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Dark sector and tau physics at Belle and Belle |l 16/08/2022

Tau physics

B-factories are also good places to study taus: - e*e™ - ¥Y(45)[10.58 GeV] » BB (0 = 1.11 nb)

« ete” > Tv1” (6 =0.92nb)

Some examples of tau studies at Belle II:

* Lepton flavour violating (LFV) decays, R
* LFV decay with new particles: : . 1.777 GeV/c?
y. . P Tt >— Direct new physics (NP) searches eV
* Tau electric dipole moment, N 1
e CPviolation: T—K.mv, D 1 T
e Tau mass measurement, . o 2
« Tau lifetime measurement > Precise test of the SM, indirect NP searches tau
* Michel parameters determination,
 V, and o, determinations, D
Motivations:
) ) ) New physics in T—{+o:
* LFV decays: testing SUSY, little Higgs, leptoquark models... L. Calibbi et al., P3H-20-024, TTP20-025
 T—/+ou: related to axion-like particles and dark matter. W. Altmannshofer et al., Phys.Lett. B762 (2016) 389-398
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Dark sector

Existence of dark matter implied by many astrophysical observations Dark Sector Candidates, Anomalies, and Search Techniques

(galaxy rotation curves, cosmic microwave background...). zeV aeV feV peV neV ueV meV eV keV  MeV  Gev  Tev  PeV 30Mo

QCD Axion

Different mediators (portals) between dark matter < Cieraight Dark Matter >

and Standard Model (SM): preofatonaryAon

ey
Post-Inflationary Axion

. > <
Hidden Sector Dark Matter Black Holes

Hidden Thermal Relics|

€

e Vector portal = Dark photon, Z' boson

e Scalar portal = Dark Higgs, Dark scalar

* Pseudo-scalar portal — Axion-Like Particles (ALPs)
* Neutrino portal — Sterile neutrinos

Small Experiments: Coherent Field Searches, Direct Detection, Nuclear and Atomic hysics, Accelerators Microlensing

| I I I I I N N T ST R
| I U N N I I D L L |

Theoretical references: zeV aeV feV peV neV peV meV eV keV  MeV 1Gev TeV  PeV 30M,
B-factories

&
<

Dark leptophilic scalar: | B. Batell et al., Phys. Rev. D 95, 075003 (2017)

7' boson: W. Altmannshofer et al., J. High Energ. Phys. 2016, 106 (2016) Assets of B-factories (also true for tau physics!):
_— W. Altmannshoferet al., Phys. Rev. D 89, 095033 (2014) . . Lo

* clean environment with known initial state,
Dark photon & Dark Higgs: | B.Batell et al., Phys. Rev. D 79, 115008 (2009) e hermetic detector: |arge solid ang|e coverage,

e dedicated low-multiplicity triggers, ...

Axion-Like Particles: | M. Bauer et al., arXiv:2110.10698 (2021)
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Dark sector and tau physics at Belle and Belle Il

BELLE

Tau lepton flavour violation

* Belle has set the leading upper limits for most of 7 LFV decay channels.

* Overall analysis method (variations depending on the study):

o signal looked for in the M.-AE. space (AE. = ECM_— ECM, ), inside an
elliptical region around the signal peak in simulation (depends on resolution).

o background estimated within a AE.. band, excluding the signal region.

Improvement of more than 1 order of magnitude expected for Belle II.
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Snowmass White Paper, arXiv:2207.06307 (2022)
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K.Hayasaka, arXiv:1103.0094 (2011)
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Dark sector and tau physics at Belle and Belle Il

BELLE2-PUB-DRAFT-2022-005 (2022)

16,/08/2022

LFV decay T—/+a (invisible) Belle I

 Search for LFV two-body decay T—/¢+a (¢ = e, 11) and a being an invisible particle, following the approach of ARGUS.

* The opposite T decays as T—3mv,. Due to the missing energy from neutrino, we approximate: E; =+/s/2, D; = Pax

— pseudo-rest frame

e Signal manifests as a peak in the T momentum in

pseudo-rest frame, stacking on the T—#v .. background.

Léonard Polat
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Dark sector and tau physics at Belle and Belle Il

BELLE2-PUB-DRAFT-2022-005 (2022)

16,/08/2022

LFV decay T—/+a (invisible) Belle I

Background suppression: selection defined on tag-side (3w), since T—/v v not distinguishable from signal.

