Tau and low multiplicity physics at Belle
and Belle Il

58t Rencontres de Moriond 2024 - Electroweak Interactions & Unified Theories

March 24-31, 2024, La Thuile - Valle d’Aosta.

Luigi Corona - INFN Pisa on behalf of the Belle and Belle Il collaborations INEN
A Istituto Nazionale di Fisica Nucleare Belle IT

& luigi.corona@pi.infn.it




Belle and Belle Il

« Belle (1999 - 2010) and Belle Il (2018 - ) operate at B-factories

> Asymmetric e*e colliders optimized for the production
of B meson pairs, but also D mesons, T leptons, ... dark sector

> Collisions mainly at Y(4S): Vs = 10.58 GeV

* Advantages of experiments at B-factories

> Well known initial-state condition and clean

environment (low particle multiplicity)

> Hermetic detectors with excellent particle identification (PID)

and tracking performance
* Bellell

> Dedicated low-multiplicity triggers

» Example: single-photon trigger available in the
Runl data set = makes Belle || dataset unique

> Excellent reconstruction capabilities for low multiplicities

and missing energy signatures
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https://academic.oup.com/ptep/article/2019/12/123C01/5685006
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Cross sections Thrust value

T-physics at B factories [eeeom=11m e (D7)

- - __ T = max
Belle Il Physics Book, PTEP 2019 12 (2019) ole'e > cc) = 1.3 nb oy > il
olete > tvt) =0.9nb ,
. . i runs over all reconstructed particles
* B-factories are also t-factories: p are expressed in the CM frame

> Belle Il dataset: 390 million t-pairs

« e*e = T'T: back-to-back in center-of-mass frame (CM) 1x (prongs)
> Neutrinos = Tt not fully reconstructed /4
.
> ldentified with thrust axis it = maximizes thrust value T CM frame /><
i g ﬂ Pthrust

> Separate them in two opposite hemispheres / P

A 0
> Reconstruct specific topologies (1x3 vs 1x1) to suppress background e/u U” v

v
Challenges
/' Precise measurements of SM properties » World’s leading sensitivities for direct searches \

> LFV, LFU, search for new particles, ...

> Mass, lifetime, branching fractions, ... .
> Challenge: large datasets suitable for rare processes

> Challenge: control of systematics sources » High luminosity

» New analysis techniques = increase signal efficiency

N >
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https://academic.oup.com/ptep/article/2019/12/123C01/5685006

[1] W. J. Marciano et al., Phys.Rev.Lett. 61

LFU In 7-decays

Tau2023

B(t~ = p~o,0,)
B(t— = e Dev;)

Test of u-e universality by measuring R, = [1]

T
\

7
»/<¢
-
%

N\
\

tag side

Belle Il dataset collected at the Y(4S)
— 362 fb?

€+

‘_’c/;l <

x1-track topology decays

e u
> Signal side: one e or /

> Tag side: one charged hadron and at least one it°

signal side

N

Vr

>

BF(~35%), low backgrounds, high trigger efficiency

Background suppressed through rectangular cuts and neural network

> 94% purity at 9.6% signal efficiency for combined e/u samples
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LFU In 7-decays — R, extraction and systematics

Tau2023
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https://indico.cern.ch/event/1303630/contributions/5571692/

LFU In 7-decays — Result

P. Feichtinger, Tau2023

4 )

« R,=0.9675 + 0.0007 (stat.) + 0.0036 (sys.) and
|8./8|: = 0.9974 + 0.0019

> Most precise test of u-e universality in T decays

> Consistent with SM at 1.40

A 4

Ge

R, _ B~ o wo) (g_) _ \/Ruﬂmz/m%)

f(x) =1-8z+82*—z*—12z°Inz

e Combination of CLEO, BaBar and Belle Il yields
(assuming independent systematics)

> (9,/9.): = 1.0005 £+ 0.0013
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https://indico.cern.ch/event/1303630/contributions/5571692/

90% C.L. upper limits on LFV t decays

Lepton Flavour Violation searches

[1] M. Giffels et al., Phys. Rev. D 77,073010 (2008)

[2] L. T. Hue et al., Nuclear Physics B, 873, 1 (2013)

— 17> 4¢f
—T—){’Ks,h

° T ppu[1]
e SM: 1038 ~ 105

:é{nl.SAs kHard: tough determination of m: and E,, irreducible SM backgrounds )

