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Outline

* Lepton Flavour Universality (LFU) is an
accidental symmetry of the Standard Model

* Predicts that each lepton generation has identical c
coupling to gauge bosons, differences in decay
rates are only due to masses Vi

» Today, will cover LFU tests in T and u modes,
with tree-level b — clv decays

« LHCb also tests LFU in 4 and e modes, with
loop-level b — sll decays, see talk by Florian for -
more details

25/05/23 11th Large Hadron Collider Physics Conference 2



https://indico.cern.ch/event/1198609/contributions/5316857/

R(D*) measurements at LHCb

B(B » DMty
B(B — DY uv,)
Muonic Hadronic

«T > UV o7 - nrn(n®)v
* Measure T and y modes in one * Need external BR measurements
dataset for normalisation
* Large statistics * Precise reconstruction of T vertex
» Can measure R(D?) and R(D*) * No muonic background
simultaneously
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Combined measurement of
R(D?) and R(D*)

LHCB-PAPER-2022-039

25/05/23 11th Large Hadron Collider Physics Conference


https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-039.html

R(D 0 ) - R(D * ) muOniC LHCB-PAPER-2022-039

« Uses Run 1 LHCb data (3 fb1)

Signal
* Muonic 7 decay has large branching fraction
(17.4%)
» Make measurement of R(DY) and R(D*) using
the same dataset e
PV
* Split dataset into two samples:
> {D°u} - Veto D** - DOnt
o {D*u} - Combine D with slow pion Normalisation ot
* {D%u} ~5 times larger due to higher branching
fraction and efficiency
* Muonic decay used as normalisation, ~20
times larger than signal
S e
PV
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-039.html

Control re gions L HCB-PAPER-2022-039

Use 3 separate control regions:
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-039.html

Fit strategy

« 3D template fit in g2, m2,;, E;, approximate B meson
rest frame @

* Fit 8 samples simultaneously / \

* Use two fully independent fitters, independent 0 o
implementations

» Confirm agreement between two fitters / \ / \

* Form factor (FF) models: Signal 3 control  Signal 3 control

o D* : BGL [JHEP 12 (2017) 060] sample samples  sample samples

o DY : BCL [PRD 92 (2015) 054510]
o D** : Bernlochner & Ligeti [PRD 95 (2017) 014022]

.. . m%niss — (pB —Ppt — pl)z
» Helicity-suppressed terms constrained and other FF

params are inferred from fit. q*> = (ps —p D(*))Z
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https://link.springer.com/article/10.1007/JHEP12(2017)060
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054510
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.014022

Fit pr()jections L HCB-PAPER-2022-039

* 4 bins are used in g, projections in highest bin are shown

D°u sample D*u sample
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B~ - D*O,u'ﬁﬂ = 958k 3D X B -0 uv

Do *+ - k e B 3-D v
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-039.html

Result

R(D*) = 0.281 £ 0.018 (stat.) + 0.024 (syst.)
R(D) = 0.441 £ 0.060 (stat.) + 0.066 (syst.)

*p=-—0.43
* 1.90 agreement with SM

* Main systematic uncertainties are from
sizes of templates and background shapes
(B —» D*DX and B —» D**uv)

R(D*)
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¢ Standard Model LHCDb 3-prong
[ BaBar 2012 [ HFLAv 2021

[ Belle2015 (hadtag) ¢ LHCb Muonic (Previous)
Belle 2019 (sl tag) [ This work (stat only)
¢ Belle 2017 (1-prong) This work (stat+sys)

o
o
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https://indico.cern.ch/event/1187939/attachments/2530158/4355180/DTaunu_CERNSeminar.pdf

Measurement of R(D*) with
hadronic 7 decays

LHCB-PAPER-2022-052
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-052.html

R(D*) hadronic

LHCB-PAPER-2022-052

» Update of Run 1 measurement, using data
from 2015 and 2016 (2 fb1)

» Use a normalisation mode, then extract
R(D*) using external branching fraction as
input

» Knowledge of external branching fraction
contributes a systematic uncertainty

« However, if we normalised to muonic
mode directly, there would be larger
systematic uncertainty from efficiency

* Therefore measure signal fraction relative
toB? » D* mtnmt

25/05/23

11th Large Hadron Collider Physics Conference

Measure:

B(BY -» D*"ttv,)

k(D7) = B(B? » D*nmtn—nm™t)

From simulation

\

Nsig Enorm{ 1 }
Nporm €sig (B(rt - 3mvy) + B(r+ - 3nnv;)

k(D*) =

* * B(BO - D*_7T+7T_T[+)
R(D*) = k(D ){ B(B? - D*~utv,) }

|

External branching fraction
input [PDG]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://academic.oup.com/ptep/article/2022/8/083C01/6651666
https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-052.html

R(D*) hadronic

* ~40% more candidates than previous

Signal
work (higher energy, better trigger) 5
* No muonic background, but large
background from B —» D**3nX
» Also large double charm background — o 4 —
(B -» D*DX) PV
* T - 31 (%) decay has branching fraction
of 13.5% Normalisation
» Approximate rest frames of B and 7 due to
missing neutrinos
__________
PV
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B N D*BTL'X background L HCB-PAPER-2022-052

* Very large background

* Can reduce by using 3 vertex information — must be displaced from B vertex in signal
mode

* Use vertex separation variables in a BDT classifier, gives > 99% background rejection

A(z) = z(3w) — z(B®)

4 | I T I L I L I L T I_
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25/05/23 11th Large Hadron Collider Physics Conference


https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-052.html

D()uble Charm b aCkground LHCB-PAPER-2022-052

* Another large background comes from

Double charm

(0) *— 1+
B(s) — D*"DJ (- 3mX)X events background
* Most abundant background after full
selection B® "
. . . —._ —————
* These can mimic the signal topology PV
* Train “anti-D5” BDT to reject these decays
3.5_ | U T T | T T
 Use isolation and kinematic variables in [ LHCD simulation Signal -D*wv -
.. B Background - D*DsX ]
training b - E
 The BDT is also used as a fit variable 2L ST g
15 = * - -
0.55— : : *, - —f
OZ..L*.'. d AA“+". L1 .'.'*.4.. odea ald
-0.6 -0.4 -0.2 0 0.2 0.4 0.6

Anti-D} BDT response
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-052.html

LHCB-PAPER-2022-052

Double charm background

+
T
[ ]
Ag)l)other large background comes from Double charm
=+
B(s) — D*"DJ (- 3mX)X events background
* Most abundant background after full D**
selection BO T
. . —o_ ___________ X
* Measure production fractions of these PV N
decays in separate fit, then use this to ﬂ@
constrain signal fit + Data Total @ B'—D D -
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LHCB-PAPER-2022-052

Double charm background

* Another large background comes from Double charm

(0) *— N+
B(s) — D*"DJ (- 3mX)X events background
* Most abundant background after full
selection B® .
. . + —.— —————
 Can invert the cut on the anti-D; BDT to PV
obtain control sample in data
. . +
* Fit this sample for D;_ — 3nX decay ¢ Data Total . @ Non-Dj bac(l)<ground n
. . . @ Other Dy modes [ Di—{w,¢}n(n) Bl D:—-nrt(rn’)
fractions, use to correct simulation ) Dy ()
cg F T ] N\’; 4_ j ' ' T j ' ' ™ g T T T T T 1 g T T T T L T T L
5 2000 1 Zwl SR 3
= 1 = | = T =
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g 1 % z E
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min[m(z*n7)] [MeV/c?] max[m(z*n7)] [MeV/c?] m(mtt) [MeV/c?] m(37) [MeV/c?]
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-052.html

Candidates / (1.375 GeV?/c?*)

Fit Strategy LHCB-PAPER-2022-052

* 3D maximum likelihood template fit, using: {g*, anti-D;” BDT, 7 lifetime}

» 8 bins in ¢* and 7 lifetime, 6 bins in BDT output
» This fit is used to extract BY —» D*~ttv; yield

