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outline

1. Lepton Flavour Universality

v lepton-flavour universality in b - sll : Ry, Ry
V' lepton-flavour universality in b = ctv, : R(D), R(D*), R(J/)

2. Lepton Flavour Violation

v Bd,seeu
v Bd,seru
v Bd9 K*eM
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the main players

the Belle detector [NIM A479 (2002) 117-232] the LHCDb detector [JINST 3 (2008) S08005]

the BaBar detector [NIM A479 (2002) 1-116]
KLM

Cel ToF  Belle
f;‘ll:“ﬁ;f PID ////17:
EFC_—
§— 3.5 GeV
<—l— - e

. el pp collisions @ LHC
ete colliders @ Y(4S) resonance

@ b quarks produced by gluon fusion forward

@ b quarks produced from direction, O,,,~500 pb, but harsher environment
Y(48) >B*B  or B%BY , 6,,~0.001 pb @ boosted CM energy helps to reconstruct

@ very clean environment vertices, B mesons fly ~1 cm

@ well-constrained kinematics help @ all b-hadron species are produced:
reconstruct final states with vs B+, B, B, B, A,

BaBar 1999-2008: 433 fb! @ Y(4S) Run 1 2011-2012: 3 ib"' @ 7-8 TeV

Belle 1999-2010: 711 fb!' @ Y(4S) Run 2 2015-2018: 6 tb' @ 13 TeV
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anomalies about the Lepton Flavour Universality

@ SM features Lepton Flavour Universality (LFU) =» the couplings of charged leptons to gauge
bosons are lepton-flavour independent, and LFU 1s only broken by the Yukawa interaction,
hence, any further deviation is a key signature of physics processes beyond the SM

@ no evidence of deviation from the SM 1in the precise (per-mil) tests of LFU in semi-leptonic K
and  decays, purely leptonic decays, and in the electroweak precision observables

v except for a 2.8 o difference between the measurement of the branching fraction of the
W->tv, decay with respect to W>uv, and W->ev,, decays [Phys. Rept. 532 (2013) 119]

@ observed deviations from SM in B decays can naturally be grouped into two categories
v FCNC b->s€€ transitions

v’ tree level semileptonic b-»ctv, transitions

@ possible BSM scenarios: leptoquarks, new heavy vector bosons, H* ...

@ main test variables are ratios of decay rates
v’ theoretically clean: cancellation of QCD effects
v" experimentally clean: cancellation of efficiency and reconstruction effects
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test of LFU in B=> K€€ decays

@ FCNC transitions occur via loop in the SM =» expected BR < 10 .
BR(B —=K"u"u)

KO~ BR(B —KTee)

@ Ry 1s close to unity in SM, with very small uncertainties:

v hadronic uncertainties of O(10%) [JHEP 07 (2007) 040]
v" QED uncertainties can be O(102) [EPJC 76 (2016) 8,440]

B*>K*€*€ BO>K*0g*g-
20 2.0 L L L B B L R R B
o i -
- LHCb <
15F S sk i
S : . ]
1 .0 } 10 - - S — _
L1 — LI E I = B
i . m BaBar - I T
05 | s Belle 0.5 ® LHCH
v LHCbRun 1 - M BaBar -
B - - LHCb A Belle ]
0 0 i PSR T N SR TR SR R N S SR S WA N TN SN TS N T 00 T AR TR NN A TN N N TN Y S TN TN NN SN TN NN S |
0 5 10 15 20 0 5 10 15 20
7 [GeV¥/c] ¢’ [GeV?/c]

. Belle, PRL 103 (2009) 171801
RUN 1 ( 3 fbl) measurements @ LHCb are systematically {B:Bir PRD 86 E201 2; 03201 2}

below the SM expectations - 2.2 -2.6 o [LHCb, PRL 113 (2014) 151601]

[LHCb, JHEP 08 (2017) 055]
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new RK at LHCDb [LHCb, PRL 122 (2019) 191801]

@ new R, measurement with about twice as many B’s as previous measurement
v' re-optimised analysis of RUN 1 data (3 fb™) T
v added 2015 and 2016 datasets from RUN 2 (2 fl) 7" = 7 //w0s)ce)

BT — K*p(28)(£7¢)
the ee channel is the challenge of these analysis ;-
Bremsstrahlung affects the electron momentum do*
v’ lower reconstruction + trigger efficiencies BY — K¢ LJ
v lower mass and q? resolution

[4m(0)?] — ¢
+—>

@ to cancel most of the systematic effects [1.1, 6.0] GeVZ/c*
Ry 1s measured as a double ratio rare and resonant modes:

v'same event selection
Ry — B(B" — K+/‘/‘)/B(B+ — KT J /¢ (i) v'separated by ¢’
K7 BBt — Ktee) /| B(B+ — K+J/v(ee))
N(K) MK J(ed) (K | e(Kee)
N(K*J /() N(K+ee) (KT ) e(K+J/vy(ee))
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new RK at LHCb [LHCb, PRL 122 (2019) 191801]

mass-shape models and efficiency ratios are derived from simulation carefully corrected

using data control samples =» v" B* kinematic
v Particle IDentification

v’ trigger
numerous cross-checks to ensure the effectiveness of the corrections

Firy = B(B — K™ J/i(up))
I/ = B(B — K*J/1{(ee))

stringent test as 1t requires muon
= 1.014 + 0.035 and electron efficiencies to be
controlled individually

a simultaneous fit to rare + resonant electron and muon channels is performed to extract R

