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Outline

* A few words about Lepton Flavour Universality

e Overview of LFUV tests with semitauonic B decays
 Why is it interesting to measure A)— Aft v,

* The observation of A)— Aft v,

* Impact of the measurement

* Prospects regarding LFUV tests in the charged current sector (and
related measurements)

* Improved knowledge required on D, inclusive decays to 3n
* Conclusion
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Lepton Flavour Universality

* Lepton Flavour Universality is one of many « ad hoc » symmetries
and « pillars » of the Standard Model

e Baryon number, lepton number, (charged) lepton flavour,...

* |t postulates that the properties of the three charged leptons (e,u,t)
are the exactly the same beside their mass

* This does not need to be the case in many New Physics models

* First hints of Lepton Flavour Universality violation appeared 10 years
ago with BABAR publication regarding semi-tauonic B decays

* This field became « the hottest game » in town with results coming
both from charged and neutral currents

[

. i, ..
’kj CLab universite
Iréne Joliot-Curie PARIS-SACLAY




CC LFUV characteristics ®
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e Abundant reaction BR ~1%
* High precision of SM prediction ~1%

* Charged Higgs, Leptoquarks are the usual suspects

» Sensitivity in the TeV range: direct search possible at the LHC : however many scenarios still open
after taking into account the present direct exclusions domains

* If the present WA average is correct, , R(D*)/R(D*),,=1.23: Large new physics effects !!

* Possibility to measure the effects for various B parents and charm spectators : the importance of
the spin: AY > Aft v,

* Sensitivity not only on the yield but also in the internal characterics of the event (g2 and angular
distributions)

* New physics can couple differently to Vcb and Vub transitions
* Therefore, very important to get a high statistics sample as pure as possible !
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The pioneering BABAR 2012 result
PRL109, 101802(2012)

e At the Y(4S), the strategy is a priori
simple :
* Reconstruct a « tag » B to gain access

to the other B center of mass frame
and thus to the missing mass

* Select events with D*u topology on
the signal side

* Count events with u much softer
than for normal semileptonic decays

* The winning « trick » : much higher
efficiency reconstruction of the
« tag » B particle

Events/(0.25 GeV”) [Events/(100 MeV) in insets]
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Other R(D*) results up to now

* 3 new measurements by BELLE collaboration
* Hadronic tag as for BABAR-leptonic tau decay
* PRD92,072014(2015)

* Semileptonic Tag, more statistics but worse CM and missing mass resolution-
leptonic tau decay

* PRD94, 072007 (2015)

* Hadronic tag —hadronic tau decay in n/nt°. Important to access tau
polarization information. Real challenge to fight hadronic background

* PRL118,211801 (2017), arXiv1612. 00529

* 1 new mesurement from LHCb collaboration
* PRL115, 1183(2015)
* Muonic tau decay in a hadronic collider !!!!
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LHCb muonic result (2015)

| PRL 115 111803 (2015)

Fit Result
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Measurement of semitauonic decays at LHCb
using the hadronic decay > n n'n~(n°)v,

e Similar BR as the muonic channel

* The possibility to measure the t vertex is the key to reject the
background and obtain a high purity sample

* The 3 dynamics of the t decay is very specific : possible to
distinguish t decays from the main double charm background from D,

decays

* The presence of only 2 neutrinos in the final state, coupled to the
vertices reconstruction, allows to reconstruct the complete event

kinematics: good precision on g? and cos0*
* Background control samples with exclusive mass peaks
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The initial very large background : example of
BY>D*tv 9
* The D*tv decay, with T going into 3 pions (it can also be 3n+n) leads

to a D* 3n(+X ) final state

* Nothing is more common than a D*3n (+X ) final state in a typical B
decay :

BR(B°>D*3m+X)/BR(B°>>D*1Vv;t>3m)\,~100
A very strong background suppression

‘ method is absolutely needed :

The DETACHED VERTEX METHOD
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Vertex topology of the usual B decay

K+
U U

I B->D*mtrmt(+X) I

DO

y s ...
B
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Selection: detached vertex

K+
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I BO>D* v, I
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Selection: the detached vertex methoad
LHCb-PAPER-2017-027
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The second level of background : double
charm

* The second gate consists of B® decays where the 3r vertex is

transported away from the D vertex by a charm carrier: D, D* or D°
(in that order of importance)

* This gate is thinner :
BR(B°->D* 'D’; ‘D’> 3nX)/ BR(B%->D*1v;1—>37),\,~10
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Opening the second gate |

* LHCb has three very good weapons to bl
* Background partial reconstruction
* 31 dynamics
* Neutral isolation

wC

Iréne Joliot-




BaBar hadronic tag

FRL 104 {2012) 101802
0332+ 0024+ 0.018

Belle hadronic tag
FRD 92 (2015) 072014
0293+ 0,038+ 0,015
Belle 5L tag

PRL 124 (2020) 161803
0283+ 0,018+ 0,014
Belle 1-prong

FEL 118 (2017) 211801
0270+ 0033 £ 0.027

LHCbH muomc
PREL 115 (2015) 111803
03361 00027 £ 0.030

LHCb 3-prong

FEL 120 (2018) 171802
0.283+ 0.019+ 0.029

LHCb average
0305+ 0.016+ 0.022

SM prediction by HFLAV
with from

FED 95 (2017) 115008
JHEF 12 (2017) 060
FLE 795 (2019 386
FRL 123 {2019 091801
EFIC 80 (2020) 74
0.254 £ 0,005
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R(D*)

PRL 120 (2018) 121801 e e |
071£017x+0.18
SM prediction
PRL 125 (2020) 222003
0.2582 £ 0.0038
| | | | | | | | | | | |
-0.5 0 0.5 |
R(J/ y)
LHCD R(A,)
i —— LHCb-PAPER-2021-044
0.242+0.026 £ 0.040 £ 0.059
SM prediction
PRD 99 (2019) 055008
with mput from
PRD 92 (2015) 034503
0.324 + 0.004
I R TR ||0P||||
0.2 0.3 0.4 0.5
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Most recent update of R(D*)-R(D) status
BR(B=>D"tv)/BR(Duv)
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Observation of the decay
A} - AtV
with 1> nntn~(n?%)v_decay
LHCb-PAPER-2021-044
arxiv:2201:03497
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Why Lepton Flavour Universality
tests with AY, are interesting ?

