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T physics program @ B factories

Historically B-factories provided a variety of very interesting results in the last two decades.

B-factories: Belle@ KEKB and BaBar @ PEP-1I1 Lint (fb71)
= (Collision energy at Y (nS) 800 —— Lictime s
_ <
= BR(Y(4S)— BB ) > 96% E
600 LFV limits
sl | N Mass and ?
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e e lla i BB rrostod 2000 2002 2004 2006 2008 2010 2012 2014 2016
resno
. . Wide physics program
= Asymmetric beam energies PRYSIES Pros
= Boosted BB pairs = Precision SM measurement

. L = (CP asymmetries
= High luminosities

~Belle: 710 tb-! @ Y (4S)
~ BaBar: 424 b1 @ Y (4S)

= Angular distributions

= Searches for lepton flavor/universality/number violations
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B-Factories

Not just B-Factories but also t factories! Clean environment

= the kinematics of the initial state 1s precisely known

= the neutrino energy can be determined precisely

Hermetic detectors with

= high track reconstruction efficiency

= ¢00d kinematic and vertex resolution

= excellent PID & v & m¥ reconstruction capabilities

-
fU\Ny; Y (45) <'.\/
- Bo

4

Wide range of observables in T sector to confront theory!

Does NP couple to 3rd generation strongly?

Precision measurements or indirect search of BSM

= significant deviations from SM are unambiguous signatures of NP

= 3.69 [nb]
— 0.919 [nb] Direct search of forbidden decays

0(e+e_ — Y(4S)) = 1.05 [nb]
)

Q
—
QN
QN
l
(q
(q
~

= any signal 1s unambiguous signature of NP
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Belle 11 @ SuperKEKB

Belle 11 detector — upgraded Belle detector

EM Calorimeter K.-Muon

Detector = improved tracking efficienc
p g y

= 1mproved particle identification

= gsmarter software

(4 GeV) = more precise algorithms
= rolled in April 2017
solenoid First recorded events in April 2018

@1.5T

o

L_ Vertex Detettors g S ‘ Barrel and Forward

>

— =— ‘ Particle ID Detector

_

~ 200/fb of data already collected

Dt

Important for T analysis: discriminate between e, u, 7, K; reconstruct neutrals!
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The mass, lifetime and leptonic decays of 7

A. Lusiani et al: arXiv:1804.08436
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The mass, lifetime and leptonic decays of 7

= SM prediction for the relationship between the t lifetime,
mass, B(7 — evr) and weak coupling constant

Lepton masses and lifetimes are fundamental

parameters of SM!
B(t - evv) @
= A precise tau mass and lifetime measurements are T, 19273
crucial for lepton universality tests of SM = violated before the first precise mass measurement by BES
= Possibility to test CPT conservation measuring 7~ and
7 Iifetimes and masses separately. BES - PRL V69 (1992) 3021 -
Lepton Masses (MeV): g ~
= me=0.5109989461 + 0.0000000031  dm/m ~ 6*109 £
= my= 105.6583745 + 0.0000024 dm/m ~ 2%10-8 T
= m.=1776.86 +0.12 om/m ~ 7*%10-5 28 ¢

B:—ew (%)

FIG. 3. The variation of 7. with B¢, given by Eq. (1) under
the assumption of lepton universality; the & 1o bands obtained
using m, from this experiment (solid lines) and using the PDG

Similar situation for lifetime
value (dashed lines) are shown in comparison to the point corre-

sponding to the PDG values (1o error bars).
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T Mass measurement

hadrons
The T mass cannot be measured directly <>
= neutrinos 1n the final state V
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Pseudomass technique

Use conservation of momentum and energy:

The distribution has a kinematic edge around the T mass

P = (P, + Ps,)” = a sharp threshold behaviour in the region close to the
= m; =m, + mgw +2(E, Esx — Dy, - D3r) (1) nominal value of the T mass
= m> +ma; + 2(E, B3 — p,ps.cosb) . .
= first used by ARGUS in 1992, later by Opal, BELLE,
Use: BaBar and now by BELLE II

EV:ET—Egma’I’Ld —rr r 1 v v 1T v T R
2 2 (2) N :
pv =V E; —mj = B, = E; — Ej; 10 MeV/c?|
200 r
100 |
= inthe centre of mass & =F,, = \/3/2 p. :