& & 350F
2 0 LHCb N LHCb rare modes:
> i —— Data O 300 - —— Data .
> 80 — Total fit =R — Total fit partially reconstructed
S TURCIN[ [ e Total Rg =1 T T we Total Ry = 1 background and tail
: ...... Bt— K+g*(>— : 200 :_ ...... Bt— K+H+H—
s 60 [ Pat. Reco. % 1505 Combinatorial from resonant mode
5 T o ) K < O . .
=T LR =R : are significant in ee
o Combinatorial S 100F
2 5 100 Najg ~ 1940
S 20f Nejg ~ 760 oF
0 : I I : -'.... :.., l ¥ b g 0 v b —— .
5000 5500 6000 5200 5300 5400 5500 5600
m(K*ete™) [MeV/c?] m(K*utu) [MeV/c?]
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new RK at LHCDb: result [LHCb, PRL 122 (2019) 191801]

C; 0 E LHCD Run 1 (3 fb'!) + Run 2 (2 fb"!) analysis
15 Rk = 0.846 15020 (stat) 73072 (syst)
10 :_ __________ | I I —— .| compatible with the SM expectation at 2.5 ©
3 |
05 E_ K ggﬁé‘r by fitting Run 1 and Run 2 separately
L lommimseme | R, - 0717000
% 5 10 15 20 Ri Run 2 = 0.928700% 70929

¢ [GeV?/c4]
the new analysis on Run | data (new
reconstruction and selection) agrees with the

old one within 1o
main contributions to systematic :

v’ uncertainty on fit shape
v’ corrections to B* kinematic and trigger efficiencies
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[Belle, arXiv:1904.02440v2]

new Ry« at Belle

% % Zgi— muons ‘\‘ _
0] G} = E
@ new Ry.measurement for both g g 7o :
< S F
charged and neutral B mesons ° I
v’ data sample 711 fb"! g R
=> 772 X10° B pairs B B Zz
10F
@ dominant background due to ~ e | REE
. . . =] S 0F i el _— R
combinatorial suppressed cutting on = ot REEE T OEHE
v . 522 524 526 528
the beam energy constrained My, (GeV/c?)
1 2 =
FTass A’Ibc o \/Ebeam/c4 o |pB|2/C‘2 20
TABLE II. Result for Rx+, Ry« and Ry«+. The first un- ; I % i | p——
certainty is statistical and the second is systematic. Lo | |
g in GeV?2/c? /All modes\ B modes BT modes = a
[0.045, 1.1] 0.5270 08 £0.05\ 0.467,52 £0.07 0.627(5¢ +0.10
: ; : ® LHCh A Belle
[1.1, 6] 0.961055 £0.11 \1.0675 5% +£0.13 0.727053 +0.18
0.1, 8] 0.90t927 £ 0.10 [0.8619:32 £ 0.08 0.96793¢ +0.14 - | . Ba}?‘c“‘ v IBe”e 2019
[15,19] 1.1870-52 £ 0.10 J1.1270:5L £0.10 1.407;9% +0.11 0.0 —— - —— 0 —— - —— 20
[0.045, ] 0.947017 +0.08/1.1270-27 £0.09 0.701)3% +0.07 ) 2 4
— = ¢ [GeV7/cT]
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test of LFU in tree level semileptonic b-»ctv_ transitions

B(Hy, — H.TU.) t=> signal channel

R(H.) =
(H) B(Hy, — Hl'"Uyp) € =e/u (B factories), u (LHCb) < normalization channel
@ complicated experimentally by multiple T
missing neutrinos in the final state L

@ R(DY) theoretically clean ( hadronic uncertainties and V_, cancel )
v R(D)g,y =0.299 £ 0.003
v R(D*)gp; = 0.258 £ 0.005 [PRD95 (2017) 115008, JHEP1711(2017) 061, JHEP1712 (2017) 060]

BaBar, PR.'L109,101802(201‘.’) ' ' !

o F
) 05 3 Belle, PRD92,072014(2015) Ay? = 1.0 contours
C LHCb, PRL115,111803(2015) .
- 0.45F Belle.PRD94.S72007(2016) === Average of SM predictions
E Belle, PRL118 211801(2017) R(D) =0.299 = 0.003
: - . 20, 2(2 R(D*)=0.258 = 0.005
@ before Moriond EW =» O e
about 40 tension with the SM for -
* . . 035
R(D) and R(D’) combination .
025F e
02 F

