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* T decays may be good place to look for

LFV

— LFV may only occur in some T

cLFV (theory I)

Bigaran

The 1dea: each charged lepton is charged

under this Z3 (flavour triality)

decays (and not in U decays at all) if

lepton flavor triality is conserved
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T=1 scalar
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Triality-preserving charged-lepton decays:

Observable

Present constraint

Projected sensitivity

. BR(t~ = p~p~et) <1.7x1078[1 2.6 x 10710 [2]
searches can be more sensitive to T ) )
) BR(7~ — pute e) # 1.5 % 107* [1] 2.3 %1079 2]
specific models
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» Consider classes of models related by EFT operators

cLFV (theory IIl)

— Don’t be discouraged to look for AB tau decays!

— ... but sometimes proton decay may be more sensitive
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95% CL limit on o x BR(Z' — et) [pb]

Patra

cLFV in T final states (1) et
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D’Amante

LFV and other NP with T final states
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cLFV at future colliders

o FCC-ee and CEPC can provide

W. Altmannshofer, P.M. and T. Oh

Mantry
Munbodh

arXiv: 2305.03869
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Rare T final states at future e™ e~ colliders

Clean environment and

highly boosted Z’s at a

Tera-Z factory (Mega-LEP)
provide a high sensitivity to
b decays to T final states
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MuZ2e

Middleton
Chithirasreemadam
Yucel

MuZ2e will look for u to e conversions in the &0 —r—rrrrm—r—rrrrm—r— o
. i CR(uN — eN) on Al <8 x 10™"° (AMF)
electric field of a nucleus T =
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Brown

Dark Searches (low mass) Midton

x1073
* New Belle I/ll searches for 3 o) Bellel! Mt — e
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Xie

Dark searches at future experiments i

Kose

1072
1 ¢ .
103 ! N C?onsnder 3
: f final states
1071 E W _
; ) Majorana: e*3j
10-5 i o Majorana: et u=j+F
§ q j o Dirac: {0~ j+Fr

= Vs = 141 GeV
1076 = . L
: EIC £=100fb" Also sensitive to invisible
o } P, = —70% HNL decays via mono-jets
10° 10! 102
my [Ge\/] NAG4++  LDMX, DARKSHINE — "
2 Vis_ib!e./ @HPS @ APEX DARKQUEST MicroBooNe, ® NAG2 -
w COHERENT, CCM
Rescattering BDX SHIP :SN%";ZEOS;DM
@ DARKMESA L 9 ,
MicroBooN:
DUNE,....
Missing p/E NA6'4 ® N'\AA(;—“
10°°
Missing mass ovE ':Er\?:g:
9 @® MMAPS KoTo
KLEVER
Electron FT/ Proton Neutrino Meson Muon
Beam Dump (B;a::l Dun:ll)) experiments factories beams
" " edicate
Dark photon limits _
o L Extensive program of dark searches at
107 10" 1 10 fixed target and beam dump expts, also

Mg (SeYl Faser
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LFU tests in T decays

o Same coupling of the charged leptons to the gauge bosons

Ye

Iu
e

T

= 9u = 9z (SM)

Blr—
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B (7

— vre~Ve(7))

'}
f(mg /m3)

=1in SM

Feichtinger

- —— RSM =0.9726
B(r— = v U,(7)) s ;
R - ( Tlu M ,Y A/‘[ 0 9726 CLEO (1997)
H _ I — - 0.9777 + 0.0063 + 0.0087
B (T > Vr€ Ve(’Y))
BaBar (2010)
. N 0.9796 + 0.0016 + 0.0036
* Brand-new result from Belle I R
g ) 0.9675 + 0.0007 + 0.0036
— systematically limited by LID -
combination
I 0.9735 + 0.0026
o X10° Belle 11 Preliminary (2023) X105 Belle Il Preliminary (2023) 0.96 0.98 1.00 102 1.0
e-channel W= Slgnal (e““) 77 Uncertainty 5 | p-channel = SIgnaI (u*) L Uncertamty ] Ry
5 post-fit mmm other (e*)  —— Data post-fit other (u*) — Data
mmm other (h*) [Ldt = 361.6fb~! 4 mmm other (h*) [Ldt = 361.6fb] CLEO (1997)
] n - 1.0026 + 0.0055
i |
cC 3
o
> BaBar (2010)
O = 1.0036 = 0.0020
1 Belle Il Preliminary (2023)
= 0.9974 +0.0019
- —_ 0 Dc
[} (O]
-8 1 005 T T T T T T % -8 1 005 3 T T T T T /[‘y /4 Combination
: - £ % g 1.0005 % 0.0013
E L0 oy g 4 : E Lo A A 44 /?/ .
© 0.995 | 1  © 0995} 22,7 ‘ ; .
s , , ; 1 l o3 = + . . s : . 1 0.98 1.00 1.02 1.04 1.06
o© 1.5 20 25 30 35 40 45 50 © 15 20 25 3.0 35 40 45 5. 194/ Gel+
e* candidate momentum [GeV/c] u* candidate momentum [GeV/c]
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Lupato