S. Banerjee.,Universe 2022, 8(9), 480 (2022)
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» Charged-Lepton Flavour Violation (LFV) is allowed in
various SM extensions ... Simple: good determination of m; and E., few SM background sources
> ... but it has never been observed
S.M. W.P,, arXiv:2203.14919 (2021)
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* Enhanced in theories beyond SM > SUSY + Higgs

SUSY + SO(10)

. . . . :
An observation would be a clear signature of new physics! Nk il &7
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.073010
https://doi.org/10.1016/j.nuclphysb.2013.04.014
https://doi.org/10.3390/universe8090480
https://arxiv.org/abs/2203.14919
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[1] K. Hayasaka et al., Phys. Lett. B 687 (2010) 139

« Best upper limits from Belle: 2.1 x 108 at 90% CL with 782 fb* [1]

> Signal side: three muons
> : 1-track T decay (events with 4 tracks)

Belle Il competitive with 424 fb!

> Inclusive approach: allow at most three tracks in the

» Signal detection efficiency increases

v

2D signal region — large background reduction using
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https://indico.cern.ch/event/1303630/contributions/5571690/
https://doi.org/10.1016/j.physletb.2010.03.037
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T = upu - Result

A. Martini, Tau2023

+ Observed 1 event in the signal region: B(t = pup) = (3.1 37 (stat.) + 0.1 (syst.)) x 107

0.4

0.2

0.1

0.0

—0.1Fp"

—0.2

—0.3

0.3F

'

- BelleIl (Preliminary) 50 SR
| Data: [Ldt=424fb~! — 205 SR
I —— Sidebands
#+ Data
L]
-:l-fu'-

T80 185

M3, [GeV/c?]

U

Signal events

0.8

0.6

0.4

0.2

_2|-Bellell (Preliminary)

0.0
0

D
D

Belle I

* No significant excess found in 424 fb! of data

* Obtained most stringent limits at 20% CL

> 1.9 x 108 on B(t = pup)

Expected CLg 4+ 20
Bl Expected Clg+ 1o

---- Expected CL; median
—— Observed CL,

= Ti_mtlﬁui
[ [L£dt =424fb!

5
B(r=—ppTpt) le=8
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UL at 90% CL on B(T — 3u)
Belle 2.1 x 1078 (L = 78267 1) [1]
BaBar | 3.3 x 1078 (L = 468t~ 1) [2]
CMS 2.9 % 1078 (L = 13171 [3]
LHCb | 4.6 x 107% (L4 = 2.0fb™ 1) [4]
Belle IT | 1.9 x 1078 (L, = 424fb71)
1] K. Hayasaka et al., Phys. Lett. B 687 (2010) 139
2]J.P. Lees et al., Phys. Rev. D 81 (2010) 111101
3] A. M. Sirunyan et al., JHEP 01 (2021) 163
4] R. Aaij et al., JHEP 02 (2015) 121 8


https://indico.cern.ch/event/1303630/contributions/5571690/
https://doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1103/PhysRevD.81.111101
https://doi.org/10.1007/JHEP01(2021)163
https://doi.org/10.1007/JHEP02(2015)121

ity physics

IC

tipl

Low Mul
results



(g-2) of the muon

[1] Muon g-2 T. ., Phys. Rept. 887 (2020)

uncertainty in the prediction of the muon (3-2)
* In the context of the Muon (3-2) Theory Initiative [1]

> Large discrepancy between White Paper
predictions (2020) and experimental results

» Significance for Fermilab get to 50 [2]
e The 50 discrepancy reduces to ~1o
> a,HPLo from Lattice QCD [3]

> Latest CMD-3 pion form-factor data in a,"HPt° [4]

The scenario is puzzling!
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[3] BMW Collab., Nature 593 7857, 51 (2021)
[2] Muon g-2 Collab., arXiv:2311.08282 (2023) [4] CMD-3 Collab., arXiv:2302.08834 (2023)

» Hadronic Vacuum Polarization (HVP) contributes to the largest

HLbL
18%

o
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2 u v u
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https://indico.cern.ch/event/1258310/contributions/5515288/
https://doi.org/10.1016/j.physrep.2020.07.006
https://doi.org/10.48550/arXiv.2311.08282
https://www.nature.com/articles/s41586-021-03418-1
https://doi.org/10.48550/arXiv.2302.08834

(g-2) of the muon

g—2 EW ED CD \
a#:T:au —|—0Lﬁ2 —|—a,'ﬁ2

Hadron-contribution

QCD __ HLbL
ag = + a,
Leading order HVP-term
2 o)
o' ds
10 - 2 | ZRE)K()
37 m2 S

o(ete™ — hadrons)
olete” = ptu~)