(=]
o
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T reconstruction

v’ signal and normalization channels have same

@ leptonic decays visible final states

Mode BF (%) T -
T~ S e v A[/ 17.82 +-0.04 /D \1)4———7I D* / ;
evT . . \ / ~ 0/
T o | 17302004 Dot K B\\*K
Vvt V u 1
. 1 .
evv channel only at B factories Vr Vi

v’ part of systematic cancels in the ratio
v’ backgrounds from inclusive semileptonic decays, with

many unknowns ( form factors, decay rate, etc. )
@ hadronic decays

Mode BF (%) v final states are not the same

7~ — 7 7y, | 25.49+0.09

T — T VUr 10.82+0.05 v systematic do not cancel in the ratio between signal

T — 37Ty, 9.31+£0.05  and normalization channels

7~ — 317710, | 4.62+0.05 > at LHCb measure with respect to another decay with

similar final state, e.g. B->D*nnn

1-prong channels only at B factories

3-prongs channels only at LHCb
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B factories vs LHCb

B factories

v" Hadronic tag
e = (7(0.3)%, signal sample pure,
B, momentum fully reconstructed
v' SemilL.eptonic tag
e = ()(1)%, signal sample less pure,
approximate B;, momentum

LHCb

v’ use B flight direction to measure transverse component of missing momentum

v" B boost along beam direction approximated with boost of the visible final state
(Pg), = (Mg/m;)(Pyis), to access rest frame kinematics

v' ~18% resolution on B momentum

make the fit templates from most discriminating variables, e.g. the muonic
R(D*) analysis from LHCD uses the B rest frame quantities =»

M?riss = (Ps- Pox P+ E'ws 9% = (Pg- pos)”
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R(D*) and R(J/4p) with tT=>uvv at LHCb

LHCb [PRL 115 (2015) 111803]
B(B°— D*~1tu,)
B(BY— D*—putuy,)
using D*=>DO(>K*n") 7t

visible final state = 7 (K7r) n

large backgrounds from partially reco B decays
=» MVA techniques based on u isolation

R(D*) =

................. —— Data
4000 935<q?<12.60 GeV¥c* B — D'wv
e B B — D*H,(— MX)X
3000 I B — D**Iv
B B — D'uv

Combinatorial
[ Misidentified

Candidates / (75 MeV)

5001000 T30 2000 2300
E,* MeV)

R(D") = 0.336 + 0.027,,,+ 0.030

syst

1.9 o above Standard Model

LHCb [PRL 120 (2018) 121801]
B(BI — J/yTv
B(B: — J/vYuv)

using J/¢ - utw
visible final state = (pu)u

shorter B decay time helps to discriminate

large background from lighter b hadrons

0 5000

‘% - B J/y +u comb. bkg.

O 4000 B B — JyH!

S s000F- W B — y(2S)'y,

~ - —+— Data

<§ 2000 Mis-ID bkg.

= - I J/p comb. bkg.

5 1000 — B! — xC(IP)l+vl

“ B — W B, — Ty,
:::, (5) T O T S ————

|
|

RUAp) = 0.71 = 0.17__+ 0.18

5 0 5 10
m?_. [GeV?/c?

miss

syst

~ 2. 0 above Standard Model

Run | data sample, about 3 fblat Vs = 7, 8 TeV
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* : +( 0 LHCb [PRL 120 (2018) 171802]
R(D ) with T % 331: (ﬂ; )VT at LHCb LHCb [PRD 97 (2018) 072013]

v using D*>DY->K*n")
v’ 1t 2 3n vix detached from B vtx suppresses D™3nX background ( ~ 100 X signal)
v MVA technique to suppress the remaining backgrounds: X, >D™ D 4(X) ( ~ 10 X signal)

v experimental systematic uncertainty reduced normalizing to a decay with same visible
final state: B°> D™ ntmmt

(D) BB — D*r7,) . BB — D**tr—rxtn)
BB = D1~ 1+17) ) s \ BB = D7) ) verma
L [

U
*\ _

o KD?)=1.97%013,, %018,

(-3} ~ T T T T T T T T T T ~ T T T T T

= 2 “2F ® 1 Bssof LHCb

== E 2000 | 1 S 300 LE;&%?@
O~ o f < aswf - D
Eno2 $ou =i
e g B =L
= "; g 5005 500
< © 9% 5 10 % 0.5 1 15 2
T: 2 ¢ [GeV¥/ ] 1. [ps]
= (2]
25 R(D") = 0.291 % 0.019,+ 0.026,.,+ 0.013,,,

~ 0.9 0 above Standard Model

compatible with the muonic channel
14/02/19 14



* : +( 0 LHCb [PRL 120 (2018) 171802]
R(D ) with T % 33.[" (ﬂ: )VT at LHCb LHCb [PRD 97 (2018) 072013]

v using D*>DY->K*n")
v’ 1t 2 3n vix detached from B vtx suppresses D™3nX background ( ~ 100 X signal)
v MVA technique to suppress the remaining backgrounds: X, >D™ D 4(X) ( ~ 10 X signal)
v experimental systematic uncertainty reduced normalizing to a decay with same visible
final state: B°-> D" n*nm*

B(B°>D"uv ) recently

*—=4 o — \
R(D*) = [ BB = DY updated by HFLAV
- .
BB — D*trmtn)) using separate e
\ T average of B? and B*
> KD*) =197 +0.13,,, 0" semileptonic B
] ~ — T T T T T T T T T = — I B E
= > 25005 ®) f‘; LHCb @
°°n g 1 S 500 L"ll?l al model =
R N < 2500 - Dy x
=n = 2 2000 g &
% 7)) Z g 1500 -g:g:}gl):%() _E
= 8 g @ Comb. bkg. E
- 3 < 1000 E
= ® 500
o5 ° 5 10 % 05 1 L5 2
; = ¢ [GeV?/c*] 7. [ps]
= *
2 R(DY) = 0.291 + 0.019,,+ 0.026, .= 0.013,,,

