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Belle and Belle Il experiments e Quarkonia ocoooo Tau lepton oooooo Low multiplicity ooooo Outlook and conclusion o

Belle and Belle Il experiments

Belle Il strength for 7~ and low multiplicity physics:

o Hermetic detector: good missing energy and neutral
reconstruction

o Special triggers dedicated to low-multiplicity events
o Excellent vertexing and tracking capabilities

ZA Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps , inner 2 barrel layers)

| [

K, and muon detector (KLM) ]

Electromagnetic Calorimeter (ECL)
Csl(Ti) crytals
waveform sampling (energy, time, pulsion-shape)

Time-of-Propagation (TOP) counter (barrel)

Particle Identification (PID)
Aerogel Ring-Imaging Cherenkov (ARICH) counter  (forward)

Vertex Detector (VXD)
2layers DEPFET pixel detectors (PXD, partially installed)
4layers double-sided silicon strip detectors (SVD)

Trigger
Hardware < 30kHz
Software < 10kHz

DEPFET: deplotod p-channol field efect ransstor
WLSF: wavalengih-shifing fiber
MPPC: mult-pixl pholon courter
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Belle and Belle Il experiments o

Had

Quarkonia ecooo

spectroscopy at Belle and Belle Il

Tau lepton cooooo
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Low multiplicity ooooo Outlook and conclusion o

« Below BB threshold: well described by
potential models

o Above the BB threshold (1°(4S), 7(5S) and
7°(65)): show unexpected properties

» Hadronic transitions to lower bottomonia are
strongly enhanced

o Strong violation of Heavy Quark Spin Symmetry

= Exotic admixtures: molecule, compact
tetraquark, hybrid

Progress of Theoretical and Experimental Physics.
2020 (2020) p. 083CO1
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Hadron spectroscopy at Belle and Belle I

12 e

New Belle Il energy scan — [ Belle 0.8 fb-1 1
10" mmm Belle I 2 =
To study the 7°(10753), a new energy scan data taking was =
performed by Belle II: g8
£
o Fill Belle energy gaps £ o P 7
o Total integrated luminosity of 19 fb~" with 9.8 fb~" at the g a- 3.5 fo-! 1
7' (10753) ener )
( ) 8y g, 1.6 b1
1860 10.65 10.70 10.75 10.80 10.85
Ecm [GeV]
ol -@- Belle Il data Belle Il, 1.6, 9.8, and 4.7 fb™
g - Belle data . 5 g
Already proves its efficiency by the rediscovery of 7°(10753) in a g _;Z:iilztn |
new decay ete™ — w(— 7t~ 7°)xp(— 77 (1S)) %e" -+~ Solution I
T4
;_CD
S 2
Phys. Rev. Lett. 130 (2023) p. 091902 °©
0

107
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Belle and Belle Il experiments o Quarkonia coeoo

Belle Il - Study of ete™ — Y (nS)m— =+

Tau lepton cooooo Low multiplicity ooooo Outlook and conclusion o

arXiv:2401.12021

Confirm the existence of 7°(10753) in its discovery mode
* Measure the di-pion spectrum
e Looks for any Z, contributions

o Reconstructete™ — wtx " Y (nS)(— ')
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2sF CLEQ
o[ Belell, 98 fb! § wb Belle II, 9.8 fo'! parametrisation
2TY(1S) at 10.745 GeV. 2 7TY(2S) at 10.745 GeV
s 2 sf
N
I}
af a 1of space
@
<
2f Qe sf
Jir}
. n J L i . . i . .
05 1 0.4 06 08
M(z*m) [GeV/c?] M(z*) [GeV/c?]

e Observation of the 77 (10753) in agreement with the Belle measurement
M(Y(10753)) = 10756.3 & 2.7 &+ 0.6 MeV/c*
F(r(o753)) = 29.7 + 8.5 + 1.1MeV

o 1°(1S): M(7" 7~ ) distribution is consistent with phase space
o 7'(25): M(m " ) large values are enhanced (similarly to 7°(25) — 7 (18)w " 7 ~)
e No signals of intermediate Z;" (10610 /10650) resonances are observed
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Belle Il - Search for ' (10753) — wnp(1S) /Xbo(1P) arXiv:2312.13043

wnp(1S)

