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Lepton Flavour Universality Y&'XC{)

® In the Standard Model (SM), electroweak couplings to all charged leptons are universal;
difference between e, and 7 driven only by mass

® |LFU tests with ratios of branching fractions of decays involving different ¢ = e, i, 7

® Inb— céi(z/_g) transitions (tree-level semileptonic decays):

B(Xp— Xc1Tv7)

B(Xp— X Atuy)

X, = B°, B(t), B2, Ap,... X.= D,D*, D A, ...

R(XC) =

® Hadronic uncertainties mostly cancel

® Ratios sensitive to possible enhanced
coupling to the 3™ generation (e.g.
Leptoquarks) predicted by some models
involving physics beyond SM

[PRD 85, 094025 (2012), PLB 755, 270 (2016),...]

Resmi P K (Oxford) CERN Seminar 3


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.094025
https://www.sciencedirect.com/science/article/pii/S0370269316001143?via%3Dihub

Lepton Flavour Universality - current status
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® R(X.) measurements show deviations from SM expectation
e Combination of R(D) and R(D*) is 3.50 away from SM
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R(X.) measurements at LHCb

® LFU tests in b — clv; decays
® |HCb Run 1 data: 3 fb~1, 2011-12
® Measurements with muonic 7 decays
® = utv,v,
® R(D*) and R(J/{)) measurements
[PRL 115, 111803 (2015), PRL 120, 121801 (2018)]
® Latest R(D)-R(D*) measurement
[arXiv:2302.02886] (Submitted to PRL)
® Measurements with hadronic 7 decays
ot o rtaat(n%),

® R(D*) and R(A:) measurements
[PRL 120, 171802 (2018), PRD 97, 072013 (2018),

PRL 128, 191803 (2022)]
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.121801
https://arxiv.org/abs/2302.02886
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.191803

R(X.) measurements at LHCb

® These semileptonic measurements are complicated

® Presence of neutrinos
® No narrow signal peaks to fit to
® A number of different background sources

® Nevertheless, we have been extremely successful at LHCb!

® Many R(X.) measurements; some are exclusive to LHCb

LHCb R(AY)

LHCb RU/y) #———+——s—+————] | HCb-PAPER-2021-044
PRL 120 (2018) 121801 —_—— 0.242 +0.026 + 0.040 + 0.059
0.71+0.17+0.18 —
SM prediction
SM prediction PRD 99 (2019) 055008
PRL 125 (2020) 222003 with input from
0.2582 +0.0038 PRD 92 (2015) 034503
0.324+0.
e nnon b alle o L o on |l ||||||||||0P4||||
0.5 0 0.5 1 0.2 03 04 0.5
+
RU/ W) R(A?)

[PRL 120, 121801 (2018), PRL 128, 191803 (2022)]
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.191803

R(X.) measurements at LHCb - two complementary 7 decay channels

™ = uTv, o,

Kt >
” ” B'>Dr'v,
y Ve
o
D _
. v,
O e

P . P “
® Direct measurement of R(X;)
® High statistics

® Backgrounds from D' must be
controlled well

® Sensitive to D** " vy,
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+ = atn nt (7)o,

N <
:
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® Measuring 71 decay position key to

reject dominant backgrounds
® High purity sample
e 7+t — 37% dynamics is very specific
= more control over backgrounds
® R(X.) requires external inputs

® | ower statistics
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R(D™)) with muonic 7 decays \“\'xcé
[arXiv:2302.02886] (Submitted to PRL)
¢ Simultaneous measurement of R(D) and R(D*) with Run 1 data using

muonic 7T — pt v, 0,

:«Jo—xlo3 ?0[9.35, 12.6] GeVIct LHCH  30Fx10°?[9.35, 12.6] GeV3ch LHC]
D s D
3D template fit to 520; ;20; + Daa@
2 — _ 2 > 10k 0.0 WB-Drv
> q — (pB pD(*)) 810: Elo _' M B_Drv
_ B . 2¢m [ T B B-DD X
> mmlss = (P8 — Ppt) = Pu) eoF 3 ° Fri0? 01935, 12.6] Gev2/ch LHCH| ml..0" v
> E* energy Of 1% {!é 3 'S 3+ o~ D™ Comb. + misiD
H S 2 I 5-D%v
3 2 g2 i
5 O Il B-D
1 1 B0 uv
0 = 0

0

° mzm(eev%g*)