~ 0.9 o0 above Standard Model

compatible with the muonic channel
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* : +( 0 LHCb [PRL 120 (2018) 171802]
R(D ) with T % 331: (ﬂ; )VT at LHCb LHCb [PRD 97 (2018) 072013]

v using D*>DY->K*n")
v’ 1t 2 3n vix detached from B vtx suppresses D™3nX background ( ~ 100 X signal)
v MVA technique to suppress the remaining backgrounds: X, >D™ D 4(X) ( ~ 10 X signal)

v experimental systematic uncertainty reduced normalizing to a decay with same visible
final state: B°> D™ ntmmt

(D) BB — D*r7,) . BB — D**tr—rxtn)
BB = D1~ 1+17) ) s \ BB = D7) ) verma
L [

7
K(D*) = 1.97 + 0.13,., + 0.18

> syst
-t 5. 2500 " S L L
= A 2 3500 - LHCb
®. B S 3000 Pt model
O a« - - o B — D',
— > p =~ 2500 & B — D'ty
o, &S 1500 8 g s B —> D™DAX)
1 — = 2000 = B — D"D'(X)
E = - 3 B — D*3nX
S G S — R
» § : S 1000
S - S 500 F
b= E c 500
o O o0 0
0 5 10 0
r— 2 2
!s ¢* [GeV¥ c*]
<
=5 © .
Z R(D") = 0.280 = 0.018,,
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SL-tagged R(D")) with T->€vv at Belle Belle [arXiv:1904.08794]

R(D(*)) —

ANANERN

B update of the SL.-tagged analysis: from
B(B — D(*)T—D’F) / — measuring R(D*) to a simultaneous
B(B — D™ /(~ 1) =€ p) measurement of R(D) and R(D*)

by combining B? and B* decays

data sample 711 fh"! =» 772 x10° B pairs
MVA analysis technique to select B, in semileptonic modes = D€v and D*€v
on tag side, T>€vv vetoed by applying a cut on the angle between B and D€ in Y(4S) rest

frame: cosOg pe

v' 4 data samples : D*&¢-, D%, D¢, D0¢-
« DO reconstructed as K™%, Kntotor, Knot, Koo, Ko, K KHK:, K¥K-, st 30% of D° BRs
* D7 reconstructed as Kw*m, Keetn®, Kentntor, Kt KKt KK* 22% of D* BRs
* D™ reconstructed as D%t* and D¥n®
«  D™reconstructed as D°1t® (D% higher background)
v B mesons are required to have opposite flavour to suppress combinatorial background
£ BT T BN o
v' to distinguish signal and normalization ; 02F —B—DMIv
events from background process =» sum of <0_1 sf — Background 1
energies of neutral clusters not associated
with reconstructed particles Egqy. o1
0.05F
:
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SL-tagged R(D")) with T->€vv at Belle Belle [arXiv:1904.08794]

v' to separate reconstructed signal and normalization events =» BDT based discriminating
variable (class) using cos8g p,, m? ;. and E; and trained for each of the 4 D€ samples

v a 2D fit is performed simultaneously on the 4 D )¢ samples, on 10 bins of the Eggp and

class variables

shape of the templates are based on MC samples

MC samples corrected with data/MC(epppy) separately for e and p using e*e>e*e€*€

and J/Y—>€+€

ANERN

e full class reglon 31gnal reglon deﬁned by class >0.9
e.g. : A0 ; <200
. .5 B —D* ] & ok
Egcy projections . R ~
ECL : = 150
for the 4 Mc-oiv S e
D™+  sample 3 Ms-omiy £ 100
. Other ] 3
2 B
B Fake D 50
1

0O 02 04 06 08 1 12
Ee, (GeV)
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SL-tagged R(D")) with T->€vv at Belle Belle [arXiv:1904.08794]

v" most precise measurements of R(D) and R(D*) to date

:-\ [ T | T 1T | T 17T | 1T 1T | T 1T T 1T _]

0 0.42- Belle Had By, T — 1V ¥ B

= =+ =+ r C Ta toshv ]

R(D) O°307 - 0'037Stat_ 0'01 65y5t = 0-4:_ _gg::zg(?;jQBSTﬁéTag,rh—>IvV(Preliminary) e
0 38—_ —g:lllle Cgmtpination 2019 (Preliminary) i

— : C . prediction 7

R(DY) = 0.283 + 0.018,,:% 0.014 , oud :
: : - 0.34F =
in agreement with the SM within .20 and 0.3 E
1.1 o respectively 03" E
0.28]- =

the combined result agrees with the SM 0.261 -
within 1.2 o 0.24 E
0.22 :_I 1 11 | 1111 | 1111 | | - | 111 nlo’ (l:o?toluzs 1 | l_:

02 025 0.3 035 0.4 045 05

R(D)
v' main systematic contributions are due to the €pyp, corrections and to MC stat
v statistical correlation between the quoted R(D) and R(D*) values is -0.53, while the
systematic correlation is -0.52
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new HFLAV averages

@ after the HFLAV update of the LHCb hadronic R(D*) measurement, and the
new R(D) and R(D*) Belle measurements, the new HFLAV averages are

R(D) = 0.349 + 0.027,,..+ 0.015

syst
R(D) = 0.298 + 0.011,,,% 0.007,,
o~ u | L S R A e D R R N
e [ HFLAV average Ay* =10 contours ]
X 04 —
[ LHCbI5 -
9 3.10 difference with the ., | 3 N q
e B . o JEEPOR i
Standard Model C LHCbS i
03 | e — E
095 :_ Bellels _:
E Bellel7 E
02 + Average of SM predictions m—
- R(D) = 0.299 = 0.003 Spring 2019 |-
- R(D*) = 0.258 = 0.005 PO =27% ]
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
02 03 04 0.5
R(D)
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link to Lepton Flavour Violation

@ Lepton Flavour Violating (LFV) HF decays may occur in the SM via one-loop diagrams

with neutrinos oscillations, but are highly suppressed ~10->* : beyond experimental reach

@ renewed interest of LF'V phenomena in the HF sector : attempts to explain tensions in

FCNC and FCCC point to enhancements to accessible levels [Phys. Rept. 114 (2015) 091801]

@ NP models like 7’ or LLQ) foresee BF enhancements to levels accessible: access to

massive particles beyond the reach of direct searches

interesting correlations between observables in some leptoquarks models [ArXiv:1609.08895]

1 — RK

B(B = KuTe¥)~3.107%
(B = KpZe?) (0.23

B(Bs — ptp)sum 0.23

BBy = pte”) oo (1 - RK>2

2
) , B(B — K(e*, y5)7F) ~2.1078 (

B(Bs — 17 (e,u7))

B(Bs — ptu~)sm

o

1 — Rk
0.23

1 - R[{
0.23

:
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Bd 96M at LHCb [LHCb, JHEP 1803 (2018) 078]
,S

@ NP models like Z' or LQ =» BF enhanced up to O (101
@ improved analysis using all of RUN 1 data (3 tb™)

event selection based on e and u tracks forming a displaced vertex
@ e’s emit significant bremsstrahlung y’s at LHCDb efficiencies and mass shapes depend
on whether or not the bremsstrahlung is recovered =2 2 event categories are analyzed separately

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

%3500 3 3000F =
% 3000 LHCb Simulation _E % » brem LHCb Simulation
= 1 =2500F (~60%) E
S2500F 4 2 ]
~ C . VZOOO C -
22000 F 4 7.k ]
= E ] =1500 -
F1500¢ ERRE-TPUN: ]
5 1000 ;_ E Lg) 1000 —E
500 E 500 - E
0 n S S R T S | A E O . il TS S R S ~
5000 5200 5400 5600 5800 5000 5200 5400 5600 5800
M= = [MeV/c2] Mgz, = [MeV/c?]
@ €000 a0d €ppy from data calibration samples, all the others from simulation
backgrounds

@ combinatorial background is rejected by means of a topological BDI] trained on signal MC vs

same-sign data and calibrated on B> Kzt data (proxy for the signal)
@ B-> hh (h=K,m) double-misID only peaking background =» 0.1 events survive the PID sel
@ By~>muv and N\ ->muv with t=>e misID are found to be sizeable and included in the mass fit
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Bdlséeu at LHCDb

@ to measure the BE the signal events are normalised by means of two known channels:

B*>J/pK* (clean final state), BO>K*m (same topology as the signal)

@ the BF 1s extracted with a simultaneous
mvariant-mass fit to the two bremsstrahlung

categories and BD'T bins

no excess 1n the signal region, set a limit

with the CLg method at 90% (95%) C.L.

B(BY— e*uF) < 1.3(1.0) x 107
B(BY— e*uT) < 6.3(5.4) x 1077

which supersedes the previous best limit (1 fb-!) [LHCb, PRL 111 (2013) 141801]

T

30/08/19
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BE®B® — i)

o 16
3
> 14

Candidates/(50

S N

p—
o O
TTTTT].

FSQINON

[LHCb, JHEP 1803 (2018) 078]

T I L] T L] I T L] L] I L] L] L] I
¢ Data
LHCb — Total
0.7<BDT<1.0 i .
----- Combinatorial
..... Ag —puv
B’ — zutv
----- B — e*uiF
----- B’ — e*ui”
shiTiil CETTT) PP YO Laes: '-:-"'Z' T‘J‘A-L )
5000 5200 5400 5600 58020
Me-,= [MeV/c7]
T T T T T T T
:><10_9
2 4 6 . 8
BE(B; — e*u")
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Bd QTM at LHCb [LHCb, ArXiv:1905.06614]
,S

@ many BSM models predict large BF from O(10) to O(10~)
@ B(B%>tu) < 2.2x10%[BaBar, PRD 77 (2008) 091104], no limit yet on B>tu