R(AE) =B(A} = A v)/BAY = Af pi'v)

b c
Ab u u A::r
d da

* Lepton Flavour Universality violation hints in the meson sector R(D*)-R(D) :
3.4 ¢ away from SM in the latest 2021 HFLAV update

* With spin % spectator, the baryonic channel adds a very complementary test
* Similar precision on SM prediction with lattice QCD computations

R(AT )= 0,324 £ 0,004 r. Bernlochner et al., Physical Review D 99 055008 (2019)
with input from Lattice QCD FF: W. Detmold, C. Lehner, S. Meinel, Physical Review D 92 034503 (2015)

* But different NP couplings: could help pin down NP source
* Unique to LHCb. Never searched for before!
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NP expectations for R(AT) in various models

A. Datta et al., Journal of High Energy Physics 1708 (2017) 131

ggs only gp only gr, only gr only gr only
=04 0.3 —2.2 —0.044 0.4
R(A.) | £0.290 + 0,009 | 0.342 4+ 0.010 | 0.479 + 0.014 | 0.344 + 0.011 | 0.475 + 0.037
Rt 68?2 iBUD? 1.026 + 0.001 1.44 1.033 + 0.003 | 1.426 + 0.100
Ne15 A3 | 04-04i | 015-03i | 008067 | 02-0.2
R(AY) can be below R(A.) | 0.384 4 0.013 | 0.346 £ 0.011 | 0.470 4 0.014 | 0.465 £ 0.014 | 0.404 + 0.021
or well above SM , RRatio | 1154 +0.008 | 1.040 + 0.002 1.412 1.397 4 0.005 | 1.213 + 0.050

when satisfying NP predictions with all present constraints from the meson sector

R(D*)'R(D) [ Ttatio ?ﬁﬁ\

] Coupling | R(A¢)maz e | coupling value | R(Ac)min Nemin \ coupling value
constraints ey . T
gs only 0.405 1.217 0.363 0.314 0.942 ) 1.14
gponly | 0.354 0.658 0.337 014 0.168
gy, only 0.495 0.094 + 0.5384 0.340 1. —0.070 4+ 0.3952
gr only (0.525 0.085 + 0.793z 0.336 1.009 —0.012
g only 0.526 0.428 (0.338 1.015 —(0.005
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R(AY) analysis workflow with Tt (1) v,

* Tight AL PID selection in pKnt mode. At sideband template used in the
signal fit to remove the background under the AT peak

* Combine with detached nrtn~ triplet forming T~ candidates

* Prompt background rejection thanks to vertex topology

* Reconstruct decay kinematics

D7 and DY exclusive peaks to control double charm background
* Anti-D; to reject double charm background

* Normalisation channel : A}, - Afnntn (without ALTn-) [same final state
and similar dynamics]
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LHCb-PAPER-2021-044 T|ght A-é,_ SeleCtiOn

arxiv:2201:03497
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R(AT) analysis workflow

* Tight Al PID selection. A} sideband template used in the signal fit to
remove the background under the AT peak

 Combine with detached mn*n~ triplet forming t~ candidates

* Prompt background rejection thanks to vertex topology

* Reconstruct decay kinematics

D7 and DY exclusive peaks to control double charm background
* Anti-D; to reject double charm background

* Normalisation channel : A}, - Afnntn (without ALTn-) [same final state
and similar dynamics]
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« Prompt » background rejection
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Prompt rejection ~5x103 level 10

after the 50 inversion cut
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Control of the suppression factor with the
normalisation channel : A}, = Afn-ntn-

LHCb-PAPER-2021-044 arxiv: 2201 03497

Before inverted topology cut

After inversion
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R(AT) analysis workflow

* Tight Al PID selection. A} sideband template used in the signal fit to
remove the background under the At peak

* Combine with detached nrtn~ triplet forming T~ candidates

* Prompt background rejection thanks to vertex topology

* Reconstruct decay kinematics

D7 and DY exclusive peaks to control double charm background
* Anti-D; to reject double charm background

* Normalisation channel : A}, - Afnntn (without ALTn-) [same final state
and similar dynamics]
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Reconstruction of the kinematics

* Using the position of the three
vertices, the direction of flight of
the A}, and of the 1 particles can be

reconstructed.

e ., * The momenta of these 2 particles

: by solving two 2"9-degree equations

1 pseudo decay time and g can be
measured with a 15% resolution

A

#
r
]
’
’
T o«
! .
’
#

+
T
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Background Partial reconstruction

0 Sl b Rl e P I |1 Pr.
For B® = D*" D/ : |pgliig = |st|uBs + Pp-

After some vectorial algebra = get
magnitude of B® and D momenta

First approximation = ip_is
the 3m direction

Apply a correction to B® vertex due . S e
to the presence of neutral particles - Mean 2017

) T FO i ..... RMS 486.5
in D decay - parametrization of ' '

this correction as function of 3n
mass on D*~D} MC = get B? and
DI momenta at a next-level of
approximation

50

Events J (35 MeWic)

40

an

Reconstructionof DY 1 ; _ : : :
mass, with nominal B° e 1 1l S RO (1 IR i ] v 0
il 500 1000 1500 i ] 2500 aooa 200
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D& mass || Dit mass 20
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R(AT) analysis workflow

* Tight Al PID selection. A} sideband template used in the signal fit to
remove the background under the AT peak

* Combine with detached nrtn~ triplet forming T~ candidates

* Prompt background rejection thanks to vertex topology

* Reconstruct decay kinematics

D7 and DY exclusive peaks to control double charm background
* Anti-D; to reject double charm background

* Normalisation channel : A}, - Afnntn (without ALTn-) [same final state
and similar dynamics]
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The control channels D, D®,

and Dt
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The anti-D, BDT : 3w dynamics, partial
reconstruction and isolation

Min(mass(rmtn))

r:? E ++ LHCb simulation
= ol ++ 7]
= 0 OSi 4 Signal g
2 Ot ++ ¢ Background
0068 4444 .
ERR AL ’
z L 4 ° 1
5 004fy,, Pt o .
=S} r o ]
0025 . * .
L : -*
oL ! ‘.:.h.... "’ L
500 . 1000 1500
min[m(7—7")] [MeV/c?]
o 025F T T T T T T
> L LHCD simulation ]
% 02}
c - ¢ Signal
o)
,f; 015F . ¢ Background
Z i 4 ot
ﬂ -
= 0.1 . —
0.05f- R =
- s
cobovead®® | . . U3
=50 0

Cu

Iréne Joliot-Curie

Max(mass(rmtm))

& 03f + _ . .
2 F LHCb simulation
> r -
v 0251 + ]
= [ ¢ Signal
2 021 ¢ Background
N
< 015 -
g 0.1 '.0 ]
Sa] E . *,
0.05 :* .0 - .'...' =
e o ., 'o.“ E
0
500 1000 1500 2000 2500

max[m(z )] [MeV/c?]

mass(D** )

o 0.09 ;' '+ r r T 1 r . T Tt 1 ' 7 ,-:
S 0.08F H+ LHCb simulation ]
L 0.07F ¢ Signal E
p= g _
<+ 0.06F ++ ++++i ¢ Background E
2 o.0sf + ﬂﬁ* E
= 8 *y * 3
> 0.04F s . E
£ o003f PO +
2 F 4+ ot + ot
D 0.02F Re N .,

0.01F 4™ Yo E

E *
0 3000 000

4000 5 .
m(D"wtnnt) [MeV/c?]

LAL Orsay seminar, June 21 2017

Neutral Isolation

-~
14000} 1HCD Preliminary
12000
10000
8000
6000
4000
2000

ok

— All candidates

— Events with neutral energy

Events / (20 MeV/c?)

L | L L
4000 5000
m(D ) [MeV/c?]

