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Outline

* LFU tests in (semi-)leptonic D decays
(Charged currents)

* LFU tests in semi-leptonic B decays
(Charged currents)

* LFU tests in rare B decays (Neutral
currents)

e Summary

Disclaimer: A much biased personal selection
of experimental results



Charged currents versus neutral currents
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* One charged lepton in the final * Dilepton final states
state » Forbidden at tree level in SM
* Tree level » Sensitive to NP
* Theoretically clean « Highly suppressed, statistically
« Abundance of data limited in experiments

» Experimentally challenging due to  * Mainly on e-p asymmetry
missing neutrino



Experimental status on B anomalies
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How coherent is the pattern
of deviations?
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EPJC 76 (2016) 440].
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Major experiments for LFU tests

BESIT
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Experimental challenges for LFU tests

« Hadronic part: most of uncertainties cancel in the ratio at 1st order

* Missing neutrinos for (semi-)leptonic processes:
* e’e” machines: inferred using beam condition & mising info

« Hadron machines: more difficult, using info such as decay vertices,
isolation info, kinematics of visible part, etc

 Electron: generally more difficult in experiments such as LHCDb
* Muon: difficuties in u/m separation for low-P tracks @ BESII|

* Tau lepton: short lifetime, decaying into final states with > 1v
* e'e” machines: T — evv, uvv, n(no)v
« Hadron machines: 7 = pvv, nrr(n®)v



LFU tests in (semi-)leptonic
D decays @ BESIIT

c Vcd(S)

Details can also be found in Zehui's talk “Charmed mesons decays at BESIII”



Situation before BESII|

* Tension in charm sector * Poor knowledge in semimuonic
charm decays

adapted from PoS CKM2016 (2017) 025
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BESII

World's largest threshold D meson samples

20F -
i - - = ‘Gt V5= 4.178 GeV
o - | ~12fb" z L — p
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« ete™ = (3770) — DD, Lin; =2.93+4.98 (+12) fb~!
* ete — DD, \/s=4.128 — 4.226 GeV, Lin;=7.33 fb~1
* Advantages: Clean, double tag method



BESII

World's largest threshold D meson samples
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BESII

Double-tag method for (semi-)leptonic decays
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LFU tests with D> £7 v,
V

C cd(s)
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* The electron channels are strongly suppressed due to mass

* The branching ratios R ,,, are determined by the lepton and D
masses in the SM

T/1



BESIT
LFU test with D¥— ¢£Tv,, £ = ut

PRD89(2014)051104 PRL123(201 9)21 1802
e[S 409+21 o |
=g:-§r D* — 'y 25]:“‘51: observation
10° 205 D" >ty k

—r
[*p}
T 1 LI

137427

T 111|I|I| T II\IIII’ T \II\I!I|

Number of Events
=

—
[=]
T T T

=== Total PDFs
PDF D— v

(2]
T B

Number of events/0.02 (GeV/c?)?

m— PDF: D—-r(—. non- -rv)v
s PDF: D - K’n
10" — R0y e
02 0 0.2 0.4 0.6 - gg?g*%‘bk O s D02 -0 0 01 02 03
The most M2 [GeV¥e!] £ v Smoan g Mris (GeV/c™Y’
precise to date
B[D* - u*v] = (3.71 + 0.19 + 0.06) x 10~* B[D* - t*v] = (1.20 + 0.24 + 0.12) x 1073

Consistent with

fr+|Veal = 46.7 £ 1.2 + 0.4 MeV i SM prediction fp+|Veq| = 50.4 1+ 5.0 £+ 2.5 MeV
F oty m% l_ﬁ— ) ) ~ :
Rejy = 4 2 - ( - ) =251 h Rf/;,t =3.21+ 0'64stat = 0435)mt

Oy T (AL
F) z)_




BESII

Studies of Dg - u*v,

Events / 16 MeV/c?
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BESII
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BESII