Hadronic R-ratio

\R(S) =

100

10

0.1

0.01

0.001

0.0001

1e-05

* Belle Il can provide the cross section for e*e- = hadrons

to improve the theoretical prediction

> e‘e = 'l is the 2™ largest contribution to the HVP

below 1 GeV in CM frame energy

> Below 1 GeV, differences between experiments

— uncertainty of 2-3% on a,(3rm)
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ole*e = mtirmn°)

- NEW FOR
MORIOND 2024!

e Partial Run1 data set of 191 fb!
 |nitial state radiation (ISR) technique
> Explore a wide energy range from a single dataset, 0.7-3.5 GeV

> Complementary to experiments that perform beam-energy
scanning
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* Signal process: e*e” = m*rnysg
> 7%is recostructed from n® = yy

> Selection through kinematic fit

» Sum of four-momenta of n*mryyyisk constrained to the
four-momenta of the e*e beam

* Background estimated using control samples

Entries (/0.1 GeV/c?)

Main | e'e = m'nn’nly 2
backgrounds | '€ = K'Knt% 2
e‘e = qq o
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e‘e = m*rn’n®y control sample
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o efficiency and {0 |
systematics
o
* One of the key challenge is the n° efficiency %
> One of the main factors of the signal efficiency E
> signal efficiency: 8.8%-6.6% in the mass range 0.7-3.5 GeV _
* Custom determination using w resonance: e*e” = wy — '’y e
(n®) = el
Npartial

» Partial reconstruction of n*rry final state
> Recoil mass is contrained with a kinematic fit to the mass of the n°
> Npartia €stimated from a fit to invariant mass M( 7wt % ecoi))

e Ny estimated from a fit to M(yy) (° = yy)

e From data-MC ratio

> The n? efficiency is determined to an accuracy of 1%, which is
assumed as systematic uncertainty
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M( 11t i%.01) for partial reco. events $
9000 E Belle Il Prehmmary

Belle IT

8000 |- [Ldt = 191 fo" { Data
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6000 | D wnly
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4000 Background
3000 | |:| ’
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H” T LTS Hi' ' e fﬂi' +m++ 2R L ELFRE nn
50 6 065 07 075 08 08 09 059
Mo (GeV/C?)

Systematic uncertainties (signal € correction
factor) %
ROTEEE 0.62-1.05 GeV/c>
Tracking 0.8 (—1.35)
ISR photon detection 0.7 (40.15)
7% detection 1.0 (—1.43)
Kinematic fit (x?) 0.6 (40.0)
Trigger 0.1 (—0.09)
Background suppression 0.2 (—1.90)
Monte Carlo generator 1.2
Integrated luminosity 0.6
Radiative corrections 0.5
Simulated sample size 0.2
Background subtraction 0.2-2.3
Unfolding 0.7-25
Total uncertainty 2.3-25
(Total correction €/esim — 1) (—4.61) 12
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S NEW FOR
MORIOND 2024!

olete = mtnn®) - Result

31t Mass spectrum Differences of the measured cross section around the w resonance
i o —~ B0
Belle Il Preliminary X 2 _ ¢ BABAR(21) ----- Belle Il Error (Total
10° FfLat = 191 1o S 40 | Bellell Preliminary SND (03; ) Belle Il Error :Syst.;
'} Data S 3o JLdt=1911 +  CMD-2 (04)
104 I mmeey . o E
o KK - o 20F
>  [ENon-sRqg ; % . £ 10 Ee---e. B Y D PSP
= {3 | IEFSR ! ¥y c I L Ty Ao I
o 10 g § (o " o) 0 ) Boamey . ! 1
Q& # 7Y = TN SRS TV BT Sl PR S
= b ) 8 10 ----- sy fII:J4 of = = “holge"T ~.¢.-.¢__¢__.¢._~¢
2402 Wq n g } { {
= g —20 F
Lﬁ 9_3: M I A T H S H
O % 76 0.77 0.78 0.79 0.8 0.81 0.82
Vs' (GeV)
06065070.750.80.85090.95 1 1.05 Focus on the mass region around the w resonance
» — most important for the HVP
M, (GeV/c)

e a,(3m)=(48.91 £ 0.23 (stat.) + 1.07 (syst.)) x 10-° measured on 191 fb*, with accuracy of 2.2%
* Main systematic uncertainties from efficiency and absence of NNLO in the generator