= the equation has a minimum when cos 6, 5, = 1 %0 ‘

This is called pseudomass | "'min = \/ M3, + 2(Epeam — E3)(Esy = P3,) S,
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The Tt lepton mass

LVCIlIitlo

pata / VL

High signal purity Mass extraction using ML fit

= the remaining continuum = P1 1s an estimator for the T mass

backgrounds are flat = with multi/additive components to

= don’t impact the shape of the describe the tails

Systematics

= Compatible precision with
previous B factory results

= dominated by uncertainty on

distribution the track momentum scale
= expected to improve
—
— -1
FM,_.|P)=PFP;,+P,-M ) -tan ' (M, —P)/P))+Ps-M_. +1
arXiv:2008.04665

9000 |- Belle Il (Preliminary) —+ f(iamv)rb ) e 600 [y + - Systematic uncertainty MeV/c?

200 f Lt = 8.8 10" T ecl e & cemh T e 500 | selle Il (Preliminary) Momentum shift due to the B-field map .29

-+ - g4 (a=u,d,sc) < I _ 1 '

;ggg et % oo : f Ldt=8.81b Estimator bias 0.12

so0 e = : ) Choice of p.d.f. 0.08
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3000 2 ok * Data Beam energy shifts 0.03
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! 0 N, = 8742 Mass dependence of bias 0.02
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S S T o Initial parameters < 0.01
1 by hysevessnecesccecsnnsnsassesetisesastons : _  °F Background processes < 0.01
05f i I..+.f..+.+.+._+.+ S o —+ 4t Py [ ; + f R R +4 1-- TRERER R -+-f _+_i Tracking efficiency = 001
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https://arxiv.org/abs/2008.04665

The T leptons mass

Goal: achieve best precision among pseudomass measurements

= best result from BES III from pair production at threshold energy - eX'pITCtBt(())()metlch statistical precision of Belle/BABAR
with ~ ]

= future improvements of reconstruction efficiency and
systematic uncertainty

= best measurement from pseudomass technique by Belle

0‘0
X -
PDG average ::1776.86 + 0.12 MeV/c? eventually perform CPV test
3 ' .
BES Il (2014)$51776.91 = 0.12 = 0.13 MeV/c? o Belle Il
i§i S 08 - 2 _~7 luminosity projection
ARGUS (1992)£:1776.3 = 2.4 + 1.4 MeV/c? 2 | o o Nevie @Bl
% =, _
KK c 0.6
Belle (2007)$x1776.61 = 0.13 + 0.35 MeV/c? o -
%% D ‘
“2 D 0.4
BaBar (2009) 3 :3f 1776.68 + 0.12 + 0.41 MeV/c? = : x,“q:? | MoVIc® @ 50 [
? -ES- 0.2 I "+.,0.22 MeV/c? @ 100 [fo™]
Belle Il (2020)%x1777.28 + 0.75 + 0.33 MeV/c? S Ve
t:t CD B current luminosit 4/‘ ‘0~1?[V|_9V/C @ 300 [fo ]
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Previous measurements of t lifetime in e"e¢™ — 777~

-2
10 = | T T T 1 =
World-best measurement Lk -
T, = (290.17 %+ 0.53,: %+ 0.33,) fs 0 | E
4 | s\‘ _
10 = v =
— ] =
= o
— 5 | _
AL 1 S
6 L f -
6 | -
10 = 1 —
- L=
7 b Z-peak — LEP (DELPHI, L3, ALEPH, OPAL) -
PRL 112, 031801 10 F =
(2014) - . - Y-peak — CLEO, Babar, Belle §

1 0 | I T I | | | | | I I B | | | | I I I | | >

OPAL (1996) 1 10 10
Vs [GeV]
; CLEO (1996)
AEEPR AN Belle I1 w.r.t. Belle: exploit
. , L3 (2000)

= the tiny beam spot size at the IP

DELPHI (2003)

= the 3x1 event topology to increase the
statistical precision of the measurement
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Strategy at Belle 11

The proper time is measured using the particle’s

= flight distance in the lab frame [

= momentum P in the lab frame

3-prong

Events / (20 MeV/c?)

hadrons

Ami Rostomyan

= vertex fitting

= 1ncrease the statistical precision by using 3x1 topology

N

>_<1O

— 7T
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with plane y =IP,
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= (1) decay vertex — reconstruct vertex for 3-prong

= (2) estimate T momentum using T decay products

+ + F_+
TS AT,

= Belle Il 2020 (Simulation)

0.8 1
M., 3-prong [GeV/c?]