@ challenging search =» at least one missing neutrino in the final state
v' at the B factories the reconstructed By, and Y(4S) kinematic constrain the By

momentum =¥ can use l-prong decays accessing ~70% of the T decays

g

v' at LHCb focus on T*>7*n'n*v ~9.3% of the t decays =
v" the wis combined with a opposite charged T to form a displaced vertex
v’ same sign candidates (u*t*) and simulation employed to study the background
L O2SFT T T T T T
% ' LHCb
O 02F —— BY—sr (ma i mvu® g
- E simulation -
S 0.15F -
o - Same-sign data .
S o0.1fF -
> C ]
. . . . —O B T
topological and kinematic constraints 2 0.05F 3
. < -
allow to compute the Mg analytically s
ith a two-fold ambiguity, the solution z ; W s e
Wi . sty M, [GeV/c?]
with the highest 5/B 1s kept only candidates with Mg > 4 GeV are retained
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Bd QTM at LHCb [LHCb, ArXiv:1905.06614]
,S

@ more than 90% of background due to events with extra-tracks is rejected using isolation
criteria, two background components survive the selection:
1. partially reconstructed = two topologies

mass shape from
(u*t*) data, included
in the fit Dv

reduced to ~0
with a cut on
T decay time

Bpy

2. combinatorial = BDT trained on signal MC vs upper mass sideband ( > 6.2 GeV ) of
same sign (UW*T*)

o) r ]
£ o7fF . ~ LHCb 3
. C O Same-sign data E
8 06F e Opposite-sign data =
. n - 0 B’—1* (=22 7*v)u” simulation 7
o D] il y _ o —
@ a final BDT trained on MC vs (u*t*) data k= 05E M| m Bt (ortri iy simulation. 3
. C 0+ s+ F_+_0, F : 7
(full mass range) to categorize the events =2 5 04F A Bpose= (o - Vi smlafion =
- ) - g - § . AB—1* (—?ﬂ't.ﬂ' F a1 V),ll' simulation 3
the BDT signal distribution is flattened, S0 I =
C O A H O H O -
: o C o -
while the background peaks at low BDT values £ 02F oo R =
@) C 3
8 0.1F Oe rb
£ - i Oe 3
o8 0 - 1 | -
1 2 3 4
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Bd QTM at LHCb [LHCb, ArXiv:1905.06614]
,S

@ signal yields evaluated by performing a simultaneous unbinned maximum likelihood fit to the
Mj distributions in 4 BDT bins and converted into BFs using the decay B> D (Kt )xt as a

normalization channel ool 3
i . 3 mp LHCb 3

limited B, and B separation =» 2 wb BDTbin4 3

B, signal fit, assuming no B contribution £ «f E

° ho] 40 — —

B, yield =-16 * 38 § =

B, yield = -65 * 58 ‘g’{ }'Z"'

z &ETL {JI;J;{ %}*‘}};l;; 1¢1¢§

@ no presence of signal, limit with CLg method at 95% CL 3. f P |
' '  My[GeVic?]

B(B°—> r*uF) < 14 x 107° assuming no By signal
B (BY?— m%uF) < 4.2 x 107  assuming no By signal

@ B, limit improves by a factor of 2 BaBar’s result, firstlimit on the B, mode

o T T T T ) T T T T T T
I L e - Expected limit = I e e Expected limi —
7‘53 N\ LHCDb Exz red it (10) . '?':; LHCDb Expected it (10) . 2 ?
? L mm Expected limit 20) | > mm Expected limit 20) m :
0.8 —— Observed limit — o.0.8 —— Observed limit —
[ ] ] ? —_
0.6f 0.6 e
F =4
0.4F 0.4 e
: &
02F N e 02k W =
0 [ .. R ot x107° 0 . ; ) N O x107° E’T‘
0 5 10 15 20 0 20 40

B—7*u* branching fraction B?—7=u* branching fraction
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Bde |<*OeM at Belle [Belle, PR D 98 (2018) 071101]

v’ data sample 711 fb'! =» 772 x10° B pairs

v" reconstruction of BO>K*(Km)e*u* s ]l By>K%e
v" to discriminate signal from background 2 discriminating S 20— %
variables =» Mye =/ E2., /¢t — |pB|?/c? %‘5
AE = Ep — Bpeam EHT
1. most significant background due to continuum e*e"->qq, | TR !

5.22 524 5.26 5.28

MVA analysis based on event topology = bb events more M GVich
spherically distributed :
25;— + Bdé K*Oe'u”

2. B decays with 2 identified leptons in final states, new MVA
analysis

3. residual background due to BO>K"(Kg)J/y(££)

15k

Events / (0.003 GeV/c?)

removed applying sets of vetoes around the J/1 mass i + +
no statistically significant signal R M e
M,. (GeV/c?
upper Ilmlts on Bat 90% C. L o -
<« a0f + BdéK*oeil'ﬁ
Mode F) Ng N ﬁs“ TR SR RN,
B Ku*e- 8.8 _15:“” 5.2 %
BY— K*0y-e* 9.3 04+4% 7.4 H:
B - K*u*e¥ (combined) 9.0 —1.2:(?_? 8.0 0 AT
M, (GeV/c?) . .
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conclusions and outlook

because of time costrain | did not touch ...

v' new Ry at Belle [Belle, EPS 2019, preliminary]

v Bt>Kteu [LHCb, LHCB-PAPER-2019-022 preliminary]

@ intriguing anomalies found in LFU tests using B meson decays

v LHCb full Run 2 dataset ~ 4 times the number of B’s available in Runl =
all ratios R, Ry« , R(D*), R(J/y) will be updated

v" new analysis ongoing are: R, Rys, ..., R(D) R(D™), R(AL) R(p) ...
v angular analysis of b>s€8€ transitions are under way

v' A, > A_ form factor measurement [LHCb PRD 96 (2017) 112005]

others are on the way: A,> A, B.> D/ ...

