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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,p,1)
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
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Panorama of SM anomalies
A. Crivellin, arxiv:hep-ph 2304.01694
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R(D")) measurements in LHCb
R(D)=BR(B>DtV)/BR(B>Dpuv)

— — — et — (7 O
TNV, TR TR (T7)V,
* Pros * Pros
* Direct measurement of R(D,D*) * The possibility to measure the 1

vertex is the key to reject the

* High statistics background and obtain a high purity

* Cons sample
* Double charm background * The 31t dynamics of the T decay is
control must be verv sood very specific : possible to distinguish 1
v D* yg decays from the main double charm
(mostly D) background from D, decays
° 1+ X %k —
Sensitive to D™ nv, e Cons
* Access to R(D) requires an external BR
~ * Lower statistics -
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R(D*)) with muonic T decays
[arXiv:2302.02886] (Submitted to PRL)

¢ Simultaneous measurement of R(D) and R(D*) with Run 1 data using

muonic 7T — pt v, i,

I0E10° g [9.35, 12.6] GeVoict %Cb 30E10F gie [9.35, 12.6] GeV-ic? E'rI:ICh
- e - -
~20F w0k
3D template fit to 2208 ;_1}: Pt
— 2 "= 1nE . B E-D
— S0F =0E BD"DX
> mm|55 (P8 Pp) — p#) _f*ﬂ 7 UF b| Il 2"
» E* energy of 53 13 3 Comb. + misID
I gy IH' _3 2: E 4f D v
R S Bl ED
— IF 1 Bl B0 v
O 0

R(D) = 0.441 + D.[}ﬁﬂ{stat] + D.Dﬁﬁ{syst]
R(D*) = 0.281 + 0.018(stat) 4 0.023(syst)
Agreement with SM at 1.9
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R(D*) measurement with hadronic T decays
Vertex topology of the usual B decay
100 times IargKe+r than the signal
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I B—>D*mtrumt(+X) I
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Selection: detached vertex
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B — D*~37*X backgrounds
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LHCb simulation
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Background rejection >99,9% !
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the beam direction - detachment criteria

LHCb-PAPER-2022-052

arxiv:2305.01463

Double Charm

Candadades £ 005

e A BDT classitfier is used along with the vertex separation variables

® Suppressed by requiring the 7 vertex to be downstream w.r.t. the B vertex along
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Double-charm backgrounds

_.‘__"- L1 T T ™
e B— D*~(DF,D*,D%)X backgrounds > ;
¢ B — D*~ D7 X the largest contributor = ;
5 =
. . . = ]
* A BDT classifier based on kinematics and 3 : E
resonant structure to separate signal from g ]
) [ ]
B — D~ .D;'_X PRN Q7 77013 (2018]]
""-i: : * T | I {a:l T ] g
= oaf* } , -4 3
- [ ' LHCb simulation : i
- 0.08F, 4 1 41 &°
= oosk " t E R(D,~>371X)=32.8% * 0.9%
P ;:!i*- it ES-IIl arxiv:2212.13072
= 0.04 -
:; l:ll:l'!‘?;H+ N i =
SE et :
TS T om0 1500 : Tondeiy -
min[m(+7-)] MeVic?] An 5 BT repons

[PRD 97, 072013 (2018)]
e This BDT output is one of the fit variables for signal extraction
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LHCb-PAPER-2022-052
arxiv:2305.01463
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® The fractions of various modes extracted and simulation corrected accordingly
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D production
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®* Good agreement between model and

data for the fit variables

the signal extraction fit LHCb-PAPER-2022-052
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Signal extraction
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Ant-I BDT output
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w0, N(B®— D*~7tu;) = 2469 + 154
s Run1yield = 1206 + 86

Bl 5D DY)
[]B—D"3xX
i B—D"D°(X)
[ Cowb. B

Bl Cowt. T
[ ] Comb. D*

» Larger dataset

» Improved selection
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Systematic uncertainties
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Source Systematic uncertainty on X(D*) (%)
PDF shapes uncertainty (size of simulation sample) 20
Fixing B — D*~ D7 (X') bkg model parameters 1.1
Fixing B — D* _DD{I} bkg model parameters 1.5
Fractions of signal T+ decays 0.3
Fixing the D" ¥ o1 and E'_:*_T"'ix-,- fractions 1_'11'1
Knowledge of the D7 — 37X decay model 1.0