I:l t(—pv)t(—nnnv) .’C’C
.qa g=u,d,s

.qa g=c,b

1.6 1.8 2

= (3) production vertex that 1s intersection of momentum direction
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p(t;7) = 1/t e " X R(1)

Proper decay time

[

f = m—

P

= computed from the reconstructed decay
length [ and the estimated momentum p

- Belle 112020 (Simulation) T(_“’")T(_”"“W).”
10° F
.qa q=u.,d,s .qa q=c,b

—~10*
)
(V.
o
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~1000

-500 0 500
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Events / (20 fs)

Pull

Proper decay time resolution

At — l.rec _ tgen

= binned ML fit with 3 Gaussians
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= the resolution @Belle II 1s nearly

—1500 —-400 -300 200 -100 O 100 200 300 400 500

t 3-prong (ct®® - ct®™") [um]

x2 narrower than @Belle

= Belle 11 2020 (Simulation) &

+ tt MC all
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The T lepton lifetime

Fit the proper time distribution with a convolution of an exponential distribution and resolution function

Events / (40 fs)

PuII

104
10°
102

10

’
2
0
—2

—1

|
p(t;7) =—e "X B(f) —— 17=2872+0.5"s

-

MC total ag qg=u,d,s

. Belle Il 2020 (Simulation)

qg g=c,b

| T.ﬂn.ﬁﬂ. [
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Generated lifetime 7 = 290.57 fs
= ~3 s bias 1n the measurement
= [SR/FSR losses

= overestimation of p_results 1n underestimation of proper
time

= ntrinsic bias of the measurement

= estimate the bias from MC and correct the measurement

With respect to Belle:

= competitive statistical precision can already
be reached with 200/tb
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e, u and T differ only by

= the mass

* LFU = couplings of leptons to W bosons is flavour independent

o
W
J\W\/Vg\<
Ve

W<

T I T T
[ [ HFLAV average

[ LHCbI5

LHCb18

- Bellel7

+ Average of SM predictions
R(D) = 0.299 +0.003
R(D*) =0.258 £0.005
1 1 1 1

HFLAV B
:
0.5

LY HEPHY
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e-u-t universality

The coupling of leptons to W bosons is flavour-independent: e = &y = &7

= different and separately conserved lepton numbers

Lepton Flavour Universality

ge

2
= test of ©-p universality 9=
9u

' h

2
9u
= test of e-p universality <—> X
T

LFU Tests in Tau Decays at Belle Il 5

>
h p tag L m,
— (BF~15%) h (BF~85%) 7y
* Anomalies in quark sector + also lepton sector 0
‘ - R(D)-R(D*) (3.10) -@2p420) S vy
K T - R(K) (3.10) andalsofore (250) | el TR T e
. CPenBoKw(Bdor T T T _
W AP et )»[ e et > % e
9 - and more... / ~~~~~~~ p / ........ P
= - T e thrus 1 thrust
v Ve e e e
e 71 71
. . . . . ” /‘:' i ',' : .
o Hints of a new fundamental interaction that violates LFU~ e/y s S|gnal ) ., : S|gnal
] QL0 e ’ QL0
* |f so, then we could see evidence also in the tau sector \/> (BF 35 /°) H \_/’ (BF 35 A’)
Vv Y

Bz — ,u_DﬂyT)

B(tz— - ev,u,)

B(t = hu,)

B(h — uv,)

See_Petar Rados’ slides for Belle II prospects on LFU
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LVF & LNV

Ami Rostomyan
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Lepton flavour and_number conservation

Conservation of the individual lepton-flavour and the total lepton numbers within the SM (m, = 0)
GEP =U(1)p x U(1)p, x U(1)g, x U(1)p,

= The observation of neutrino oscillations as a first sign of LFV beyond the SM!

