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B factories

Diversity of 7 physics

©

LFV searches
T — (y({ = e or pu)

©

o LNV and BNV searches
7 — pll' ((O) = p, e)

o Summary
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7 and eTe~ colliders

PEP-11
Rings ~~
Positrons .

High Energy Ring

SuperKEKB .
@ 7 lepton: The heaviest lepton known to

date: Sensitive to new Physics
The only lepton heavy enough to decay
hadronically

Belle Il detector

collision point

@ Low background, high trigger efficiency,

well known missing energy and mass

make the et e~ colliders suitable for T

hysics stud
phy y
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Intensity frontier

Integrated luminosity of B factories
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o The B factories: Belle (BaBar) ran from 1999 to 2010 (2008)
o Belle and BaBar recorded over 1.5 ab~! data

o Now SuperKEKB and Belle Il are on the field!
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B-factories

Belle Detector

. Aerogel Cherenkov cnt.
5 n=1.015~1.030

CsI(Tl) 7= L = = SeV et
165{,, ) N 5 : -~
TOF counter

L';l P

\_Central Drift Chamber
> 1 cell +He/C,H,

Si vtx. det.

u / K, detection
3/4 lyr. DSSD

14/15 lyr. RPC+Fe

Belle Il Detector

KL and muon detector:
Resistive Plate Counter (barrel)

Csl(Th), waveform samp
Pure Csl + waveform sar

[EM Calorimeter:
electron (7GeV)

~
Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET +4

[

positron (4GeV)
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Aerogel RICH (fwd) }

BaBar Detector

Electromagnetic Calorimeter
6580 CsI crystals
" ID, % and reco Instrumented Flux Retum
19 layers of RPCs (LSTs)

Cherenkov Detectoy
(DIRC)
144 quartz bars <

K, separation, '—‘n*‘h“

Drift Chamber
40 layers
Tracking + dEfdx

5 layers of double
sided silicon strips

Why 7 in B-factory?

Cross section @ v/S = 10.58 GeV :
o(ete” — BB) = 1.1 nb,
o(ete” — 77) = 0.9 nb,

Even more, taus are collected in
off-resonance also, but no Bs.

—> B-Factory = 7-Factory




Diversity of tau physics

T property measurements

@ Mass
@ Lifetime

9 EDM

@ Michel parameters

Precision measurements

| Vus| measurement

©

2nd class current search: 7= — T nUr
Hadronic currents: 7= — ©~ n%v,, 7= — hhvs...

Branching fraction measurements: 7= — K$°7r_1/.r, T~ = ¢K vr...

© © 0 o

Lepton universality

R R R R RRRRRRRBRRRRRRRRRRRRRRRRRRRRRRETIRRRR=
BSM Searches

@ LFV, LNV, BNV: 7 — 3¢, 7 — £VO...
T — 4y ({=eorp)[ K Uno et al. arXiv:2103.12994]
7 — pte’ (¢0) = 1, e) [D. Sahoo et al. PRD 102, 111101 (2020)]
World's leading result are expected
Q@ CPV: 77 — K(S)ﬂ'_u-,—
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7 Lepton Flavor Violation
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7 LFV

Neutrino Sector: Observation of neutrino oscillation
Charge sector: Has not been observed

@ In the SM + v Oscillations, CLFV is highly suppressed
Impossible to access in current experiments, B(T — uy) < O(10740)

@ Many extensions of the SM predict LFV decays
@ Extensions of SM predict enhancement up to the sensitivity of current experiments

An observation of LFV would be a clear signature of BSM

@ Many LFV modes with NP models:

S-,
~ X 4 Ks (Ko)
h is
T l;l H T n iV
V,

R-parity violation

SuUsy Higgs mediated LFV

A. Brignole et al., Nucl. Phys. B 701, 3 (2004) C.-X. Yue et al., EPJC 50, 897 (2007)

R. Barbier et al., Phys. Rep. B 420, 1 (2005)
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Model Reference T WY T — Bl
SM + v Oscillations  EPJ C8 (1999) 513 10—%0 -