Test the tetraquark interpretation for the

(\é 4000 “é 120:*
7(10753): 2 550 g b
o Predicts a strong transition of wnj (15) 2 300 o 1
g, g 250 8 s
compared to Y'n "7 2 200 8
- . 8 § 6o y
e There is no convenient way to reconstruct S ! 3 F_—— Dat Belle . 98 fo
y LR I FrGRN B
_ 8] ’ 201~
o Only reconstruct w — 7t~ 7° S0 E
. . . kY b —
o Search for a signal bump in the recoil mass g, 3:::3 upper imit E 1500 i:ﬂ(f;(-;::,pernmu
Mirecoil (7~ 7®) distribution ° ©
3 G
v. g
_ E E*\ 2 %\ 2 2 5
Mrecoil (7~ %)= [ ((FemE2 )7 () ! z
8 E o E
600 L . \ A500Ex |
92 925 93 935 94 945 95 955 9.6 978 9.8 9.82 9.84 986 9.88 9.9 992 9.94
where Ecm.: total energy of the eTe™ in the Moo ) [GeV/c?] Mot 1 1) [GeV/c?]
centre of mass . * No significant xpo and 7, (1S) signals are observed
* *, — 0 —
E*, p*: energy and momentum of 7" 7~ 7° in a(e*e — WXbo(15)) < 8.7pb
the centre of mass olete™ — wny(1S)) < 2.5pb

o This result does not support the prediction of the tetraquark model
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Belle Il - Energy dependence of ete~ — B(*)B(*)

The open flavour final states B(*) B(*) make dominant 2 0
contribution to bb cross-section o
e Their measurements are critical for understanding the % 0.05
structure of bb states £
e Can be used to extract 1" states parameters © 1
0
L Solid Belle+Belle 2 fit BB*

L 5 Dashed Belle fit

o Cross sections at the four energies are consistent with 02 [

Belle’s results. [

e o(ete™ — B*B*) increase rapidly above B*B* threshold 0.1 g

similar to D*D* =-resonance or bound state? r
0

Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher 7/19
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T lepton physics

SuperKEKB as a T factory: T decays:
« ete™ collider produce T leptons pairs at high rate o Massive enough to decay into lighter lepton & hadrons
e T o Mostly one or three charged particles in final states

o Challenging reconstruction with neutrinos in the final state

UEvy

ot +

o(ete™ — 7777 )=10.92nb

o(ete™ — BB)=1.05nb

« cross section equivalent to BB process

Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher 8/19
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Belle Il - Lepton Flavour Universality measurement

Extract R, by fitting the lepton momentum [1.5, 5] GeV/c

o Test if the W gauge bosons have the same couplings g as the three _ x108 _ x10°
generations of leptons g = g,, = g as predicted in the SM N Belle 1 prol. (2023) M (Cofueis) | S| Belle W prel (2023) = (e ')
§ lra-me o 8 Lgweme SN
~ ~ 4
a _ — Uneartan 2 Uncestaioty
Su R = B(r~ — p vyuvr) E ey 5 : ;
- L T . = N = -5 = y3
e /) - 5 B(t— — e Tev;) > W VelVr 3 € Velvr
g ]
§ ]
& a !
" id Ve @ % 1.01 i % 1.01 T
ag side e o v E 10 E«—«—q——*—m—v—v+4—4—&+—ﬂ——+——+~+—- 7”} E 10 %’*"'1"b'0—4"*'V*ffﬁr'*f‘f*#?ﬂ —H
s 3
< 099 = 0.99
WV ﬁ M 8 15 20 25 30 35 40 45 50 & 15 20 25 30 35 40 45 50
- pu [Gevic] Pe [GeV/c]
Vel « _
e signal side 9u=Je
i . CLEO (1997)
P

L . 1.0026 = 0.0055
e Event selection is performed with rectangular cuts and neural network

- . . . BaBar (2010)
o 94% purity with 9.6% signal efficiency for the combined sample - 1.0036 = 0.0020

e Mains systematics coming from PID (0.32%) and trigger (0.1%) HFLAV fit (2023)
1.0019 +0.0014
e Most precise e/ p universality from 7~ decays in a single measurement with Belle Il preliminary (2023)