Searching

for an excess Ey dN

=

. . Ly S
in normalised energy: m /2 dx,

N R
fo : Bm « N: observed events.
= | Ny, QAIB to foaly) * €, & €y, efficiencies.
Covv | Divy ® NZOL; New & Nbl Rga: Signal ylEld,
+  Noow foon(x0) + Np fo(x0) expected background, branching

fractions ratio. Free parameters.

No significant excess in 62.8 fb-1 of data (2019-20). 95% C.L. upper limits using the CLs method.
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BT = po)/B (Tt — WV, v,

R, < (0.8—12.6) x 10-3

0.03
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" % ---- Expected UL
0.025 - Ldt=628fb" I Expected UL + 1 std. dev.
- .. Expected UL + 2 sid. dev.
002 | Preliminary
: Now best upper limits
0.015 |
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Dark sector and tau physics at Belle and Belle |l 16/08/2022

BE L L E Da rk Ie pto p h i I i C SCa Ia r BELLE-CONF-2201 (arXiv:2207.07476, 2022)

* Search for a dark leptophilic scalar ¢, that could explain the (g — 2)u discrepancy.

* Introduction of coupling £ generated by ¢;-Higgs mixing: L= —¢ Z Lipre
b=e,u,T
* Lookingfor ete™ — 777 ¢, ¢ — €10~ (£ = e, u)processes using 626 fb1 of

data collected at Belle, different ¢;, mass ranges for the e and x channels.

m
v

* Background rejection performed with 4 BDTs trained on simulation to identify each Preferred region to accommodate
contribution (7777, eTe~/ut ™, q4, BB )+ 1BDT to identify signal events. (g — 2),anomaly excluded up to 4 GeV/c2.
Consistent with BaBar
o — ete b — ptu— (Phys. Rev. Lett. 125, 181801, 2020)

10° 10t

Belle Preliminary — Observed UL Belle Freliminary — Observed UL

Jrdt = 626 bt e Expected UL Jrdt = 6261 s Expected UL
EEE Expected UL +1o B Expected UL+1c

Expected UL 225 ERREteIL 22g No deviation 10t -
larger than 3o 0n i
the cross section

10° 4

100 k

olete =1 T7¢L, g1—ete”) [fb]
olete =T T7¢, gLoutpu) [fbl

107 4 . . s =

upper limit, below 107 |

N TR TSRS WU PPS———— 20 for most of the :
s o : i || & mass range. 1072 g == BNk

— BABAR 0, 90% CL

JL. |

10+ 10-1 10° 10t
my, [GeV]
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Léonard Polat Vietnam Flavour Physics Conference 2022
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7’ to invisible & Dark Higgsstrahlung Belle II

* Extending the SM with U(1) gauge groups that give rise to new gauge bosons: Z' and A' /h' (dark photon/Higgs).

* Consider final states with a pair of leptons + missing energy coming from the hypothetical particles.

Exploit quantities related to the system that recoils against the lepton pair.
In particular the recoil mass: M?2...=s + M2,, - 2 Vs E2,, (s = center of mass energy).

— 7' toinvisible: signature is a peak in the M, distribution.

— Dark Higgsstrahlung: signature is a peak in the 2D M, — M,, plane.

* Dominant backgrounds are found to be: ete- — ptu(y), ete” — 1+t (~), ete” — eteptp .
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Dark Higgsstrahlung Belle I

» Dark photon A' as mediator of the additional U(1) group. Dark Higgs h' originates from spontaneous symmetry breaking.
« A' & SM: kinetic mixing €; A" & h': coupling constant o, = Dark Higgsstrahlung cross section < €2 x a,.
» 1stscenario: Mj, > M 4/, thenh' decays into a dark photon pair — searched by BaBar and Belle.

« 2ndgcenario: My < M 4+, thenh' is long-lived and invisible — searched by KLOE but in small mass range.

I—} Belle Il search: |eTe™ — A'h; A" — u"pu~, h' — invisible

* 9003 signal simulation samples generated

2 10F. 25 My =6.5Gevic? .
= g e M’-f,,=2,762v,§z for different (M ., M;,) values.
g My 1
$, o~ N 2 s 9 10 . -
< K = IS e 2D plane scanned with 9003 elliptical
" \X@ > o 0 windows, taking into account local
NP \Z 2 8 o '
€ 7y NN = c correlations.
/,;wc, Belle I NG o8 7T » Background suppression: C, = |cos 1|
6 T e (n: helicity angle). Signal is uniform,
A h | Belle ll simulation o - background is peaking. Selection optimised
IKLOE M, oM, a2z 43 4 with Punzi F.O.M. in each elliptical window.

