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7 Physics at Belle and Belle Il

» Unique and clean laboratory to study weak interaction
and hadronic systems

» Third-generation lepton potentially sensitive to
Beyond Standard Model physics

[Particle Zoo]
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T Physics at Belle and Belle Il

|
» Unique and clean laboratory to study weak interaction
and hadronic systems
» Third-generation lepton potentially sensitive to
Beyond Standard Model physics
» Precision measurement of 7 requires 7 factory

> Belle : 900M 7 pairs produced (£ ~ 1ab™?!)
> Belle Il: 400 M 7 pairs produced (£ ~ 0.4ab™')

i R
o
Belle IT
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7 Mass Measurement at Belle |l

[Phys. Rev. D 108 (2023) 032006] %

Mmin — \/M327r + 2(\/§/2 - ;ﬂ)( ;ﬂ' - p;ﬂ') < m;

» Fundamental physics parameter and important input,

e.g. for lepton-universality tests
» Pseudomass method in 7= — 7~

»  Mmin distribution ends at m,

» Smeared by resolution and initial and final state

radiation
» Accuracy determined by
> Beam energy \/s/2
> Calibrated using BB events
» Final-state particle momentum

> Calibrated using D® — Kr standard candle

x10°
160 Belle Il o

__ t4op ILdt=190fb" S

g .

2 120f . :

%) ¢ Data . ‘..
Tty E 100 [ <t backgrounds  .* .
" " T . .

’ E’ gof DBica :

[2] .

§ oeof .

> R

Wogof .

20
06 08 1 12 14 16 18 2
M., [GeV/c?]
190fb—1

S. Wallner

Tau and Low-Multiplicity Decays at Belle and Belle 11


https://doi.org/10.1103/PhysRevD.108.032006

7 Mass Measurement at Belle |l

[Phys. Rev. D 108 (2023) 032006] %

Mmin — \/M327r + 2(\/§/2 - ;ﬂ)( ;ﬂ' - p;ﬂ') < m;

» Fundamental physics parameter and important input,

e.g. for lepton-universality tests
» Pseudomass method in 7= — 7~

»  Mmin distribution ends at m,

» Smeared by resolution and initial and final state

radiation
» Accuracy determined by
»> Beam energy /s/2
> Calibrated using BB events
» Final-state particle momentum

> Calibrated using D® — Kr standard candle

x10°
1601 Belle Il e,

~ 14F IL dt=1901b"

< .

2 120f . .

%) ¢ Data . ‘..
a—nty E 100 [ <t backgrounds  .* .
" " T . .

' E/ 80 F et N

> .

§ seof .

> K

W 40k B

20F
06 08 1 12 14 16 18 2
M., [GeV/c?]
190fb—1

S. Wallner

Tau and Low-Multiplicity Decays at Belle and Belle 11


https://doi.org/10.1103/PhysRevD.108.032006

7 Mass Measurement at Belle |l

[Phys. Rev. D 108 (2023) 032006] %

Mmin = \/M327r + 2(\/§/2 - ;71')( ?::r - p;:ﬂ') < m:

» Fundamental physics parameter and important input,

e.g. for lepton-universality tests
» Pseudomass method in 7= — 7~

»  Mmin distribution ends at m,

» Smeared by resolution and initial and final state

radiation
» Accuracy determined by
> Beam energy \/s/2
> Calibrated using BB events
» Final-state particle momentum

> Calibrated using D® — Kr standard candle

x10°
1601 Belle Il e,

~ 14F IL dt=1901b"

< .

2 120f . .

%) ¢ Data . ‘..
a—nty E 100 [ <t backgrounds  .* .
" " T . .

' E/ 80 F et N

> .

§ seof .

> K

W 40k B

20F
06 08 1 12 14 16 18 2
M., [GeV/c?]
190fb—1

S. Wallner

Tau and Low-Multiplicity Decays at Belle and Belle 11


https://doi.org/10.1103/PhysRevD.108.032006

T Mass Measurement at Belle |l %
[Phys. Rev. D 108 (2023) 032006] 7aray>¢

— 2
Min = \//\/,37r + 2(\/5/2 - ;ﬂ)( ;ﬂ - P;W) < m; PDG Average (2022)
1776.86 +0.12
BES (1996 .
. . . 1776,(96 ;3)2"5 perd '
> Fundamental physics parameter and important input, | oq e oor) |
e.g. for lepton-universality tests 177661£0.18£035 |
. KEDR (2007) —
» Pseudomass method in 7= — 7~ 7w, 177681 02 0.1 =
» Mmin distribution ends at m. B 5+ 04t %
» Smeared by resolution and initial and final state BES Ill (2014) w
radiation 1776.91+0.12 09 ‘ *
Belle Il (2023) |
» Accuracy determined by 1777.09 = 0.08 + 0.1 !
o
> Beam energy \/s/2 _ 1776 17765 1777
> Calibrated using BB events m, [MeV/c?3
> Final-state particle momentum 100 fb—1
> i i 0
Calibrated using D — K7 standard candle D
» Belle Il provides World's most precise result
Belle IT
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Partial-Wave Analysis of 7= — 77 71, Decays %

980 fb—1!