362fb~" - 0.9974 +0.0019

R, = 0.9675 1 0.0007(stat) £ 0.0036(sys)

I I I I I I
099 1.00 1.01 1.02 103 1.04 1.05
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Lepton Flavour Violation (LFV) searches

The lepton ﬂavqur |s. achentally conserved in the SM & Fy P 18 W M Ihh BNV
Lepton flavour violation is only allowed by: ‘g 105 . .
e Neutrino oscillations O(1075°) S E L. R UL s
. TR RRTE] w e .
far beyond current experimental sensitivities 2 0 . eerl.t et
. —8 S 10°=* e
o New Physics models O(10~%) 2 F N v , CLEO
e.g. Leptoquarks for 7= — £~ V° deals with R(K*°) £ F ol v AT ' J.ATLAS
: 107 1Y s T R ‘ + CMS
anomalies g [ et L et Tt LHCb
> bEo e txopaT, s st
_ F7e B N 1talyes s 1., v BaBar
+
~ 010,5: . (IR Y A, — 000 S48 ’0 —+ Belle
S F . e, et T e T T Bellell 5 ab)
@ r ¢ e, 7 = Belle Il (50 ab™)
w 10,9? - Tt o .-.-.._. . .
- > —p - r " e
T VT V/J M 1040 Ll 1l Ll L1 | L1 v v
SRR R TS S S S S e ik PRok ik o330y
(a) 7~ — u~ ~ via Standard Model with neutrino oscillation CReReLTRR Rl R ffu%:&:::i pRERRS

Progress of Theoretical and Experimental Physics. 2019 (2019) p. 123C01; arXiv:2203.14919
Observation of such decays will be a clear signature of New Physics

T I

(b) 7~ — £ V° via leptoquark interaction

Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher 10/19
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Quarkonia ocoooo

Tau lepton coceoo

Low multiplicity ooooo

Outlook and conclusion o

Belle Il - = — 3u Lepton Flavour Violation decay

Flagged as Belle Il golden channel

e Accessible:

e good reconstruction of 7= mass and energy

e [ow SM background

e Also probed by LHC experiments

Signal efficiency challenge:

e BDT classifier: reject main backgrounds
e*e™ — qgq using signal, "Rest of Event" and

kinematic features

o &gy ~ 20.41% (3 X Belle Physics Letters B.

687 (2010) pp. 139-143)

o Observed 1 event in 424 fb™" of data
e Set 90% CL upper-limit on the BF

B(T — ppp)

< 1.9 X 108

Signal Side B
H
P/ane
thry,
e R Sla)”s B
> =
No requirement
~
D&
9 9/ -
Eq) Tag Side

o New most stringent results compared to Belle 2.1 and CMS 2.9 x 108

e Performances confirmed by a conventional 3 x 1 tagging approach

Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher

eV]

AEs, [

03f

0.4[ BelleII (Preliminary)
Data: [£dt=424fb! — 206 SR

—— Sidebands

# Data

0.2

0.

0.0H

—0.3}

5D TG
My [GeV/e?]

Expected CL, %20
! W Expected CL, + 1o

=== Expected CL, median
—— Observed CL,
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Belle - 7 — £V° Lepton Flavour Violation decay J. High Energ. Phys. 2023 (2023) p. 118