M2, [GeV?/c?]
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Dark Higgsstrahlung Belle I

» Dark photon A' as mediator of the additional U(1) group. Dark Higgs h' originates from spontaneous symmetry breaking.
« A' & SM: kinetic mixing €; A" & h': coupling constant o, = Dark Higgsstrahlung cross section < €2 x a,.
» 1stscenario: Mj, > M 4/, thenh' decays into a dark photon pair — searched by BaBar and Belle.

« 2ndgcenario: My < M 4+, thenh' is long-lived and invisible — searched by KLOE but in small mass range.

I—} Belle Il search: |eTe™ — A'h; A" — u"pu~, h' — invisible

Preliminary Preliminary

1073

Belle I [cdt=8.34fb! — M, =1GeV/c? Belle Il [rdt=8.34fb™! My =2GeV/c?
_a| 90% CL UL —— Mp =2GeV/c? .| 90% CL UL —— My =4GeV/c? T . 1
10 =T 10 ~ mo—ecevie | Nosignificant excess in 8.34 fb-1 of data
—— My =4GeV/c? 5 \v_\m — My=8Gevic> | (2019) compared to expected background.
Q1077 | ) Q 105k
3 3
X ) X 90% C.L. upper limits on €2 x ay,.
Nm 10-° Nw 1076 L
First limits ever for M,, < M, and
—7 -7 L
10 0 1.65 < M, < 10.51 GeV/c2.
107 2 4 6 8 0 T 3 3 5
M, [GeV/c?] M [GeV/c?]
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Phys. Rev. Lett. 124, 141801 (arXiv:1912.11276, 2020) Z 4 1 T bl B l l H
+ update (2022, to be submitted to PRL) to I nVI SI e e e
105 Preliminary
B ete —sete utu- Belle 11 det=79.7 fb~1

Bl cte > TrT(y)
104 L etem oyt u-

] HTH™(Y)
t Data

* Gauging the L,—L, symmetry: Z' couples only to 2" and 31 lepton generations,
with coupling constant g' = searching for |e"e™ — u"u~Z', Z' — invisible

103 =

* Could addressb — sp*p~and (g — 2), anomalies while providing dark matter
candidates.

102

10!

10°

Candidates / (0.5 GeVZ/c%)

* Analysing 79.7 fb! of data collected at Belle 11 (2019-20)
1071

— update to last results published in 2020 (0.276 fb-1). 0 oL [2eV2/c4] 60 80

e Reconstructing exactly 2 tracks in events.

* Backgrounds suppression selection on ) Belle I, 0276 fo ! el —
. . . . . . . — 103 3 3 ' :
kinematic variables optimised with the Punzi = wﬂﬁfﬂrw
. . 2 102} _ 1071 ¢ .
figure of merit. T | §= 2 E20]
N i
* 90% C.L. upper limits set on cross section, L 100 | @107 3
translated into limits on g'. %z ol _
| 107 ¢ E
° Z' to invisible excluded as an explanatlon to +$ 10-2 | Belle Il Preliminary IL dt = 79.7 fb~! ] Belle Il Prel. IL dt = 79.7 fb71, L, — L¢ fully invisible
— — 90% CL UL Ex ted 1 Ex ted +£2 — 90% CL U E ted =1 E ted £20
(g — 2), anomaly for 0.8 < Mz <5.0GeV/c2. ©,-l .~ T W) Ll e R T
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Mz [GeV/c?] Mz [GeV/c?]
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16,/08/2022

BELLE2-PUB-DRAFT-2022-008 (2022)

e Search for ptp~r+7-final states with T+7 resonance, probing:

Z’,S, ALP — T+7-

o vector portal: "L —L;" Z' with coupling g',
o scalar portal: leptophilic dark scalar S with coupling &,

o pseudo-scalar portal: ALP with effective coupling C,
(assuming C,.,=C,,,=C..;C,, = Cz = 0).

» 63.3 fb! of data collected at Belle 11 (2019-20).