SM + heavy Maj vg  PRD 66 (2002) 034008 10—° 10-10
Non universal Z' PLB 547 (2002) 252 107° 108
SUSY SO(10) PRD 68 (2003) 033012 10~8 10~10
mSUGRA + seesaw ~ PRD 66 (2002) 115013 10— 10~°
SUSY Higgs PLB 566 (2003) 217 10-10 10~7

Experimental results:

BaBar: B(T — wy) < 4.4 x 1078
Belle: B(T — uy) < 4.5 x 1078

New Belle Result will be discussed!!

PRL 104, 021802 (2010)
Phys. Lett. B 666, 16 (2008)

Belle: B(t — pup) < 2.1 x 1078
BaBar: B(T — ppu) < 3.3 x 1078
LHCb: B(t — ppu) < 4.6 x 10~8
CMS: B(T — pup) < 8.0 x 1078
ATLAS: B(T — pup) < 3.8 x 1077

Phys. Lett. B 687, 139 (2010)
PRD 81, 111101 (R) (2010)
JHEP 02, 121 (2015)

JHEP 01, 163 (2021)

Eur. Phys. J. C 76, 232 (2016)
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7 LFV summary plot: HFLAV

Several LFV modes has been studied!

90% CL upper limits on t LFV decays

B HFLAV
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No result is available from B-factories in 7 — pl¢’

Needs to be updated!!



Search for 7 — (v

o Observation of CLFV: Clear signal of New Physics

Iy
T T
] &
o s
£ €17
U(pore) 16
- < "}
-1 -0.5
AE (GeV) AE (GeV)
T = py T — ey
90% CL Belle BaBar
Luminosity 535 fb~! 515 fb—!
B(r — py) 45x1078 4.4 x 108
B(r —ey) 120x1078 3.3x1078 mEc = (Et()jeIZ[m)z - (Pl'y)2
Ref. PLB (2008)666 ~ PRL (2010)021802
AE=EZM — ECM
Ly beam

CM
Ehoam o \/5/2

o New result from Belle using full (988 fb~!) data sets
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Analysis technique

, Signal S|de/' y @

O Signal side: Np =1, N, =1 ' Lore
{=eorp AT Thrust
Tag Side: 1-prong decay (Eg. e y

T — v, TV, pV)

@ Signal region:

My = (E]:(,jelgm)Z - (plw)z
AE/Vs = (ECM — EQNL)/VS
Elg;illm - \/5/2

@ Backgrounds: 00
7 — fvv + ISR or beam Lm’
background Toef
ee — ¢ + ISR or beam 001 [ :
background AEYV