Signal Side yo s Toub
. 0.4}
New mediators (vector leptoquark) may . Data
enhance such decay, up to O(10~"°) and .
accommodate for flavour anomalies in LFU Plang 0.2f :
tests B %
Phys. Rev. D. 104 (2021) p. 055017 e 5, = —— S ool -
I.I<j .
Signal efficiency challenge: _02p .
) L
e Use more tag 7 final state F et .
channels e, pty,, ot (@") _ . .t
At Y+ Tag Side —0AFL e, TV
e BDT classifier: reject main L A
backgrounds e* e~ — qg 1.65 1.70 1.75 1.8;) 1.85 1.90
My (GeV/c?)
Belle has no significant excess in 980 fb " - Modei (%) Nbo syst (%) Nobs Bops (x10~°)
) _ —8 75 — puFp° 778 0.95+ 0.20 (stat.) £0.15 (syst.) 4.6 o <17
B(T —ev ) < (1'7 2'4) X 1078 Tt eip° 8.49 0.80 + 0.27 (stat.) +0.04 (syst.) 4.4 1 < 2.2
B(r — pV°) < (1.7 —4.3) X 10 7% 5 puTé 559 0.47 +0.15 (stat.) +0.05 (syst.) 4.8 o <23
o The limit is improved by 30% wrt the previous Belle results 7 s eT¢  6.45 0.38+0.21(stat.) £0.00 (syst.) 4.5 o < 2.0
7 & pFw 327 0.3240.23(stat) £0.19 (syst) 4.8 o < 3.9
Belle Il results on 7~ — £~ ¢ channel using an untagged approach 7 s efw 541 074+ 0.43 (stat) £0.06( syst.) 4.5 o <24
with189fb™" (2023): 7E 5 pEK* 452 0.84 +0.25 (stat.) £0.31 (syst.) 4.3 o <29
+ + 0
B(r — e 2 108 T = e*K 6.94 0.54 4 0.21(stat.) £0.16 (syst.) 441 o <19
B( ¢) <23 X -5 Tt 5 ;fﬂ_(*o 4.58 0.58 4 0.17 (stat.) +0.12 (syst.) 4.3 1 <43
(7 = pe) < 9.7X10 7% 5 eFK*© 745 0.25+ 0.1 (stat.) £0.02 (syst.) 44 o <17

. s . New world-leading results
Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher 12/19
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Belle - BSM heavy neutrino searches

Experimental neutrino oscillation evidence has demonstrated that neutrinos are massive
— can be introduced by several candidates like heavy, right-handed or sterile neutrinos

Search for a heavy neutrinoin 7= — =« vp(— ﬂ'il:F) with 988fb~"  Search for a sterile neutrinoin 7= — 7~ N(— ptpu~ v, ) with91sfb "

o No narrow peak found in the 0.2 < M(1y,) < 1.6 GeV/c* while  No significant observed signal found while excluding the K
. o .
excluding the Ks region o Establish a limit on the mixing coefficient |V, n|* between v, and N
e Establish 95% CL on the heavy neutrino mixing QO
| 3
NEH: 3,20.06, x,=0.48, x =046 Dirac limit >~
lorl [ 7’ -
. 7’ 10—-1
102 ) .1 DELPHI
Normal hierarchy . L
B Majorana limit
107 L~ 102
. X |
= "I" £ e
IH: x =x =x =113 100 ArgoNeuT
w't VTN s
. Majorana Belle preliminary
102 Inverted hierarchy weens Bxpectad
o Obocrved sapAR
10°h
4
107 L 1 L Il L L 1 L
0 02 04 06 08 1 12 14 16 18 10°°

V) ( GeV/e” )

Phys. Rev. Lett. 131 (2023) p " 311802 ey

arXiv:i2402.02580 ma [GeV/]
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Dark matter searches

B factories at e e~ collider can access the mass range favoured by light-dark sectors

SM sector Dark Sector

Light dark sector weakly couples to SM through various light mediators

Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher 14/19
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Belle Il - Search for Z’ boson

New gauge boson Z’ coupling only to the 2" and 3™
generation of leptons (L, — L) viag’:

o dark matter puzzle

* long-standing (g — 2),, anomaly

Depending on the Z’ candidate mass the final state can be:

e VUV

° XX
o ppt

o 77T

} Fully invisible Phys. Rev. Lett. 130 (2023) p. 231801

et

+

I

s T
v, X

Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher 15/19
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Rev. Lett. 131 (2023) p. 121802

e I T
No significant excess was observed in 62.8 fb™"
5 ® 90% CL upper limits on the cross-section
z o(ete™ — Xutp=)B(X — 7+77),withX = 7/, S, ALPand on the
coupling constant
g/
et wt +

e Search for 7+~ resonance in recoil mass
(against dimuons)
= also sensitive to leptophilic scalar S and ALPs

