Workshop on "Flavour changing and conserving
" processes" 2025 (FCCP2025)

‘-;._,

Status of charged lepton flavor violation searches
and lepton universality tests

Alberto Lusiani b
https://orcid.org/0000-0002-6876-3288 =il

Flavour Changing and Conserving Processes (FCCP2025)
Villa Orlandi, Anacapri, Capri Island, Italy, 29 September 2025 to 1 October 2025


https://orcid.org/0000-0002-6876-3288
https://orcid.org/0000-0002-6876-3288

Status of charged lepton flavor violation searches and lepton universality tests

Lepton Flavour Violation

» Standard Model accidental symmetry conserves L., L,, L.

» vSM (including neutrino mixing) predicts extremely suppressed charged Lepton Flavour Violation,
o m,i_/m\z,v, eg., B(p—ey)~ 10~
= can do clean searches for New Physics
» LFV processes
» muon LFV decays
» tau LFV decays
» hadrons, W/Z, H decays to leptons

In the quest of New Physics, can be sensitive to very
high scale:

s e |sdsd
— Kaon physics: 1
[&4]
_ Charged Lepton yeff
Flavour Violation AZ(

[u— eyl

A >10° TeV

= AZ>10*TeV
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Status of charged lepton flavor violation searches and lepton universality tests

Experimental searches for LFV processes

» muon searches most sensitive

» tau searches probe many operators
can distinguish models

» W,Z H, hadrons decays complementary

Process Current bound on BR Future Sensitivity
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Status of charged lepton flavor violation searches and lepton universality tests

Muon Lepton Flavour Violation

> effective theory for p — ey, p— eee, puN — eN [Prog.Part.Nucl.Phys. 71 (2013) 75]
1 my v dipole term: SUSY, ...
Tiw p2 PROweF b hser, o eee

Lcipy = i 1 " 5 contact term, Z', leptoquark
7—2[“'7“&1 (EL’Y u; + dL’Y dL) + h.c. uN — eN, p — eee
(1+x&)A only via loops: p — ey
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Status of charged lepton flavor

ation searches and lepton

versality tests

Tau LFV vs. M LFV searches

MSSM Seesaw
Antusch, Arganda, Herrero, Teixeira 2006

doubly charged scalar
Crivellin, Ghezzi, Panizzi, Pruna, Signer 2019

B(T — p<y) 10-10000 larger than B(p — ey)
but p searches sensitivity > 10000 larger than T
= experimental muon LFV searches more effective

108 T T T T T T . . .
SPS 1a Yukawa-inspired scenario (d—4)
101 F - SN
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> typical “dipole-dominance” models

» tau LFV upper limits may be most constraining

» for specific New Physics models
» and / or for specific parameters space regions
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Status of charged lepton flavor violation searches and lepton universality tests

Muon LFV searches results and prospects

100 MEG, MEG-II searches
[by Natsuki TESHIMA, Tau 2018]
i mA > MEG 2016 final limit:
10° B(u" — e'y) < 4.2.107 (90% CL)]
— 10 L ete—1+r »> MEG-II Run 1 (2021) search
=) - o8 Euro.Phys.J.C 84 (2024) 3, 216
“ o, ® B(u" — e'y) < 7.5:107" (90% CL)
S 106 L ®
= § » combined MEG 2016 + MEG-II 2024:
= o0 * ° B(p' — e'y) <3.1.107" (90% CL)
E .i am > MEG-II EPS-2025:
1010 K B(u" — eTy) < 1.5:107" (90% CL)
A:. A. n » MEG-II EPS-2025 prospects (2026):
1012 g A N _ B(ut — eTy) < 0.6:107* (90% CL)
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LFV searches status and prospects

[B.Echenard, CLFV 2023]
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Status of charged lepton flavor violation searches and lepton universality tests

Searches for LFV in tau decays

» present upper limits mainly from CLEO, BABAR, Belle

» LHCb, CMS and ATLAS performed searcheson 7 — p p'p™, 7 — puip”
» Belle Il will significantly improve B-factories limits