@ Signal extraction:
UEML fit to the signal region 002

emg

@ Blind Analysis technique " w Gevich’ T — fvv 4+ ISR

Debashis Sahoo 12/27



Selection Criteria

2 “Fpelle 1 2 Faere Jia-se '
8 JLngasm" + Data 8 + Data E
S “F — Total background S wf E“""“’““g"’“"" E
E < P
H £ uE eer E
. 2 2 B (I two-photon E
w w12 7
Many variables are used Byeoroer o 1 © e eso”
O Total Energy, Etot/+/s :
.
@ Missing momenta, ppmiss ]
ol i LB
m2 [GeV3ic?]
O cos(Omiss)
m2
v
2 _ (ECM _ FCM)2 _ |,CM |2
m, = (E‘e’Y Etag ) |pmi55 - T T T - T T T T
. 3 w0l Belle E 3 20 Belle E
New variable: § f[ia-cmn’ 4 D § O [Lo-san’ ¢+ Do E
) G el — Totalbackground ] @ 1sof — Total background
o Energy asymmetry in the = k- = E
. . 200 iy E aob E
[ two-photon
signal side Ewosraer 3 B enzodo®
cM _ sl —uy)=2 1 b
g‘r(tag),track(tag) - sof-
M M op E
pﬂ'(tag)'ptrack(tag) j:_
PSR TIPS | “t
T(tag)''Ftrack(tag) 2
L — e P
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Ot — ey
Ot =y 0.03
............. T 2] F T -T- LEME N
Lg v T T E . o D
w ’
<002 [ < ooz
0.01 0.01
0 0
g
—0.01 [ -0.01
002 [
iyt PR MEFENENES P EEEEENY EERNENE LY STt
003,37 1.75 18 1.85 1.9 0037 175 18 185 1.9
M, [GeV/c?] M, [GeV/c?]
Channel T — wy T — ey UL
Signal efficiency 3.7% 2.9 % Use f la: B(r — ¢ sig
Exp. # bkes. 5.8+ 0.4 5.1+ 0.4 se formula: B(r — €v) < 757
Obs. event 5 5
UL
NSE 2.8 3.0

Observed: B(T — uy) < 4.2 x 1078, B(t — ey) < 5.6 x 1078 @ 90% CL
Expected: B(T — py) < 4.9 x 1078, B(t — ey) < 6.4 x 1078 © 90% CL
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Lepton and Baryon number violation
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@ Necessary to explain the dominance of matter over antimatter in the universe by Sakharov
[JETP Lett. 5, 24-27, 1967]

1. Baryon number violation
2. C-symmetry and CP-symmetry violation
3. Interaction out of thermal equilibrium

@ In the SM, BNV can happen through nonperturbative effects but with an extremely low
probability.
[G. 't Hooft PRL 37, 8 (1976)]

@ Such processes are studied in different scenarios of physics BSM such as SUSY, grand
unification and models with Black holes

@ Search for BNV processes could give the hint of new Physics.
@ BNV in charged lepton decays often implies lepton number violation

@ Conservation of angular momentum requires: A(B — L) =0 or 2
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T is the only lepton may decay to Baryons

Experimental search:

Belle: B(r— — Ar~) < 0.72 x 10~7 Phys.Lett.B 632, 51-57 (2006)

Belle: B(1~ — An~) < 1.4 x 10~ Phys.Lett.B 632, 51-57 (2006)

CLEO: B(r~ — F7) < 3.5 x 10~6 Phys. Rev. D 59, 091303(R) (1999)
CLEO: B(r~ — pn®) < 1.5 x 10~5 Phys. Rev. D 59, 091303(R) (1999)
CLEO: B(r~ — p27%) <33 x 10~5  Phys. Rev. D 59, 091303(R) (1999)
CLEO: B(r~ — Pn) < 8.9 x 10-° Phys. Rev. D 59, 091303(R) (1999)
CLEO: B(r~ — prn) < 2.7 x 1075 Phys. Rev. D 59, 091303(R) (1999)

LHCb: B(t~ — pu~p~) < 4.4x 1077  Phys. Lett. B 724 (2013)
LHCb: B(t~ — pu~pt) <3.3x 1077  Phys. Lett. B 724 (2013)
New Belle results will be discussed!!
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LNV and BNV @ Belle

o Decay channels: 7= — pete™, pe"e™,
petu~, pept, pp—p, and pupt using 921 fb~! Belle data sets

o A diagram for 77 — putu~
possible in a new physics
scenario proposed by L LA
Fuentes-Martin et al. [JHEP
1501,134 (2015)]]
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Analysis approach

Reconstruct 7 — ptt’ (£0) = pu, e)

(*]

Variables to identify signal:

Mrec - Eﬁal - ﬁp2£2”
—_ FCM CM
AE = EpM’ B Ebeam

Red box denotes the signal region.

The sideband is the AE—M;¢c region
outside the red box

The AE strip, indicated by the region
between two green lines excluding the
red box is used to calculate the
expected background yield in the
signal region.