LFU tests with b = ctV s

o 04— T T T T T T T T T T T T T T T

% d HFLAV Ay*=1.0 contours

" [ Summerzo2s | i

* New measurements of b = ctv decays I e

o L HCb . [ Bellell ]

* Measurement of the ratios of branching fractions R(D*) and R(D?) : = Belle’ .

[Phys.Rev.Lett. 131 (2023) 111802] L J

L LHCb B

* Test of Lepton flavour universality using B° — D*t*v decay with hadronic t [ i

channels E 3

[Phys Rev. D108 (2023) 012018] ) ) =] Arnau's talk - World Average -

—  $HFLAV SM Prediction R(D) =0.357 £0.029,,,, ]

. B R(D) =0.298 + 0.004 R(D*) =0.284 £0.012,;,, N

* Observation of the decay A% — At Tv - R(D*) =0.254 +0.005 Do 2 33% ]
[Phys. Rev. Lett. 128 (2022) 191803] o e L Lo b b L L e Ly

02 0.25 03 0.35 04 045 05 0.55

* Measurement of D" longitudinal polarization in B® - D*t*v decays RD)

[arXiv:2311.05224 - Submitted to PRD] e
CMS: R(J/)
CMS preiiminary 59.7 fb! (13 TeV) CMS preiiminary 59.7 b (13 TeV) j% % y
'_g 10 ia;«ww'v : B: o.w:;'v .:3; SRSV _g 1600 :— .B;I STy I B! vJ/‘l‘p’lv -a‘; W(zsm'v—: i
~ other B;—@cju v [l B:-Jrw H‘("(rn ) H, mesons ~ o other B!—@Ecuv [l Bi-Jrw r{'(m...) H, mesons ] 0 05 1 1 2
§2] H, baryons comb. dimuon + .* [l fakes £ 1400~ I K, baryons comb. dimuon + [l fakes - te [ps]
< erve stat. + syst. unc < C observ stat. + syst. unc. ] - ~ o
q>> ¢ observed fat. + syst g, 1200 ¢ obsarved tal. Heyst 3 2 :: 2 E. 0T LHCb Run 2 2 )
o (] - E g a3 E
1000~ o FeY 34 @>7GeViIt ] *
e : D* long. pol.
soof- = ° ° consistent
3 E oo with SM
= 200:_ -. o : ; _ g ; ; .
a .._._..__...._.—*_5 a e G é« 6 LHCb Run 1 3 fb™) 3 E 10 LHCb Run2 2 fb™) (1 O')
g Tk e $ H . = 5 { S
07 T ot i s Gt i i f— BOQ-T» t *- £ 4 i &,
o) o 3 3 B -
© 55 6 65 7 75 8 85 9 95 10 () 05 0 05 i 1.5 - £
o (GeV?) |091o L/ Sy i E i
0 0.1 02 03 -0.2 0 0.2 04
s +0. 18 + 0.2 1 +0. 19 anti-D, BDT output anti-D, BDT output
Ryw = 0.172517 (stat) Zg33(syst) g ;1g (theo) ) .
L H Cb, ¢ < 7GeVYc! 0.51 £ 0.07 (stat) £ 0.03 (syst),
2 7214 . . ks —
compatible with the SM prediction within the experimental B S D* t 7> 7GeV7/c" 1 0.35+0.08 (stat) & 0.02 (syst),
= a U n U q° whole range : 0.43 £ 0.06 (stat) £ 0.03 (syst).

uncertainty (0.2582)
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In(1+S/B) weighted events