Studies of DY - v,
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BESII

arXiv:2303.12600

Summary of LFU test with D7 — £ v,

_arXiv:2303.12468
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LFU tests with D ,— (PV)¢"v,

dg? 2473

| F2(0) | Veg | 1P|

* Test of light lepton universality with branching ratios of e/u



BESII

LFU tests with DY - K= ¢%v,

4000

Events / (3.5 MeV)

2000

)

0.2 0.1
U

Nyig =|0727 + 278

0

miss

«10° D° — K~ putu, PRL122(2019)011804

01
(GeV)

3f (d) K,

R ™

7100 + 259 ]

AT/Aq? (ns'GeV3cd)

AL/ (ns'Ge V2
& 8 8

no
o

D92(2015)072012

100

D">Ke'y,

——data

--= Zseries (2 par)
-= = Z SEries (3 par.)

—— Single pole model |
--... Modified pole model -

05 1 15
o (GeV/c?)

LFU tested at a precision ~1%

K /e
T SM

[/ e

- - - -
o o o

N
o

0 0:5 i
q? (GeVc)

1.5

= 0.974 + 0.007 £ 0.012

= 0.975 = 0.001

g2 (GeVc?)

20



BESIT
Studies of D— (P,V)u" v,
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BESII

LFU tests with D - (P,V)¢1v,: summary

- BF ratios “ References

© T

0 5 K~
D0 - T
D° - p~
Dt - K°
Dt - 11°

Dt -sw
Dt -n
Dg -
D -’
D —¢
Af - A

0.978 £ 0.007 £ 0.012
0.922 + 0.030 £+ 0.022
0.90 £ 0.11
1.00 £ 0.03
0.964 + 0.037 £+ 0.026
1.05+0.14
091 + 0.13
0.86 £+ 0.29
1.14 + 0.68
1.05 + 0.24
0.96 + 0.16 + 0.04

0.975
0.985
0.93-0.96
0.975
0.985
0.93-0.99
0.97-0.98
0.97-0.98
~0.95
0.92-0.95
0.97

PRL122(2019)011804
PRL121(2018)171803
PRD104(2021)091003
EPIC76(2016)369
PRL121(2018)171803
PRD101(2020)072005
PRL124(2020)231801

PRD97(2018)012006

PLB767(2017)42

H.L. Ma, Mini-Workshop on BESIII Physics-- 500 Publications
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https://indico.ihep.ac.cn/event/19694/timetable/

LFU tests in semi-leptonic B
decays
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arXiv:2302.02886
arXiv:2305.01463

R(DM) measurements @ LHCDb

7 K 7
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D
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@

Muonic T — pvv:
« Large statistics

*ry {B"—)D 'y,

}

... i V.
BU ‘\ vV
u

u

R(D(*)) -

« Study of T and u modes in one dataset

« Can measure R(D) and R(D*)

simultaneously

mBaMTW)wwf

Hadronic t — e (®)v:
« Relatively high purity
 External BR measurement for normalization

» Decay vertex of T well measured to suppress
dominant backgrounds

» 3m dynamics important for the separation of B->

D*DX backgrounds
24



éilgcb arXiv:2302.02886
arXiv:2305.01463
R(D")) measurements @ LHCb

Muonic T = pvv Hadronic T = nnn(?)v
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éilgcb
Updated R(D")) world averages
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Updated R(D")) world averages

BaBar 2012, had. tag ' '
0.332 £ 0.024 = 0018 : : -

Belle 2015, had. ta

» Updates with inclusion of

0270 = oms 0027 _ : tf

two new results ( , Lo 1 Gaarsico) M B0 NEW!