Blue : t decays
Red : D, background
LHCb simulation

3000

32




BDT results
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Good separation
obtained

Allows to select an
high purity sample
at high efficiency

Charged Isolation
and PID cuts are
also required to
select candidates
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The D, decay model fit at low BDT
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The importance of the « D_-o-meter »

The minimum wt*n™ mass contains critical information about the rate of n and n’ decays

At low mass, only 1 and n’ (red,green) contributions are peaking
N2t ©° andM’'D> N T
* At the p mass where the signal lives, only " contributes (n’= py)

Using the low BDT region, one constraints the D. decay model to be used at high BDT

T T 1 e 1 —— I ——r
LHCD preliminary-
e ata

- Dy — n'm, p -
. Dy — mm, 1p

l Other D, decays =
. Non-D, background
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Distribution of the 31T mass after final selection

LHCb-PAPER-2021-044

arxiv:2201:03497 BR(D; —3nX)~ 30xBR(Dy — nnn)

% 250 +
= T LHCD
Ds(*'**)_' DOOK, DITRO o o 3 b : _
. - - T No candidates above the Dg
The double charm E ol mass : completely dominated
5 - by double charm background
background = n ++
U —
i 100— '
w - ++++HH+++ +1'++++ + ;
: T — #+++*+ # +++++++++++ +++++ .
a . ¢ E “ﬁﬁ ¢¢1¢
1]_I Iﬁllﬂl 11 | 1 1 | | | - | I 11 | | 1 1 1 | | 1 1 | | Iﬁ
400 600 800 10000 1200 1400 1600 1800 2000 2200

m(x n* ) [MeVic?]

-4 @
[ ]
U CLab Flavor at the crossroards , Mainz, April 25 2022 U N |Ve I’S |te 36
Iréne Joliot-Curie PARIS-SACLAY



Distribution of the K* m~w Y™™ mass for events
with one extra kaon track at the 37 vertex
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The exclusive A7 D (X) control sample

LHCb-PAPER-2021-044 arxiv:2201:03497
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R(AT) analysis workflow

* Tight Al PID selection. A} sideband template used in the signal fit to
remove the background under the At peak

* Combine with detached nrtn~ triplet forming T~ candidates

* Prompt background rejection thanks to vertex topology

* Reconstruct decay kinematics

* D; and D exclusive peaks to control double charm background
* Anti-Dg to reject double charm background

* Normalisation channel : A}, - Afnntn (without ALTn-) [same final state
and similar dynamics]

[ ]
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3D Fit results

* The fit is a 3D binned (6x6x6) maximum likelihood template fit to the
data

e 3 variables:
* tdecaytime

* g’ Signal yield = 349 + 40
e Anti-D; BDT AtV =35
* Fit results : N D; =2757 £ 80
wifdof=13 N D*=443 £ 55
NDY=186%7

Combinatorial 679

-4 @
[ ]
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Results of the nominal fit

% Cio

Iréne Joliot-Curie

Parameter Fit result Constraint value

Nsig 349 £ 40 (11.8%)

f’."—}.’_‘i:lrw 0.78

fazrw, 0.1

! "E‘%]”‘E 80.2 £ 8.3 814474
po 1.3+ 0.7

Np, 2755.9 + 81

fp. 0.49 £ 0.09 0.65 + 0.08

fo:, 0.0 £0.012 0.28 +0.12

fﬂh 0.41 £+ 0.07 0.29 +0.12

Fa, (26250 0.19 + 0.06 0.22 + 0.09

fEﬂﬂD:;;:- 0.0 +0.02 0.22 +0.05

Np+ 443 + 54

P“'rcambi 40.3

h"ijig 630

2 256

reduced y? (ndof = 216) 1.30

Flavor at the crossroards , Mainz, April 25 2022
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Fit projections : t decay time and BDT

LHCb-PAPER-2021-044 arxiv:2201:03497

— - - — N Dia

2 1600 LHCDb = nenn b LHCh - Dam

on - = 2500 — Tot:l model
2 1400 2 = - 1 |

= - 31b i —& 3 b | Eei%a

@ 1200 Z 2000F o
E - = T_..I. - .l"l.il—.i'.l'l.:.ﬂ'll'.r.l
= 1000 = C -
2 n o 1500 — . A=A DX
S 800F . 0,

- . : . ;"Li,—.h"t,.ﬂ' -I._.j‘-.':l
600—_ 1000 N Combinatorial
100 -

200 [r— Etm'_—
[ 1 1 L 1 1 : | ! ! 1 L : L 11 1 L1 1 1 L1 1 11 |
0 0.5 1.0 1.5 2.0 0 02 04 (.6 08 1

t. [ps] BDT output
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Flt prOJectlon q2 LHCb-PAPER-2021-044 arxiv:2201:03497
Low BDT High BDT(>0.66)

L1400 F ) -
& [ LHCb == T 350F L?S}.’.
81200 3fb” S 300F
Q@_ 1000 :_ g E + Data
< - = 250 — Total model
3 - & — 0 -
= 800 % C - A, ATV,
= - 2 200F Ay—=AID(X)
5 600 = C
~ - e S 150 — B A-AD(x)
400 - 100 f— | nﬂ—w.q_ﬁ“r?f )
L L Combinatonial
200 50 =
I__'_T L | 1 1 L ] | E
0 5 10 e, |
pedr T el

o
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Observation of the decay A}, = Aft v,

* Increase of fit y2 with signal forced to 0 : 7.3 o statistical only

* Increase of fit y2 with signal forced to 0 after inclusion of systematic
uncertainty (dominated by template shapes): 6.1 ¢

* We can claim observation of the decay A} — Aft1V_!

0 ®
[
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R(AT) analysis workflow

* Tight Al PID selection. A} sideband template used in the signal fit to
remove the background under the Al peak

* Combine with detached nrtn~ triplet forming T~ candidates

* Prompt background rejection thanks to vertex topology

* Reconstruct decay kinematics

* D; and D exclusive peaks to control double charm background
* Anti-D; to reject double charm background

 Normalisation channel :AO — Afnntn (without ALY w) [same final state
and similar dynamics]

-4 @
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Candidates / (6 MeV/c?2)

A} = Atmntn normalisation peak

1400 LHCb $ Data Comparison of the 3wt mass distribution for A 37 and
} i C
oo 3 b7 | Signal + Background D*37 events before and after A%." & events removal
- | I"E - == CB signal
1000— ; '. - == Background § 0 # LHCD P —
n '. : | ! } Jix : ﬁﬂ e
BDO: '_ ; - + Vs ; y Jr+Jr NI
N 'I E g H w 0 1 ft t T Fop
600 | b ' g 00— H ﬁ + -\_E’—)D"ﬂ'ﬁ'ﬂ' mf_ + ++ i
B | (S% L H, I H- - + ﬁ+ﬂ#+#
400— mk b wof- T ﬁﬂ i ',
B i ; %HMQ -JtH - ; # H%ri %ﬁn
- | 'I " EOO_Jm I10|EJ0I = ‘ISIOOI = I20|00I = ‘ZSEJO‘ ‘ I LSO‘F)OI *jr#ﬁ*"SZSOO
200— ‘ / '!‘ 100 } +++mﬁﬂ \ mix 7°7) MeVic]
— d ' ! ey
Clereeet Lyl > TV 8
5500 5550 5600 5650 5700 5750 5800 W m an s w0 s
m(Ammn) [MeV/ic?] mirr ) MeVic]
. . . k +
Normalisation YIE|d after AC LHCb-PAPER-2021-044
subtraction: 8584 + 102 arxiv:2201:03497
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Distribution of the difference m(Afnttn™ )-m(AT )
inthe AY - AY m~ntm™ mass peak