R(D) = 0.441 + 0.060(stat) 4 0.066(syst)

R(D*) = 0.281 £ 0.018(stat) + 0.023(syst)
Agreement with SM at 1.90

[CERN Seminar 18/10/22]
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https://arxiv.org/abs/2302.02886
https://indico.cern.ch/event/1187939/

R(Ac) with hadronic T decays THC\S

[PRL 128, 191803 (2022)]

® First LFU test in a baryonic b — cfv, decay with Run 1 data using
hadronic 7+ — 7t 77t (%),
® Normalisation channel A9 — AF3r
B\ — Nfr7 o, B(A— AL3
Ky = B 2R ) R(n) = k(o) { e e |
B(A, — NE3m) BAp—= Nep=vp) ). input
® 3D template fit to extract signal yield
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& lpszjo
KC(NF) = 2.46 £ 0.27(stat) + 0.40(syst)
R(AL) = 0.242 + 0.026(stat) =+ 0.040(syst) 4 0.059(ext)

Agreement within 1.00 to SM
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.191803

New Physics scenarios

There are three typical candidates to

account for the deviations seen in R(D*)

and R(D) observables:
® | eptoquarks
[PRD 85, 094025 (2012), PLB 755, 270 (2016),...]

® Two-Higgs-doublet models

[PRL 116, 081801 (2016),...]

® Heavy vector bosons, e.g. W’

[JHEP 2015, 142 (2015),..]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.094025
https://www.sciencedirect.com/science/article/pii/S0370269316001143?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.081801
https://link.springer.com/article/10.1007/JHEP07(2015)142

Global fits

® Many phenomenological interpretations of LFU ratio results in charged and neutral
current sectors

® Combined analyses using Effective Field Theory approaches for various New Physics
scenarios

® A TeV scale vector leptoquark model (U1) pHep 08, 050 (2021))
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https://link.springer.com/article/10.1007/JHEP08(2021)050

Global fits

® Dominant LQ decay channels involving pairs of third-generation fermions

® Constraints from high pr direct searches at LHC [HEp 08, 050 (2021)]
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https://link.springer.com/article/10.1007/JHEP08(2021)050

Global fits

® Predictions for Lepton Flavour Violating decays e 08, 050 (2021)]
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e Limits on B(B — K7p) approaching interesting zone of sensitivity!
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https://link.springer.com/article/10.1007/JHEP08(2021)050

Global fits

® Fits including the latest Rx-Rk~+ results from LHCb [arxiv2212.00152, arxiv:2212.00153]

® Tension between LFU ratios and b — syt p™ data faxive212 10407]
® Solvable with LFU NP, either in Co or

20 Cg = — (o direction
By = pu 1o flavio
)y 9 “ —0.8
) Ry & Rk- 10, 20 _10 B. - pp 1o flavio B.— ppi 1o flav
159 —— b spulo, 20 — Rk & Ry 10,20 — Rk & Ri- 10,20 guio
\ 08 b spp 1o, 20 —0.64 b sup 1o, 20
. rare B decays 10, 20, 30 - rare B decays 10, 20, 30
1.0 '/ F2 06 —~ {E 044
/4 L Y
1 T <
I —0.4 |
22 054 Il o029
[¢) ‘ 502 7@: $
\ y o i 2o
N\ ( 500
0.0 - < 0.0 = Z T < [
- ] 0.24
7. 0.2
—0.54 /
0.4 0.4
=20 -15 =10 =05 0.0 0.5 10 —1.5 =10 =0.5 0.0 0.5 1.0
1o : ] i i cy v — i
—20 -15 -10 -05 00 05 10
bspp univ . .
G e ™V central value slightly increased

® |mplications in b — ¢?
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https://arxiv.org/pdf/2212.09152.pdf
https://arxiv.org/pdf/2212.09153.pdf
https://arxiv.org/abs/2212.10497

LHCb experiment Y&'XC{)

® Excellent vertex resolution
(10 — 40 um in xy-plane and
50 — 300 pm in z-axis)
77 lifetime resolution 0.4 ps

Side View

ECAL HCAL
SPD/PS

Magnet RICH2 M
T:

¥r~a ) , e Particle identification
efficiencies ~97% for u, e and
~3% pion misidentification,
good separation between

T, K,p

[JINST 3 (2008) S08005, Int. J. Mod. Phys. A30, 1530022 (2015)]
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://www.worldscientific.com/doi/10.1142/S0217751X15300227