BELLE
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Partial-Wave Analysis of 7= — 77 71, Decays

|
> 7T_7T_7T+ system forms meson resonances
» Dominated by a;(1260)~ — p°7~ decay
» Parameters of a;1(1260) poorly known
» CLEO Il measured twice larger width in 7 decays
compared to other experiments
> Also other contributions possible

> a1(1420) resonance observed only by COMPASS in
scattering data _

980 fb—1!

BELLE
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Partial-Wave Analysis of 7= — 77 71, Decays

|
» 777t system forms meson resonances
» Dominated by a;(1260)~ — p°7~ decay

» Parameters of a;1(1260) poorly known

» CLEO Il measured twice larger width in 7 decays
compared to other experiments

> Also other contributions possible
> a1(1420) resonance observed only by COMPASS in
scattering data _
» Perform amplitude analysis to separate contributions of
partial waves with well-defined quantum numbers
> Fit partial-wave model to 7-dimensional angular and
mass distribution

» CLEO-II performed the only amplitude analysis
[PRD 61 (1999) 012002]
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[r 2023] K

Partial-Wave Analysis of 7= — 77 71, Decays

%106 1*[p(770)7]s intensity
| L5
» Clear a;(1260) signal in 17+ [p(770)7]s wave
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Partial-Wave Analysis of 7= — 77 71, Decays %
[~ 202 04 Bgs it

17[fp(980)7]p intensity

I —— 20000 i

» Clear a;(1260) signal in 17+ [p(770)7]s wave

,_
o
=

» Narrow a;(1420) signal in intensity of E] ’
1++[f(:)(980)7T]P wave i 10000
. . . N +
w First confirmation of COMPASS measurement .
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0 (KRS
1.0 12 14 1.6
Mm3r [GeV]
980 fb—1!
D
BELLE
S. Wallner

Tau and Low-Multiplicity Decays at Belle and Belle Il 4/13


https://indico.cern.ch/event/1303630/contributions/5571694/

Lepton-Flavor Violation (LFV) in 7 Decays

> Lepton Flavor Violation (LVF) is negligibly small in Standard Model + v mixing (below 105°)
» Various new-physics models predict branching fractions in the range 10~7 — 1010
w Search for lepton flavor violating decay channels

S. Wallner Tau and Low-Multiplicity Decays at Belle and Belle Il 5/13



Lepton-Flavor Violation (LFV) in 7 Decays %
[J. High Energ. Phys. 2023, 118 (2023)] 485>+t

» Search for decays 7= — £~ V°, which . ‘-
VO = 10 ., K*O

» Consider 1-prong and 3-prong decays on tag side

» Multivariate analysis (BDT) to select signal

1-prong

+ 3-prong Tag Signal

980 fb—1!

BELLE
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Lepton-Flavor Violation (LFV) in 7 Decays %
[J. High Energ. Phys. 2023, 118 (2023)] 485>+t

» Search for decays 7~ — £~ V°, which
VO = pO’ ¢) w, K*’O

04f ° T-ed

> Consider 1-prong and 3-prong decays on tag side . Dpata Oignal Region
» Multivariate analysis (BDT) to select signal o2l ) ’ o
» Signal region defined by 3 1 = :
» M,,0 = m; due to missing neutrino 9 oof* i lf S
> AE = E}\,0 —/s/2 = 0 upon radiative effects 4 I ‘ . .,.-.
» World's best upper limit for 8/10 channels —02L el St e o :
(90 % confidence level) Tlea e T e
—0.4MN LR B9 . oo o o
> B(r~ — e V°) < (L7-2.4) x 10°° BRSNS P IS R
> B(tm — \/0) < (1.7-4.3) x 108 1.65 1.70 1.75 1.80 1.85 1.90
Meg (GeV/c?)
980 fb—!
D
o
BELLE
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Lepton-Flavor Violation

(

LFV) in 7 Decays

» Untagged: Inclusively use rest of event

» Multivariate selection yields 3x larger efficiency

compared to Belle
» Upper limit

> B(7m —» pupupt)<1.9x1078

» World's most stringent limit

rest of
event

S. Wallner

Signal

AE;, [GeV]
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Dark Sector Searches at Belle |l %

» Dark sector physics
w | ow multiplicity events
> L1
» Single muon, track, photon
> Displaced-vertex trigger under study
> at B factories important
for dark sector searches

» Belle Il is sensitive to direct production of MeV to
GeV mediators

S. Wallner Tau and Low-Multiplicity Decays at Belle and Belle I 8 /13



Searches for the L, — L. Gauge Boson Z’ %

» New gauge boson Z’ couples only to 2" and 3" generation of leptons (L, —L;)
» Coupling to p, 7, v, V7 with strength g’

» Decays visibly and invisibly

» Decays to dark matter x could be dominant

S. Wallner Tau and Low-Multiplicity Decays at Belle and Belle 11



Searches for Z' — invisible %
[Physv Rev. Lett. 130 (2023) 231801] 4. 333

|
» Search for peak in mass of recoil system against pu

= N Belle ll [Ldt=79.7 fb!
B ete ST T(Y)

B ete o putut(y)

t Data

» Neural network for background suppression trained on
full Mz: range of Z’

Candidates / (0.5 GeV?/c?)