SM H physics with T final states

f+

Oncel

o ATLAS sees evidence for associated

e

VH(— t7) production at 4.2c
 ATLAS measures CP of H (— 17)

and rejects pure CP-odd at 3.40

Seo Tlepv Thad
.. !-I
N
~
=,
Thad> Thad

CMS/ | O = — 1+ 19° (68 % CL)
~ 1 pP = 0+21° (68%CL)
40_'"‘|""|“"\"""“I"“I“"\""\"“_ j tl '\"‘I"'\"'\"‘I"‘\"'\‘“I‘_
L ATLAS —e— Data - BKg. ] = 75 ATLAS —— Observed: ¢™ = 9-16° (68% CL) 7
™ -1 0 1 C &
35 Vs=13TeV, 139 fb . m:n?i‘n t=y9) = = i (s=13TeV, 139 b ...... Expected: ¢ = 0:28° (68% CL)
o All — Hom (9, =0) ] — > g
30H SRs — How (e, =909 51 =
A ) ICP-odd 4 £
b //”""" AIIIIII I s v, - E =
// X% 2 3= -
o s ¥
- PostFit : F :
158 Signal E T 4 E
T P P SR PR PO PO N I S Ll

0 40 80 120 160 200 240 280 320 360 0 80 60 40 20 0O 20 40 60 80

*

@"  [degrees]
cP

SM Higgs normalization is left
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¢;)bs. (¢$xp.) =90x16° (0£28°)

Entries / Bin

3

= j A S T | I T F 1 ¥ | | T FE T | B F | T T T UL
|_ATLAS Preliminary —+— Data 4
| Vs=13TeV, 140 fb’ i
B . Bl Vi H- ]
| Signal region, postfit v i
08— Misidentified jets —
- | All SRs B Oter )
0.6 —
04— —
02— —
L _
_I 1 | 1 l Py 1 1 1 | 1 1 1 1 =y 1 1 1 1 |#
10— =
5 —

1 | |

O e e e RS R S S -
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10
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T properties I (mass, EDM)

Most precise tau mass measurement from Belle 11

— Improved on results from threshold experiments
by reducing systematics from beam energy and
momentum measurement

New measurement of tau EDM from Belle using

spin correlations

Re(d,)
Im(d,)

— Expect to reduce to
(1 —-2)x1071° ecm
with improved
technique and Belle 11
data, esp. with pol.
beams

(—0.62 £ 0.63) x 1077 ecm,
(—0.40 +0.32) x 107 ecm.

M%’e ~ (S+XS—)£7 ) (S+XS—)1A)

2
M3,

- F/B asymmetr
T TC+ Y yTE T

N,

~ (S+_S—)l;: ) (St_

Events / (1.5 MeV/c?)

Pull

Inami

Sprinberg
Zlebcik
Lusiani
x10
16f- Belle Il } Data — Fit
14F JL dt = 190 fo! i Background
F m, = 1777.09 + 0.08 + 0.11 MeV/c?

1.76

1.78 1.8

M., [GeV/c?]

DELCO 1978
1783.00+ 3.54
ARGUS 1992

1776.30 + 2.78
BES 1996
1776.96 + 0.29
CLEO 1997
177820+ 1.44
OPAL 2000
177510+ 1.89
BELLE 2007
1776.61+ 0.37
KEDR 2007
1776.81+ 0.28
BABAR 2009
1776.68 + 0.43
BES3 2014
1776.91+ 0.17
Belle2 2023
1777.09 +
HFLAV
1776.96 +

0.14

0.09

1776 1777 1778
m |

HFLAV

2023 prelim
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Buat

T properties Il (g — 2) Sorbers

Ultra peripheral Pb-Pb collisions
* Photoproduction cross-section of T pairs

depends on a; Pb

— ATLAS result has similar precision to
DELPHI result; ALICE analysis is in
progress

e Also possible at Belle Il (pol. beams help)

L B A L B L B L A R

OPAL 1998

L3 1998 °
DELPHI 2004 ®

ATLAS
Pb+Pb \s,,=5.02 TeV, 1.44 nb™*

uiT-SR : o—— @ Best-it value AT L AS

u3T-SR  — @ :g:z:gt EXPERIMENT
ue-SR ——=——g ;

Combined ——.——.—

ExPected :

_#_
L PR SRR (N T T SN SN A TR S TR S S T S T L
-0.1 -0.05 0 0.05 0.1

1-loop QED, Schwinger term
a/2x = 0.0012

Soeren Prell Tau 2023 Summary 17



T properties 11l (polarization)