 First constraints on S for Mg > 6.5 GeV/c?; first direct constraints on ALP — T+T1-.

e 20.0 1 —— Observed UL 103 4 o
— —- Expected UL Preliminary Preliminary
T—. 17.5 Expected UL +20 103 4 aBar Belle Il
+l-' Expected UL +10 Belle 1l . fﬁdt —63.3 fb-!
15.0 3 2 | —

K 90%CL [rdt=63.3 fb? \ 10 |
T 125 i % 107 5
N2 il (g—2)u*20 o
- i 1 1 : L
N 10.0 A H :: il b 101 4 Ib( <
1 i R Belle II I 0
+ 754 f At <) ESINS Cyy=Czy=0
3 b el | : [rdt=63.3 fo? i v =Cop = Crr

_ | i ~
lT 240 l SO il .‘!‘ il 10° 4 100 4
O ot ki i Gl R — 90%CL — 90%CL
g = g AL limi Expected UL +20 Expected UL +20
% v i W Preliminary Expected UL *10 Expected UL 10

0.01 ; 1071 . . . . . . 107! r T . .
4 5 6 7 8 9 10 3 4 5 6 7 8 9 10 6 7 8 9 10

Mz [GeV/c?]

Ms [GeV/c?]

Map [GeV/CZ]
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Summary

The search of dark matter is well motivated by various astrophysical observations, while physics of tau leptons
allows to test direcly or indirectly a wide variety of new physics models.

Both require specific experimental conditions, like precisely known initial state and detector hermeticity, to deal
with missing energies, making B-factories suited for these fields of study.

So far, Belle and Belle Il are leading the exploration of dark sector mediators in MeV-GeV regions, with very recent
studies that probe the vector, scalar and pseudo-scalar portals. Furthermore, major contributions to tau LFV
searches have been made in the past decades as well as in the last two years, in particular for T—£a / £7.

Many other studies completed or to come in dark sector and tau physics!
Z' = pp, ALP — v, (in)visible dark photon, tau mass/lifetime, various tau LFV decays...
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KEKB and status of Belle

KEKB Belle detector Integrated luminosity of B factories
Nikko . \\ A fb~ 1
g A erogel Cherenkov cnt. (fb) -1
’ ) Ny SC solenoid =g/, > B ET015-1.030 1200 — | on o
CENYE & ‘ ' = —KEKB ——PEP-I p—>=y Y(55): 121"
\ ¥ y(4S): 711 b

K2K
Beam Line

CsI(T1
165(0 )

1000 BELLE Y(SS): 3 ﬂ)’l
i /_/'/J Y(2S): 25 fb~*
800 Y(1S): 6 b
Off reson./scan:
r/J ~100 fb!
600 -

el i ¥
-al Drift Chamber /j Va ~ 550 fb!

~—
Electrons

TOF counter Y

Synchrotron

Positrons
v ey

400 On resonance:
Photon pll cell +He/C,H, A Y(4S): 433 fb !
Factory # /_/ Y(3S):30 b !
200 £ Y(28): 14 b~
‘ /_/j Off resonance:
Posi ) EA
Gz:::rr:t"ar\ u/KL detection ol P N N RN SR B ]
3/4 lyr. DSSD 14/15 lyr. RPC+Fe 1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

* Electron (8 GeV) - Positron (3.5 GeV) collider in Tsukuba, Japan.

* Operated between 1999 and 2010.

 Around 1 ab-! of data collected at various Y resonances and off resonance.
BELLE y variou
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SuperKEKB and status of Belle Il

Belle Il detector Belle Il Online luminosity Exp: 7-26 - All runs

Integrated luminosity

mmm Recorded Weekly
15.0 4 = fERecordeddt“—“leT-’g[fb_l] f... 400

e+ 4 GeV 3.6 A

Belle Il

K and muon detector (KLM):
Resistive Plate Counters (RPC) (outer barrel)
Scintillator + WLSF + MPPC (endcaps, inner barrel)

newesnaoe - SUPErKEKB

Electromagnetic calorimeter (ECL):
Csl(TD crystal
& bel

waveform sampling (energy, time, pulse-shape)

I 300

Magnet:

Low emittance gun

v
o
=) =
> |
5 2
=]
£ z
= 0
. = 2
e}‘ 15 T superconducting v 10,0 e ; £
g = i =
e [7]
V) g E
AT . 2.} 200 &
o
. X b &
Add / modify RF systems Trigger: o @
for higher beam current Vertex detectors (VXD): Hardware: < 30 kHz 5 =]
2 layer DEPFET pixel detectors (PXD, partially installed) Software: <10 kHz g | I ¢ | B R =
Low emittance positrons 4 layer double-sided silicon strip detectors (SVD) - l 100 §
inj ©
Damping rin = . . . . = .
ping ting f ~= N&W positron target/ Central drift chamber (CDC): Particle Identification (PID):
capture section : Time-Of-Propagation counter (TOP) (barrel)
z He(50%):C2Hs (50%), smalll cells, A [Ring-1 iAGiChi Kov Counter (ARICH) (FWD) ‘
ﬂ/ fast electronics erogel Ring-Imaging Cherenkov Counter 0 el 0
"

Low emittance electrons
to inject

SRS

Date Updated on 2022/06/22 18:14 ST

* Electron (7 GeV) - Positron (4 GeV) collider in Tsukuba, Japan. Started operation in 2019.
e Target peak luminosity: 6x1035 cm-2 s1. Luminosity record: 4.7x1034 cm2 s1,

* Target integrated luminosity: 50 ab-1. ~ 424 fb? collected so far (good runs).
Belle II

* Now in long shutdown until late 2023...
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Dark sector and tau physics at Belle and Belle Il

Phys. Rev. Lett. 124, 141801 (arXiv:1912.11276, 2020)

Z' to invisible

16,/08/2022

Belle II

Analysis published in 2020

* Searching for "L ~-L," Z' but also "LFV" Z":
scalar or vector lepton flavour violating
boson that couples to all leptons

= |ete” = e*uTZ, Z' — invisible

* Analysing 276 pb-1 of data collected at
Belle 11 (2018).

* Recoil mass divided in 69 windows below
8 GeV/c?, each large as *2 times the fitted
resolution in the window.

* 90% C.L. upper limits set on g' for
"L,—L," Z' and on the efficiency times
the cross section for "LFV" Z'.

* No significant excess observed in data.
First limit setat m; < 2m,ong".

10% E
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© 102

107
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e ety
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Belle Il 2018
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det =276 pb -==Ly-Le, BF(Z'— inv)=1 expected UL
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Counts
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-[Ldt =276 pb”’
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Belle Il 2018

j Ldt = 276 pb’
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:||||||||||||||I||||||||||||||||||||||||1
0 1 2 3 4 5 6 7 8

Recoil mass [GeV/c?]
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Dark Higgsstrahlung Belle I

EventcountN=¢,4,xLxo+ B

&g & B: signal efficiency & expected
background (from simulation).

e L:integrated luminosity.
e 0:cross section of dark Higgsstrahlung.

6 104 6
r Belle 11 - Belle 11 90% CL UL
[ I 103
5[ cdt=8.34fb! 5f [ cdt=8.34fb"1 .
U 4r n o~ AF =
> | V] o [ c
> L +J ~ s 2 0O
10
O °f 3% 102 2 @ = O
— 25 © O I ]
S2L Lo Mg c - 2 [ o
S| = S = | 0
i [ e ® [ 101
E 1k i 10! 1k 1 8
[ e - L O
0 r - 0 B = \
b 100 S R T E A S B R 10°
0 2 4 6 8 10 0 2 4 6 8 10
My, [GeV/c?] My [GeV/c?]
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Dark sector and tau physics at Belle and Belle Il

16,/08/2022

LFV decay T—/+a (invisible) Belle I

Future results from T—£¢+o searches at Belle Il might put boundaries on several NP models, for example:

* Models with axion-like particles, where Belle Il .
should be able to put a stronger constraint on f,
(decay constant in effective Lagrangian) than the

Models giving rise to a Z' boson, that could address issues like
the (g — 2), anomaly or in dark matter phenomenology.
Searches for T—p-+(missing energy) can constrain the 7'

bound from ARGUS, in particular for high ALP masses. parameter space.
Lz = gi(BY*PLT + 0y PLvr) Zg
10" p——rrrm T I (o / i i
E | CiylelCyl=1 + 9 (A* Pr7) 25 + Hec. i :
g Mu3e-onling 1 F
10105_ MEGII-fwd (F=100) \/\‘ E 0'1§ E
c MEGII-fwd (F=1) ] E
’ 09 - ”‘*‘*zq:;-. ‘)? 7 0.01 3 E
P T T T T T TS TS ST =1 N E ;
% - % s 10'3§
O 108 RG - = :
g : h cooling ot Belle-Il 1074 .
= r cooling %' E ]
107 2 e 5[ ]
SN1987Ace E no wo 10 5 :
1062_ For mz > m., IO_BE
. SN1987A,, 1 m2 - 1077 SR it
1 5 IR Y1 SRR TT] M SR TT] M SR IR TET] S i W ol Bl A M PR / 2_ /12 0.1 1 10 10° 10°
%02 108 10* 10° 106 107 108 10° Gp = o2 m2, 3 Re(ngR)mu 921" — |9kl m (GeV)
A
mj, [eV]