4 ALP
100 Belle Il preliminary z Jedt=62.8 bt Belle Il S [cdt=62.8 b Belle Il JLdt =62.81fb"
102 BaBar
o ]
0 10? —10°} i
Belle Il, 79.7 fb~ (g-2n*20 [
HARM-I (95% CL) (g-2)u20 °
< —2 4 -
o 10 W | < ‘
. . =020 Cee=Cpy=Crr 4
Probed for the first time Sy “~
Ll . " S 6.56 V/ 2 all other couplings = 0
107 1 10 at ms .5GeV/c E
World-leading limit!
0% CLUL Expected UL +10 Expected UL +20 W[ T sowcru Expected UL +10 Expected UL 20 L soweLu Expected UL 10 Expected UL 20
. i i f c - ! , " i , h 1 ; , ! h , ;
107 7 % 3 ] 70 7 5 3 7 ] 5 10 0 4 5 6 7 3 ) 10
mz [GeV/c?] ms [GeV/c?] mae [GeV/c?]
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Belle Il - Search for u* pu— resonance in e*

No significant excess was observed in 178 fb "

~ ® 90% CL upper limits on the cross-section
Z o (efe™ — XpTp=)B (X — ptp=), withX =S,7’ and on the
, coupling constant
et g ut ut
e Search for ut ™ resonance in the reduced
dimuon mass Mg =  /M?(pup) — 4m2,

= also sensitive to leptophilic scalar S

Belle Il preliminary fl- dt=178 1" Belle Il preliminary f Ldt=1781"
E UL similar to those set E
[ from previous searches

10~ =with larger luminosity 7cen
than ours

irst UL on g5 obtained from
a dedicated search

©
§ 102
5 10
=)
10° ¢ 10°2
£ —— 90% CL UL [ Expected UL = o E — 90% CL UL [ Expected UL = 1o
F [ Expected UL = 20 L [ Expected UL = 26
10 ; 104 .
1 10 1 10
m,[GeV/c?] mg[GeV/c?]
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Belle - Search for dark leptophilic scalar Phys. Rev. D. 109 (2024) p. 032002
to leptons: - . _
« long-standing ( g — 2),, anomaly No significant excess was observed in 626 fb
o dark matter abundance e 90% CL upper limits on the cross-section
» lepton flavour universality violations o (ete™ — ¢~ 7F) B(p. — ££), with £ = e, v and on the coupling
o |eptophilic scalar constraints are still loose constant
e no ¢ with mass M(¢) < 4 GeV that can explain the observed excess in
e~ T - (8—2)u
5
L
10t
13
et + o+

100
e Search process

s
ete™ = 771t (— £7£T) o=t
where/ =e,
o Reject the main backgrounds with BDT - - ::I?:; g;ioz_m'
. 90%

10-2 107! 10° 10!

Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher my, [GeV] 18/19
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Outlook and conclusion

The observation of the 7°(10753) is confirmed, its nature remains unclear
= but several studies are ongoing to push forward

Several new world best limit on high-profile 7~ LFU/LFV searches (1 — £V° and 7 — 3pu)
Proving that Belle and Belle Il are also 7-factories

Belle Il has unique sensitivity for light dark sectors searches and is complementary to other experiments
Excellent performance with displaced vertices and missing energy allows the world’s leading results

Belle I has successfully concluded Run1 with 424 fb~", and the first results show excellent performances
Now, after 18 months of shutdown, we aim to collect data at 1035 cm—2s—" and reach the 1ab™" by the end of the year!

Thank you!

Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher 19/19
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Belle Il Luminosity and LS1 plans

Belle Il Online luminosity Exp: 7-26 - All runs
17.5 Integrated luminosity
- mmm Recorded Weekly /
2 150 = [rpecorseadt =427.791f1] a0
= i
g 125 | >
E 300 3
g 100 £ LS1 plans:
3 3
g 200 E
3 > % Belle Il stopped taking data in Summer 2022 for a long shutdown
;T 5.0 H
£ 100 g O replacement of beam-pipe
g 25 O replacement of photomultipliers of the central PID detector (TOP)
O installation of 2-layered pixel vertex detector
0.0 4 0 © improved data-quality monitoring and alarm system
g&&‘&\k "5“3% b% %5& ‘% s 0 complete transition to new DAQ boards (PCle40)
5
SRRRPRRERRBERR %’bb ‘W © replacement of aging components )
Updated on 202210722 1814 57 © additional shielding and increased resilience against beam backgrounds
10 60 Currently working on pixel detector installation:
o 50 - > shipping to KEK in mid March
o o § 3 "
£ 8 b - > final test at KEK scheduled in April
5 40
X 6 E)
2 U
8 4 s,
€ 20 =
3
% 2 10
&
0 0
2019 2024 2029 2034
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Belle Il - Observation of 1'(10753) — wxps(1