What about the charged leptons? Are neutrinos Dirac (IALI = 0) or Majorana (IALI = 2) particles?
= 1F 4
E 101 Wy = 10 g : : :
= E - ! ! " mPDG
103 e A ~ <[ e o . ® BABAR
— v v M‘ q 10 §_ ......................... . ....... [ . ............... ‘|| ..... A LHCb
105 - g, X S P " v Belle
= A o - e 0 @ o | m A
10-7 z % v & & ',,g 10-6 S @ : .................................. : ............. B AY: .................................
10-9 -_ ‘ CLEO / BaBar / Belle Be"e " (2 E | | |
. v'. - ‘ %’D - | | | v
— v U—¢€y Voo = ot 10-7 e L L .IV .................... Voo
10-11 = - = = I I ’ I Vv
e B de °e " . .Y 2 E I l o : v
10-13 [ " uN el Yopeeme 3] B ! | @ |
- PN MEG 1I E (1 B : .................................. : ....... A: .................................
10-15 — ¢ Y B COMET | = , | !
- A T7—3u Mu3e - | | :
B Mu2e D i
10-17i uwe@ 10°? 'glglglglglglglglglglglglglglglglglglglglilglglgmlglgm
10-]9 _l L1 1 l 111 1 I L1 1 1 l L1 1 1 l L1 1 1 I 11 11 I 1 1 1 l 1 1 1 l L1 1 1 l L1 IT:: }F) l/F *M % IIF S—F l/F % M ? ll_r-: l,_r-: 1‘? %M ? $Q % Qh /T\) ? % /?‘ 1§
1940 1950 1960 1970 1980 1990 2000 2010 2020 3(030 deealdagaa %s” U alet Lelt
car

No success in searches so far!

Observation of LFV or LNV will be a clear signature of the NP!
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Perspectives at Belle 11

... mostly occurred at the B-factories
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90% C.L. upper limits for LFV t decays
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“’imiq’i@iq,i@imiq,i o= 3‘03161)0)1110) BB ggzcx!gowxm@id'ibkg B X
30 1®1®imimimimiﬁﬁ BB\

m CLEO
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* ATLAS

Belle |l

- The Belle II Physics Book -

arXiv:1808.10567v2

Test the SM in a variety of ways

= radiative (1 — £y)

= leptonic decays (tr — ££7)

= a large variety of LFV and LNV semi-leptonic decays

= T — wand T — e: test of the lepton flavour structure

00— E—

= One of the factors pushing up the sensitivity of probes 1s the increase of the luminosity

= Equally important 1s the increase of the signal detection efficiency

= high trigger efficiencies; improvements in the vertex reconstruction, charged track and neutral-meson reconstructions, particle
1dentification, refinements in the analysis techniques...

The searches at Belle 11 will push the current bounds further by more than one order of magnitude

Ami Rostomyan
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Perspectives at Belle 11

... mostly occurred at the B-factories
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Test the SM in a variety of ways

= radiative (1 — £y)

= leptonic decays (tr — ££7)

= a large variety of LFV and LNV semi-leptonic decays

= T — wand T — e: test of the lepton flavour structure

00— B

See Alberto Martini’s slides for Belle II prospects on LFV
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Search for LFV 7 — Za (¢ — 1nvisible)

o i o
Probe the existence of a new boson o < 6 G S 000l Belle Il
& " @ o \
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."pe‘; ."DM‘; @ o 10000~
L A Al
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- > 6000 “=0: BRew) "
- —M=1.4, BRE) _g4
. . 4000— — BR(evv)
= previous studied at Mark III (9.4 pb-1) and ARGUS (476 pb-1) - B Bsckground
2000
= gsearch for a two body decay spectrum -
= signal will manifest itself as a peak in the T rest frame 0 02 04 0608 1[@ 1\5 ] 14 16 18 2
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o 10000
S i
< i
% 8000__ T—€VV , TV
- B BR(ea)
. . . . o 6000 M.=0, BR(evv) =0.1
= cannot access the T rest frame directly due to the missing neutrino 0 i — .. BREed .
' | : ' 4000 — " " BRew)
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2000
ET — \/E /2 - |
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||III|II
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ps-thrust

ARGUS method: p_~ — P, Thrust method: p_ &~ T
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Search for LFV 7 — Za (¢ — invisible)

UL is provided for the ratio Br(t — ea)/Br(t — evv)

Various NP scenarios:
Status of the analysis: - LFV 7/’

