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In the Standard Model couplings of leptons to W,are
independent of flavor by axiom

Different masses generate calculable phase space differences

Hadronic form factors largely cancel out in ratios of branching
fractions

¢ Measurement of a violation of LFU would be a clear sign of new .
physics W‘/H‘,L v,

—r b c *
Some SM extensions include particles that can cause LFU violati Bl 3. ¥ 9 Y
6SPID [vE %QO

Experimental investigation of LFU has been pioneered at LEP

(W © & ') and at theBfactories(Y 'O )[PRL 109, 101802] showed
hints of a tension with the SM b
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Overview

In this report | will present recent results frooHCh ATLAS and CMS
In four different classes of measurements

¢ O & [ATLAS, CMS]

@O & a[LHCH,

0O i GLHCH

AMC O O at high mass [CMS]
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q
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Nature Phys. 17 (2021) 81

E)ATLAS test of LFU in W boson dec

EXPERIMENT

LEP measureti& oo O 1 ’consistently higher
W.rt.® "G © QH ’ [Phys. Rep. 532 (2013)

119]:
¢ 'YTT =1.070+ 0.026, ¢& ,different from unity 108 ATLAS ® Data
v/s=13Tev, 139 b [ ] Prompt u (top)
ATLAS improved this using a pure sample of Signal region B - u(top)
5
(500k) from dileptoni@devents whered© ww ¢ e, 20 <pl<250GeV [ ] u (hadron decay)
andw © a Wwith tag and probe on lepton E o Post-fit s
(unblased) = [ Other SM processes
‘ :E 108 ~2 Uncertainty
Background fromw© * ‘with lost' and probe ¢
not from w dgalibrated on control regions Y
Muon 0 and impact parameter are used to 10
separate prompt and secondaryand to extract
yields o
® 1.05 ’
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Nature Phys. 17 (2021) 81

E)ATLAS test of LFU in W boson dec

EXPERIMENT

LEP measureti& oo O 1 ’consistently higher
W.rt.® "G © QH ’ [Phys. Rep. 532 (2013)

119]:
¢ 'Y1T =1.070t 0.026, ¢& ,different from unity ATLAS —=— LEP (ref. °)
» ATLAS — this result
ATLAS improved this using a pure sample of |Vs=13TeV, 1391 Statistical uncertainty
(500k) from dileptoni@devents whered© w w [0 Systematic uncertainty
andw © a Wwith tag and probe on lepton —e— Total uncertainty
(unbiased) .
Background from© * ‘*with lost* and probe
not from w dealibrated on control regions "
Muon 0 and impact parameter are used to T

separate prompt and secondaryand to extract 0.8 100 102 104 106 108 1.10
yields R(zly) = B(W=1)/B(W=m)

YT T8y w ¢ 18T p agreement with LFU
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Select events with WV, tt andW+jets

Search for all W decayis © ‘Q [Tt ’ [h
T M QI €.&€ Qw

Split analysis depending on event category

Does not use impact parameter to separate
prompt from secondary muons but only
kinematic variables

Simultaneous extraction of all BF in all event
categories by ML fit to distribution

Events / GeV/

PHYSICAL REVIEW D 105, 072008 (

CMS test of LFU In In W boson dec

-1
CMS 3597  (13TeV)
4 Data e other ety
+o+ Expacted {pre-fit) T, MC stat. une.
fultijet t.h L7 postfit syst. unc,
N Z+jets B ch
er,t M, =2, M, =2
2-:—:.:—; - '
L='=1
E—.
.

050, a0 50 80 100 120 740
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Select events with WWW, tt and W+jets
Search for all W decays © Q[T ' [h

PIR@ QI € £ Qw
Split analysis depending on event category W—eve
Does not use impact parameter to separate
prompt from secondary muons but only
kinematic variables .
_>I“I'V|.l
Simultaneous extraction of all BF in all event
categories by ML fit to distribution
CMS LEP ATLAS W s v
Ry 1.009 +=0.009  0.993 +0.019 1.003 4+ 0.010 T
R./e 0.994 4+ 0.021 1.063 £+ 0.027 e
Ry, 0.985 4+ 0.020 1.070 £0.026 0992 +0.013
Ry/e 1.002 +£0.019 1.066 + 0.025 e
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PHYSICAL REVIEW D 105, 072008 (

CMS test of LFU In In W boson dec

35.9fb (13 TeV)

CMS

—

L.