Searchforete™ — w(— wr7w = 7°)xp(— YT (15)):

sl -@- Belle Il data Belle II, 1.6, 9.8, and 4.7 fb™

—_ - Belle data o 15

| — Total it ; |
w(=wtrn) = 6r --=+ Solution | 14 :N
- / . Ef' =+« Solution Il 13 éf

—— e T4 *
/ S 4 rs

XbJ © / . 11 e

~ 0 I fd PETTCTEI 7rY SOXYTTT T Shss T )
10.7 1075 10.8 10.85 10.7 10.75 10.8 10.85
Y(1S)(—e'e /utuT) Vs (GeV)

o Visible 7°(10753) peak in collision energy
=> Confirm the 7°(10753)
=> Observation of a new decay channels

o (ete™ —xpP)w) 1.5 at 7°(10753) ’
. e ST ) ~ G52t T(55) => 7" (10753) and Y°(5S) have different structures
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Belle Il - 7 mass measurement Phys. Rev. D. 108 (2023) p. 032006 %
Reconstruct: Dominated by systematics uncertainties World’s most precise M measurement:
4+ — Source Uncertainty
e'e” —[rjy - wrmwys] Mev/c? M, = 1777.09 % 0.084; = 0.1y MeV/c*
[Ttag — éuu/ﬂ-(ﬂ-")u] Knowledge of the col\.iding beams:
Beam energy correction 0,07 U i
Boost vector < o.01 sing
And then exploit the Pseudomass technique Reconstruction of charged particles: - Demonstration of Belle Il capability to provide high
developed by ARGUS: recision measurement
unbinned maximum likelihood fit of the Detector misalignment 0.03 p
pseudo mass: Fitting procedure:
Estimator bias 0.03 PDG Average (2022)
Choice of the fit function 0.02 177686+ 0.12
Mumin= \/M§7r +2(V5/2 = Ef ) (E3x — Pix)  1iats dopendence of th bias < o.01 BEs(og) ——
Imperfections of the simulation: 1776.96 021 017
< M- Detector material budget 0.03 BELLE (2007) T
«a0® Modeling of ISR and FSR 0.02 177661£0.1320.35
16F Belle Il Preliminary  Data — Fit Momentum resolution < o.o01 KEDR (2007) E—
& i JL Gt = 190 fo? ackground Neutral particle reconstruction efficiency < o.01 177681 029+ 015
S - Tracking efficiency correction < o.01 BaBar (2009)
D 12p m, = 1777.09 £ 0.08 + 0.11 MeV/c? Trigger efficiency < o0 1776.68+0.12+ 0.41
1n 10 Background processes < o.01 T‘ffslgl(z%lg o0
fa) = 013
<8 TOtaI 0.1 Belle Il (2023)
£ 9 1777.09+0.08 £ 0.11 -
E L1 M [
2 1776 1776.5 1777
o : : . ) : m, [MeV/c?]
= 2F7 ) v L
Y o
a P R
17 172 174 176 178 18 162 184

M, [GeV/c?]
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T mass measurement

Lepton masses are fundamental parameters of the SM
Current precision on 7 mass is 103 worse than muon mass
Its precision impacts LFU test analysis

+

ete™ = [1ig — wrmv.][Ttag — bvv/w(w)v]

Pseudomass technique
developed by ARGUS

o Exploit the kinematics of the 37
system with only four tracks and no
additional high-energy photons

o Pseudomass Mpin:

Mupin = \/M +2 \/'/2— E3,,) (B3 — P3z) <M,

7
e <~

.
'
;
; : S
1-2v, , HE?

max 11‘1,’

<

\
"N

Cutoff position at the 7 mass is extracted from a fit with an empirical
function fit
o Detector resolution =- smeared edges

e ISR = tail at My, > M,
Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher

Phys. Rev. D. 108 (2023) p. 032006

10°
1601 Belle Il Simulation -
& 140F fLm=1goib" T | m,
> qa0f
g ¢ Data s
100 [ +x backgrounds "
) — A
Z gof BE@
~ ... Others
@ eof
g
E 40
20F
.J L 4 -
06 08 1 12 14 16| 18| 2
Mpin [GeV/c?]
YIS
” 0.-..... m,
= ;
5
§ Detector / . ISR
= resolution .
2 :
< 3'.
Y
o,
...Doo.c-oo.

/c?)

[1]Physics Letters B. 292 (1992)'\;4@541@262\5
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T mass measurement

Phys. Rev. D. 108 (2023) p. 032006

» Measurement dominated by systematics uncertainties: Mpyin = \/Mg,‘, +2(+/5/2 —Ef)(Exe

Source Uncertainty
MeV/c?
Knowledge of the colliding beams:
Beam energy correction 0.07
Boost vector < 0.01
Reconstruction of charged particles:
Detector misalignment 0.03
Fitting procedure:
Estimator bias 0.03
Choice of the fit function 0.02
Mass dependence of the bias < o0.01
Imperfections of the simulation:
Detector material budget 0.03
Modeling of ISR and FSR 0.02
Momentum resolution < o.01
Neutral particle reconstruction efficiency < o.01
Tracking efficiency correction < o.01
Trigger efficiency < o.01
Background processes < o.01
Total 0.1

Beam energy callibration

Use B meson hadronic decays method
and 7°(4S) lineshape measurement to

get /s

Momentum scale factor

Cure bias due to imperfect
magnetic field

Extract polar angle cos6:qck
dependant correction:
comparing D® — K7r mass peak
w.r.t PDG mass

Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher

PX_ )
37
10.59 —
Belle Il Preliminary —\s

s J' L dt=190 Total uncert.
g 10.585 |- ZEE:
)
- 10.58
L
]
g
£ 10575
o
o

1057

10 20 30 40 500
Chronologically ordered events

\
35
Belle Il Preliminary - vetore momentum correction
3
. J-L dt=189.91b" - after momentum correction
L . far
s L D' »Kxn —
°
=
=5k
)
86 1F —_
=
' 05F
=5 i +——H
= o } + s 1
05 -
| 350 T L
T 08 06 04 02 0 02 04 06 08 1
cos(6,)
J
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Belle - Michel parameters measurement Phys. Rev. Lett. 131 (2023) p. 021801

Michel parameters arise from bilinear combinations of coupling constants between the =~ and the W boson
Any deviations on them are prints of BSM physics: new gauge bosons, the presence of massive neutrinos

The ¢’ defines the longitudinal polarization of the daughter 1z~ when 7~ is unpolarized
e Use ;1™ decays in flight 50 40
T = p (e Uy ) U,

0 { @ (b)
e Require two tracks on the signal side:

S 30 ~
_ - S T 2 20

e One p~ from the IP and ending in the CDC = 20 { E {

z
e Onee notfrom the IP and close to the muon => kink J. } {T 10 { }

High Energ. Phys. 2022 (2022) p. 35 10 } i i
0.0 0.2 0.4 0.6 0.8 1.0 1.2 -1.0 —(‘]AS 0?0 015 1.0
Y cosf,
E,— inthe ™ rest frame (GeV) Emission angle in the 1~ rest frame

o First direct measurement of the Michel parameter £’ inthe 7= — JT A 7
decay with 988 fb—" of Belle

¢’ = 0.22 + 0.94 (stat) & 0.42 (syst)

7/10
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Belle Il - 7 — Lo LFV decay Phys. Rev. Lett. 130 (2023) p. 181803 %