» possible future players FCC-ee(Z), CEPC, STCF

new Bellell limiton 7~ — p ptp~

> B(tT — p pTpT) <1.9-107% JHEP 09 (2024) 062, 424 fb™*
» >2x larger selection efficiency of previous Belle analysis!
> previous B(t~ — p ptpT) < 2.1.107° 90% CL, Phys.Lett.B687 (2010) 139-143, 782 b~
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Status of charged lepton flavor violation searches and lepton universality tests

ellell 2024 sea forv - p pp
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Status of charged lepton flavor viola

Belle Il 2024 search for 7~ - p p' p~

n searches and lepton
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flavor violation searches and lepton universality tests

ed lepton

Status of ch

Tau LFV decay upper limits

90% CL upper limits on T LFV decays
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Tau LFV decay upper limits, Belle Il expected
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Status of charged lepton flavor violation searches and lepton universality tests
LFV search for 7 — pvy

B(t - py), measured or expected upper limit
5.10% Belle 2008 Belle 2021 ® Measurement
® o ° A Estimate
BaBar 2010

3-10°

2-10°
E
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[FCC flavour prospects ESPPU 2025]
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Status of charged lepton flavor violation searches and lepton universality tests
LFV search for 7 — 3pu

B(t - 3p), measured or expected upper limit
1-10°
® Measurement
-7 (] i
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Experimental LFV searches with tau in final state

B pteT 1.0x107° 90% LHCb KO pteT 47x107*  90% BNL
BY— ptef 54x10°° 90% LHCb K= etetuTuT  412x107 00% KTev
B> K*®ute™ 57x10° 90% LHCb KO 7lute™ 756 x 10 90%  KTeV
B k®u e" 6.8x10° 90% LHCb KO = 7%7% FeT  164x107° 090% KTev
BY— puteT 1.6 x10°° 90% LHCb K™= p vetet 8.1x10 ' 090% NA62
BY" 5 K'ute™ 6.4x107° 90% LHCb

Bt Ktpu et 7.0x107° 90% LHCb Zo e uT 75x10°"  95% ATLAS
B, Ti‘fF 15%x10°° 90% LHCb ZetrT 50x10°° 95% ATLAS
B s T 42x107° 90% LHCb ZopHeT 65x10°° 95% ATLAS
BY rEeT 16x107° 90% Belle H— e p’ 6.2x107°  95% ATLAS
B> K7 u~ 10x107° 90% LHCb H— etrT 20x107° 95% ATLAS
B~ K% ut 82x10° 90% LHCb H— ptrF 15x 107> 95% CMS
D° 5 pFef 1.3x107% 90% LHCb

D" ntute” 22x107 90% LHCb

D" atu et 21x107 90% LHCb

DT K'pTe™ 10x1077 90% LHCb

D" K'ptew 75x10°% 90% LHCb

» information taken on Nov 2024
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Status of charged lepton flavor violation searches and lepton universality tests

Lepton Flavour Universality (LFU) tests

charged weak current coupling ratios for leptons’ decay widths

» Standard Model predicts that all interactions are lepton-flavour-invariant (except Higgs couplings)

» in the following, mainly consider charged weak interaction couplings

G 2 g . :
T F)3 = % Mg 7 adimensional coupling constant
© wC
- 2 Fexp(T™ — € Uoty) Tep(™ — € vevy,) . ) g Z
— = - E— — — coupling constant ratio — =1
&u exp rSM(T — € ”eu'r) rSM(IL — € Ueuu) 8u lsm

» lepton universality tests related to
» B anomalies (Rp, Rp*, Rk, R, ...)
» [Feruglio, Paradisi, Pattori JHEP 09 (2017) 061],
[Allwicher, Isidori, Selimovic, 2021], [Allwicher, Isidori, Lizana, Selimovic, Stefanek, 2023]
» Cabibbo angle anomaly