-+ CMS

CMS LFU (68%.,95% CL)

< LEP

LEP LFU (68% CL)

w/ LFU

B(W — fv) = (10.89 £ 0.08)%
B(W —qq') = (67.32 + 0.23)%
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CMS test of LFU

Select events with WWW, tt and W+jets
Search for all W decays © Q[T ' [h

PHYSICAL REVIEW D 105, 072008 (

In 1IN W boson dec

3591 (13TeV)

T R Q1 £ &€ QW CMS
Split analysis depending on event category 110 AT
Does not use impact parameter to separate Vs
prompt from secondary muons but only __10s] A
Kinematic variables 35 R
Tt 1 )
Simultaneous extraction of all BF in all event £ P
. . i . . . 1.00 *®
categories by ML fit to distribution ‘
+ LEP
CMS LEP ATLAS 0.95 1 x SM
R,/ 1.009 £0.009  0.993 4+ 0.019 1.003 +0.010 ATLAS
Ry 099410021  1.063 +0.027 —— CMS
Ry, 0.985 + 0.020 1.070 £0.026 0992 +0.013 0.900 % 008 o0 o5 10 15
Ry/e 1.002 +0.019 1.066 + 0.025 e : : : B(W —'WJ- ' '
B(W—ev,)
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B(H, — H.77,)

LFU can be tested comparing BF for different
leptons in the final state R(H.) = BH, = H.07,)

Hadronic current
¢ form factors from lattice, HQET largely cancel out in the ratio

Fort lepton the available space mak&§O) P p.rton level

W

<I

Tree level process
¢ large data samples

7
l ub? l/r:b

Missing neutrino
¢ Partially reconstructed decays

¢ Background , Hadron level
Measurements with mesons done hyiChland

B-Factories [PRL 109, 101802 (2012), PRD 88,
072012 (2013)PRD92,072014(2015),
[PRL124,161803 (2020)
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Physical Review Letters 115, 111803 (2015)

14 114 14 6 O ,Oz ( y II_

935 < q% < 12.60 GeV2/c* LHCb 1

T reconstructed in one prongg © * " '[

B momentum estimated using the visilita

Candidates / (0.3 GeV/c*)

Difficult backgrounds from partially reconstructed g
semileptonicdecays © ‘O * ' modeledusinga e GV

. i~ i w a > 9.35< ¢’ < 12.60 GeV'/c* —— Data
control sampleo © 'O z BB Do
< B B — D"H,(— X)X
. . . g B — D"Iv
Corrections for double charm from simulation 3 = B - Duv

Combinatorial

. 1~Z 11 N
corrected with control sampl© U S Mmoo

10007500

Prompt and secondary muons frowtL fit to ¢, B eV
O, ? distributions with 3D templates representing Y(O) ™ o@mdig X T8t o
signal, normalization and background sources ¢® ., from theoretical prediction
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11 4 1 1 4

T reconstructed in one prongg © * " '[
B momentum estimated using the visilita

Difficult backgrounds from partially reconstructed
semileptonicdecaysd © 'O ‘ ' modeled using a
control sampled © 'O © “« ¢

Corrections for double charm from simulation
corrected with control sampl®™ “ 0

Prompt and secondary muons frowtL fit to ¢,
O, ? distributions with 3D templates representing
signal, normalization and background sources

18/5/2022

Physical Review Letters 115, 111803 (2015)

6 00 T '[F6 00O * [

Result also obtained using hadroric
decays [PRL 120, 171802 (2018)] {pfb

I K+ = ( )

1t T |B*—=D't, ’
\
VT
o

Y(O) ™ wpmw@p W 8K @ T8 P
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T reconstructed inone prongg © * " T ]

% o Ax? = 1.0 contours E

B momentum estimated using the visilita E e mp 3

035 — 36 —

Difficult backgrounds from partially reconstructed = | LHCbE -

semileptonicdecaysd © 'O ‘ ' modeled using a : E

control sampled © 0" * “ “ 025 - E

T Bellel? N WorldAverage ]

Corrections for double charm from simulation E R S S sl
corrected with control sampl®™ ¢ 0 T2 0403

R(D)

Prompt and secondary muons frolfiL fit to n¥,..., Combined witthadronictau reco ancbther
O, ¢ distributions with 3D templates representing measurementsog , from theo.

signal, normalization and background sources
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PAPER021-044, arXiv:2201.03497 (3tp

Measurement of R(A}) = B(AY — Ar7—5,)/B(AY — Atpv,)
First LFU test in ser®gpt. baryon decays

Precise SM predictio(y ) T® ¢ T
It WD HAmMPPP h Ny :

Different form factors involved w.r.t ¥
0 O Otransitions :
¢ Complementary constraints on NP a

Half integer spiA can help in PO
distinguishing different NP operators [PRD S
99 (2019) 055008, JHEP 08 (2017) 131]

TT r(e)constructe(d u)sing hadronic decays

Mostly
ODPEcom
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PAPER021-044, arXiv:2201.03497 (3tp