Bc]lc 2019, sl td;__

LHCb23): R e

0.281 = 0,018 = 0024

* R(D*) = 0.284 + 0.013 LD B

0.254 = 0.005
PRD 95 (2017) 115008

’ R(D) — 0.356 o 0.029 ?}i'saiug?gg’(zomoso

0.257 = 0.005
PLB 795 (2019) 386

e Deviation from SM for 0354 6107 +

PRL 123 (2019) 9,091801
0.253 £ 0.005

combined R(D*) now at b
1 90 FNAL/MILC arXiv:2105.1401 __ i
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Belle I

R(Xe/n) IN semileptonic B decays

 Hadronic tagging with a fully reco’ed Bi,gq

» Distribution of lepton momentum in Bmt\

frame fitted to extract signals
* Most precise LFU result in b-sector:

R(X,,,) = 1.007 £ 0.009 (stat) + 0.019 (syst)

 In agreement with SM based prediction of 1.006
+ 0.001 [arXiv:2207.03432]

* In agreement with BELLE measurements in
exclusive D*fv channels [e.g. arXiv:2301.07529]

 Also e/u difference in angular asymmetries
in B > D*~#v reported here
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https://indico.cern.ch/event/1166059/contributions/5407658/attachments/2655436/4598758/plewis FPCP 2023 (1).pdf

LFU tests in rare b-hadron
decays
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LFU tests in b - s#7¢~ decays

« b - s £~ FCNC processes highly
suppressed in SM

NP may manifest in the loops and cause
LFU violation
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* LFU tests use 2 "’
RX - ;;111 —_ liO(l%):
q> = m(£Te7)? | P dg?
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LHCH arXiv:2212.09152

m . arXiv:2212.09153
R(K") measurements @ LHCDb

* Electrons & muons behave quite differently in the g -
LHCb detector el
» Lower efficiencies & worse resolution (energy loss) - "
for electrons | E,
* Double-ratio of branching fractions: =
ro_ BB Xoptp™) BBy XoJ/y(efe)) o [
X T B(B, = X.J/w(ptpo)) B(By— Xsete) & |
» Most of systematic uncertainties cancel to 1st order |
« LFU in ]/ - £1 £~ well established at %o level [BESIII, \ 3
PRD 88, 032007 (2013)] — Ry

« Validated in {(2S) mode " 2 1G]



% arXiv:2212.09152
R(K) results @ LHCDb
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LHCD

Pt .
R(K) results @ LHCDb

* Most precise LFU test in

Counts / (32.00 MeV /¢

-

Counts / (32.00 MeV/c?)

» Supersedes previous results

* Improved systematics of mis-IDed
hadronic background in electron mode

* Now compatible with SM predictions
at 0.20 level

» Uncertainties statistically dominated
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Recent LFU results not covered here ...

« LFU tests in semileptonic decays of light hadrons
 See talk “Hyeron physics at BESIII” by Hong-Fei Sun)

* LFU tests with B(W — £v) CMS, PRD 105, 072008 (2022)

CMS LEP ATLAS LHCb CDF DO

1.009 £0.009 0993 +0.019 1.003+0.010 0.980+0.012 0991 4+0.012 0.886 +0.121
0.994 + 0.021 1.063 £+ 0.027 e o p -
p 0985+£0.020 1.070+0.026 0.992 £ 0.013

R/, 1.002 £0.019  1.066 £ 0.025

e
lu ."‘ e
|ll {)

Ty

R
R
R

* cLFV searches closely related to LFU
See the talk by Chen Wu after the coffee break
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Summary & outlook

« LFU tests in a large range of decay channels have been performed recently by
BESIII, BELLE(II), LHCD, etc.

» Focused on beauty/charm sectors

« With improved precision or being first measurements, all results show good
agreement with LFU

R(D) results still show tension with SM, while R(K) now moves closer to SM
expectation

With new R(K")) results, LF universal NP in Co now favored over LFU violation
according to global fits [arXiv:2304.07330]

Synergy of different experiments important to improve precision

Still excitements ahead: LHC Run3 ongoing / more BELLEII data / BESIII taking
/x Y(3770) data / STCF on the horizon / ...
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PHYSICAL REVIEW LETTERS 121, 171803 (2018)
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