S 250 ) +
= - LHCDb
A 3 tb™!
< 200
" -
-E]—'-J L
= -
-D -
5 150—
E —
] L
QO L
100— .
S0l sy +
- 44
- - -o ot
U | | | | | | | | | | | | | | | | | | _‘_l |_._|_._|_.—|_._I_._I_._
260 280 300 320 340 360 380 400

® m(AZx *)-m(AL) [MeV/c?] N
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Regarding ALn™nn" mode: PDG2020

+ -
F(AFrt = 77) Meoal F2/T
VALUE (units 10 3} EFVTs DOCUMENT 1D TECN  COMMENT
7.7£1.1 OUR FIT Error includes scale factor of 1.1.
14.9+38+1.2 LAALTONEN 12a CDF  pp at 1.96 TeV
e ¢ & We do not use the following data for averages, fits, limits, etc. & » »
seen 90 BARI 01 SFM AT - pK—xt

LAALTONEN 12a reports [[(AD — Afat 7= n7)/Tyoall / [BAD » Al 77)] =
3.04 £ 0.3318%2 which we multiply by our best value B[ﬂ?} b ﬂ.g ) = (49 &+

0.4) x 10—3. Our first error is their experiment's error and our second error is the
systematic error from using our best value.

+ ot == + -
F(J'Ic'.'r T )/r(n,__w ) F29/M24
VALUE DOCUMENT 1D TECN  COMMENT
1.56+0.21 OUR FIT
1.434+0.1610.13 AAL) 11E LHCEB ppat7 TeV

For Afntnn* data, the PDG erroris 14%. (a bit better for some reason than the
combination of the 8% of the absolute BR(A% > Af 7)) and the 13.5% ratio
o coming from the ratio.)

U CLab Flavor at the crossroards , Mainz, April 25 2022
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Largest systematic : template shapes

Source (AT /K(AD) %]
Simulated sample size 3.8
Fit bias 3.9
Signal modeling 2.0
AT, 2.5
D — 37X decay model 2.5
A} = AFD;X, A) = AFD- X, A) - A7 D" X background 4.7
Combinatorial background 0.5
Particle identification and trigger corrections 1.5
Data/simulation agreement for 1solation and vertex 4.5

D¥, D=, D" templates shapes
Efficiency ratio

Normalization channel efficiency (modeling of A} — AF3)

Total uncertamty

% C LHCb-PAPER-2021-044 arxiv:2201:03497
Lab

Flavor at the crossroards , Mainz, April 25 2022
Iréne Joliot-Curie
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LHCb-PAPER-2021-044

arxiv:2201:03497 Physics resu|ts
KAL) =B(A) - ALt V)/B(A) - Atnntn)
K(AT)=2.46 £0,27 (stat) £ 0,40 (syst)

e Using B(AY - AL T~ T* ™) o+ =(0. 614 £ 0.094)% [PDG2020],
B(A}, —» A1 v.)=(1,50 + 0,16 (stat) + 0,25 (sys) + 0,23 (ext)) %
(SM expectation=(1.8+ 0.1 )%

» Using B(A) = Af uv,) = (6.2 +1.4)% [PDG2020],
R(AL)=0.242 £ 0.026 (stat) £ 0.040 (syst) £ 0.059 (ext)
(SM expectation=0.324 + 0.004)

F. Bernlochner et al., Physical Review D 99 055008 (2019)
with input from W. Detmold, C. Lehner, S. Meinel, Physical Review D 92 034503 (2015)

o
@
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Constraints on New Physics models
(including all meson-based results)

Coupling | R(A¢)maz | 1 i'ff"ﬁfm coupling value | R(A.)min fifffﬁ,ff’m coupling value
gs only 0.405 1.217 0.363 0.314 0.942 1.14
gp only 0.354 1.062 0.658 0.337 1.014 0.168
gz, only 0.495 1.486 | 0.0941+0.538 [ 0.340 1.022 | —0.070 + 0.395
gr only (0.525 1.576 0.085 + 0.7934 0.336 1.009 —0.012
g only (0.526 1.581 0.428 0.338 1.015 —0.005

A. Datta et al., Journal of High Energy Physics 1708 (2017) 131

Our result excludes regions of the parameter
space of effective theories with only one

. vector, axial-vector or tensor coupling .
”J CLab Flavor at the crossroards , Mainz, April 25 2022 51
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Constraints from ‘R(D*)-R(D) for effective
model with one mediator

A. Datta et al., Journal of High Energy Physics 1708 (2017) 131

Ratz
RDEE 10 Rg(}ho -TBC

Only g prassnt

Only g, present

Pseudoscalar

Vector Tensor

[
@
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A. Datta et al., Journal of High Energy Physics 1708 (2017) 131

Constraints with a SM-like R(AT)

Iréne Jonot-vurie

Rguttu RE{EHG - B, - Rfftw

only g, presant Only ge present

2

0sr
1k
Scalar _ . Pseudoscalar
E 0.0 é or
= 8
-0.5 _al
-3t
o
Relgel
ony g présert oniy gy prassnt
e 1sF

——— ~ -1.0F

______ -1.5f

Tensor

-25 =20 -5 -0 -5 0. 03
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(Constraints with a large R(AY) )

A. Datta et al., Journal of High Energy Physics 1708 (2017) 131

Ratio Ratio Ratio
RD RD" - TB;_- - R‘r\c

Pseudoscalar
Scalar

only gy prasant

Tensor

Vector

-25 -0 -15 -0 -05 00 05
Rear]

[
UCLab Flavor at the crossroards , Mainz, April 25 2022

Iréne Joliot-Curie

54




Future of some systematic uncertainties:
D** feed-down

e B°> D** tvand B*>D**°tv constitute potential feeddown to the signal
* New R(D**) SM predictions rather low (denomitaor is BR(B->D**pnv)

R(Dg) = 0.08(3), R(D}) = 0.05(2),

R(D,) = 0.10(2), R(D}) = 0.07(1).
Florian U. Bernlochner, Manuel Franco Sevilla,
* All experiments are taking more conservative assumptions regarding the D**  Dean J. Robinson, and Guy Wormser

rate. This could enhance the discrepancy by 0.5 ¢ Rev. Mod. Phys. 94, 015003

* Experimental measurement of D**°(2420) the way :

All detached vertices Detached vertice for BDT>.0.1
‘:{:\ " ] .I ) = o W 1 T T T T ]
%“ 100 :_ LHCb Prehrmnary _: % s E_ LEHCbH Pl'eliminary _E
= oF . s ]
< n —D**°(2420) . ol E
. N D**°(2460) . a 20F —D**°2420) ]
@ 60 = 2 15F 3
S ET : 5 F 5
o 40F . o 10F -
20F 1 5 i
00

[} ==

=
=1

o 1 [ L 1 1 1 Sy i 1 1 L 1 1 X 1 1 1 1 1 1 1 1 +| 1 I-+-£-
w( L 9 400 500 600 200 500 600
LN ab m(D*m+)-m(D™) [MeV/c?] > 2017, m(D*1*)-m(D™) [MeV/c?] 55
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Future of some systematic uncertainties:
A little promenade through DS decays

‘ S =0 0

Feynman diagrams of Ds decays v, (%), p*, 1\ f\
Ds->3pi ~1% 1, w, f0(980), a, (980) 0, (/)
Ds->3piX ~30% . ! c >
D+ ->Kpipi ~9% B = > u
D+ ->KpipiX ~14% Kt K

S < S < S

Extend W emission decay Internal W emission decay

s — d/u: Cabbibo Suppre ssed
*r 7T+(7TO)
i g )

-4 @
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. _ o .+. L .+._,*._.*.
. + D} — ¢rtz~zt decays D K= KOS
+ T{-I_/ al ? e e g S JU ey e B B e ae s E e B S .y .................... unz—

» Additional distributions after fit: Hor

1nF

_ ~ M(3r) requiring M(372K) around the .
- - wof

BESIII new result

» Take into account contributions from !