* 6.5% higher than the global fit result with 2.50 significance
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Summary and conclusions

* Belle and Belle Il are leading the T searches, and are providing fundamental results from low-multiplicity
event analyses

> Precision measurements of SM parameters
> Searches beyond the SM physics

* Many frontiers of improvements
> Increase data sample size

> Improved analysis techniques and reduced systematic
uncertainties

~

Analysis presented today
» LFU testin T decays Tau2023

» Search for the LFV T — ppu decay Tau2023

» ole*e = m'rrn®) with ISR technique

. )
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https://indico.cern.ch/event/1303630/contributions/5571692/
https://indico.cern.ch/event/1303630/contributions/5571690/

Summary and conclusions

* Belle and Belle Il are leading the T searches, and are providing fundamental results from low-multiplicity

event analyses
> Precision measurements of SM parameters
> Searches beyond the SM physics

* Many frontiers of improvements

> Increase data sample size

> Improved analysis techniques and reduced systematic

uncertainties

Analysis presented today
» LFU testin t decays Tau2023
» Search for the LFV 1 — ppu decay Tau2023

» oleter = m'rrn®) with ISR technique

o

~

)
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Others (1, dark sector, low-multiplicity, ...)

T mass measurement Phys. Rev. D 108, 032006 (2023) </Seliei
Search for T = la (inv.) Phys. Rev. Lett. 130, 181803 (2023) «Bellen
LFV t = IV° JHEP 2023, 118 (2023) < Rele

LFV T = I arXiv:2305.04759 (2023) < Reieni

Michel Parameters in T = u* v,v; decays B
Phys. Rev. Lett. 131, 021801 (2023)

Heavy neutral lepton in T decays arXiv:2402.02580 (2024) < /el
Search for Z' = invisible Phys. Rev. Lett. 130, 231801 (2023) </Sellell
Search for Tt resonance Phys. Rev. Lett. 131, 121802 (2023) < /Seliell
Search for uu resonance arxiv:2403.02841 (2024) </Selell

Long-lived spin-0 mediatorin b = s <Beier
Phys. Rev. D 108, L111104 (2023)

Dark leptophilic scalar in association with 1t <5
Phys. Rev. D 109, 032002 (2024)

... and many others published and ongoing 14


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.181803
https://link.springer.com/article/10.1007/JHEP06(2023)118
https://arxiv.org/abs/2305.04759
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.021801
https://arxiv.org/abs/2402.02580v1
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.231801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.121802
https://arxiv.org/abs/2403.02841
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L111104
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.032002
https://indico.cern.ch/event/1303630/contributions/5571692/
https://indico.cern.ch/event/1303630/contributions/5571690/

Belle || Run2 has started!

KBeIIe Il Run2 first \

collisions on February
20, 2024

* Target integrated
luminosity: 50 ab!
(x100 w.r.t Runl
dataset)

* Target peak luminosity:
6x10% cm2 st
SuperKEKB world

krecord: 4.7 x 103 cm'zy

‘ Belle Il control m, FebN024

Thank you!
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Experiments at B-factories

. . . . o
Asymmetric e*e” colliders optimized for the production of £, 20
B meson pairs, but also D mesons, T leptons, ... 0
(@]
Collisions occur at Y(nS) resonances s f
T
> Mainly at Y(4S): Vs = 10.58 GeV + 10 . T (39)
just above the production threshold of BB | i A
BR(Y(4S) — BB) > 96% o f LA
L s5| ;o AN -
Asymmetric beam energies: boosted BB pairs, o ! s, e IR PR TR L SR B
for CP-violation time-dependent measurements o .
9.44 9.46 18.0010.02 ’10.34 10.37 > 10.54 10.58

High peak luminosity L > 10% cms™

ete” Center-of-Mass Energy [GeV]

First generation of B-factories

Belle@KEKB, KEK, Tsukuba (JP) BABAR@PEP-II, SLAC (USA)
1999-2010, [ Ldt =1 ab™* 1999-2008, [ Ldt = 0.5 ab™

Integrated luminosity of B factories

(fb")

#1000}

600 -

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

>1ab™
On resonance :
Y(58): 121 b
Y(4S): 711 fb !
Y(38):3f"
Y(28): 257"
Y(1S): 6"

Off reson./scan:

~100 b~

~550 fb™!
On resonance:
Y(4S b
Y(3S):30 !
Y(2S): 14 b~
Off resonance:
54fb!
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The Belle |l experiment @ SuperKEKB