= background suppression already quite effective = strong bound from ARGUS measurement

= UL estimation using the frequentist profile-likehood method = light ALP a

using asymptotic approach = exploring regions in parameter space not reachable by
other experiments

- W. Altmannshofer, C.Y. Chen, B. Dev, A, Soni - -~ - L. Calibbi, D. Redigolo, R.. Ziegler, J. Zupan -
- 100 g T
R - 1Chi|=1C =1 3
I; . NN NN Mu3e-onling/~ " " -
? N \\x\\\s\%x\\\ \ 10105_ el e MEGII-fwd (F=1 :
! x\@@%&\\\m@& —_—— |
@ AN o ———————————————— .
£ LIRSS NN - ST
102 & AN © [ 3
! S O 108 = ~
\lf/ o— M _(UI E WD Coo“ng )
o0 " = [ cooling o
5107 107 8
- : SN1987Ac E
S [ Bellell . eBelle Il, ARGUS method | !
3107 E—Simulation:fL dt =25.0 fb mBelle Il, Thrust method 108 E
> - SN1987A !
810"5_' ce e b b b b b e by | 1052' ""'“'3' ""'“'4' """"5' """"6' 'm'l""'|7' """8' """"9
0 0.2 0.4 0.6 0.8 , 1 1.2 1.4 1.6 10 10 10 10 10 10 10 10
Ma [GeV/C ] m, [ev]
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Summary

eTe™ annihilation data is ideal for precision measurements and NP searches!

Belle 11 experiment started

2.—1

Achieved world record luminosity L = 3.1 X 10*>cm™?s™
Accelerator tuning 1s ongoing; more data will be recorded soon

and measurements with the early data are very
promising and show the potential of Belle II precision
measurements

and analysis ongoing
analysis progressing

indicates the potential of LFV searches

Belle 11 will provide the world largest number (5x1019) of
eTe” — tTr events
T precision measurements and NP searches will reach higher

sensitivity w.r.t. the previous experiments
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Backup shides
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T Electric and Magnetic Dipole Moments

F v e
o] >
Y
Unvell or constrain NP effects
o My m,/%
- NP contribution expected ox A2 = NP contribution expected "
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EDM & MDM

Interactions between 7 and photon
P When NP exists in the loop diagrams of the y-

. o"“q, ,. : :
I( qz) = —ieQ, { YHF qz) : - (z Fy( qz) + Fy 612)75) } Z Illr;::aﬁgll\l/[ vertex, T can possess extra EDM

T

- [ 1(q2): Dirac form factor /,(0) = 1
= Fz(qz): Pauli form factor (MDM) F5(0) = a,
= F,(g°): electric dipole moment (EDM) F5(0) =d_- 2m_/ eQ.,

EDM is a fundamental parameter that parameterises The experimental measurement of MDM of the fast-

I- or CP- violation at the 77 vertex. decaying t is very different from that of the stable or
= SM prediction for EDM: d_ = 10—%"ecm relatively long-lived e and u.
= NP models predict . = 10~ ”ecm = SM prediction:
' X208 11545 aM = gD 4 BV 4 gHLO 4 gHHO — 117 721(5) x 1078

= World best measurement from Belle
= World best measurement from DELPHI - £r/.C 35:159, 2004 -

~1.85x 1077 < %(d;) < 0.61x107"ecm (95 % CL) ~0.0052 < @, < 0.013(95 % CL)

—17 7 —17
—1.03x 107" < 3(d) < 023 X107 ecm (95 % CL) = Every deviation assumed to stem from a_
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Test of unitarity M
v, T

Unique opportunity for probing the coupling strength of the weak current
to the first and second generation of quarks to a very high precision
Test of unitarity

6)

Ve + Ve + Ve =1

AVAREA

Vud Vus Vub
— Vcd Vcs Vcb
Via  Vis Vi

0t — Ot K — ntv ~1.6-107
Weak Eigenstates CKM Matrix Mass Eigenstates K= a 7= a B decays
= From kaon, pion, baryon and nuclear decays = From T decays
0t — Ot
Vud T — mey, N Dev, T = U, Vud T — 7T71'OI/T T — 7L, T = Ny,
Vus K—->ntv AN->pev, K-’y VMS T—> Knv, 17— Ku, T = ho,
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Two methods of V. from Tt decays