— Dt —= by reweighting the phase space
e wmrtm—mt ¢ = ¢a, by ghting the p P

,. Df —~ ¢3n o
e nmtnT T, my , - —
another ongoing i3 | | ‘ E 3 E
work at BESIII “F DF - ¢(— K KOwtaat [T E
- . 25 B
o Gt ; j I
o Kdntmm* of 3
400 [ B I.‘I.'-III - L] A0 Ii_il.'li
W m ) M Vic) i3y [MeVic] -
\. — et

[
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Ds decays in
PDG

BR in red for
error larger
than 20%

% Cuo

Iréne Joliot-Curie

Type Intermediate process BRppea (%) Comments
nmw NR 1.68 -
WT NR 0.192 -
nw NR 3.94 -
ag?r+ NR 1.10 BESIII 37 analysis
o™ NR 4.50 -
nwt np°,agnagw, NR 9.50 BESIII nrr° analysis
w0 wpt,NR 2.80 BR(wp')/BR(wn*=") = 0.52 + 0.30
wnm" wag, NR < 213 -
0wt n'p* NR 5.60 BR(D; -+ n'p*) = 5.8%
agvr*wu agp+, NR - BESIII KKnn" & 13w analysis
ontw” ¢)p+, NR - BESIII K Knn" analysis
KV27* KYa;,NR 0.60 <
n2ntw nay,n'w, aapo, NR - BESIII 137 analysis
27 T waI,NR 1.60 -
n2ntw n’a{, NR - -
rzg‘21r+7r_ n’a{, NR - -
27w ¢aI,NR 1.21 -
K"K 2ax"nw (NR) - 0.09 Large uncertainty(+0.07%).
K'K"27* 7~ (NR) — 0.336 BR(2K 2n*n~)=8.4+3.5 x 10~ 2.
2nt - 0.90
3n 2w - 0.79
3T 2r~ 7 (NR?) — 3.0 BR(D} — 3x*2n~n") =4.9 £ 3.2%
(> 2ntn (2)ir - 0.767 =

Flavor at the crossroards , Mainz, April 25 2022




o

FIG. 2. (u) Duliz plocof M2, vs M7, for data, the projections 3 (a)
of thefiton (b) M- 0. (c) M ., and (\il)f,-,.,. and the projections

New BESIII resu]ts about DS decays on (€) M., and (1) M, after requiring M,. 5 > 1.0 GeV/c. In

(b)1), the dots with error bars and the solid line are data and the
total fit, respectively: the dashed, dotted, and long-dashed lines

0 s are the contabutions from D) — p*g, D) = (o' 5")yn, and
m F‘r0111 777T7r BES pa'pel 3 D) — ay(980)x, respectively, The (red) hatched hissograms are

the simulated back ground, ]

M, [GeVie)
Eventy/20 MeVic

Maf Ge ViKY
T

Amplitude é, (rad) FF, o 3 ' © ]
D -p'y 00 (fixed) 0,783 £0.050 £0.021 : i

D] < (x"2")yn 0.612£0.17220.342 0.054£0.021 £0.025
D] —ag(980)r 2,79 L0087 20044  0.232:40.023 £0.033

Evens20 MeVie'
Events/20 Me Vi

m From 3w BES paper,

M, (GeV/)
T T

Amplitude Phasse FF{%)

a (1260) T (p(TT0) 7 )y 0.0(fixed) 554 £3.9+ 20
a(1260)* (fo(500)x*)p 504012001 8141942
ao{980)* p(770)° 25401401 67425415
W1405) (g (980) “x*)o* 02402201 07402401
W 1405)(ao(980) 7~ )n* 02402401 07402401
£1(1420) (a0 (080) " n* Jxt 43202204 194205403

Eveats/40 Me Vi
Eveals/40 Me Vi

fi(1420){ao(980) Y= Jx* 43402404 17£05+03 [E 1 IE
[@s(980) " nt|gxt 0102202 51212409 M, (GeVi) M, (GeV/ieh)
|ac(980)* | sx 01402402 34408406 T T T T T T
[fo(580)n]sx* 14402403 62417409 8 i
| fo(500)n|sx* 2540220312726+ 20 -
3
s From K Knr" BES paper z’
' KK~ ¢, nm @ Maer) (GeVie) MUer) (GeVIe)  Mm) (GeVieh)
’ x°n*) (GeVie? w'r) (GeV/e* (t'n) (GeVle
= a0(980)°p(770)* al M@'n) (GeVie) M(T'r) (GeVieD) M) (GeVie)
m n(1475)/ f1(1420)(— ap(980) 7~ ) «* £
— =
» I(*OK*+ é t
2 1 15 0.5 1 1 LS
11/03/2022 Group meetin; M) (GeVied) M) (GeVied) M(r'ren) (GeVied) 19

[
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% Cuo
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fO decays: potential inconsistency:

U - iy

Mode Fraction (T'; /T Conf. Level
By o seen 476
I'( /5(980) — wr )/T( fo(980) — mwm )+ I fo(980) — KK )] Iy /(Cy# Tl
VALUE EVTS DOCUMENT ID TECN  COMMENT
¢ ¢ We do not use the following data for averages, fits, limits, etc. ¢

0.52 +0.12 9.9k ! AUBERT 20060 BABR  BF = K*r'n*

0.7p-+HL  ABLIKIM 2005Q BES2 Xed = 27t 2n ,wtw KTK-

0.84 +0.02 3 ANISOVICH 2002D SPEC  Combined fit

~).68 OLLER 19998 RVUE  nx— ar, KK

0.67 +0.09 4 LOVERRE 1980  HBC 47 p—n2 K

0.81 3% 4 CASON 1978 SIRC 77 p—n2 K%

0.78 +£0.03 4 WETZEL 1976 OSPK 897 p— n2 K%

! Recalculated by us using | K* K~ ) / T{ wtar~ ) = 0.69 +0.32 from AUBERT 20060 and isospin relations.
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Upcoming analysis using 3w channel

* R(D*) with 2015-2016 data (x2 compared to what is published)
e D* polarization in D*1v events
* R(D**°(2420))

* In a longer term
* Legacy measurement with the full run 2 for R(D*), R(A,), R(D°,D*,D,)
* Full angular analysis

* R(J/y)

* Similar set of measurements also worked on using the muonic
channel

"]
®
[ ]
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Run 2 Run 3 Run4 Run b5 Run 6 Run 2 Run 3 Run4 Run 5 Run 6