» [Coutinho, Crivellin, Manzari, PRL 125 (2020) 071802],
[Crivellin, Hoferichter, PRL 125 (2020) 111801]
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Status of charged lepton flavor violation searches and lepton universality tests

Precise tau LFU measurements can confirm or exclude B anomalies models

» constraints on 4321 vector lepto-quark model for B anomalies
[Allwicher, Isidori, Selimovic, 2021],

[Allwicher, Isidori, Lizana, Selimovic, Stefanek, 2023]

today g, /g, 8./, bounds

1.010 E
| Teom/[Me—e
1.005 - |
| Dr=e/T—e)
1.000
o /////// /// ' //////// ///
= 4321 full model i 4321 full model
77724 sy
0.995 E
L_o____He=ayte-—om)
0.990 E
0.985 E
0.1 0.2 0.3 04 05 0.1 02 03 0.4 0.5
o Zo
[G.Isidori, Jul 2023]
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Status of charged lepton flavor violation searches and lepton universality tests

Precise tau LFU measurements can confirm or exclude B anomalies models

» constraints on 4321 vector lepto-quark model for B anomalies
[Allwicher, Isidori, Selimovic, 2021], [Allwicher, Isidori, Lizana, Selimovic, Stefanek, 2023]

future FCC-ee g, /g,, 8./8, may exclude model

1.010 E
1.005 + 1
1.000
o /////// // o /////// ///
3 4321 full mode 5 4321 full model
s gz 7/
0.995 1 1
0.990 1 1
0.985 _
0.1 0l2 Ufi‘s OIJ 0.5 0.1 OIQ 0?3 0l4 0.5
) rQ
[G.Isidori, Jul 2023]

Villa Orlandi, Anacapri, Capri Island, Italy, 29 Sep - 1 Oct 2025
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Precise tau LFU measurements can confirm or exclude B anomalies models

» constraints on 4321 vector lepto-quark model for B anomalies
[Allwicher, Isidori, Selimovic, 2021], [Allwicher, Isidori, Lizana, Selimovic, Stefanek, 2023]

future FCC-ee g, /g,, 8./8, may confirm model

1.010 H B
1.005 A E
1,000 SM SM
. s - s
3 32 Folimodel A 5 32T full-moderl
5 /L B 7///2
0.995 1 B
0.990 4 E
0.985 4 4
0.1 0?2 013 OjJ 0.5 0.1 0:2 0?3 0T4 0.5
IQ TQ
[G.Isidori, Jul 2023]
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Status of charged lepton flavor violation searches and lepton universality tests

2013 [A.Pich, Precision Tau Physics (2014)]

Lepton universality tests

r-rau/rrae rﬂau/rwae rK—)p‘/rKHe rK—»wu/rKHwe rW%[J‘/rWHe
lg./g.|  1.0018(14)  1.0021(16)  0.9978(20) 1.0010(25) 0.996(10)
rT*}&/ru%e r-:—*)‘rr/rﬂ'—»p. I_T*)K/I_K*)[.L I_W*)T/I_W*)p.
lg./g.|  1.0011(15)  0.9962(27)  0.9858(70) 1.034(13)
rT*}[‘L/r[,L*}e rW*)T/rWHe
lg. /.|  1.0030(15) 1.031(13)

2024 [V.Cirigliano et al., 2022] [HFLAV 2023 report] [PDG 2024]

rfau/rrae rﬂ'%[},/rﬂ'%e rKA)p,/rKA)e I—K—H\'p,/rKHﬂ'e rWA)p,/rWA)e
g,/ ge| 1.002(11) 1.0010(9)  0.9978(18) 1.0009(18) 1.001(3)
r‘r~>e/rp.~>e r‘r~>7r/r71'~>y. rT*}K/rK*)[.L rW*}T/rW*}[.L
lg./g.|  1.0016(14)  0.9958(38)  0.9856(75) 1.007(10)
r-rﬁy./ry.ﬁe rW*)T/rW*)E
lg,/g.|  1.0018(14) 1.008(10)