Specifically the D — 2, X fraction 1.5
Empty bins in templates 1.3
Signal decay template shape 1.8
Signal decay efhciency 0.9
Possible contributions from other ™7 decays 1.0
B — D*~ D' (X) template shapes "_'EE;_EE
B — E*_Dﬂ{x} template shapes 1.2
B — D*~ DF(X) template shapes 0.3
B — D*~ 3w X template shapes 1.2
Combinatorial background normalisation iﬂll:lE:Er
Preselection efficiency 2.0
Kinematic reweighting 0.7
WVertex error correction 0.9
PID efficiency 0.5
Signal efficiency (size of simulation sample) 11
Mormalisation mode efficiency (modelling of m{3m)) 1.0
Mormalisation efficiency (size of simulation sample) 11
Mormalisation mode PDF choice 1.0
Total systematic uncertainty "_'%_Eﬁ
Total statistical uncertainty 5.0

FPCP Conference Lyon, May 30 2023
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R(D*) with hadronic T decays

0 *— -+
K(D*) = i((iﬂ: E;;..:_;i)} — 1.700 + 0.101(stat) 2195 (syst)
e The absolute branching fraction of B® — D*~ 77, decays

B(B"— D* " 1%v;) = (1.23 4 0.07 (stat) & 0.08 (syst) + 0.05(ext)) x 10~2
B(BY— D*—37%)
B(B®— D*putv,)
® The BFs of B®— D*37* and B"— D*~p* v, - external inputs

R(D*) = 0.247 £+ 0.015(stat) 4+ 0.015(syst) £ 0.012(ext)

R(D*) = K(D*)

In agreement with Run 1 result
- LHCb-PAPER-2022-052
¢ Combining with the Run 1 result arxiv:2305.01463

R(D*)2011—2016 = 0.257 £ 0.012 (stat) £ 0.014 (syst) £ 0.012 (ext)

Agreement within 1o to SM R(D*)gyy = 0.254 + 0.005 [HFLAV]
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(D*) with hadronic 7 decays

BaBar 2012 had tag
0332 £0024 +0.018

Balle 2015, had tagz
0203 + 0038 £0.015

Balle 2017, (hadronic tam)

0370 01 035 +0.037
LHCh 2022 (hadronic ta)
Belle 2019, slta

0283 + 0.018 £0.014
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0254 + 05

FED 95 (2017 115008
Q257 %} L
IHEPI"l"‘ 2017 060
0257 % DWP N

PLE 795 (2010) 386
02 =0 l% 9

PEL 123 (2019, 9091201
0233 +0 ':%'\ )

EPIC 80 (2020) 2, 74
2T +0

NEW!

Theory
predictions

R(D%)

® One of the most precise measurements of K(D™)
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I "~ Bellel9 -
Bellel?7 PRD 94 (2016) 094008 .
PRD 95 (2017) 115002 World Average
4 HFLAV SM Prediction  THEP 1712 (2017) 060 R(D)=0.356 £0.029,
R(D)=0.298 + 0.004 Eﬁf 1; E*gi: E@b?sm RC_D*} =—.D'LE4 0.0 0
R(D¥)=0.254 +£0.005 EPIC 80 (2020) 2, 74 p=0.3]

0.2 0.25

P(y) =25%

PED 103 (20223 034503

0.3 0.35 0.4 0.45 0.5 0.55
Deviation fromSM :3.2 ¢
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Semitauonic prospects in LHCb

* Many more semitauonic results expected soon using the muonic and
hadronic t decay channel :
e D* polarization measurement

* 'R(D*), R(D®), R(D*) using the full Run2 data
* R(D")
* Work is also ongoing on R(D,), R(J/y), full angular analysis