I I \
18} 18} R(D) ]
16} 16} R(D*)
ry . — R T N R(D** ]
S 14f = 14/ ( '*} -
>t I R(D)
g 127 g 12 R(A:)
g i gn] X ® )
E 10¢ E 10} iﬁﬁm ]
o 8 g 8 A
= B = B -l -
@ 6 e T 55 YA S S o N S
I ) B R O B = = e N B e e e g S -
= 4 = 4 S T
2 Pessimistic 2 Optimistic o
LHCb unofficial LHCb unofficial T--==--=~-""o0e
FTITITIIFFFFIIFFEY &S
Sy vy vy oy oy Sy Sy Oy O Sy &y Voo

Data sample up to year
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LHCb-PAPER-2021-044

Conclusion regarding A), — Aft v "ol

* The decay A}, = Aft V. has been observed for the first time with
a significance of 6.1 ©

« K(AT) =2.46 £0.27 (stat) £ 0.40 (syst)
« B(A} —» Aftv.)=(1,50 + 0,16 (stat) + 0,25 (sys) + 0,23 (ext)) %
« R(AT)=0.242 + 0.026 (stat) * 0.040 (syst) £ 0.059 (ext)

* Everything compatible with SM (~1 o below)

* A fraction of the parameter space of effective theories with only one
vector, axial-vector or tensor couplings can be excluded

0 ®
[
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Conclusions regarding semileptonic decays

* Present hint of 3.4 ¢ deviation from SM in R(D*)-R(D)

* New LHCb result on R(A.) compatible with SM and exclusing some NP
scenarios

* This will be resolved one way or another in the next years due to an
upcoming wealth of new measurements from LHCb:
* R ratios for many particles : D*, D**, D*,D°,A_,D,, J/v,
* D* polarization, full angular analysis
 Higher signal/noise using 3m mode

* Belle-Il will also participate to this exciting game

-4 @
[ ]
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Backup

% Cuo
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BaBar hadronic tag

FRL 104 {2012) 101802
0332+ 0024+ 0.018

Belle hadronic tag
FRD 92 (2015) 072014
0293+ 0,038+ 0,015
Belle 5L tag

PRL 124 (2020) 161803
0283+ 0,018+ 0,014
Belle 1-prong

FEL 118 (2017) 211801
0270+ 0033 £ 0.027

LHCbH muomc
PREL 115 (2015) 111803
03361 00027 £ 0.030

LHCb 3-prong

FEL 120 (2018) 171802
0.283+ 0.019+ 0.029

LHCb average
0305+ 0.016+ 0.022

SM prediction by HFLAV
with from

FED 95 (2017) 115008
JHEF 12 (2017) 060
FLE 795 (2019 386
FRL 123 {2019 091801
EFIC 80 (2020) 74
0.254 £ 0,005

H

I

LHCb R(J/y)

|

|

:

% CLo
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0.1 0.2

0.3 0.4
R(D*)

PRL 120 (2018) 121801 e e |
071£017x+0.18
SM prediction
PRL 125 (2020) 222003
0.2582 £ 0.0038
| | | | | | | | | | | |
-0.5 0 0.5 |
R(J/ y)
LHCD R(A,)
i —— LHCb-PAPER-2021-044
0.242+0.026 £ 0.040 £ 0.059
SM prediction
PRD 99 (2019) 055008
with mput from
PRD 92 (2015) 034503
0.324 + 0.004
I R TR ||0P||||
0.2 0.3 0.4 0.5
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Subtracting ALt -

M(Ac(2595)* n~, Ac(2595)* — At a*x~) /T (At ata—x") M30/T29
VALUE (units 10 2]] DOCUMENT 1D TECN  COMMENT
44417198 AALJ 11E LHCB ppat7 TeV

HTTP://PDG.LBL.GOV Page 11 Created: 6/1/2020 08:33 for 3 tOtaI Of (20314) % Of the fu”
Afnntr~ yield. This corresponds to
a total error of 14.8% .

Citation: PA. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 20020, 083C01 (2020)

(Ac(2625)+ 7~ , A(2625)* = Al xtx=) /T (A} xta—x") l31/T20
VALUE [units 10 ?) DOCUMENT 1D TECN  COMMENT
434115404 AALS 11E LHCB ppat 7 TeV
0 - + - + —_—

M(Zc(2485)0x+a—, E9 = Af o) /r(AF nta— =) 32/
VALUE {units 10 2) DOCUMENT 1D TECN  COMMENT
74124412 AALS 11 LHCB ppat 7 TeV
M(Zc(2488)tta—a— It o Atat)/r(Alata—an") 33/T2
VALUE (units 10—2) DOCUMENT 1D TECN  COMMENT
4.2+18+0.7 AAL) 11E LHCB ppat7 TeV

"]
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Regarding At v,

r(*": £~ 7g) [Teotal M3g/T
VALUE DOCUMENT 1D TECN  COMMENT

0.062+0-012 our FIT
0.0s0+-911+0.018 LABDALLAH 04A DLPH ete— — Z0

1 Derived from a combined likelihood and event rate fit to the distribution of the Isgur-
Wise variable and using HQET. The slope of the form factor is measured to be pz =

+0.72
2.03 + 0.46 1.00-

F(ACEme)/T(Ac ") F30/T24
VALUE DOCUMENT 1D TECN  COMMENT
127131 ourFIT

166+30%323 AALTONEN 09 CDF pp at 1.96 TeV

e 22.6% for the semileptonic channel

« Combining with the AZnn* n~ the crude number is 27%.

* Itreduces to 24% by removing the 13% relative error
mentioned in the PDG for their f,, fraction (8.4+1.1)%

0 ®
[ ]
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Baryon production from B mesons

* The only way to get A_3n with the inverted vertex topology is the
production of two charmed baryons

* Two such decays exist
* Two-body mode B°> A_Zc BR =(0,12+_0.08)% similar to signal mode
* Three-body mode B°=> A_A_K® (can come partially from A_Z_(2930)
BR=(0.04+_0.009)%

The decay Z.> Z3n (BR=1.7%) or A_.> A3n (BR=5%) is then needed
(The 3 pions have to come from the same vertex)
* Small but f;=4*f,
Important to note that mass(3n) <1.1 GeV
* B* contribution suppressed by isolation requirements

Q‘ﬁ) Cub université

Iréne Joliot-Curie PARIS-SACLAY




Most recent experimental results: rare decays

k

% CLo

Iréne Joliot-Curie

Integrated and differential branching
fractions of b —+ sp™ " decays

Angular observables

Fully leptonic decays (e.g. B, — pu™pu7)

¥ See Cristina Lazzeroni ‘s talk, Tue 9:00AM

Lepton Universality Tests

¥ Seec Carla Marin Benite's talk Tue 2-40PM
» See Saurabh Sandilya’s talk Tue 3:00PM

Flavor at the crossroards , Mainz, April 25 2022

dB/q*

Jfa;r;tla‘}

w(28)

+ lomg-distance of

k

Belle-ll resulis: Slavemira Stefkova ‘s talk,

Tue 2:20M

15

q* =m}, [GeV?]
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Lepton Universality - Rk & Rk* @LHCh anav2103 11769 16

b DDub-lgratiG: B[B'I'ﬂ‘-fi_"' BBt + K+ :+E,—}
KT BBT S K0 é,u,"‘,u }}/ (BT 5 K+ (Jj0— ete))
—  Npiptpu-€x+pspu- Nitete- [ER+ete
T‘fmwu-m u— €K+ (T ppptp- J/*WKJ{J,:‘H-—}H:i-].--.-:'r.‘f.!l.'H:J,.-':,L'J:)-;:“F.i:':j.__.