LHCb experiment

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

e 2018(65TeVi072/b
® 2017 (654251 TeV) 1.71 b + 0.10 b
® 2016 (B5TeV): 167/ I

7 2015 (6.5 TeV): 0.33 /b
®  2012(40TeV): 208/
6 . 2011 (35 TeV): 1.11 /fb
2010 (3.5 TeV): 0.04 /b l
5

/

Integrated Recorded Luminosity (1/fb)
o

072010 2011 2012 2013 2014 2015 2016 2017 2018
Year
Period l Integrated luminosity l Vs l Number of bb
Runl 2011-2012 3.2fb~1 | 7-8 TeV 2.5 x 1011
Run2 2015-2016 2.0fb~1 | 13 Tev 2.9 x 1011
Run2 2017-2018 3.9fb1 13 TeV 5.7 x 1011
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R(D*) with hadronic 7 decays
[LHCb—PAPER—2022—052] (In preparation)

~, K - )
v
v,
D’ :

D Ve

e
0 T
B .
PV Az>40, i
¢ 4
P . P F P

® Hadronic 77 — 7t 77t (x%)7,

Normalisation mode with same visible final state : B%— D*~ 37+

R(D*) hadronic result from Run 1 analysis
0.283 4 0.019(stat) = 0.026(syst) = 0.013(ext)
—_——

6.8% 9.3% 4.6%

[PRL 120, 171802 (2018), PRD 97, 072013 (2018)]
® Systematically limited (size of simulation sample)

® \We present the updated analysis including the 2015-16 dataset
Resmi P K (Oxford) CERN Seminar 17


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013

R(D*) with hadronic 7 decays

® Hadronic 7+ — nta~ 7t (%),
e LHCb partial Run 2 data : 2 fb~! at \/s= 13 TeV, 2015-16
(~ 1.5x Run 1 sample)

® We determine the ratio of BFs for the signal and normalisation decays as

B(BO—> D*_T+VT) - Nsig €norm 1

’C(D ): B(BO—> D*—3ﬂ-i) o Noorm Esig B(T+—> 37Ti(770)§7)

® This is converted to R(D*) with external inputs as

o e [ B(BY— D*37%)
R(D ) - K(D ) {B(BO—> D*f,ltJrVu) }ext. input

Resmi P K (Oxford) CERN Seminar 18



Signal decay kinematics

® Neutrinos not detected; approximation needed for B reconstruction
e Well measured B® and 771 vertices allow reconstruction of flight directions

® Momentum as a function of angle between the systems

® Maximum allowed values for the angles = unambiguous estimate of momentum

Resmi P K (Oxford) CERN Seminar 19



Analysis strategy

® No narrow peaks to fit to for signal
extraction!
® Nsg from 3D binned template fit:
* ¢ = (pgo — pp+)?,
e 1 decay time,
® Qutput of BDT trained to
discriminate 7 from D7 .
® N,orm from unbinned ML fit to
m(D*37%).

e Efficiencies ¢ from simulation samples

Normalisation fit

Resmi P K (Oxford) CERN Seminar 20



Simulation samples

® Simulation samples are important in two fronts
® Estimating efficiencies
® Building templates for the signal extraction fit
® The dominant systematic uncertainty in the Run 1 analysis - limited size of the
simulation sample
e Simulation technique of ReDecay to mitigate this = over 3 billion events
generated and around 194 million events saved
[EPJC 78, 1009 (2018)]
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https://link.springer.com/article/10.1140/epjc/s10052-018-6469-6

Simulation with ReDecay T

. s [EPJC 78, 1009 (2018)]

@ Generate 1 complete event: signal +
underlying event

any
underlying
tracks !
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https://link.springer.com/article/10.1140/epjc/s10052-018-6469-6

Simulation with ReDecay THCD

[EPJC 78, 1009 (2018)]

@ Generate 1 complete event: signal +
underlying event

@® Re-generate the B decay 100 times
and merge each with the underlying

event

any
underlying
P tracks !I!

N
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https://link.springer.com/article/10.1140/epjc/s10052-018-6469-6

Simulation with ReDecay THCD

[EPJC 78, 1009 (2018)]

7y @ Generate 1 complete event: signal +
underlying event

@® Re-generate the B decay 100 times
and merge each with the underlying

event

any
underlying
tracks !