Miller,
Mohammadi

36.3fb" (2016, 13 TeV)

; . 10° HP
CMS measures tau pol. in Z decays and extracts sin® @y, ¢ g
QO 90F CMS
@ 80
(P:)75-120Gev = —0.140 £ 0.006 (stat) £ 0.014 (syst) = —0.140 £ 0.015. I% gg
50

P. (Z) = -0.144 +0.015

-

-
P 000000000

R R
ik
Z > 1)

Z > T,
mz - tt + jets
W +jets Diboson

QCD multijet -4 Observed

-
-
- .

oo -

-
-

P, =-A e —~ = —2(1 — 4sin? 68f) Zg =
T = (S vg[+a%N aT_ W/ 10 /’Lp
— W
0 Il h " 1 " L 1 " 1 1 L " n
sin? 65 = 0.2319 =+ 0.0008 (stat) =+ 0.0018 (syst) = 0.2319 + 0.0019. g 14f | x
E_ 1:0 0000y 00 et 0t ® o 000 N0, L eutee *
BABAR measures e~ beam pol. with T polarization g ool ]
-1.0 ~05 0.0 0.5 1.0
cos 6 8Grsgl < Ip| cos 6 cos B(p)
Pr- =P, h 9aot2080——FT—=4
‘1 + cos ? ‘4\/2710( p 1+ cos 0' C,M,S | 363 10" (13 TeV)
i i
EM term Electroweak correction en - e I
~0.003 en |- . .
. . . ea, |- g _
consistent with null expectation ndl . ]
— um e .
(P) — 00035 i 00024stat + OOOngys ha, | - |
80000~ BABAR e - E BABAR % :T:hfﬁf.ﬂii‘ll Tau 50000} BaBar E, ::ht‘:;:::lig?l’:u HP = - N
70000? :&abna wow;— Eg:bha E:ha ’ Tt —
2::::5: %:g _Esooooi— i e aff[ — ]
£ wom’ & sl aa,
moo: ol pT. |- ol i _
10000 — o £ ‘ . ‘ } . ‘ ‘ . ombined | l .I ]
% 105 P } % b ’_'_***4%* | 105E -1 -0.5 0 05

cos6* cosy coso
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Roney

Chiral Belle

-
|||||||||||||||||||||||||||

v—DIS ]
0.240 Maakz = 15 GeV 1
Upgrade SuperKEKB ~0.0010 < &8' < =0.0003 |
—~ 0.238 i1>0. 1 color)
beams at s =10.58 GeV &, | = i s
to 70% beam polarization = & 0236F | spvc, i
7 0234
Plan for end of decade I &
LDar APV(Ra™) Moller P ' il
erolu raae }
0230- "Anticipated sensitivities" SPu;er‘:(gEKdBd SLAC —
5 =2 ~I ®8 I 2 B
Log,, Q [GeV]
m 2
{ i
aBSM__BSM (m ) 106
U
Current bound in tau ~ 0(1072)
Chiral Belle reach ~ O(107°) with 50ab-!
Soeren Prell Tau 2023 Summary 19



Hadronic t decays (theory)

Miranda Sanchez
Golterman Was
Takaura Peris
Calderon

Updated Tt generators o Sl B
0.2233 *+ 0.0005
—_ —_ . Vis Ko N, = 24141
— KK]WCfOV e+€ — T+T (ny) incl. T d@CClyS = 0.2250 + 0.0005
—e— CKM unitarity & Vud &V,
. o o, o 0.2272 £ 0.0011
— Emission of additional pairs of SM and NP et Xy
0.2184 +0.0018 + 0.0010
H—e—H T >Kv/t-omnv
— Anomalous MDM and EDM 0.2229 +0.0016 + 0.0010
—e—i T > Kv
. . . . 0.2223 + 0.0015 + 0.0008
Precise BF's of hadronic t decays can limit NP e © ke v
contributions S T taons
. . 0.22 " 0.225 HFLAV
— E.g., new work on structure-dep. contributions to Yoo
rad. corrections in hadronic T decays reduces
uncertainty x2 fevturbalive QCD sasympbhc : Ramoymalons (1, 199)
New theory work e D R _ Bots(2)
07l VuS and aS (21;4’7-) ;@— o Z

o lnvge o W\/DKAMM “=> E(Ks): = (50“51

— Unfortunately, no new  tewalons: ‘ S 4
. i Ko Rl = A \0:2) \6=
experimental T results - = = A \4 g B () o i