) LHCD T LHCE
= —— Dt 5 = —— Dam 9 !
= — Todal fit = — Total fit
. —_— = !{',c!'.u' ?\i —- =Kt
- Combinatorial = B B et R
Y] w Fart. Reco
: 3
- o
iy " 0«
o 5200 5300 5400 5500 5008 3000 S500 B000
e K= e ) [MeWict] i K *eme) eVicT]
- xl'm 20 xl&
LM LHCh % 2 LHCh
= asof n —— Data 9 i = 200 — Dain & it
= m_ H_ — Total fit = 18D fl —— Toaal fit
= A e T o 160 —— = et
= e [ ] B~ Dyipmaie = 14p l B Pt Feco
L oo { '[ Combinatorial g 1o i Il F— it
3¢ 2 100 Combinatarial
g 15F E 8
B omf \ E &0 |
- E ] 4D
3 iL - o L
Bl 1 1 1 1
3200 3300 3400 3500 3500 3200 3400 5600
ity (K] LeVic?] iy, (K ete) [V IeT]

¥ See Carla Marin Benite's talk Tue 2:40PM
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Lepton Universality - Rk & Rk @LHCh axu211000501 17

! IEGSpir;?plal‘tners: B(BY &+ Kdutpu—) B(B" - Klete)
K& = BB - K9(J)y — ;¢+;¢-}}/B[Bﬂ G ——

_H I'r ~ i _ I1' ~ ~
- ‘wﬁg,u.',u—-'rEI‘Lg,u',u— / ‘WRE:Ft—.EREth—

- Nioapposptu-Sexaposptu—) /) NeQuppoete—) /€KL (Ipsete=y .

P e e e ——7—
Z | LHCb  § Demod = LHCh  § Demsf
= . ; — Totl b — Total
g — B Kty q — P
= &0 £ Comb. Back. = Comb. Back.
B I g W — K
for | : | oo
3 30 ! Ji_ 3 T Il Part. Reco. &
20 o
in A -
Bt L I 0 — -l
530K 5400 S50 SO0 S5 K
e KF MV mi Kt ) e Ve
T ET T T 3 4100 T T T
: f | LHER § Damom 3 = F LHCE | pomas s
- “ T
:_II'.I'E' * — Tl E “t ke — Total
E_ E — B'— Wy ) K':’ E .‘E E —f— Trpiete) !.'.f'
TIE Comb. Back. = -;‘;1“" i Comb. Back
] F ..I]";'—.- Jipiutur) F.': 3 g E s . B Jypie®e) ,lu_.:
7 ok i Bl ‘ '
Sl 3 - i
E '—'lt_'_'.u' i = F
10y o 1 15 nonn I T
SHH) 5400 5600 5300 5400 5600 5800 6000
i g .'l.'.;a_l |!\r.‘-e'q.'.'|'!'| mi g .'l.:“’_l Bi=V ]

v See Carla Marin Benite’s talk Tue 2:40PM
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Lepton Universality - LFU ratios results summary 18

BY S K¥rfe  axvzioaiizes

Phys. Rev. Lett. 125 (2020) 011802

P —— e
: :Bﬂ—.‘rK*DE—i_E_ _ ]
=S C ]
].J_— .
: : . B
0.z ® Lo
2.1 %-;40 B Halor |
c LHGE A Belle
polo o v v v
0 5 10 15 20
q° [GeVZ/c!]
EUF A, — pK 0t
1.7+
1.0]
nal I I
] = =10
'::'.5:_ LHCh
I T T T I T T T I T T T I
0 2 d G

HEP 05 (20201040 ¥ [GeV¥/et]

¥ See Carla Marin Benite's talk Tue 2:40PM

BaBar

01w g? < B2 GV

, Belle

10 g = Bl W et

LHCb 3 fb'

10 g = Bl W et

LHCH 5 fb!

L1 g = G0 eV

LHCb 9 fiv'!
11 g = 60 GV
L L L L | L L

15

Ry
BT = KT

—
® .. Belle

11w gt dhl eV S ot

R, Belle
S gt oz 1.1 GeWVaet

R, Belle
L gt 0 GeVH et

1,405 |—e R LHCBOMm
' 005 < gt < 0 GeV et
1.50— Ry LHCB O b
' 1.1 < gt 6 GeVi et
1 1 1 1 1 1 1 1 1
0 1 7 3
Hx' '

arXiv2110.09501
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Branching Fractions of b — s{™ /¢~ decays 7

T CSE Lartice -#—DChata

B'— K u'u
LHCb

b dHI,-'quEEeematca
undershoot SM

»  20-30% theory
uncertainty (hadronic
form factors)

dB/dg® [10°% x ¢4GeV?)
+
'y .
dBidg? [10° x c4GeV?

» correlated prediction JHEP 06 (2014) 133 I;: [Ge‘i?"lzfc'*] JHEP 06 (2014} 133 ]:;; [Gﬂélzm]
uncertainties oo
E LHCb
x 107 J B o K%ty
S I =1 — 0. —
. 14fF  LHCb - LHCh SR 5 '
I L — LHCbh 3fb ?E ]
i 12 [ | 5M (LCSR+Lattice) 00 E"‘ I
= 10 [ ] SM (LCSR) =
L. 1 SM (Lattice) ]
=2 31:}, , b 0 5 10 15
L o ¢ Thp P(25) . JHEP 04 (2017} 142 ¢ [GeVie]
s salie ==+ NN
g ' 1] ~ 1.80
GTJ-. 2F & =
=) n .
m GT 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 T
g 0 5 10 15
'hys. Rev 27 (2021 01 g2 [GeV/cY]

[
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Angular analyses of b — s/ ¢~

b

*

BY H'n;.:."'p_ = 330 = 'é-"‘.E-

BT = K*tp ™ | 310 —— "E'-;-..L___________,.-ﬂ
B,—»opty 19 b |

k

SM prediction challenging, but
uncertainties smaller than for BFs

Optimised observables where hadronic
uncertainties cancel out at 1st order (e.g. P5’)

A growing number of global fits to

b — =#f results (and others)
Alguers ot al: arkiv:-2104 08921
Akmannshofer et al: arki:2103.13370
Ciucchini et al: arkiv:-1905.09632

Geng et al arkiv:2103.12738

Hurth =t al: ariiv:-2104.10058

Kowalcks et al: arkiv-1903.10932

10

LHCH Fun 1 + 2016
[ 534 from DHMV

:

S

Global tension with SM:

e LR s _2 =

1 0 1
Re(Cy — C5™)

Theory uncertainty under scrutiny

¢
» See Danny van Dyk'stalk - o
F e N" o T
B""I :.":' : FM

w % q -

-1 o
5 10 15
p \ 25 (2 ¢ [GeV/e]
LHCh .
—— Duta 0! 3

[ SM from DHMV

B [ A | A

Phys. Rev. Lett. 126 (2021) 161802  ¢? [QeVZ/c]
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»  Combine the information from so many observables and channels fitting
the EFT coefficients [B. Capdevila, M. Fedele, S. Neshatpour, P. Stangl,
Flavour Anomany Workshop '21]