Blind Analysis technique

o
[EERSS AN AR RRRS

AT IR TR P PR S R I
172 174 176 178 18 182 1.84
Miei(GeV)

NioaasEenaas

AE-M;ec distribution for 7~ — pe~ et in
signal MC
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Selection criteria

Several selection criteria are applied

S/
906/@.
. “, /¢
@ 3-1 event topolgy is used to select the %

“n,

TT events. & (8 GeV)

@ Maximum p7@* of charged tracks

@ Selection on event shape variable such

as thrust 1-prong decay
O Selections on cosOSM . and Opiss 3 o E;‘}’:’;ﬂ:‘m
are applied for all the channels. %m E;L
@ ~ conversion veto on 7~ — pe”e™, S =
7T —>pee , T — petu” and U::
7~ — pp~ pu~ channels (on 015
oppositely-charged track pairs o1
assuming electron mass hypothesis) . 0'0:

5
PI(GeV)
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Sideband study

> 3 Data =
8 10° Bhabha % 10° - gx‘:hha
§ vl
8 ¢t @ ~ il
8 i S 10 b
3 ﬁ Two-photon =2 = fvo-photon D
S 107 pIe S e S 1 L R 3+ Data
2 s 3 £
{ : g i 7 Bhabha
10 _
‘ ‘ o
107 ) e
17 172 174 176 178 18 182 184 O e o ot o o1 02 ETwo-photon
Meo(GeV) AEGeV) 2 Sy Bete
S, Pete
3 N 3w o,
a
; & | g &
@ o) a
g " 8 1ot M
d Twn—gh:ﬂnn 9 Twu—ghulun
s 1 hes 3 o 0 pes
3 e £
E 5 1
10
1
107

01 02 03 04 05 06 07 08 09
M, .(GeV)

M,— o+ and M+ are obtained assuming electron mass hypothesis.
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Results

T pe‘e’ Ngg = 0.50 + 0.35 T pee Ngg = 0.23 + 0.07 T petw Ngg = 0.22 + 0.06
< 02 + < 02 < 02
2 . 2 2
S | S ok S o1,
u w w °
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.
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I~ 0.2 o s 0.2 s 0.2 T o
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o - . - L) L) (]
0.1 -0 = . 3 -0.1 = ; . -
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Meo(GeV) Me(GeV) Mee(GeV)

@ Number of observed events in the signal region are consistent with the background

Debashis Sahoo 22/27

prediction.



Limits

Uppel’ ||m|t on 90% CL upper limits on © LFV decays
UL N HFLAY
Br > ptt) < 255 LT
2N €

All channels (%) N§- B(x10%)
T~ —pete- 78 39 <30
T —pee” 80 41 <30
7o = pety 65 22 <20
T —peput 69 21 <18
T = pp s 46 31 <40
T = pupt 5.0 15 <18

® ATLAS = BaBar ¢ Belle 4 CLEO v LHCb

All limits are @ 10728 level

For 7= — pu~p~ and 7= — pu~pt: Improving the world's best
measurements by an order of magnitude

For other four channels: world's first limit
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T physics @ Belle Il

T property measurements

@ Mass — Talk by Robert Karl on June 8

@ Lifetime, EDM, Michel parameters

Precision measurements

O |Vius| measurement

o 274 class current search
@ Hadronic currents

@ Branching fraction measurements

@ Lepton universality

BSM Searches

Huge amount of data from Belle Il will allow to probe several T physics aspects

Events

Data/ MC

9000 - Belle Il (Preliminary) f:tcszm
800k J.L“B'B'V -t =)
7000 |-
6000 f-
5000 |-
4000 |-
3000 |-
2000
1000
0
1T
1'5‘ | m!,f......,. QUL ;
0.5 fes . . . ; . ‘ ) i
04 06 08 1 12 14 16 18 2 22

M, [GeV/c?]

'min

m, = 1777.28 4+ 0.75 £ 0.33 MeV/c?