* B > D*~37 yield obtained from separate normalisation fit

¢ Data Total : : : v "
I —, Signal fit Normalisation fit
] B—~D ™ DI(X) B 3D D(X) Yield = 2469 + 154 Yield ~ 30k
B—D 3xX B—D*D (X -
i . 50 5 ) (Run 1 yield = 1296 =+ 86) ~ [T
§ 4000__ ! Data LHCb .
§ E — Total 2 fv! E
& 10000 F—m 2 . - 3000 — D3m :
5 L 2 10000 r ];?b(ib ] Q Lo Background ]
: S ' 2 2000 -
o r QL +~ i
g 5000 -_é B "g - ]
Q - g 5000 - ,5 1000_ I
®] : g B -
I I O ]
" * | e Pt e g a8 ) domtleai
; : e 0, : ) = 0 (;% = s $150 5200 5250 5300 5350 5400
g2 [GeV¥c4] Anti-D; BDT output ' ' 1. Ips] m D*_37Z') [MeV/cz]
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-052.html

Result L HCB-PAPER-2022-052
B(B® - D*"ttv,)
B(B® —» D* mtmmt)

= 1.700 + 0.101 (stat) 3192 (syst)

Main systematic uncertainties are
template sizes and background
This gives absolute branching fraction: template shapes

k(D*) =

B(B® - D*~t*v;) = (1.23 £ 0.07 (stat) + 0.08 (syst) £ 0.05 (ext)) X 1072 From HELAV

BaBar 2012, had. tag
0332 £0.024 +0.018

Belle 2015, had. ta; % i ;
0.293 + 0.038 + 0.01 : v
Belle 2017, (hadronic tau)

From ’[hlS anaIYSiS: 0.270 +0.035 + 0.027 °

LHCb 2023, (hadronic tau :
02570013 L6013 -)—""—- : NEW!

Belle 2019, sl.tag : |
0.283 £0.018 £0.014 | —

R(D*) = 0.247 + 0.015 (stat) + 0.015 (syst) + 0.012 (ext) B oy
Combining with previous (Run 1) result: %}%{‘%}Zﬁ)ﬁ’:j

PLB 795 (2019) 386
0.254 £ 0

R(D*) = 0.257 + 0.012 (stat) + 0.014 (syst) + 0.012 (ext) A

EPJC 80 (2020) 2,74
0.247 £0

bt

HFLAV

Consistent with SM within 1o S — CRE—
R(D¥)
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https://hflav-eos.web.cern.ch/hflav-eos/semi/winter23_prel/html/RDsDsstar/RDRDs.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-052.html

Updated world average

. ? ().4 1 1 | | I 1 | 1 | | I | 1 1 1 I 1 1 1 1 I | 1 1 | I | | 1 1 1 I | | 1 1 || I 1 1 | 1 I 1 | |
e With two new results A - A = 10 -
— - = 1.0 contours =
(LHCb22, LHCb23), z E m X ’
n Prelim. 2023 -
world average becomes: 035 — BaBarl?2 _
. L Bellel5 |
o R(D*) = 0.284 +0.013 - - ]
> R(D) = 0.356 + 0.029 - p -
o — 03 { —
P = 0.37 — LHCbH23 LHCb22 -
e Deviation from SM for B 1 -
combined R(D) — R(D*) 025 [ b Bellel9 -
moves from 3.30 to 3.20 - o
with the two new " Bellel? BRI 94 2016) 094005 , 7
~ PRD 95 (2017) 115008 World Average m
results 0.2 — -{-HFLAV SM Prediction  JHEP 1712 (2017) 060 R(D)=0.356 £0.029 —
— R(D) = 0.298 + 0.004 FLEL 795 (019) 386 R(D*) =0.284 £0.013,, -
B R(D¥)=0254 £0.005  poc a0 o000, 1 p=-037 -
— PRD 105 (20224 0 P(x) =25% =

1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1

0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
R(D)
From HFLAV
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https://hflav-eos.web.cern.ch/hflav-eos/semi/winter23_prel/html/RDsDsstar/RDRDs.html

Other measurements
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Many other R(H,) being studied...

) _ o~ F F S1400F
£ 8000 1 % 21600 LHCb e s LHCb == N§ [ LHCb 7
B 7000 - ERS @ 1400F ) S 2500 E — Total model 21200F 3 fb!
= E 3 "y 1 1 &)
B 6000 =| (&) S r 3fb = — 3fb .A"_,,yﬂ,— ) E
. E E = 1200F £ 2000 Lo 21000
< 5000 - 4 3 8 E el E A —AID;(X) < F
E om0 3 = < 1000 g 3 = s
S E = g f S 1500 W £-a0 0 £ 8001
000 38 5 s00f © 8 - =
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2000 4 =2 600 1000 inatori § O ‘
1000 [ 3 g s Combinatorial &} F
g = 400 sool 400
25 e - r
-} Em——— | 200 -_ - L_== 20F
S R S R B (e — - = — 3 L L — ! " - C
@.E,) “decay time [ps] 'flz [GeVZ/c“l]o b d 1.5 2.0 0 02 0.4 0.6 BDQ’Ig‘ 1 0 . 1|0
miss output
—— Data W B. > Jyu'y, t [ps] E ¢ [GeV?/c4]
Mis-ID bkg. B J/y +u comb. bkg.