Exclusive: compare the BRof 7 — nrv and 1 — Kv - BaBar, Phys. Rev. Lett. 105 051602 -
Fermi constant electroweak corrections
221V 1Pmbe 2\ 2 V.. =0.2193 = 0.0032 = within 20 of the value predicted
B~ = K1) = FJK 1 6us T 1 (1 12( > Sew by the CKM unitarity
T ms?
2
B(t— = K7v) f2|V,| (mfz - mjz() _ = consistent with CKM unitarity
=+ > (I+6.p) V.. =0.2255 % 0.0024

B~ = 7v) [Vl (m2 - m2)
/
/

decay constant electroweak corrections

fundamental parameters of SM

Inclusive: compare the BR of 7 — (iid) v and v — (us) v :={>

BR w.r.t. BR(t — evv )

(a,, | V|, m)

hadrons with 5=0 / "\ hadrons with S=1
AR ‘\_RNS K, _/ = within 3.10 of the value
SUE) breaking ‘ v ‘ v |2 Vis = 0.2186 £ 0.0021 predicted by the CKM unitarity
ud us
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V. . from T decays @Belle 11

New results with improved theoretical input
= precise determination of V), from kaon and nuclear decays

= discrepancy with CKM unitarity at 4.8 o

[ L L L - I

v Ackm = Iv,udl2 + Ivusl2 -1 ]
us -

i Global fit:
0.226 |- Ackm ==~ (15 £ 3)x104

| “Mesons only” fit:
Ackm =- (18 £ 6)x103

.

0224 +

\

K— Trev (0.27%)

0222} S g
=
: g;. _
0+ N 0+ é
Nuclear decays —
- (0.015%) ]
0220 | 1 1 1 1 | 1 1 1 1 | 1 1 1 v
0.960 0.965 0.970 | Ud
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Can 7 physics help?
= currently less precise determination of V
= large PID systematic uncertainties @BaBar

= 1nclusive measurement not truly inclusive

Kig: N = 2+1+1, PDG 2020
0.2237 + 0.0007

o Kipo N = 2+1+1, PDG 2020
0.2245 + 0.0004

CKM unitarity, PDG 2020
0.2278 + 0.0006

—e— T = XV
0.2195 + 0.0019
—— T—>Kv/1—>mnv
0.2234 + 0.0015
—— T—>Kv/1—>nv [RM123]
0.2234 + 0.0015
—e— T — Kv
0.2234 + 0.0015
—— T — Kv [RM123]
T 0.2237 = 0.0014
0.22 0.225
V| ICHEP 2020
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V. . from T decays @Belle 11

3o tension between | V | from the CKM matrix What can we do @Bellell?

unitarity and 7 — s. = larger data sample will be available

‘Post Phys. Proc. 1,001 (201 . ' '
SciPost Phys. Proc. 1, 001 (2019) = similar to LFU analysis use 3x1 and 1x1 topologies

0.230 -
CKM WVud = 1mprove the understanding of the detector (PID, trigger, ... )
unitarity | | | | | | I | | | | | | | | I | | | | | | |
0.225 -+ IVUSI(T ] K/T: S J'E) <\ I . I K|3, Nf = 2+1+1, PDG 2020
o \ 0.2237 + 0.0007
> fit O\ ®) Kipo N = 2+1+1, PDG 2020
0.2245 + 0.0004
0.2201 Vusl(t =) '@  CKM unitarity, PDG 2020
\ 0.2278 + 0.0006
\ —— T — XV
0.2195 + 0.0019
0.215 ~ —— T—>Kv/t—>mnv
0.973 0.974 0.975 0.976 0.2234 + 0.0015
V4l —— T — Kv/1— nv [RM123]
0.2234 + 0.0015
p \ —e— T — Kv
- d.s , \.' ~~, SUSY | 0.2234 + 0.0015
W ’ _- - 0o0ps,
+ / Leptoquarks, —e— T — Kv [RM123]
g > “\ S Z', Charged Higgs T 0.2237 £ 0.0014
' L | glantHanded 0.22 0.225 AL. elab.
>_ . < V.l ICHEP 2020
\ /
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Lepton flavour conservation

Conservation of the individual lepton-flavour and the total lepton numbers within the SM (m, = 0)

—@
| N «i"f

X /
\V4

GEP =U(1)p x U(1)p, x U(1)g, x U(1)p,

= The observation of neutrino oscillations as a first sign of LFV beyond the SM!