» in most cases, tau measurements produce most precise LFU tests
» most precise LFU test using I, /I +_., limited by B(m — ev), best by [PIENU(TRIUMF) 2015]

Alberto Lusiani (orcid:0000-0002-6876-3288) — FCCP 2025, Villa Orlandi, Anacapri, Capri Island, Italy, 29 Sep - 1 Oct 2025




Status of charged lepton flavor violation searches and lepton universality tests

i/ e universality from B(7 — ev(v))/B(7 — pv(v))

> R7,. sm = 1.23524(15)-10~"
> RI/. pienu(eots) = 1.2344(23)stat(19)syst-10™*  PRL 115 (2015) 071801
> RI,. exp = 1.2327(23)-10* PDG 2024

» on-going PEN experiment at PSI also aims to measure R

T
e/n

» PIENU(TRIUMF) on-going
» PEN(PSI) on-going
» PIONEER(PSI) in preparation, factor 15x improvement, ~theory precision

Alberto Lusiani (orcid:0000-0002-6876-3288) — FCCP 2025, Villa Orlandi, Anacapri, Capri Island, Italy, 29 Sep - 1 Oct 2025



Lepton universality tests with tau leptonic branching fractions

B GGy
FomlL —veto(M] = Teo = ToByy = —% = ZEXTL (14 5RY) (1+6RW)
) TL 1927
8c Le 3 4 2 . Le 2, 2
Gp = ——=—; f7"=1—8p+8p" —p —12p°Inp with p=p" =m;/m
STV 2/ me
25
6R§e = M (— — 7r2> QED radiative correction, 1st order
2T 4
2 2
B 9
éRﬁ/e = - m—zﬁ — m—f EW radiative correction
5 My, 5 My,
[Marciano, 1988], [Pich, Precision Tau Physics, 2014] (LO QED radiative corrections)
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Status of charged lepton flavor violation searches and lepton universality tests

Lepton universality tests with tau leptonic branching fractions

e T W2 1.0016 £ 0.0014
Bue 7.m2f™(1+6R1°)(1 + 6RY)

( ) _ @Tumzf“e(l"‘é’?#e)(l"“”?ﬁve)
V) Bue Tom2 (1 + SRIF)(1 4 6RYY)

B, fT(1+8RI)(1+6RY)
L)) =422 1.0002 £ 0.0011
(ge> \/Bm FEL+8R)(1+6Rw)

) B \/Bw Tum (1 + SRES)(1+ 6REY)

1.0018 £ 0.0014

T RR PR

[HFLAV 2023 report]

» tau LFU tests limited to 1100—1400 ppm from branching fractions and tau lifetime measurements
» Bellell may improve precision on lifetime, and with hard work perhaps on BRs
» FCC-ee can probably improve by a factor of 10 (statistically 1000)

id:0000-0002-6876-3288) — FCCP 2025, Villa Orlandi, Anacapri, Capri Island, Italy, 29 Sep - 1 Oct 2025



Status of charged lepton flavor violation searches and lepton universality tests

Canonical tau lepton universality test plot

01790 68% CL contour
[HFLAV 2023]
o (g-/8en) = 1.0017 £ 0.0013
[gep = 8e = g, assuming g, = g,,]
o
A(g./8e,) contributions
- input  Ainput  A(gr/8ep)
| SM prediction band ;
width from Am,_ B._,. 0.180% 0.090%
EZm 7, 0181%  0.090%
| f | L2058 m., 0.005% 0.012%
2895 290.0 2905 291.0 2915
7. [fs] total 0.128%
» B (T — ebv) = average of Bt — piow) - f "Ry Rw
f 2 5 Te pTe pTe fTMR;“RW Bf’"’e ALEPH
B (1 — ebv)T, _ & mzf " Ry" Ry Tr Belle
B(u — ebv)r, g2, m), f* REERES m, Bellell
> [ & : B B/(‘T — ebv) Tjﬁ f“eR#eR“We
Eep T Bl — ebv) T, m? TR Ry
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HFLAV Tau branching fraction fit