@ LFV, LNV, BNV: 7 — ¢y, 7 =3¢, 7 — VO un, T — py, T — pll T — Am....

@ CPV: 77 — ng_l/.,-
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7 LFV prospectus @ Belle Il

arXiv:1808.10567
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Many experiments contributing
Belle Il extrapolation to 50 ab™! assuming zero background
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Summary

@ B factory experiments are 7-factory experiment at the same time

@ 7 physics covers from precision test of SM to direct new Physics Searches

@ Recent 7 — ¢~ search @ Belle:
o # of observed events consistent with background prediction

o Obtained upper limit @ 90% Confidence level
B(t — wy) < 4.2 x 1078 — Most stringent Limit

B(t — ey) < 5.6 x 1078

@ 7 — pll’ search @ Belle:
o B(t— = pp~pu"T)<40x1078 & B(r~ — pu~ut) < 1.8 x 1078 @ 90%
confidence level
Improve by an order of magnitude than that of LHCb
o For 7= — pete™, pe~e™, petu™ and pe~ut channels Belle set the world's first

limit

O Belle Il is currently collecting data with final goal of 50 ab—1 by 2031.
@ Huge amount of data will enable researchers to perform analyses probing new physics or
testing SM parameters with high precision
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THANK YOU

FOR YOUR ATTENTION!
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Backup: Cross sections @ T(4S5,5S) peak

Process o at T(4S) o at T(5S)
T~ 0.919 + 0.003 nb | 0.875 4 0.003 nb

Di-muon 1.005 4+ 0.001 nb 0.951 nb
Bhabha 123.5+0.2 nb 116 nb
ete ete™ 40.9 nb 42.0 nb
ete putu™ 18.9 nb 19.4 nb
ete vl 11.7 nb 12.0 nb
ete ss 0.227 nb 0.233 nb

ete cc 0.030 nb 0.0308 nb
BB’ 0.525 nb 0.249 nb
BtB~ 0.525 nb 0.249 nb
cc 1.3 nb 1.23 nb
uds 2.09 nb 1.98 nb

KKMC generates ete™ — 7777 () events
TAUOLA or PYTHIA handles 7 decays



Expected UL @ 90% CL

B(r — puy) < 4.9 x107°
B(r — ey) < 6.4 x 107° @ 90% CL

90% CL Belle BaBar

B(t — wy) obs: 45 x 1078, exp: 8.0 x 10~8 obs: 4.4 x 1078, exp: 8.2 x 108
B(r — ey) obs: 12.0 x 1078, exp: 12.0 x 1078  obs: 3.3 x 1078, exp: 9.8 x 10~8
Ref. PLB (2008)666 PRL (2010)021802

Factor 1.5-1.7 improved
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T mass measurement @ Belle Il

800
"0 Belle i (Preliminary) . N Belle Il (Preliminary)
ol ot mmaart) i P "
Lan-so s e |G Jua=om
ool o s 3w
2 H .
§ B a0f m, = 1777.28 + 0.75 MeVi/c’
¢ 2 4 Data
§ 2000 yfdof =1.256
@ -
10f Ngys = 8742
o isf 1
SRR el s 1 t
s — iy HH 3 offt Piipobly
HIS| PO 2 g B T
D ¥ R T R R T
W oI D ¥ R 7 B B R

M, [GeV/c?]

1776.86 + 0.12 MeV/c*

1776.91+0.12 £0.13 MeV/c” The |eading source of systematic

76.3 + 2.4 + 1.4 MeVic?

uncertainty is the momentum

76.61+0.13 +0.35 MeV/c?

177668 £0.12 £0.41 MeVIc® scale factor, which is expected to

Belle |1 (2020):31777.28 +0.75 + 0.33 MeV/c*

be reduced in the near future.

L L L L & L L L A
1773 774 775 1776 1777 1778 1779 1780 1781

m, [MeV/c?]
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