T, S RU/Y) R(A.) Phys. Rev. Lett. 128 (2022) 191803

B T,

Phys. Rev. Lett. 120 (2018) 121801

Run 1: 3fblat7/8 TeV | Run 2: 6 fb-1 at 13 TeV S

mode muonic hadronic muonic hadronic g
R(D) X X X X £
R(DY) v X X X :
R(DY) v v X X g
R(A) X 4 X X ) ] Optimis;i::___\ \ RN .
R(A) X X X X [ LHCD uoffctal. e
O A ST TeSessids
R(Ds*) X X X X Data sample up to year
R(Ds+) X X X X [Rev. Mod. Phys. 94, 015003 (2022)]
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https://journals.aps.org/rmp/pdf/10.1103/RevModPhys.94.015003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803

Angular analyses

* Measurements of angular decay rate give more complete information than branching
ratios — complementary test of LFU

* Different strategies currently being pursued at LHCb:

1. Fit directly for Wilson Coefficients, assuming a particular
FF parameterisation

2. Measure angular coefficients with a model independent
method !

m
dr(B - D*lv)  _ 3mimp°Gj v 'Zi}[ e (6.0 a / L
dw dcosO, dcosp dy  16(4m)* EW!Vebls 7 THilW i(61,6p, %) P
l
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Measuring angular coetficients

b Alm tO measure ]_2 qz—integrated angular Parametric fit to true angles e~ 23 fb~! template fit
. . . * . ~¢= 9 fb~! template fit to reco. angles & BDT ~e= 50 fb~! template fit
coefficients in B — D*lv in a model
independent way
Ilc T——
* Method outlined in proof of concept paper s Y -
(THEP 11 (2019) 133) o .
12 e
* Create a template for each angular term, i g
. . . I3 ;
assigning per-event weights to cancel = =
. [} -
decay model in MC <t =
Qg) 15 —-—*— S
d*T 1
2 ) I6c : e
dq2d(cos 0,)d(cos 6,)dy & [;.cos* 8y + I, sin” 6 . i
+[I,. cos? 8y, + I, sin? 8] cos 26, ’ ' |
+[I,. cos? 6, + I, sin? O] cos O, 7 _*__3__
+[I5 cos 2y + I, sin 2] sin? 4, sin? 6, 18 =
+[I, cos y + I sin y] sin 20, sin 26, 19 ——

¢*-integrated value
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https://link.springer.com/article/10.1007/JHEP11(2019)133

Conclusions

 LFU tests in b — clv are an important component of LHCb’s physics program
* Recently released two major measurements of R(D%)/R(D*)

» Complementary tests with other R(H,.) measurements are being performed

* In addition, angular analyses of B — D*lv are ongoing

» Still lots more data to analyse from Run 1 and 2, and have now started Run 3!
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Backup
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LHCDb detector

* Designed to operate in forward T
region (2 < 1 < 5), exploiting large Pl T
o bb ///;/// \sx
" Int]Mod. Phys. A30(2015)1530022
e Run 1: /7 arXiv:2305.10515 N\

2012
f Ldt=3fb"1{s=7—-8TeV
2011

e Run 2;

2018
f Ldt=6fb"1,\s=13TeV
2015

* Run 3: New detector (2023 - ),

Vs =13.6 TeV
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https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://arxiv.org/abs/2305.10515

R(D*) measurements at LHCb

Previous measurements

* R(D*) muonic, Run 1 data [Phys. Rev. Lett. 115, 111803 (2015)]
* R(D™) hadronic, Run 1 data [Phys. Rev. Lett. 120, 171802 (2018)]

