p —in)
—1+A2;5 (1-2p)—i "2’ 1—22/2—1“(%+A72) Ax +0(2°)
AV (A-(A=-2212)(p+in)  —AV(A-A7/2)A+A°(p+in)) 1= A22/14
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Al [ps™!]

SM : &,=-0.0370 +0.0008 rad
HELAV (prediction from a fit using other
measurements)

DO 8 fb~! ‘ PDG 2021 \

68% CL contours
(Alog £ =1.15)

0.13

0.11 CMS 116.1 fb~!

CDF 9.6 fb~!
0.09

LHCb 4.9 fb~!
D07

ATLAS 99.7 fb~!

0035 0.3 0.1 0.1 0.3

¢<[rad]
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http://www.slac.stanford.edu/xorg/hflav/osc/summer_2017/

Discovery of CP violation in charm decays

CP violation in up-type sector. SM expectations :{10-3 - 10-4. e —

G = 200y, at LHCb samples needed !

1964 2001
1956 Strange particles: Beauty particles: 21 Ma rCh

Parity violation CP violation in K CP violation in B® 201 9
T.D. Lee, meson decays meson decays ~ 80 1 Oé Si g N al
C. N.Yang and J. W. Cronin, BaBar and Belle

C.S.Wu et al. V. L. Fitch et al. collaborations events

1963 1973 2019
= Charm particles:

Cabibbo Mixin
N. Cabibbo 9 e CRMmapix CP violation in D°
L M. Kobayashi and s s N LHCDb —Up gra de Il

T. Maskawa LHCDb collaboration ~ 1 0 O

NBelle I1
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Experimentally: ~ N(D° — f)— N(D° — f)
ON(DY = f)+ N(D° — f)

Acp + Ap(md /p) + Ap(D*t /Dgom &)

DO KK or

Charge Symmetric AAcp = AraW(KK) — Araw(ﬂ'ﬂ') & ACP(KK) — ACP(TMT)

PR (| -— — ~2200510 - -
L : f Data { Data
. . . . . 5000 ]
Kinematical reweighting = production e Bo-re] 2 1400 By e
M M 3 _ ‘'omb. . 3 1200 ‘omb. ;
and detection asymmetries cancel =~ e W B comt. s
TT tag 2 : 2 800 ;
5 2000F 1 B 600 :
g b i B 400 :
5 1000- 3 5 200 1
3605 2010 2015 2020 %005 2010 = édlg i) 5020
AACP=(-O° 1 5410.029)% m(D°z*) [MeV/c?] m(D°7*) [MeV/c?]
x10° x10°
. . . — T 3 ~ 160FT ' T v ™3
Observation of CP violation at 5.3 & T T LG 1 g LHCS
L 500F t Data [5) [
= [ AN p= 120;
“ tag T 400f B -xe] Z 100f
5 300 Comb. bkg.. E 80
5 I R:
e 200: S 402
Run2 dataset (6 fb") £ ! g
Phys. Rev. Lett. 122 (2019) 211803 o 0

1850 1900 1800 1850 1900
Color meets Flavor school Bad Honnef V m(DO) [Mev/cz] m(DO) [MeV/c3]



Snowmass 2021

CKMFitter Unitarity
EPS 2019

|Veo| Inclusive
PDG CKM Review

¢

|Veb| Exclusive

PDG CKM Review

B2-»>DM~p*y, CLN

Phys.Rev.D 101 (2020) 7, 0720047

0
Y

B2-DM~pu*v, BGL
Phys.Rev.D 101 (2020) 7, 0720047

|Vub| Measurements over Time

ARE

\
A

B-puv
Phys.Rev.D 101 (2020) 3, 032007

B-1v
Phys.Rev.D 92 (2015) 5, 051102

Mo - puv
Nature Phys. 11 (2015) 743-747

This work (Belle Preliminary)

O

107 |Vyp|

{

44
' ""ﬁ .
= 42
m
O =y
L CKMFitter Unitarity
] “ eps 2019
i |[Vib| Inclusive
6 — PDG CKM Review
i |Vub| Exclusive
- PDG CKM Review
5 —

T
2
2

Long standing discrepancies ... (not due to statistics)

2
%

< < <
% 2, %,

)
<0
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IVl : inclusive determinations

Not a statistical issue

Kinematical constraints from other B reconstruction

[Veo| = (42.2 + 0.8) x 1073  PDG

Using g> moments and Belle + Belle-Il data

Vip| = (41.69 £ 0.59|g¢ & 0.23],0.) - 107° = (41.69 £ 0.63) - 10~° arXiv:2205.10274

V| : exclusive determinations (B>Dlv )

B> D*lv extremely clean samples, B> Dlv less clean ( D* feed-down)
FF parametrization

Measurement of the differential rates PRD 108, 092013 (2023)

[Vay| = (39.440.8) x 1073 VeplpoL = (40.57 £0.31 +0.95 + 0.58) x 103,
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|Vub|/ |Vcb| by L Cb

—= 0 -, T 0 - +
B(Ab — PH Vﬂ)q2>15 GeV?/ct B(BS — K H Vﬂ)q2<7 B(BS — K M Vu)q2>7
0 —,,t 0 — +
B(Ap— AC:uV)q2>7 GeV?2/c4 B(Bs = Ds 17 V) gy q B(Bs — Dy 1" V) g q>
BY 5 Ktu v vs AY) = puv
Decay A0 5O Importance of X. BF measurements
b s
theory error 5% ~ 5%
prod frac 20% 10% Importance of FF knowledge for the backgrounds
BF 4 x 1074 1x 1074
B(X.) error +5% +2.8% 2012 data !
background AT AY,D,, DT, DY
Vau
||V”|| = 0.083 = 0.004 =+ 0.004
cb

Vis|/|Vis| (high) = 0.0946 =+ 0.0030 (stat) ™ 22022 (syst) + 0.0013 (D;) £ 0.0068 (FF
0.0025
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