Run 2 Run 3 Run4 Runb Run &
18} RE T
s e . --=+ R(A})
16 \ \ R(J/W)
- b e 1% 5 il Y
= 3 § (D)
C'E:‘l"l: oY ., e R{DY)
g 12 — R{A)
£ 10} FAY  —— R(DI
S ofF- o — R(D)
5 Oy KW S --= R(D") Rev. Mod. Phys. 94, 015003 (2022)
E 6 l‘\. o e ““-— Ly 8
I mmde \Ne R CACS . EeE
5} Optimistic o ML Pt

® I LHCb unofficial ~~~====-======= e
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wCLab FEFFTFTTITTT TS universite gy
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Conclusions

* New simultaneous measurement of R(D) and R(D*)using muonic channel

R(D*) =0.281 + 0.018 + 0.024 LHCB-PAPER-2022-039
R(D)=0.441 + 0.060 + 0.066  arXiv:2302.02886

LHCb-PAPER-2022-052
arxiv:2305.01463

R{ﬂ*hﬂ]l_gmﬁ = 0.257 £ 0.012 (stat) £ 0.014 (syst) + 0.012 (ext)

* New updated measurement of R(D**)

* Discrepancy level between new WA and SM prediction 3.2 ¢
* « Le canard est toujours vivant »

 Compatible with SM and with the present WA

]
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https://arxiv.org/abs/2302.02886
https://arxiv.org/abs/2302.02886

Normalisation mode BY — D* 3x=*

® Data sample with similar selection as that for signal decays

* No detachment criteria on 37m< vertex

i B — Total 26! i
= - #o.pr3 .
v 3000 — EDim —
ﬂ [ — Background ]
= 2000 1f 7
u C ]
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= n g
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SOIEEI 5200 5250 3300 3330 3400
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¢ N(B"— D*—3r*) = 30540 4 182
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Candidates/(1.83 GeV*/c?)

LHCb measurement of R(A)
with hadronic Tt decays

R(AT)=0.242 + 0.026 (stat) + 0.040 (syst) + 0.059 (ext)

- LHCb
350; 3 fb!
300 E_ + Data
2501 ;Iﬁ‘“‘:}‘*_‘f (SM expectation=0.324 + 0.004)
200;— A:—:tﬁ*-.’)'{;(j F. Bernlochner et al., Physical Review D 99 055008 (2019)
150 C -ﬁf:_méﬂfm with input from W. Detmold, C. Lehner, S. Meinel,

- -A: . Physical Review D 92 034503 (2015)
1005 AP

- Combinatorial

50;—
'_H f 1 1 | I |
0 5 10
q* [GeV?/c4
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R(D¥)

BaBar 2012 had. tag
0332 £ 0.024 + 0.018 =

Belle 2015, had tag
0.203 +0.038 £ 0.01%

Belle 2017, (hadronsc tan
0270 + -:'.I:I'l“:{E 0.027 )

LHCb only R(D)-R(D¥) L0y g

Belle 2019, sltag :
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LHCh 2022

0281 £ 0.018 + 0024

Average |

0285 £ 0.013 i

LM Prediction

0254 + 0005 ]

FRD 95 (2017} 115008

0257 £ 0.003 L

THEP 1712 (2017) 060 !

0257 £ 0.005 IliI-l

PLB 795 (2019) 386 'I
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Ay’ = 1.0 contours

033

LHCh t—= p

0.3
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LHCh = 3x(x )

0.254 £ 0.007

PRL 123 (2019) 9.091801
0.253 £ 0.005

EPTC 80 (2020) 2, T4
0247 £ LG
FNALMILC arXiv:2105.14018

025

. LHCh Average

$HFLAV SM Prodiction M9 17120007 s RO = (00423 = 0057 = 0066

DY = 0,258 = 0004 ::-I-:: : I-Tu| H:”‘.quyﬁrl””_-'"“I‘
RID*Y=0254 80005 Loy 0 20y 2 74 i) = BO%

0.2 025 0.3 0.35 0.4 0.45 0.5 .55 I | | |
R(D) 0.2
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