In this talk

* R(D%) — R(D*) muonic, Run 1 data [LHCB-PAPER-2022-039, submitted to PRL]
* R(D*) hadronic, 2015+2016 data [LHCB-PAPER-2022-052, submitted to PRD]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-039.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/l/LHCb-PAPER-2022-052.html

World average status

S | I I I I I I I I I I I I [ I I I
* Status before two new LHCb & - ) 5
= B A" =1.0 contours ]
results & 04 =z -
[ LHCb15 |
» Contours defined by Ay? = 1 B  amei )
. . 0 . 3 5 [~ 30 , // - Kﬁr‘\\\\ —
 This means horizontal bands . Pt \ ]
. C LHCb18 ]
represent 68% confidence = | X/ =
interval, ellipses are 39% 0315 N \ =
— ? verage -
* Precision of world average is 0.25 + Bellelg " Bellel5 I
muCh hlghertthan any E 8611617 PRD 9? (2010)0‘)-—1003 World Average :
meastremen 0.2 . 4+ HFLAV SM Prediction Ill!i{fl); 7(1“20(12“0) 117])3:(?: R(D) =0.339%0.026+0.014 ]
. R(D) = 0.298 +0.004 PLB 795 (2019) 386 R(D*)=0.295+£0.010£0.010 a
. . . - PRL 123 (2019) 091801 = -
* Longstanding 3.30 deviation - RO =0254£0005  frciogona Do ~25% -
* * * b 1 I 1 1 1 1 I ' )l 5(2(122) 3 lﬁ } 1 I 1 1 1 1 1 1 1

with SM, difficult for this to 02 03 04 0.5

move with a single R(D)
measurement Available at HFLAV
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https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/main.shtml

Kinematic reconstruction

* Missing neutrinos create an experimental challenge, can’t fit a clean mass peak
« Can’t reconstruct BB rest frame at a hadron collider, so need to estimate B momentum

« Assume proper velocity (yf3) of visible part (D™ ) along z axis is equal to proper
velocity of B along this axis

» This gives pg(z), other components determined from knowledge of B flight direction

» Can then construct other rest-frame quantities (q%, m2,;, Ej;)

me
Pl = ——ppu(@)V1 + tan2 a
Mp+y
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Track isolation

» Technique used to reject backgrounds with
additional tracks

0.04

 Aim is to isolate signal candidate from the - SV
rest of the event

* BDT used to determine whether a track is
compatible with a B vertex ‘% z'zZELHCb Simulation

» Efficient separation of B —» D™ uv g 007 B — D pv <| B~ DYy
processes, which are very signal-like < 0.06

» Can also invert the cut to obtain control 00

.

sample with enriched backgrounds

0.03 N
0.02 NN
N

0.01

7
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-1 -0.5 0 0.5 1
Highest BDT output
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Control regions — one pion sample

 Sample requiring exactly one extra pion (of correct charge)
* This is used to model B = (D** = D*m)lv backgrounds
* There are four known D** resonances, their yields float individually

* Form factor model from Bernlochner & Ligeti [PRD 95 (2017) 014022], all parameters are

unconstrained
¥ 2 £ 10ha0’ LHCO
E - 3
O S °
o —~ N
e 8 o I
- g g
-g &) B
& & £ 0
T T
0 5 ,10 1000 2000 0 5 10
m2,.  (GeV?/c*) Ej MeV) ¢* (GeV¥c)
+Data @3 fb_l) .B—)D*rv .B—)Drv B—D"'DX .B—>D**,u 1%

Comb. + misID .B—)Do,u 1% .B—)D*O,u v .B—)D”,u v
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.014022

Control regions — two pion sample

» Sample requiring exactly two extra pions
* This is used to model B — (D** — D*rm)lv backgrounds
* These are heavier D** species

* Currently no form factor model for this, use a cocktail simulation sample

400 > LHCb| =  [x10° LHCb
% p= s 4 _ —
O 2500 |
8 ~ N
= g °
4200 ks < |
g = 8 o
3 g 2 Y
: o A
o I U -_
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0 5 10 1000 2000 0 5 10
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Comb. + misID .B—)Do,u % .B—)D*Ou v .B—)D”,u v
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Control regions — kaon sample

» Sample requiring at least one extra kaon

» This models B —» D®*)DX backgrounds

 Float the mass combinations of B - DDKX and fraction of B - DDK*

25/05/23

Candidates / (0.3 GeV?/c%)