inputs examples
i _ _ B(t —up vy
171 ;neats.uremgfngs of;" branct:hmg B(r~ - 7 v,), ( _ IJ', w )
ractions ranching ratios Bt~ — e b.0,)
nuisance fit parameter _ _
1 measurement (new feature) B(a; — 7 ) =0.0021 £ 0.0008 [Phys.Rept. 421 (2005) 191]
. B s > =B vio/Brsers
91 t t -r—uLul//T—.)euu T U T—evi .
constraints tau-decay final states related through different 1, w decay modes
1 uncertainty scale factor 5.44 scale factor for inconsistent BABAR/ Belle B(t~ — K™K~ K*w,)

external uncertain parameters: correct for updated values, account from induced uncertainties’ correlations

2
2 1 (n, — py) m;, n; measurements
X = Z (mj — Mjxqy) (V ) (mj - Mj/q/) + Z r72r ) q;, p; fit parameters
ijki Y r On, V;; covariance of m;, M;; model matrix
137 fit parameters 1 nuisance fit parameter (new feature)
covariance matrix of fit parameters and nuisance fit parameter

x°/d.o.f. = 138/125 P(x?) = 20.2%
unitarity residual B,, = 1 — B,; = 0.0007 £ 0.0011

» HFLAV unitarity-constrained tau BR fit used for PDG tau BR "fit" averages

» use of nuisance fit parameter removes some modifications of HFLAV tau BR fit for PDG “fit" averages
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Status of charged lepton flavor violation searches and lepton universality tests

NLO QED radiative corrections for LFU tests using tau leptonic BRs

B G, Gymy
ML > vplzy()] = Tp = TBy = 2 = ££ £ (1 + 6RSY) (1 + SRy
, T 1927
8c Le 3 4 2 . Le 2, 2
Gp = —5; 7" =1—8p+8p" —p —12p°Inp with p=p" =m;/m
SARWCTY S e/ mi
2 3
25
SREC = a(me) (7 - 7#) NLO 3rd order — SRS = petelme) | e (’;’ﬁ) HEe2 ) (’g’ﬁ)
27 4 T .
3 m> 9 m;
JRﬁ/e =225 g EW radiative correction

5M2, 5 M2,

2
25
Hlu = = % — (9«#471'2+12|np)p+167\'2p3/2 with p:pu = m%/m%

re 156815 518 , 895 67 4 53 , e 5 5 . L4 202
= ——7" — —L%B)+ —7 + —7"In2+ H — -7 with = =my/m
> i e = ¢(3) 0 = 2had ~ VP p=p 2/ me
HZEad = —0.042 £+ 0.002 H;,ﬁad =T H;f,ad =1 missing values set to zero in the following
Hé‘e =—-153+23 H;“ =7 H;e =7 missing values set to zero in the following

[using modified minimal subtraction scheme (MS)]

[J.Erler & A.Freitas, PDG EW review, 2022]

0000-0002-6876-3288) — FCCP 2025, Villa Orlandi, Anacapri, Capri Island, Italy, 29 Sep - 1 Oct 2025

Lusiani (orci



Status of charged lepton flavor violation searches and lepton universality tests

O QED radiative corrections for LFU tests using tau leptonic

T(me)  pr(ue)

> for tau leptonic partial widths use up to 2nd order QED radiative correction formula without H,\ /", H3

» tau LFU tests uncertainties up to 2.4 ppm if missing terms H;(h’:;) ~ 20 x H5p 4 H;(“’e) ~ 20 x H4€

» desirable calculations for tau (even order-of-magnitude useful)
P tau mass uncertainty on phase space factors contributes uncertainty up to 1.3 ppm

» o(m,) computed using [F.Jegerlehner 2023 code alphaQEDr23.f], uncertainty up to 0.3 ppm on tau LFU tests
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Effect of NLO QED corrections on tau LFU tests

QED rad. corr.
1st order 2nd order

( Bue 7,myf*(1+ 6R;)(1 + 6RW)