Motivations: 14000 Belle If \ ——Dma
12000} JLdt=6281" ¢ ~ - Totaluncertainty
Decays with new LFV « bosons (ALPs) are predicted in many models ;:Vrv
= 10000} e, M, =16 GeVic?
g Treg, M, =12 GeVic?
f 8000 e 2
Strategy: T ; el N T—ea, M, =0 GeV/c’
; i T 6000}
o Approximate Tsjg pseudo-rest frame as: Par g
— = ! w L
Esig R V/5/2 & Psig = —Prgg / | Prtag D ; 4000
! -p
i N 37 2000
: ~
; a's A S .
! 02 04 06 08 1 12 14 16 18
e Two body decay: search for a bump in normalized lepton energy spectrum over x,: normalized Ee"’se”'j“"es‘"”"“e
Tsm — Lrw irreducible background e electron channel
22
20} Belle Il —— Observed UL at 95% CL [l Expected UL + 1 std. dev.

e No signal found in 62.8 fb "

18} [Ldt=6281b" ---- Expocted UL at95% CL Expected UL + 2 std. dev.

e Set 95% CL upper-limit on BF ratio:
B(T — La)/B(tsm — Lvv)

e Between 2 to 14 times more stringent than previous limits, ARGUS

BT —»ea)B ([ —>e V,Vv,)
S

0 05 0.7 1 1.2 14
M, [GeV/c]

Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher [1]Phys. Rev. Lett. 124 (2020) p. 211803 [2]Z. Phys. C - Particles and Fields. 68 (1995) pp. 25-28 8/10
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Belle Il - 7 — £¢ LFV decay (2023)

Signal efficiency challenge:

7 ey “ Muon mode: T — ud)

e Untagged reconstruction: drop any requirements
on the tag side

[ Belle Il (Preliminary) * MCbad RSB

Data: [ Lt = 1001 o Dum —sn
a8 T, . MC: [£dt = 247"
. . < > i .
Cut-based preselections on missing momentum to RoE . q o4

+
rejectee™ — £~ £7(XX) backgrounds \\(‘[\)‘> KK by

e BDT classifier: reject main backgrounds b 2 - . _
(efe™ — qq, 7~ — 3mv,) using signal and oor, ,. IR e B
kinematic features &sig ™ 6.1%(6.5%) for e(1) modes, gl Ml nR e
Expected background evaluated from data 2X Belle

reduced sidebands with scaling from simulation: 0af
Poisson counting in signal peaking region:

L n n L L i n L L
1675 1.700 1725 1.750 1775 1.800 1.825 1.850 1.875

M, [GeV/c?]
M, and AE, = Egqy — +/5/2 :

Belle If (Preliminary)
[ Ldt = 190"

CLy

 No significant excess in 189 fb™’
e Set 90% CL upper-limit on the BF with CLs method

e
a m"/

BUL(T — ed)) =23 X 10_8 050
Bu(t — pp) =9.7x 1078

e First successful application of the untagged approach in 7-pair analysis at 02
Belle Il

- L %1077

0 2 4
Upper limit on B(T — p¢)

Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher [11Phys. Rev. D. 104 (2021) . 055017 [2]Physics Letters B. 695 (201) pp. 251-257 9/10
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Belle Il - Search for long-lived (pseudo)scalar in b — s transitions Phys. Rev. D. 108 (2023) p. L111104

S could mix with SM Higgs with mixing angle 65 (naturally —
long-lived for s << 1). For Ms < Mg, decay to dark matter +>< 'qJ
kinematically forbidden by relic density constraint >T< tu
5 ¥
First model-independent search for dark scalar S ;n(
from B decays in rare b — s transition B o \ \
) 2 10* Aty 3
o 8 exclusive channels probed 1 W 1., +
+ + S 2 47 A T
BT s K*s ._,_._.._;>) 45 & = u J‘.’
B —s K*OSwith S — ee, juju, o, KK 5 10°
o [ |
o Bump hunt in the reduced mass spectrum L 107 W W =
['e}
reduced  _ 2 _ 2 SR md =
MS—>x+x - MS—>x+x— 4mx ‘< 10 R J,
107 ~
 No significant excess was found in 189 fb™’ " ;<
e First model-independent 95% CL upper-limit on 10 en Preliminary — z:im +
B(B — KS) X B(S — X+X_) 10‘7 Jrar =180 — cTt=1cm 514
wn
-8
10 = =
107 10° 107" 10°
ms (GeVic?)

Quarkonia, tau and low multiplicity from Belle and Belle Il - Robin Leboucher 10/10
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