What about the charged leptons?

= The charged LFV processes can occur through oscillations in loops

= Unmeasurable small rates (10-°#-10-%°) for all the LFV p and t decays LFV from v mixing
Y
3 . W
B(fl — 52’7) — 32—7‘_ | UﬁliUfz - . _._;/_ -
222,3 T 7
Observation of LFV will be a clear signature of the NP! Higgs mediated LV s-lepton mixing
/” 4
. T + X
= (Charged LFV enhanced in many NP models (10-10 - 10-7) - <u_ ol o i
u Ve Vy

Ami Rostomyan 30 Anomalies and Precision in the Belle II Era



Lepton flavour conservation

Conservation of the individual lepton-flavour and the total lepton numbers within the SM (m, = 0)

—@
| N «i"f

X /
\V4

GEP =U(1)p x U(1)p, x U(1)g, x U(1)p,

= The observation of neutrino oscillations as a first sign of LFV beyond the SM!

What about the charged leptons?

= The charged LFV processes can occur through oscillations in loops

= Unmeasurable small rates (10-°#-10-%°) for all the LFV p and t decays LFV from v mixing
Y
3 . W
B(fl — 52’7) — 32—7‘_ | UﬁliUfz - . _._;/_ -
222,3 T 7
Observation of LFV will be a clear signature of the NP! Higgs mediated LV s-lepton mixing
/” 4
. T + X
= (Charged LFV enhanced in many NP models (10-10 - 10-7) - <u_ ol o i
u Ve Vy
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The progress of T LFV and LNV searches

... mostly occurred at the B-factories

107

The upper limits reached for T decays approached the regions sensitive to NP.

H 0 0) 0] ]
C P IS |V 1l Ihh ]
m
E_ m " n "UEmn " = z ._E
C (g mE - O " __
_ | ...... | m ] —
= = N —
= * v 3
- v . v "vv' v vy -
v
L v, 'Y v - vy v A v - v _
- v —
- v —
:v‘ AA A‘XVAAVVA X Y Ax YY A AAAA A, AA:
| A A A N Y XAAA A -

I
q>)->-°g°g = E o e RRAMFLRRXUU R T T 23 vo's's 0 3 v e BEXMRRS t;’t:xx a4

O Z'p's boh b h ok b o 4y

020 0’3 9’5 o's oozz50 BRRRYIAR PRI

1®i®i®1
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xm’!")@id)i@i
o303 0 1®1®1®i®i® . BB BB\

m CLEO
v BaBar
A Belle
¢ LHCb
* ATLAS
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Test the SM in a variety of ways
= radiative (1 — £y)

[

leptonic decays (7 — ££7)

= a

large variety of LFV and LNV semi-leptonic decays

= T — wand T — e: test of the lepton flavour structure

I —— EEE——

h* = states with no

L=eoru lepton flavour number
£~ hT £t h™
signal side h~ signal side h~
N e TT
et e et e
» <€ » <€

/ B tag side
» Ur

\ 4 \ 4
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Effective field theory approach

No compelling evidence for new particles mediating LFV processes

= Strong experimental constraints on the scale A for new degrees of freedom

= Parameterise the LFV T decays via the effective field theory (EFT)

L:LSM+Z

= Their effect will show up at low energies as a series of non-renormalisable operators:

= Each NP model generates a specific pattern of operators

= Due to the variety of the hadronic final states, the semi-leptonic T decays probe a larger set of operators

4-lepton

dipole

lepton-

gluon

T3 Towpwy Toprtnre T uKK 1o ur 17— pnp?
TOsy 4 - - B - B
» Op v v v v — —
Oy« - - v (I=1)  v(1=0,1) - -
O < — — v (I=0) v (1=0,1) — —
"OGG — — v v — —

0% - - - - v (I=1) v (I=0)

0%« - - - - / (I=1)  (1=0)
O | -~ - - - - /

— lepton-quark

- Celis, Cirigliano, Passemar (2014) -

The Tt decays offer an opportunity to probe the underlying NP responsible for the LFV.
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