N
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https://link.springer.com/article/10.1140/epjc/s10052-018-6469-6

Simulation with ReDecay THCD

[EPJC 78, 1009 (2018)]

7y @ Generate 1 complete event: signal +
underlying event

@® Re-generate the B decay 100 times
and merge each with the underlying

event

any
underlying

p tracks !! (3] Repeat ® and ® N times

N
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https://link.springer.com/article/10.1140/epjc/s10052-018-6469-6

Simulation with ReDecay THCD

K*  tx [EPJC 78, 1009 (2018)]

0 o
@ Generate 1 complete event: signal +

underlying event

T

@® Re-generate the B decay 100 times
and merge each with the underlying
event

underlying © Repeat ® and @ N times

P tracks !I!

\'f\/ — Factor O(10) faster simulation
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https://link.springer.com/article/10.1140/epjc/s10052-018-6469-6

Corrections to simulation Y&'\Cp

® |mportant to have simulation mimic the properties of data
® Corrections applied in case of disagreements

® The kinematic properties of simulation are corrected by a two dimensional
reweighting using the transverse momentum and pseudo-rapidity of B candidates

® The uncertainty on the z-component of the 37F vertex position is rescaled to
match that of data

® The simulated BY — D*~ 771, decays are reweighted with CLN form-factor

parametrisation [nuc. Phys. B 50, 153 (1998)]

® More corrections for the background simulation samples with inputs from data

control samples = discussed later
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https://www.sciencedirect.com/science/article/pii/S0550321398003502?via%3Dihub

Selection Y&'\Cp

® Signal candidates are built based on the T P
6 final-state charged tracks with l/ ,
dedicated “online selection” b B

D Ve
® Matching criteria include track/vertex P T .\
quality, particle identification and mass , ; e f

constraints for composite particles

® Transverse distance of 37 vertex from primary vertex in the range [0.2, 5.0] mm
= reduces spurious pions from secondary interactions

e A BDT classifier is used to suppress combinatorial events originating from random
combinations of the final state particles

Resmi P K (Oxford) CERN Seminar 28



Background contributions

® The most dominant background is
B — D* 31X
® The 37+ directly from B meson
® Around ~ 100x signal decays

® The second largest contribution from
B — D*~ DX decays - termed as
“double charm” decays
e D=D} D+ D°
® Signal like topology with a detached
vertex due to non-negligible lifetime
® B— D*"DFf X ~ 10x signal decays

Resmi P K (Oxford) CERN Seminar
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B — D*~37*X backgrounds

Candidates/ (0.28 o)

B & & 8 §

[

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

the beam direction - detachment criteria

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

—T—T— T
LHCb Simulation
b - D

20
A Z[o]

Candidates/ 0.05

3.

a

w

2.

o
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15

o
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-
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02 04 06 08
Detachment BDT response

® More than 99% of B — D*~37%X backgrounds rejected with this selection

Resmi P K (Oxford)
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Double-charm backgrounds

® B — D*~ (DS, D", D%X backgrounds
® B — D* D} X the largest contributor

Candidates/ (10 MeV/c?)

e A BDT classifier based on dynamics and resonant
structure to separate signal from B — D*~ D X

8o 1000 ‘ ‘

1500 2000
m(rr ) [MeV/c?
[PRD 97, 072013 (2018)]

—~ r T T g 3 F T T T ]
Lot @ S F LHCb smulation Signd - D1 ]
* S E
3 o1 ++ ] g T LS Background - D*DsX J
= L } § 250 3 Pas R E
m 0.08, ++ b F S . - ]
) u 2F - . - B
= OF et B z . " ]
4R T SR E e . . . E
8 004 . E A ]
S = i - . N E
2 oo . 7 E - - - ]
§ i "t 1 osf- T R PO
E Sy, s 1 E - - ~. 1
0 L — L fus” ol | o 00 e tald
500 06 o4 02 0 02 04 05

Anti-D; BDT respon:

1000 1500
min[m(7r* )] [MeV/c3]
[PRD 97, 072013 (2018)]

® This BDT output is one of the fit variables for signal extraction
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013

Double-charm backgrounds

® B — D*~(D*,D%)X decays are sub-leading contributors
e Dt — K—atat(n%) contributes to the B — D*~ D% X backgrounds

® Significant when 7~ is misidentified as K~
® Tight particle identification requirements

e D% - K~37n* contributes to the
B — D*~D°X backgrounds
® When there is an extra charged
track
® A BDT classifier is used to
reject such events »
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Double-charm backgrounds ALY