Pull
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Comparison with previous result

* Previous measurement was only R(D*) with same data sample
» Refitted this sample, with updated procedure
* From this fit, obtain R(D*) = 0.293, 1.60 agreement with previous result

P P XIO} - - T T
= 40000 g LHCb preliminary  ysssssssssssssss
E 3 = 3 180 3 !
E 0000 | 7 140
3 15000 F 120
E 10000 - 100
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Fitting for Wilson Coetficients

» Use HAMMER package to reweight MC generated with SM decay model to NP
scenarios

» Perform fits with CLN, BGL and BLPR parameterisations

» Statistical precision (Run 1 only) comparable to latest B-factory measurements (Phys.
Rev. D 100, 052007 (2019), Phys. Rev. Lett. 123, 091801 (2019))
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https://hammer.physics.lbl.gov/HammerManual.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.052007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.091801
https://cds.cern.ch/record/2824477

Systematics, R(DY) — R(D*) muonic

Internal fit uncertainties oR(D*)(X107%)  oR(poy(x107?) Correlation

Statistical uncertainty 1.8 6.0 —0.49

Simulated sample size 1.5 4.5

B— D®DX template shape 0.8 3.2

B — D™ ¢~1, form-factors 0.7 2.1

B— D*1~v, form-factors 0.8 1.2

B (B— D*D; (— 77 7,)X) 0.3 1.2

MisID template 0.1 0.8

B (B— D*17 v, ) 0.5 0.5

Combinatorial < 0.1 0.1

Resolution < 0.1 0.1

Additional model uncertainty oR(D*)(X107%)  oR(poy(x107?)

B— D®DX model uncertainty 0.6 0.7

B%— D*u~v, model uncertainty 0.6 2.4

Data/simulation corrections 0.4 0.8

Coulomb correction to R(D**)/R(D*°) 0.2 0.3

MisID template unfolding 0.7 1.2

Baryonic backgrounds 0.7 1.2

Normalization uncertainties oR(D*)(X107%)  oR(po)(x107?)

Data/simulation corrections 0.4xXR(D*) 0.6xR(D?)

7~ — p~vv branching fraction 0.2xR(D*)  0.2xR(D°)

Total systematic uncertainty 2.4 6.6 —0.39

Total uncertainty 3.0 8.9 —0.43
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Systematics, R(D*) hadronic

Source systematic uncertainty (%)
PDF shapes uncertainty (size of simulation sample) 2.0
Fixing B — D*~ D} (X) bkg model parameters 1.1
Fixing B — D*~ D°(X) bkg model parameters 1.5
Fractions of signal 7% decays 0.3
Fixing the D" 7%y, and D**7tv, fractions e
Knowledge of the D} — 37X decay model 1.0
Specifically the D — a; 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*~D*(X) template shapes WKy
B — D*~D°(X) template shapes 1.2
B — D*~ D (X) template shapes 0.3
B — D*~ 3w X template shapes 1.2
Combinatorial background normalisation ol
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(3)) 1.0
Normalisation efficiency (size of simulation sample) 1.1
Normalisation mode PDF choice 1.0
Total systematic uncertainty e
Total statistical uncertainty 5.9
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LEUn b — sll

* At LHCD, test LFU in electron and muon modes by measuring;:

p(Kk®) = BB = KOt o)
(k) = B(B - K®ete)

« Measure ratios normalised to B — J /WK™ to control efficiencies, and cancel systematics
» Have to correct for electron energy loss in the detector via Bremsstrahlung processes

» Make measurements in regions of g*
o "Low”: [0.1 -1.1] GeV?
o ”"Central”: [1.1 — 6.0] GeV?
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[arXiv:2212.09152, arXiv:2212.09153]

LFU mb — sli Submitted to PRL, PRD

* New result measures R(K) and R(K™) consistent with SM (agree within 10)

* This supersedes previous result [Nature Physics 18, 277-282 (2022)]

* Main changes are due to misidentified hadronic background
o Improved modelling

o Tighter particle identification criteria for electrons
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https://arxiv.org/pdf/2212.09152.pdf
https://arxiv.org/pdf/2212.09153.pdf
https://www.nature.com/articles/s41567-021-01478-8