L1¥]
[ ]
LiKl
Lol |

'-'E:T"-F]

s

:

T T T T T B T T T T T T T
-1.7 —lA) -1 -1 0T -0 - 0o 0 =13 -Lbb -076 —3.5] -I]_ﬁ 3 03 0 kTR
I:';:IJ" {::-P#

global fit fit to LFU observables + B. —

» Attempt to have a best estimate of combined global significance to SM fitting all
WC together: 4.3 o tension with SM [arXiv:2104.05631] with only clean observables

» See Davide Lancierini’s poster

[
@
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D) (had FEL lep » 18|
D) (had FEI lep7) 1 16!
D*) (SL FEI, lep 7)

( D*} had FEI lep 7)
(

(

(D) (SL FEI, lep 7)

(

(

(

(
(D) (had FEI, lep 7)
(D*) (SL FEL lep 7)
(D) (SL FEI, lep 7)
D*) (had FEI, had 7) (
(
(

D*) (had FEI, had 7)
X) (had FEI, lep 7)

X) (had FE], lep 7)

=) (had FEI) 7) (had FEI)

Total uncertainty [ %]
[
o

Total uncertainty [ %]
'—'l
o

8t 8}

6F 6}

af e 4t

2 Pessimistic 2 Optimistic H““"------__%____"“'-"-===:-:_=,_= hhhhh

. Belle II unofficial i . Belle II unofficial B s B et b i
ot : : ' ot : :

N

§§§§§§@§§§§§ FIFLS
AV AV A 2 N o Y o VA o O o VS o VI A VI s VI A A N A Y,

Data sample up to year

L
U CLab Flavor at the crossroards , Mainz, April 25 2022

Iréne Joliot-Curie




Combined interpretation in a ~TeV vector
leptoquak model (U,

C. Cornella et aI., https //arxiv. org/pdf/2103 16558. pdf

)

). (oM e T i 0. DG T T
gtlier b — g 07 observalyles other & — su® g~ observables
0. 004 = - 0. [ = -
b ori = 3 -
St ||
/ 12 e
- [ Amweg, )| = 100 for As, = & - E T |6 Amg ) = 10% for Ay = 1 Téy o
g3 00FT oo sl - e 1] = = -
e ' - " R ' .
11_} +|‘_ ':'\1_:' [ 39
- - = 1
= T. P — o &,
r ) ._b._ — - _____-- B
i E — — -
XL LT = - (. () pem=—""" —
=
0.002 T —— i A R S—— i L (). 02 T S N S S N L.
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Best fit including R(D™)-R(K)

C. Cornella et al., https://arxiv.org/pdf/2103.16558.pdf

AR e A R e
01 0.0 0.1 0.2 0.3 —0.1 0.0 0.1 0.2 0.3
0.1 —— — S o 0.1 e
[ SM ) [ Sh ]
0.0 * - 0.0k * | .
01k . 01k .
= 0.2k . o= —0.2F ]
= - N
I . . —03k SRt .
—04k . ] 0.4k — ]
i .'"':I'H“. ] [ rﬁff,l]
—0.50 1 1 A B 5.1 PO PP I I I R B
0l 0.0) 0.1 0.2 0.3 —02 00 0.2 0.4 0.6 0.8
éR” Iis-H.TJ'

]
l} -— LoV
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Role of the direct LHC searches

C. Cornella et al., https://arxiv.org/pdf/2103.16558.pdf

A e e N[} e et
L e Co AT 4 L J

2 = P [ 1

35F &= & o~ . 35 & o ]
o F F £ 3 i

. e £ N I B E - ;
3.0 = a o5 - 3.0 - o= =
3 - ;—" F E 3 FE F." F
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In this model, Lepton Flavour violation should
be seen (B>ut, Kut)

C. Cornella et al., https://arxiv.org/pdf/2103.16558.pdf
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| T T T T T |l|| T T T T |ll| C T II|ll||| T |lll|l| T "I"I'I T T T i L RLE Y
' 10 % ~
_ Fxcluded at 95% C1. i Excluded at 95% CL
(= - 10" .
10"k .
_J.__ A - . . 1%
L~ = F o Dolle TT 30 aly )
— —— - g
'T' - . ]_I,.I_ILIF .
= T i 3 E
= 2 _ =
o = ) I
=a L IIIE— -
G - T 3
= [ = = =
0 - = ]
S Belle 11 {50 ah™") . -t 4
; 1 " = .
-I I 1 1 L 1 i1 115 I 1 1 1 1 L L1l | 1 L1 I||II| 1 1 Liil || 1 L1 IIIIII 1 1 I|IIII| 1 L L illl
10" T ot 1 Tind T T T T

B(B, =1 put) BB, =1t u)
@
[ ]
wLLab Flavor at the crossroards , Mainz, April 25 2022 U N IVG I’S |te 81
Iréne Joliot-Curie PARIS-SACLAY



For Belle-Il, large deviation expected in B>Kvv

C. Cornella et al., https://arxiv.org/pdf/2103.16558.pdf
2 | —

(1| PP R BRI S
1.0 1.2 1.4 1.6 1.5 2.0
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A'233

A=

RPV3 :anot
all present L

ner model that can accomodate
U results + g-2

W. Altmannshofer, P. S. Bhupal Dev, A.Soni, and Y.Sui Phys. Rev.D 102, 015031 (2020)
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RPV3 Prediction

Current experimental

L30TV
0.05 :.’:: 10.0 TeV ¢
Mo § 9.0TeV £
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decay mode 4, A" dependence Case 1 Case 2 Case 3 bound /measurement
T = g I LSy FovY LU 1.9 x 1015 3.8 x 10-10 2.6 x 10712 <8.4 x 1078 [202]
r— uKK Higolhans Apadhon 1.2 % 1077 2.4 x 10712 29x 1071 <4.4 % 107% [203)
T — uk® F LA TN LAy JO 4.5 x 107" 8.7 x 10-12 3.1 x 10-13 <2.3 % 10°% [204)
T =y iaa g Aiaading 1.3 %107 1.3 x 107% 2410710 <4.4 3 107% [205]
T — ppp Azp3dan 1.7 x 107" 1.2 x 1077 1.2 x 107" <2.1 x 107% [206]
B(y = KU (p)ur G U LA LAV LAV Ly Fo 4.1 x 107 1.2x 1077 2.2 107" <2.8 x 107% [207]
B, = tu P LA LAV LON LS L o 44 x 107" 1.3x107* 2.3 x 107" <3.4x 1073 [208)
b — stT Ml 3.4 % 107 2.8 x 10-% 13x 1013 N/A

B — K"gr P LN 3.7 % 10°® 42 x 107% 9.6 x 10712 <2.2 x 107 [209]
B, - 11 YL L 3.7 x 1078 3.0 x 107? 1.4 % 1014 <6.8 x 1073 [210]
b — sup Azl Ayaodann 59x 1077 3.2x107% 8.8 x 107 4.4 %107 [211]
B, = uu FLONY LA LAy P 4.1 x 101 6.5 x 10-1 1.8 % 10~ 3.0 x 107 [212]
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