L. Calibbi et al., J. High Energ. Phys. 2021, 173 (2021)

W. Altmannshofer et al., Phys.Lett. B762 (2016) 389-398
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LFV decay T—¢+a (invisible) Belle I

Data and MC comparison of normalised energy x, (f(=e, ), along with signal distributions for different o masses.

140001 Belle Il \, —4— Data - Belle Il —+— Data
[ R ae™ S8 MC total uncertainty 14000} S8 MC total uncertainty
[ 4 . [ .
12000} [Lat=62.81b B e [ [Ldt=62.81b B v
R i R . [ Other I~ 12000 Other
+— 10000 . t—ea, M, = 1.6 GeV/c? i [ —pa, M_=1.6 GeV/c?
- : e, M, = 1.2 GeV/c? < 10000 wope, M_ = 1.2 GeV/c?
S 8000} t—ea, M, = 0 GeV/c? S [ topo, M =0 GeV/c?
” : ~, 8000} «
= 6000 = [
()] - )
g | g 6000}
4000} & -
2000} I - 2000}
0 [ e S R R T 09900000tssanannnnncse. 0 T - e e T T I (e (O s e T O SO

o~ 02 04 06 08 1 12

Léonard Polat Vietnam Flavour Physics Conference 2022



Dark sector and tau physics at Belle and Belle |l 16/08/2022

BELLE2-CONF-PH-2020-010 (arXiv:2008.04665, 2020) Ta U mass measurement B e l l e H

* Tau mass measurement analysis performed using 8.8 fb-1 of Belle Il data.

3T
_ 4 et
* [t—3mv.] + [T—1-prong] events are selected and the tau mass is measured -
. . . ?
following the pseudomass technique developed by the ARGUS collaboration: Y
Ttag Tsig
mm \/ _|_ 2 Ebeam E37T)(E3ﬂ' - P37T) S mer / < > \
* The tau mass is extracted by fitting the pseudomass to an empirical edge function. o
] - ata — MC tota 600 |
9000 - Belle Il (Preliminary) t?(;mv)r(ﬂeru,u,mﬂ) ....... :ATCBtG“ _+ Belle Il (Preliminary)
8000 — det= 8.8 fb' - = eell (==e,u) & eehh - = lify) (I=e,p) = 500 J' »
7000 - - d (@=uds.0) g 5 Lt =6.8 o
o 6000 5 g 400 :
& 5000 3 sl m, = 1777.28 £ 0.75 MeV/c?
" 4000 | @ [ ¢ Data
3000 {- g 20T y2dof=1.256
2000 — > = - _ N, = 8742
1000 |- -
ok of
Q
E 15 IR .* o' o W8 *+ ......................................................................................................................... _ 2 + + + + +
~ an. 000 000000000000000000009000000%00° b = __+___ ___+ __}+, +___ i __i i
© il A T PR £ 3L L t OF
I I LT S S TR A E A E A AE AT
04 06 08 T 12 14 16 18 2 22 ([ R T I 76 178 18 182 184
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BELLE2-CONF-PH-2020-010 (arXiv:2008.04665, 2020) Ta U mass measurement

e Current best fit by Belle (414 fb-1): PDG average
1776.61 +0.13, + 0.35Syst MeV | K. Belous et al., Phys. Rev. Lett. 99, 011801 (2007)

BES Il (2014)

OO
o202’

£:1776.3 £2.4 + 1.4 MeV/c?