® Double-charm decays being the largest fraction in the final sample, need to be modelled
well in the final signal extraction fit

® Templates used in the signal fit are derived from simulation and corrections need to
be applied wherever necessary

® Specific control samples derived using the peculiarities of these decays for further studies

Decay Sample selection

B — D*~ DX reversing the anti-D BDT selection

B — D*~ D (— 37%)X m(37%) around D7 mass

B — D*~D*X kaon mass hypothesis given to 7~ among the 37% candidates
B — D*~D°X additional charged track (kaon) selected in an event

Resmi P K (Oxford) CERN Seminar 33



B —» D*~D; X decays THC\S

® Important to understand the decay and production of D} in B — D*~Df X

events

Decay

e DI — 37%X branching fractions not all well /u T
known and/or correctly simulated w* d

® The fractions obtained from control sample fits
and simulation reweighted

Production

® B — D* D} X decays produced in a spectrum
of B — D*~DF""™ X processes

® Fractions estimated from control sample fits of
B — D*~DJ (— 37%)X decays

e Constraints in the signal extraction fit

Resmi P K (Oxford) CERN Seminar



D7 decay

e Data sample selected with low anti-DJ BDT score
e Simultaneous fit to m(77 7 )min, M(TT T )max, m(7t7t) and m(37%)
® The fit model PDF is constructed as

Ptotal - ND;r Z ﬁpl(Der) + NnonfD;,PnonfD;r

where | represents different D" decay modes

® The different D" modes can be broadly divided
into /u
TC+
® nrt/np* W 3
o n'nt/n'p*
* (wH+e)mt/(w+¢)p"
® rest of the modes - 13w, nay, n'3m, n'a1, w3,

< 0
way,$3m, ¢ar, K°3w, K%a; , 7v and s I > 5

non-resonant 3w
Resmi P K (Oxford) CERN Seminar 35
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—— Total
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[ i {wp}m(n)
Il ;- ()
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® The fractions of various modes extracted and simulation corrected accordingly
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D7 production

® Data sample selected with m(37%) around D mass
e Fit to m(D*~37) — m(D°) — m(37%)
Components:

e B D DF

e B0 D*~D;*

e BY— D*~D}(2317)"

e BY— D*~ D} (2460)"

e B— D* DIX

e B D" DFfX
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D7 production

a T T T T T T T T T T
O 300 - T
Ny L { Daa LHCb Prelimin 1 gawF T 7
> = 2 e & |- ey
] 3 o 2fbt 1 & e
= - B0 1 = 3
o - & -oouen 1 §m= -
2 200 oo -+ & 5
~ - 60D 260y 4 E 50
8 B [ s-07pix b 0 o
‘a I l:l 0 -y - « [ 05 1 15 2
5 [ = B).D"DIX ] @ [GevZcT] te[psl
— Combinatorial
S _ — S T T
g 100 1 g
O L i <

’ ' §

0
500 1000 1500
*— +
rT(D 371) - rTKK ”_) - n1(371) [M eV/CZ] -04 -02 0 02 04
UO Anti-D$ BDT output

® Fractions of each component

. S ® Good agreement between model and
determined and used as constraints in

) ) ) data for the fit variables
the signal extraction fit
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B — D*~(D*,D%X decays THC\S
e Data control samples for B — D*~(D%, D%) X decays compared with simulation

e g2 distribution in simulation is corrected for the observed differences

Q
g 15T Luco preliminary i
7
E Fo2fb! 1
= r ]
B 0.1 —IDaa _
z = [ Simulation before reweighting -
r Simulation after reweighting -
0.05 — -
0 ==
0 5 10

¢ [GeVHcH

e 71 decay time and anti-D; BDT output distributions in good agreement
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Signal extraction

. . § 8000 LHCb Preliminary
® 3D binned template fit to: 3 I 2
0 L
* ¢° = (pgo — pp+)? 5 f
e 7T decay time 3
ko] L
® Anti-DS BDT output % 2000}
. 8 I
® 8 x 8 x 6 bins of : -
@ [Gevcd]
[ ]

Total 16 components in the fit

® Templates for 13 of them derived from simulation samples
® Rest of them (combinatorial backgrounds) derived from data

Contribution from excited D** states estimated from simulation and corrected
with weights calculated using theoretical inputs [rev. Mod. Phys. 94, 015003 (2022)]
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Signal extraction