SuperKEKB is a new generation B-factory = asymmetric e*/e collider, mainly operated at v's = 10.58 GeV [Y(4S)]

Belle Il is the upgrade of Belle @ KEKB K. e muon detector ]

. . . -ID effici 1 ~90%
— Hermetic detector with high performances EM Calorimenter [“ heney
o(E): 4% - 1.6% |

424 b collected, currently not in data taking 20 | Particie ID system
. \"’ " ‘ ni-fake-rate: 5%

Well known initial-state condition and clean (7 Gey - A

environment (Low/no pile-up) M )

spatial resolution: 100 pm
dE/dx resolution: 5%
pr resolution: 0.4% <

> Suppress high-cross-section QED processes /

without “Killing” the signal .&\ / *

. . 1e . Central Drift Chamber
Dedicated low-multiplicity triggers [

- /
~ y //I/ ‘\ : \ #
. '/.\ < Gey)

Y L

Vertex detector \

> Precise knowledge of acceptance and efficiencies g i Dy
of the detector required CLD ‘

> Example: single-photon trigger available in the full collected data set
— makes Belle |l dataset unique

Excellent reconstruction capabilities for low multiplicities and missing energy signatures
Belle Il Physics Book, PTEP 2019 12 (2019) 17


https://academic.oup.com/ptep/article/2019/12/123C01/5685006

D
o

LFU In t-decays - Combination

P. Feichtinger, Tau2023

- A 2 2
> - B(t™ = pbuvy) (g_“> - RMM f(x) =1-8z+8z*—z*—122° Inz
HOB(rm = e heyy) 9e / f(mg,/m3)
RSM = 0.9726
i CLEO (1997)
_._._
| CLEO (1997) 1.0026 + 0.0055
= 0.9777 +0.0063 + 0.0087
S BaBar (2010)
| apar ——
. N 1.0036 + 0.0020
; 0.9796 + 0.0016 + 0.0036
Belle Il Preliminary (2023) -~ Belhe: 1l Fretnsinan (SRe5)
| 0.9675 + 0.0007 + 0.0036 0.9974 +0.0019

E combination combination
—o— »
! 0.9735 + 0.0026 1.0005 + 0.0013

0.96 0.98 1.00 1.02 104 0.98 1.00 1.02 1.04 1.06

R.U |g,u / 9e|r
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https://indico.cern.ch/event/1303630/contributions/5571692/

Heavy neutral lepton in T decays

arXiv:2402.02580 (2024) Tau2023

» Heavy sterile neutrinos N appears in many extensions of the SM [1]
> N mixes with vsm
> N long-lived for small values of N-vsu mixing

 Limits on |V|? are much weaker than limits on |Ven|? [V.un|? [2]

* Process: e'e = T'T

> Signal side: T = 1 N (= u'uvy)
N = u'u form a displaced vertex (DV) > 15 cm from the beam axis

> Tagside: T = 1'v,, " = 1'%, T = I'viv;
* Main background from K° = n*n vetoed
* Signal region divided in

> Low mass, SRL: mPY < 0.42 GeV/c?

—» Around the K° mass
> High mass SRH: mP¥ > 0.52 GeV/c?
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(2]

Leptons

'V

€

electrpn  sterile
neutryno neutring

0.511 MeV

e

electron

105.7 MeV
=1

muon

1.777 GeV

s

tau

Central Drt
Chamber

Prompt

Silicon
Vertex
Detector

1-Prong

—

<D|P

DV

DV = Displaced Vertex

IP = Interaction Point

P =)
<O
BELLE

T. Asaka et al., Phys. Lett. B 631, 151-156 (2005)
F F Deppisch et al., New Journal of Physics (2015)

Vy/N, |V
T,
tau "
muol i sterile
neutrifio r?IeeJt"r?no neutring  netrino

Y

L.,
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https://doi.org/10.1016/j.physletb.2005.09.070
https://iopscience.iop.org/article/10.1088/1367-2630/17/7/075019
https://arxiv.org/abs/2402.02580v1
https://indico.cern.ch/event/1303630/contributions/5571693/