X

* More precise measurement done by BES Il near t pair production threshold: aacs ol €A
1776.91+0.12,,, + 0.13, ; MeV | M. Ablikim et al., Phys. Rev. D 90 012001 (2014) Belle (2007)1776.61+ 0.13 £ 0.35 MeV/c?

e Preliminary result from Belle Il early Phase 3 data:

Belle I (2020)£31777.28 + 0.75 + 0.33 MeV/c?
m, = 1777.28 + 0.75, + 0.33 . MeV slell (2920 evie
. . . . . - . | | | | I | | I I 1 1 | ‘:‘ | I L1 1 | L1 1 | | | I I
— Consistent with previous measurements; improvable statistical uncertainty; 1773 1774 1775 1776 1777 1778 1779 1780 1781
i imi i m, [MeV/c?]
systematic errors similar to Belle but could be reduced in the future. T
g3
Systematic uncertainty MeV/c? — I * Bellell
Momentum shift due to the B-field map  0.29 S 08} - , s luminosity projection
. . O #0.75 MeVic’ @ 8.76 [fo']
Estimator bias 0.12 s L
Choice of p.d.f. 0.08 = 06|
Fit window 0.04 2 |
Beam energy shifts 0.03 '8 04| :
Mass dependence of bias 0.02 a [ “19:31 MeVi/c? @ 50 [fb]
Trigger efficiency < 0.01 w02l A iR 0
Initial parameters < 0.01 o : ‘9:1__3.[\,.1?\{/c2@3oo ]
Background processes < 0.01 | Y I S I e
Tracking efficiency < 0.01 10 10? 10°

Luminosity [fb]
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Tau lifetime measurement Belle II

 Tau lifetime is measured thanks to the relation:

— the challenge consists in measuring
precisely £_and p..

* Events corresponding to [T—3wv] + [T—pV] are
selected, the measurement is done on the 3-prong t.

* The proper time is fitted with the convolution of an
exponential distribution and a resolution function:
and the lifetime T. is extracted from there.

_ Bt =@F
— Byct = mT@

¢_=decay length in lab. frame
p. =momentum in lab. frame
t = proper decay time

t

1 -t
p(t; T) = —€ T+ R(D)

T

* World-best measurement comes from Belle (711 fb-1):

T,.=290.17+0.53_; 0.33Syst fs | K. Belous et al., Phys. Rev. Lett. 112, 031801 (2014)

» Belle Il's study on simulation done with 200 fb-1: T, =287.2+ 0.5, fs
generated t. =290.2 £ 0.4, fs

Belle Il already competitive at ~ 150 fb-1 (5x more events than in Belle study)

Léonard Polat Vietnam Flavour Physics Conference 2022
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Dark sector and tau physics at Belle and Belle Il

Tau lepton flavour violation

16,/08/2022

* Lepton flavour violation is heavily suppressed in the SM (extended with neutrino masses).
 Many NP models allow LFV at scales that can be probed by particle physics experiments.

* In tau physics, we consider "golden modes" like T—¢~ and T— 3, but also many others

(fhh, £VO, £PO,...).

NP models: Br~0(10719-0(1077)
<[,l+/KO
gll ,u'/I_{O
S
T L U

Higgs-mediation LFV

Improvement of more than 1 order of
magnitude expected for Belle II!

90% C.L. upper limits for LFV 1 decays
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The Belle Il Physics Book, Prog. Theor. Exp. Phys. (2019), 123C01
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Tau lepton flavour violation Belle II

* The signal is looked for within the M -AE._space (AE. = ECM_— ECM, ) in an optimised region defined around
the signal peak in simulation.

T

M.\ [ cos@ sin@\( M,
* Usually the signal region is rotated to get rid of the correlations: AE'T - ( —sin@ cos® ) AE

* Background is evaluated from sidebands. Some channels require a more thorough background suppression strategy
(e.g. T—p~y is much more contaminated than T—3p).

Rotated signal region (t—3y, signal events only) Rotated signal region (t—uy)
%-) -1.66 | Belle Il 2020 (prellmlnary) Ry ~ '625 [ Background: v, v, Simulation
O " Simulation: 35 % —1.64 | Background: 7 v, [0 Sional: 1o
— -1.68 [T — 3u (10* events) O _166F N gnal: T—py
LLI r 2 30 -g- 1 68_ .Background' 'y ('y) o
1.7F - i
= o5 % 17: .Background qo.- :;;' tg O u*.fg ?E-g\
-1.72 : - = u..w..u o oLy ]
_1-74i ; . 20 E 1725— u.u o gnglﬂ{tl Ijq g
- = LA a D-."B. o ._g;, g ELQD’D .
_176; § —176:_ ‘%..‘~: o el O |:|-q:| O o @ =
_1.78:— ’ 10 |_>;j _1_78:_ .. a' o o I‘On.. o :
s : 5 < _18F :
cERE -1.82|-
148 H I S N RS S AR S S R
01 02 03 04 05 06 0.7 —0:2 0 0.2 0.4 06 0.28
[G eV] M, % coso + AE x sina [(GeV/c)]
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CP violation in T—K v Belle I