-~ - T T 5 T T 3
‘\;E 8000. LHCb Preliminary L% LHCb Preliminary
g [ 21b? & 10000 2fb? 1
© 6000 =
5 [ 8
a f g
= 4000 =
g [ 8
= L
£ 2000
oE 0
0 5 10 0 05 1 15 2
R [Gevycd] t; [ps]
< T T T
j 10000 LHCb Preliminary | \ Da
S 21 a
= — Total —
F oy, N(BY— D*7+u,) = 2469 + 154
= B ] [s-Drv, ; —
g = B D DI(X) Run 1 yield = 1296 + 86
Il B-DD(X)
B-D37X » Larger dataset
=0
o$ -ggi SO(X) » Improved selection
-02 0 02 04 .l Comb.ﬁo
Anti-D? BDT output I Comb.
[ 1Comb.D™
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Normalisation mode B% — D*~ 37+

® Data sample with similar selection as that for signal decays

® No detachment criteria on 37T vertex

N L ]
3 4000~ | Daa LHCb Prefiminary |
g - —Tod 21b?
1o 3000 — B-D"¥ ]
Q‘; E “““““ Background E
' 2000 E
ko [ 1
-c L 4
5 1000 E
5 7 ]
o r ” ‘ | | 1
8150 5200 5250 5300 5350 5400

m(D*"3m) [MeV/c?]

® N(B°— D*3n%) = 30540 4 182
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Systematic uncertainties

Major sources are

® Signal and background modelling
e Selection criteria on B— D*~7F v, and B®— D*~ 37 decay modes
® Limited size of the simulation samples

® The largest contribution in Run 1 from limited simulation samples (4%)

® This is reduced to half its value in this analysis
® Simulation technique ReDecay has allowed for the production of large simulation

samples

® Empty bins in the templates

43
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Systematic uncertainties

Resmi P K (Oxford)

Source Systematic uncertainty on K(D*) (%)
PDF shapes uncertainty (size of simulation sample) 2.0
Fixing B — D*fD;r(X) bkg model parameters 1.1
Fixing B — D*~ DY(X) bkg model parameters 1.5
Fractions of signal 71 decays 0.3
Fixing the D** 7" v, and D:*JH-Jr v, fractions tll..Bg
Knowledge of the D;r — 37X decay model 1.0

Specifically the D;' — a1 X fraction 1.5
Empty bins in templates 1.3
Signal decay template shape 1.8
Signal decay efficiency 0.9
Possible contributions from other 7 decays 1.0
B — D*~ DT (X) template shapes tzo'é
B — D*~ D°(X) template shapes 1.2
B — D*7 D} (X) template shapes 0.3
B — D™~ 371X template shapes 1.2
Combinatorial background normalisation too'%
Preselection efficiency 2.0
Kinematic reweighting 0.7
Vertex error correction 0.9
PID efficiency 0.5
Signal efficiency (size of simulation sample) 1.1
Normalisation mode efficiency (modelling of m(37)) 1.0
Normalisation efficiency (size of simulation sample) 11
Normalisation mode PDF choice 1.0
Total systematic uncertainty t65'.29
Total statistical uncertainty 59

CER

Seminar
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R(D*) with hadronic 7 decays

o B(B'— D1ty
MD7) = B((BO—> D*—37ri))
® The absolute branching fraction of B — D*~ 7% v, decays
B(B°— D*~r*v;) = (1.23 £ 0.07 (stat) & 0.08 (syst) & 0.05(ext)) x 102
B(B® — D*~3x%)
B(B°— D*~ptv,)
® The BFs of B~ D*37x% and B®— D*~p* v, - external inputs
R(D*) = 0.247 4+ 0.015(stat) + 0.015(syst) + 0.012(ext)

= 1.700 + 0.101(stat) 9195 (syst)

R(D*) = K(D*)

In agreement with Run 1 result

e Combining with the Run 1 result

R(D*)2011_2015 = 0.257 £+ 0.012 (stat) + 0.014 (syst) + 0.012 (ext)

Agreement within 1o to SM R(D*)sn = 0.254 4 0.005 [HFLAV]
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R(D*) with hadronic 7 decays

BaBar 2012, had. tag
0.332 +0.024 + 0.018 —_—

Belle 2015, had. tag
0.293 £ 0.038 + 0.01!