Heavy neutral lepton in T decays - Result

arXiv:2402.02580 (2024) Tau2023

 Full kinematics of the signal-decay chain reconstructed with N
a two-fold ambiguity (m. and m.)
107!
> In SRL and SRH observed respectively 0 and 1 events DELPHI
in 915 fb?
One event observed 102
- | "
o 1.6 -1 =
> L | 5
E(B : SRL SRH i L o] ArgoNeuT
= ; v 2 0700 N ST T ——
8 [ eData eDaua —los & " Belle
12__ v - - Expi@tml
- vt v 1T v Observed
[ —\ 10-4 w11 BABAR
i s o
: Expected
- —— Observed
0.8— _5| = tic
107
- 0.4 +2
B 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0.61- my [GeV /¢
- 0.2 ..
i * No significant excess observed
L AT RS EE T N N EETR P > Most stringent limits on |Vw|?at 95% CL in the A‘
02 04 06 08 11 12 "4G V/‘f mass range 1.3 - 1.4 GeV/c
Vetoed in the SRL m;, [GeN/g]

20
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https://arxiv.org/abs/2402.02580v1
https://indico.cern.ch/event/1303630/contributions/5571693/

Search for an invisible Z" boson |5 Pasaag e

[3] Altmannshofer et al., JHEP 106 (2016)

» Massive Z’' boson with a coupling g’ only to leptons with u- and t-lepton numbers (L, - L. extension of the SM)
[1,2,3]

. L, - L. model Z’ branching ratios in leptons
> |t may explain (g - 2), anomaly and DM abundance et & P
= L R R AL LA N NN NN B LR
.
* Possible decays: &F * BRZ—wv
? el * BRZ - pw
> 7' = invisible (worxx), Z' = uy, Z’ = 1t * BRZ> 17

0.6

o Z' = invisible (Z' = vv/xx) 4

0.2

> If light DM x kinematically accessible exists,
BR(Z' = invisible) = 100% S T T N T N N 11 N D
M, [MeV/c?]

> Profit from the excellent Belle Il capabilities for missing

energy signatures XV
> Searched for through the process e*e = u*u 2z, Z’ = inv.
> Signal signature is a narrow peak in the recoil mass of the Z v

two final-state muons \_’
Mo (Mp) = s+M(up)* =2/5(EG +ESM) oy
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.113004
https://link.springer.com/article/10.1007/JHEP02(2015)157
https://link.springer.com/article/10.1007%2FJHEP12%282016%29106

Search for a pyu-resonance in e*e” = wru Ut

arXiv:2403.02841 (2024) recoj] @ndidate
* Four-track final state with at least three identified as muons
> Four-track invariant mass compatible with collision Vs

> No extra energy

» Signal signature is a narrow peak in the opposite-charge

di-muon mass M(HIJ) 1600 Belle Il preliminary - e'e o pup
: . . . O 1400 J.Ldt=178fb'1 Bl e > v
* Challenging aggressive suppression of main SM S B o'e = ooy
background e*e = ptpptp = 1200 B e o )
S I o'~ d(arudios)
. . . e'e” — qq (g=u,d,c,s
> Based on classifiers trained exploting the features T 800 =
of kinematic distributions in signal events Qe
=
=
L

» Presence of a resonance in both candidate and
recoil muon pairs

1.5 From T T T T T

T +*++” +++ tthh ++ ++++ ++++H1+++++++ f +++ +¢h H+H f +++ iy
é. 1 : Z : I : + : H | I
1 2 3 4 5 6 7 8 9 10
M(up) [GeV/c?] 29
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 Signal extracted through fits to M(up) §§ 1 b



https://arxiv.org/abs/2403.02841

Lp-resonance in ee = Uty - Results

arXiv:2403.02841 (2024)

» No significant excess found in 178 fb™!

[

1] P.
[2] S.

. Harris et al., arxiv-2207.08990 (2022)
Gori et al., arxiv-2209.04671 (2022)

> Competitive 90% CL upper limits on the g’ coupling of the L, - L. model (Z’) with BaBar (> 500 fb)

and Belle (> 600 fb1) results

> First 90% CL upper limits for the muonphilic scalar model from a dedicated search [1, 2]

Belle Il preliminary J. Ldt=178f"
1 E
_1 [ )
1 O = Trident
e :
5 2
I 10 g
- u
B CMS (95% CL)
1072 ¢
: ——90% CL UL [ Expected UL +1c [_] Expected UL +2¢
1 1 1 1 1 1 1 | 1 1
107
1 10
2
m,[GeV/c]
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ULong

Belle Il preliminary

J‘Ldt=178fb'1

II|I|III| T T TTTTT

——90% UL CL [ Expected UL + 16 [_] Expected UL +2c
1 I

1

10

my[GeV/c?]


https://arxiv.org/pdf/2207.08990.pdf
https://arxiv.org/pdf/2209.04671.pdf
https://arxiv.org/abs/2403.02841