Background frony © ¥ o° suppressed using

Reconstruction of decay vertex allows /g
suppression of prompt background P P he
, , . , A :4 \ ............... ¥
¢ 3 a@?) at¥) v, S — J<
Only one neutrino missing e i g B 5
¢ N (n 1) ofthet gair can be reconstructed
¢ Used to suppress background and extract signal yield
. . >, Z 1600 S + Daa
Signal extracted from 3D ML fit to BOTY| —_ 5 1400 LHCD Sasoof  PHEP e
s 2o 3P W,
=~ 1200} g 2000 .
£ 1000F g ; AP
3 : g 1500 F W -row
g S0% : W A-1Tw
600 1000 Combinatorial
400 i
500F
200
0 T IOI.SI - .1.()' - Il.5l 2.0 0 - IO.ZI l I0.4I | ID.6I I IO.S I 1
t [ps] BDT output
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PAPER021-044, arXiv:2201.03497 (3tp

Background frony © ¥ o° suppressed using

Reconstruction of decay vertex allows £
suppression of prompt background AR i

¢ 30 4@ atr) v, i § a
Only one neutrino missing v " .

¢ N (n 1) ofthet gair can be reconstructed

¢ Used to suppress background and extract signal yield
%1400

Signal extracted from 3D ML fit to BDTH —_, G Zzz
% 1000f 250

800 200F

600} 150

Candidates / (1.83 GeV¥c4)

Candidates /

400F

100E

200f 50

0 s 10 0
g [GeV¥ Y]
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PAPER021-044, arXiv:2201.03497 (3tp

Normalization tor o “to reduce systematics i >s"  fi " e
(o o A
C !Y('X’ ) i( o ) i (o ) :: F ll{
\ Y J | Y ) m_ / \i
O (¥ ) measured| |external [ NS W |
M(¥ © v o“

}C(A-l-) — B(Ag — A;-:I-T_ﬂ'r) . Nsig €nor 1
7 B(AY s Af3m) gvﬂmmJ gsigj B(t— — 3m(70)v,)
T

LHCb R(A])
LHCb-PAPER-2021-044
H : 0242 £ 0026 + 0040 £0.059
SI m u Iatl O n SM prediction
PRD 99 (2019) 055008
¢ ot )4 ~ P 4 r 4 v W ~ ’ with input from
O(¥ )JFTH PN o dHE NFnidn no6aeé ao 3»33495’52&;5)034503
' R T | i i L1 11
. r~ P ey Sy e v - 0.2 0.3 04 0.5
Y(r ) n ®HNUH o dNFaidon n Nanadengpugp o S E R(AY)
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BaBar hadronic tag
PRL 109 (2012) 101802
0.332+0.024£0.018

Belle hadronic tag

PRD 92 (2015) 072014
0.293+ 0.038£0.015

Belle SL tag
PRL 124 (2020) 161803
0.283+0.018£0.014

Belle 1-prong
PRL 118 (2017) 211801
0270+ 0.035+ 0.027

LHCb muonic
PRL 115 (2015) 111803
0.336 + 0.027 £+ 0.030

LHCb 3-prong

PRL 120 (2018) 171802
0.283+ 0.019+£ 0.029

LHCb average
0.305£ 0.016 £ 0.022

SM prediction by HFLAV
with inputs from

PRD 95 (2017) 115008
JHEP 12 (2017) 060

PLB 795 (2019) 386

PRL 123 (2019) 091801
EPIC 80 (2020) 74

0.254 + 0.005

Y(0)

6 O Ut

6 O QO
to «

Tr

¥y Ox T[]
tO o*"

0.1 0.2
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LHCb R(J/w)
PRL 120 (2018) 121801 e
0.71+0.17+0.18
SM prediction
PRL 125 (2020) 222003
0.2582 + 0.0038
I 1 1 1 1 | 1 | | | 1 | 1 |
-0.5 0 0.5 1
R/ y)
LHCb R(A))
LHCb-PAPER-2021-044
0.242 £ 0.026 £ 0.040 + 0.059
SM prediction
PRD 99 (2019) 055008
with input from
PRD 92 (2015) 034503
+
el | |0'3|24_|0'0P4| {
0.2 0.3 0.4 0.5

R(A))
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Prospects foo© wa

Combined measurement 6f hY : with leptonic tag and on runl data (3
¢ Extension of 2015 analysis

Updated'Y : with hadronic tag offandO" © ‘O “ on 20152016 data
¢ Update

New combinedY HRY :measurement with leptonic tag on run2 data
¢ New
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Rev Mod Phys 95 015003

Summary of evolution of,R
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