Belle 2017, (hadronic tau)
0.270 £ 0.035 + 0.027

LHCb 2023, hadromc tau
0257+0012(+ ) . NEW!

Belle 2019, o tag
0.283 + 0.018 + 0.014 —_——

LHCb 2022
0.281+0.018 + 0.024

Average

0.284 +0.013 S
SM Average
0.254 + 0.005 0
PRD 95 (2017) 115008
0.257 + 0.003

JHEP 1712 (2017) 060
o357 < 0o Theory
predictions

e B

PLB 795 [%019) 386

0.254 + 0.007

PRL 123 (2019) 9,091801
.253 + 0.005

EPJC 80 &)020) 2,74
0.247 £ 0.

EPJC ”Z(ZOZZ) 12,1141
0265+ 0013 N HFLAV
1 1 l 1 1 1 l 1 1 1

0.2 0.3

—

il

—

R(D*)
® One of the most precise measurements of R(D*) [HFLAV]
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R(D*) with hadronic 7 decays

~ 04 e e e e
<) s HFLAV Ax?=1.0contours
o B ]
— BaBarl2 —]
0.35 - Bellel5 .
0.3 ' ]
B LHCb23 LHCb22 —+
025~ iRl o - -
r Bellel7 7
C D 65 (2017 125008 World Average .
0.2 = $HFLAV SM Prediction  HEP 1712 2017) 060 RED)):O.OSgg4 + O'oogg‘éf " —
o R(D) = 0.298 + 0.004 PLB 795 (2019) 386 R(D*) = 0. +0013,,, -
o R(D)=0254£0005 Loy om o st p=-037 1
B r—vnmos( )5 P(X?) = 25% -

o by b PTORREPE b e Ly

02 025 03 035 04 045 05 055
R(D)

® Including this result, the world average becomes
R(D*) =0.284 £ 0.013; R(D) = 0.356 4+ 0.029 [HFLAV]
® The deviation w.r.t. the SM is at 3.2¢ for the combination of R(D)-R(D*)
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Outlook

® Adding full Run 2 dataset
® Many new measurements underway
for a variety of R(X.) ratios

Run 2 Run 3 Run 4 Run 5 Run 6
M)
® R(A.) IPrL 128, 191803 (2022)], R(Ds), 4 — R(DY)
-- R(D)
R( D+ ) e 12 \ 5 Optimistic — R(DW)
‘\ \\ systematics scenario — R(A)
H 10 Lo ]
® Exploring new observables beyond RN g

these ratios

Upgrade IT

® Made possible by the good

Total uncertainty [%]
co

signal to noise level in the . LHCb R e
unofficial ST m——-——1
Ie . Upgrade I e
Samp D ON DO NN IOIPOHONDOOINIOHOENYHOL OND
N e S VA A VIR A VI AR VA TR O o R OV g Ol g )
® Excellent prospects for R
Dataset up to year
polarisation and angular [arXiv:2101.08326, arXiv:1808.08865]

observables
® The recent BESIII results on inclusive D — 37+ X rates for D = D° D, DF will

significantly lower the systematic uncertainties in the legacy measurement to come
[PRD 107, 032002 (2023), arXiv:2212.13072]
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. ()
Conclusions Y&'\Cp

® R(D*) measurement using hadronic 7= — 7t 7 7 (1), [LHCb-PAPER-2022-052]
e Used partial Run 2 dataset of 2 fb™! at Vs =13 TeV (In preparation)

R(D*)2011_2015 = 0.257 £+ 0.012 (stat) + 0.014 (syst) + 0.012 (ext)

® Agreement within 1o to SM
® Global picture unchanged for R(D)-R(D*) combination with tension with SM at the

level of 30

04 T T T T T T T T
A2 = 1.0 contours

LHCb T p
LHCb T 3r(1)
L %

LHCb Average

R(D) = 0457 % 0,088,

R(D*) =0.265 £ 0016,
=030

R(D*)

035 » Semileptonic decays are
challenging at hadron colliders
» Yet, R(D*) precision at LHCb

similar to Belle

03

0.25

0.2 HFLAV SM Prediction
R(D) = 0298+ 0,004
R(D*) = 0254 £ 0005

1 1

0.2 0.25

» LHCb a major player!

P =519
! 1

045 05 055
R(D)
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Conclusions TRG

s,
P

® \We have started taking data with first upgrade of LHCb, exciting times ahead!

%m&wl
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