@ hints of lepton non-universality in B decays demand searches for LFV decays

v’ LHCb is currently dominating the scene, Belle Il will join soon on some channels
v’ all presented LHCb limits will be soon updated using the Run 2 dataset,
many more LFV measurements being performed not only on B decays
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conclusions and outlook

@ Belle II already started to collect data and 1s expected to record a 50 times larger
data sample (50 ab™!in 2027)

@ LHCDb upgrade installation started this January 2019 to be ready in 2021, upgrade
detector qualified to accumulate 50 fb*! at the end of 2029

@ to take full advantage of the HL-LHC the LHCb collaboration 1s proposing a new

major upgrade of the detector to increase data sample up to 300 fb!

@ looking for a fruitful competition/collaboration between LHCb and Belle 11
we are entering an exciting phase of precision measurements !
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[Belle, EPS 2019, preliminary]

new Ry at Belle

27— L L L L L
@ new R, measurement for both 1.85Preliminary Rk -
charged and neutral B mesons 16 E
v’ data sample 711 fb’! 14F E
=> 772 X10° B pairs ;22— -
o 1:“ ------------------------------------------------- ..E
@ Ry measured as the weighted average of 3:2; E
charged and neutral modes 0. 4%_ E
@ Ry measured for [0.1, 4.0],[4.0, 8.12], 020 3
[1.0, 6.0], > 14.18 and > 0.1 ¢ bins ) T R B
0 5 10 15 20
q2 (GeV%c?)
@ isospin asymmetry A, also measured = L S SN N R
P asyIIRERy 2 ! Sos Al (B— Kite)
(Y Preliminary
(TB+ /7o) X B(B® — K%) — B(BT — Ktez) 8
A = 202

 (7B+ /TR0) X B(B® = K9¢¢) 4+ B(BT — K+¢/)

deviation found at ~2.50 level in the [1.0,6.0] 02

IIIIIII1III|III|III|I—

4

bin -0.41
@ Belle Il is expected to record a 50 Rl | L | Ll
. 0 5 10 15 20
times larger data sample q? (GeV%/c?)
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B + % K+e M at LHCb [LHCb, LHCB-PAPER-2019-022 preliminary]

v' data sample 3 fb'!, trigger on high p, u

v K, e*and u’ reconstructed tracks from a common displaced vertex

v normalization channel with similar topology B*=>J/y(u*u )K*

v" simulated samples needed for efficiencies, signal and background modelling

1. partially reconstructed most abundant B*>DOYK*YEv)X€*v < [ T T
rejected by requiring m(K*€) > 1885 MeV s ¥ roiminay E
2. decays via charmonium resonances e.g. B*=>J/1(€€)K* 2 t ]
rejected via mass vetoes ::? ; ]
3. combinatorial background reduced with a dedicated BDT 3§ 1 .
exploiting event topology and 1solation : ]
4. fully (partially) reconstructed B decays with misidentified 4560 W60 50 6000

mK* w et) [MeV/c?]

particles e.g. B*>K£E€8€ rejected via dedicated BDT

LT e
no statistically significant signal = E: : preliminary -
B/107 90% C.L. 95% C. L. 2
B™— K u e 7.0 9.5 © :
B"— K+:u+€_ 7.1 9.1 4500 000 5500 6000

mK* u*e) [MeV/c?]

previous best limits from Babar are improved by more than one order of magnitude
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oreat varlety of observables

¢ Observe hadronic decay, not the quark-level

transition

» b— st¢ —» BY - K¢t B - K¢
B, — ¢C7 | etc.

¢ Needs to compute hadronic matrix elements

> Non-perturbative QCD,
difficult to compute

30/08/19

g

00000000

o
)

DIRTY
A

\Z
CLEAN

» Branching ratios:

large theory uncertainties

» Angular observables:

reduced theory uncertainties

» Lepton Flavour Universality

tests (ratio of BR, etc.):
clean, uncertainties cancels
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decay rates

Measured BR are consistently lower than predicted in SM

=}

=
d
Sy
=
+
=

JHEP 09 (2015) 179

IIIIIIIIIIII]IIIIIIII IIII

!