B R (1 +6RYS)(1 + 8RS

( >: e Tn B’ Chs j)( ha ZV) 1.0018 +0.0014  1.0017 + 0.0014
Bue T, maf™ (1 + 6RI*)(1 + 6Ry)

B, fS(L+8R°)(1+8RW)

Bu) — % 1.0002 £0.0011  1.0001 = 0.0011
(ge> \/BTe FE(L+6R)(1+6Ryy)

[A.L., EPS-HEP 2025]

5 rue ne ne
FHe(1 + 6R*)(1 + OR
) _ \/Bfe Tumuf (LSRN +ORW) ) 0016 10,0014 1.0016 + 0.0014

L RR PR

» NLO QED radiative corrections ~negligible with current experimental precision
» importance will increse as Bellell and FCC / CEPT / STCF will improve experimental precision
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Status of charged lepton flavor violation searches and lepton universality tests

Tau-muon universality using tau hadronic branching fractions

[HFLAV 2023]

2
<g7>2_ B(t — hv,) 2mhmi7',, (1—mi/mi>

g.), Blh—ui,) (1+6R, pymir, \1— mp/m’

» h=mx, K

> §R,/. = (0.18 £0.57)% [PhysRevD.104.L091502 (2021)]
> R,/ = (0.97 £0.58)% [PhysRevD.104.L091502 (2021)]
» B(t — wv,;) B(t — Kv;) [HFLAV 2023]

» B(m — ub,), B(K— up,) [PDG 2023]
(g—7> — 0.996 + 0.004 , (g—7> — 0.986 + 0.008 .
8./ . 8./

> precision limited to ~0.29% from 6R. /., R, /k

(g—’) =1.0011 £ 0.0014 , average of <g—’) ,<g—’) ,(é>
8u/ rinik 8u/r \8u/, \8u/k

> assuming uncorrelated 6 R,/ and 0R, /x
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Status of charged lepton flavor violation searches and lepton universality tests

Canonical tau lepton universality plot extrapolation at FCC-ee

PDG 2024 [l FCC estimate
0.1790
68% CL contour
0.17851
—_
2 0
I>
(0]
T
=
[a1]
0.1780 1
289.5 290.0 290.5 291.0 2915
T [fs]

FCC-ee(Z) with 6:10" Z
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Status of charged lepton flavor ation searches and lepton versality tests

Tau mass measurement prospects

me uncertainty
.OPAL ® Measurement
1000 1 » Estimate
Guestimate
500 4
BaBar
°
200 1 Belft
’é‘ ® KEDR 2007 KEDR 2023
s .
a 1004 BESIII Bellell [Physics Book]
& ® Belle 11 2023
g FCC-ee(Z) [M.Dam, 2019]
] ®oG 2018 4
50 PDG 2024
20 A
STCF CDR, 2024 £(Cee(z)
104 >
2000 2010 2020 2030 2040 2050

FCC-ee(Z) with 610" Z
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Status of charged lepton flavor violation searches and lepton universality tests

Tau Lifeti
T uncertainty
20000 4 o DELPHI 2004 3v3 ® Measurement
Guestimate
10000 4
GDELPHI 2004
50001 o7DG 2012
Belle 2014
2000 H
PDG 2014
‘E 1000 4
Q
=
= 5001
< Belle Il
2001 FCC-ee(Z) CDR
100 4
50
FCC-ee(2)
20 A
2000 2010 2020 2030 2040 2050

» FCC-ee(Z) CDR estimate [M. Dam, 1999]
» FCC-ee(Z) estimate [A.L., Tau Physics Prospects at FCC-ee, doi:10.17181 /57 pxj-6xd43]
> Belle Il estimate [Bellell Physics Book]
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Status of charged lepton flavor violation searches and lepton universality tests