A e

in these areas

c—— LUV —

1
) CGS%V\A.PJ?\YHC,> ’J?&ﬁuv\ood“iovx’u\urij &= [ L\o—w\ﬁ} T’ [ ]T' 2 Tav\cv' expansion

Flash back to grad
student times — G o

(Mueller '85)
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Run 2+3 at 200 ppb precision

— Error is statistically limited,

Cotrozzi

1 (g =2)

 New FNAL u (g — 2) result from

expect to < 100 ppb with Run 1-6

(data taken this year)

e J-PARC Muon EDM / g-2 (2028+)

— Not quite at the same precision

— Different approach with low

emittance U beam and no strong

focusing is more sensitive to

EDM (10721)

— First demonstration of cooled

muons

E)=—£[aﬂl§+g(ﬁxﬁ)} i

m

J-PARCE34

(2}
c

2006: 540 ppb BNL, =3 ®

April 7th, 2021 FNALRun-1 4 0
August 10th, 2023 FNAL Run-2/3 —0—
FNAL Run-1 + Run-2/3 +—@—+ (203 ppb)

2023: 190 ppb —e—

World Average

175 180 185 190 195 200 205 210 215

a,x10° = 1165900

Laser injection Signal of
e Cold muon .

4 [r : ; : : : hTime1
10 E Background i | : Entries |
— | L' due to laser lights : Underflow

B § § 2 4 : Overflow
E B e & 1 & f é
= | P Raw data
- | H . . ' . . .
10 & ' (Very preliminary)
1 : : : :
2000 2500 3000 3500 4000 4500 5000 5500 6000

Time (including an arbitrary offset) (nS)

Soeren Prell
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u(g —2)

S it = = = E= =S = y
. L4

ADH 97 (e*e)
L
ADH 97(e'e +1)
DEHZ 03 (1)
Fl17(e"e)
L 2
BDJ19(e"e")
° |
DHMZ 19 (e'e")
e o= SM
KNT 19(e"e) (Lattice BMW)
= 5 t ks

BNL

g

. {FNAL Run-1
p———@—— FNAL Run-2/3

——=e&—FNAL Run-1 + Run-2/3

viaitriarl

Davieret.alos('r)
~ MR20(n) O(p")
MR20) 0
- Davier e{al‘ 23 (1)
(e* e's—l\ll)lased) (r-glrsed) Exgsgr:geent
0.00116591810 0.00116591932 0.00116592059
a,

Experimental a,, value has been stable ... what is the SM prediction?

Expected theory progress

Pilato
Roig
Kuberski
T

BABAR

230.8+1.1+1.0

CMD-3

2342+1.2+1.0 Ge———

KLOEwide «

227.3+09+1.0 e+e— data

KLOEpeak | . "

227.4+0.7+1.0 are pUZZ |ng

Tau

232.4+09+1.0

Lattice

236.1+0.9 i

L ' l ' 1
220 235 240

avn [x107°]

ete~ data needs to be understood!

New measurements of HVP
contribution expected from KLOE,
BESIII, SND, Belle Il (eventually

also from t decays)

— Radiative corrections and MC generators are being scrutinized
—  New LQCD results for total HVP contribution and “window observables” and data-driven

approach ... goal is < 0.5% precision

—  MUonE will provide new method to compute the HVP contribution (2026+)
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Some stats

89 plenary talks

I\
NG
Q
=
QL
=
S
=
A
~
Q
)
A
g 3
mb
Sy
NS
S 3
N
S
AN O
e o

e

ATy

ran_

ré
TSR
=N

../.U.u, Y
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Many thanks !

Many thanks to Sourav Patra and Naveen Kumar Baghel for taking
care of the registration and Indico and Zoom connections

Many thanks to Swagato for hosting this great event !!!
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Conclusions

We have seen a lot of exciting results
since the last TAU conference

Tau physics is going strong !

[ am looking forward to TAU 2025
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-‘t 02 5 The 18th International Workshop on Tau Lepton
B Physics

The 18t International Workshop on Tau Lepton
Physics will be held in autumn of 2025 hosted
by Aix-Marseille Université in Marseille, France

Justine Serrano serrano@cppm.in2p3.fr serving
as Chair of the Local Organizing Committee

Exact dates are to be decided later
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