* A decay rate asymmetry is expected in T—K v according F(T+ - 7T+K2VT) — F(T_ — n‘ngT)
to the SM b the K, is subject to CP violation: > | T T S g0y —
o the ecause the K is subject to CP violation: F(T > KSVT) +F(T - KSVT)

* The SM predicts: A3 ~ (0.36 + 0.01)% |I.1. Bigiand A. I. Sanda, Phys. Lett. B 625, 47 (2005)

* ...while BaBar has measured: A58 = (—0.36 +0.23 £ 0.11)% | J. P. Lees etal., Phys. Rev. D 85, 031102 (2012)

— 2.80 discrepancy w.r.t. the SM.

M. Bischofberger et al., Phys. Rev. Lett. 107, 131801 (2011)

—4— data
0.15 - [ Jt->v.Kgm
%< E ti_)VrKosni (a) 9 105; t— v, 1 Ks K nn (n20)
0.1f| —#— data 3 f B < v Ko (1)
L| —&— control sample 2 . B - v KsKnm
B —y :ﬂo(;'with Im(n_=0.1) - 100 B - V.1 K Kg nn® (n20)
i T = : ther 7 d
A measurement of the decay rate asymmetry OO = 3 | — Ptk i
is a priority for Belle I, which should improve " £ 10° S, 0 53, o3
. . [ @ o [
the precision by a factor ~ 8 at 50 ab-1. i o
B 10 =:
-0.1
i —v— 10
O

L L P RN S SRN
08 1 1.2 14 1.6 1 12 1.4 16
K)m* inv. mass (GeV/c?) K)m* inv. mass (GeV/c?)
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Second-class hadronic currents: T—wnv Belle 1I

e Second-class hadronic currents violate G-parity, still present in the SM because of the charge and mass differences
between up and down quarks, but heavily suppressed.

. . : . n /7

* 717N is a SCC, therefore it is a potential probe for new physics. /l’/ e
0
pp X ag, @'
N N

« The SM predicts: Br(t — mnv) ~ 107> | A. Pich, Phys. Lett. B 196, 561 (1987) g R
e Upper limits from two previous experiments: . — _
2 18E <
_ X 12 Bt Belle Il Simulation -
* BaBar (470 fbl): Br(z » mnv) < 9.9x107° = 70 E
K. Hayasaka, PoS EPS-HEP2009, 374 (2009) =10 & =
T 9 2 ~ BaBar Upper Limit _;
Jj’ 8 g- == nneis moae! _;
* Belle (670 fb!): Br(t » mnv) < 7.3x 1075 T ,f Gk, | -
P. del Amo Sanchez et al., Phys. Rev. D 83, 032002 (2011) © 6f E
s 55 ‘ 3
Vi n E 4 ;— _;
e ] g of E
T S H T " % 2 ;_ l I .] = _;
\s\ /,’77 1;_ | I 1 il*{{“}*E
. V4 O 1 1 | | 1 1 1| 1 | 1 ] I I 11 1
Charged Higgs a0’y X _ Leptoquark 210" 1 2 3 4567810 20

exchange exchange Luminosity (ab”)
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Other topics Belle I

Michel parameters:

* 4 parameters p, i, {and 6 (combinations of coupling constants in four-lepton point interaction Lagrangian),
experimentally accessible in decay T—/vv...

» Belle Il expected to improve statistical uncertainties at 50 ab! by one order of magnitude w.r.t. Belle (103 — 104).

Electric and magnetic dipole moments of the T:

* Evaluating some observables that are proportional to the EDM and getting maximal sensitivity by combining results
from multiple T decay modes. Belle Il expected to gain in precision by a factor 40: |Re, Im(d.)| < 10-18 - 10-19,

* g — 2 can be evaluated similarly but sensitivity is expected to be worse than that of the T EDM.

Measurements of V; and a:
* Determinations of the CKM matrix element and the strong coupling constant at the tau

_ , , _ _ r (’l'_ -V, hadrons"(y))
mass (+ running to the Z mass) with the help of inclusive hadronic T decays and observable: R, =

F(T_ - V‘re_ve(y))

More details in:

The Belle Il Physics Book, Prog. Theor. Exp. Phys. (2019), 123C01
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