Tau leptonic Bran cts at FCC-ee and ot facilities
B(T-Lvv)
051 .ALEPH 2006 ® Measurement
Guestimate
PDG 2018
[ ]
021
g
g 011
3
L
g
g
0.05 1
0.02 4 FCC-ee(2)
2000 2010 2020 2030 2040 2050
> FCC-ee(Z) with 6-10" Z
» Bellell is working on these measurements
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Status of charged lepton flavor violation searches and lepton universality tests

» LFV status and prospects

» LFU status and prospects

» improved HFLAV tau BR fit for HFLAV 2023 report (accepted by PRD, arXiv:2411.18639 [hep-ex])
» first assessment of NLO QED radiative corrections

End
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Status of charged lepton flavor violation searches and lepton universality tests

Backup slides
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Status of charged lepton flavor violation searches and lepton universality tests Backup

HFLAV Tau mass measurements

LJNLIL I LI ) L B L

DELCO 1978

+3.00
1783.00 300

ARGUS 1992
1776.30 £2.40+ 1.40

o BES 1996
1776.96 +0-18+0.25
7 -0.21-0.17
————e— CLEO 1997
1778.20 +£0.80+ 1.20
- 4 OPAL 2000
1775.10+1.60+ 1.00

oo BELLE 2007
1776.61£0.130.35

. BABAR 2009
1776.68 +0.12+ 0.41

Hel BES3 2014

1776.91% 0.1

ol BELLE 11 2023
177709+ 0.08+ 0.11

ot KEDR 2023

+0.17
1776.69_0_19i 0.15

™ HFLAV 2023
1776.94 £ 0.09

+0.10
22013

PEFE BN RE ST A S TR Ar I IR
1776 1777 1778 HFLAV

m, [MeV]

3288) — FCCP 2025, Villa Orlandi, Anacapri, Capri Island, Italy, 29 Sep - 1 Oct 202



Status of charged lepton flavor violation searches and lepton universality tests Backup slides

HFLAV Tau lifetime asurements

OPAL 1996
289.20+1.70+1.20
CLEO 1996

289.00 +2.80 + 4.00
ALEPH 1997
290.10+1.50+ 1.10
L3 2000

293.20 £ 2.00 £ 1.50
DELPHI 2004
290.90 + 1.40+1.00
Belle 2014

290.17 +£0.53+0.33

HFLAV 2023
290.29 + 0.53

HFLAV
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Status of charged lepton flavor violation searches and lepton universality tests

FLAV Tau bran

ing fractions m

urements

Backup

0.96 0.98 1

0.9730 + 0.0022

1.02 HFLAV
B(t>puvv)/B(t—>evv)

IR R R a s s sy R R s s
—_———— CLEO 1997 —_———— CLEO 1997
0.1776 + 0.0006 + 0.0017 0.1776 + 0.0006 + 0.0017
H— e H OPAL 1999 H— OPAL 1999
0.1781+ 0.0009 + 0.0006 0.1781+ 0.0009 + 0.0006
L DELPHI 1999 L DELPHI 1999
0.1788 + 0.0011+ 0.0011 0.1788 + 0.0011+ 0.0011
H—— 1 L3 2001 H—— 1 L3 2001
0.1781+ 0.0010 + 0.0008 0.1781+ 0.0010 + 0.0008
H—e—H ALEPH 2005 H—e—H ALEPH 2005
0.1784 + 0.0007 + 0.0004 0.1784 + 0.0007 + 0.0004
- HFLAV 2023 HFLAV 2023
0.1784 + 0.0004 0.1784 + 0.0004
Jr FETEE FEET P P TN Jil PR PP T P NN
0.176 0.177 0.178 0.179 0.18 HFLAV 0.176 0.177 0.178 0.179 0.18 HFLAV
B(t—evv) B(t—>eVvyv)
L LN A L B |
i + ARGUS 1992
0.9970 + 0.0350 + 0.0400
H——H CLEO 1997
0.9777 +0.0063 + 0.0087
HeH BaBar 2010
0.9796 + 0.0016 + 0.0036
o4 BELLE 11 2024
0.9675 + 0.0007 + 0.0036
lol HFLAV 2023
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