(= L Y I LV - N )

IIIIIII

dB(B?—guu)/dg? [10°GeV2e4

30 from SM in 1.1 I<q2 <6 GeIV2/c4
s 10 15
¢ [GeV¥ 4

EmLCSR Lattice —e—Data

ogn T L e
> B'—K'u'tu 7
O LHCb -
S ]
X

%

o

_ +t

S

3 1f JHEP 06 (2014) 133

m IR T TR TR (NN TR TR SR TN (NN TN SR SR SR SN SN S S S N N
= 0 5 10 15 20

¢ [GeV?/c4]

q?: squared di-lepton

mvariant mass

| BY—= K %utum
& [y LHCb[JHEP 11(2016) 047] 376" ]
= I[f CMS [PLB 753 (2016)424] 205" —
X 1
o _([_ '—r—-
§0-5 L 4 S
= L il 7 —4—
% 5 10 15 20
q* [GeV ¥/c*]
1.6 : . ; .
14 B . L J
12L d—q2 [10 GeV ] 1
1.0k + _ ]
l Ay = Ap™p ]
0.6 _
0.4 T | -
T = JHEP 06 (2015) 115
0.2 ENS 49‘{1 i_' PRD 93 (2016) 074501
0‘00 \a-/’ 1|0 1|5 2|0

7> [GeV2]

though SM suffers from large uncertainties...
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angular distributions

BO—}K*O /J+ u—
A 1 I B B S S B
e LHCbdata © ATLAS data 1S$ATLAS
m Belledata © CMS data - EXPERIMENT
: I sM from DHMV = |CMS
] SM from ASZB i

+
1E

5

-}

: n
[Yrrr[rrrit III!@

P | P
15
g* [GeV?/c4]

® (Give access to observables with reduced dependence on hadronic effects
[JHEP 1204 (2012) 104]

e | HCb finds deviation from the SM prediction at the level of 3.40

LHCb [JHEP 02 (2016) 104], CMS [PLB 781 (2018) 517], ATLAS [JHEP 10 (2018) 047],
BaBar [PRD 93 (2016) 052015], Belle [PRL 103 (2009) 171801], CDF [PRL 108 (2012) 081807]
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COIltI‘OHiIlg efficiencies [LHCb, PRL 122 (2019) 191801]

efficiency ratios are computed from simulation carefully corrected using data control samples
v" B* kinematic v’ trigger
v" mass resolution v Particle IDendification

numerous cross-checks to ensure the effectiveness of the corrections :

B_s K+ J » stringent test as it requires muon
x® )y = ZZ,((B : K+J//?;Z(([el*g)))) = 1.014 £+ 0.035 and electron efficiencies to be

controlled individually

M check that efficiencies are understood in all kinematic regions = 7, is flat for all variables

examined, €.g ~110 ~1.10
2L LHCb 2 | LHCb
= C =
T 105F ~ 105k
s [ > +
s S 0t
~ 100 +++ ! _%_* S ook } _%_+ I
0.95 095
N T B B B I N R Y B
0905 0.1 02 03 04 05 0-90™="1000 2000 _ 3000 _ 4000 5000

dilepton opening angle [rad] 111i11Q)T(l+), p(N) MeV/c]

M cross-checks done independently for Runl and Run 2 samples and excellent agreement found
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invariant mass fits

[LHCb, PRL 122 (2019) 191801]

a simultaneous fit to rare + resonant electron and muon channels is performed to extract Ry

Candidates / (24 MeV/c?)

Candidates / (12 MeV/c?)

LHCb
100§ —4— Data

— Total fit

80 wns Total R =1
weees BF— Ktete-

60 B Part. Reco.

101 B B —J/ y(e'e )K"

Combinatorial

o
K
K
.
.

O
.,
e

5000 5500 6000
m(K*ete~) [MeV/c?]
100 X103
90 LHCb
—— Data
80 — Total fit
70 ....... B*— J/ ¢(€+€_)K+
60 I Part. Reco.
B *—J/ y(ee )t
50 Combinatorial
40
30
20
10
0

I 5400 5600
my, ,(K*ete”) [MeV/ c?]

5200

30708719

Candidates / (7 MeV/c?)

Candidates / (4 MeV/c?)

[O¥]
wn
(@]

300

—
S
w

5300

LHCD

—4— Data
— Total fit

e Total Ry =1
...... B — K*utu-
Combinatorial

5400 5500
m(K* utu) [MeV/c?]

5600

IIIIIIIIlllIIIIIIIIIIIlIIIIIIlIIIIIIIIIIII X

LHCb

—— Data

— Total fit

------ B*—=J/y(u u )K*
B—=J/y(uu)x*
Combinatorial

¥ U
3 B
(o]
[«]

5300

1 1
5400 5500

5600
my (K ) [MeV/c?]

rare modes:

partially reconstructed
background and tail
from resonant mode
are significant in ee

resonant modes:

dilepton mass
constrained to the
J/9 mass to improve
the resolution
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Qo



detection of B semileptonic decays at LHCb

LHCb [Int. J. Mod. Phys. A30, (2015)1530022] muon system

RICH detector
p/K/m PID

agnet

vertex
locator T

trigger
lem
SPDI/E PCSALHCAL
T3 RICH2 o

2%5—

u/h separation

single-arm forward spectrometer

pseudorapidity range = 2<n<5

— data samples

2010-11 ~1.1fb? at 7 TeV
2012 ~2.1fb? at 8 TeV
§015—18 ~6. fbl at13 TeV

—5m|—

L

|
tracking system

10m

calorimeter
h/e/y separation [

BQ\M 2
@ ~25% of 