79.7fb ! 10-1
Py ) 0 20 40 60
MZcon [GeVZ/c?]
Belle IT
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Searches for Z' — invisible %
[Phys. Rev. Lett. 130 (2023) 231801] Zar855+¢

|
» Search for peak in mass of recoil system against pu

» Neural network for background suppression trained on
full Mz: range of Z’

» No significant excess observed

(g-2%20

» (g —2), favored region excluded for o 102
0.8 < Mz < 5GeV/c?
for a fully invisible Z’

103 £ Belle Il [L dt = 79.7 fb=%, 90% CL UL 1

—TIz=0 Expected +10 Expected +20
L —=-Tz=0.1Mz
79.7fb™ 104 1 . . . . . . .
D 0 1 2 3 4 5 6 7 8
Mz [GeV/c?]
Belle IT
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Dark Sector Searches in Z/ — 77

[Phys. Rev. Lett. 131 (2023) 121802]

» Search for peak in mass of recoil system against pu

» 7 decays to single charged particle + neutrals

w Suppress background using characteristic
kinematics

62.8fb—1
D

Belle IT
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Dark Sector Searches in Z/ — 77

[Phys. Rev. Lett. 131 (2023) 121802]

e
|
» Search for peak in mass of recoil system against pu o+
» 7 decays to single charged particle + neutrals Belle I Jedt=62.8 ot
w Suppress background using characteristic 10° SELET :
kinematics
» Exclusion limits on couplings for three models: Z’, 10? E
Axion-like particle (ALP), and leptonic scalar (S) (g-2)u%20
» ms probed for the first time above 6.5 GeV/c2 T E
100—/ 4
62.8fb—1 s 90% C.L.UL Expected UL +10 Expected UL +20
D 1073 4 5 6 7 8 9 10

ms [GeV/c?]
Belle I
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Dark Sector Searches in Z/ — 77

[Phys. Rev. Lett. 131 (2023) 121802]

» Search for peak in mass of recoil system against pu o+

» 7 decays to single charged particle + neutrals Belle Il [edt=62.8 fot

w Suppress background using characteristic
kinematics

BaBar

=
o
W
T
L

» Exclusion limits on couplings for three models: Z’,
Axion-like particle (ALP), and leptonic scalar (S)

» ms probed for the first time above 6.5 GeV/c2
» World-leading limits for ALPs Cee=Cppu=Crr i

all other couplings = 0
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Dark Sector Searches in Z/ — uu %
[M. Laurenza, DMMNET 2023] “74p45>#¢

I — et /LJF
» Search for peak in opposite-charge di-muon mass _‘
) o ) Belle Il preliminary J.'—dt=173 fo
» First upper limit for muonic scalar model from a E
explicit search F
10’15*
&
S 102
|
o)
10
_1 F —90%CLUL I Expected UL + 1o
178 b = [] Expected UL +2c
D 10 M M
1 10
Belle IT mg[GeV/c?]
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Dark Sector Searches in Z/ — uu %
[M. Laurenza, DMMNET 2023] “74p45>#¢

|
et wh

» Search for peak in opposite-charge di-muon mass 4
Belle Il preliminary _[Ldt=178 fo

» First upper limit for muonic scalar model from a
explicit search

Trident

» Upper limits on Z’ already competitive 107"
» Due to improved background suppression

o

c

» Exclude Z’ and scalar explanations for (g — 2),, over §

o o]
wide mass range

J CMS (95% CL)
Belle

10°d
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Summary

» Belle and Belle Il are leading 7 and dark sector searches
» Precision measurements of 7 properties
» Various studies of Standard Model parameters
» Searches for Beyond Standard Model physics
» Many frontiers of improvement
» Data sample size
» Improved analysis techniques and reduced systematic uncertainties
» Accurate physics models

Further analysis in 7 physics Further dark-sector searches

P Lepton-flavor violation in 7= — £ ¢ [arXiv:2305.04759] > Long-lived spin-0 mediator in b — s [PRD 108 (2023) L111104]
P Lepton-flavor violation in 7~ — £~ « [PRL 130 (2023) 181803] > Dark Higgsstrahlung in wrp” [PRL 130 (2023) 071804]
> Test lepton-flavor universality in 7~ — £~ Dv, [au2023) > Axionlike particle decaying to vy [PRL 125 (2020) 161806]
» Searches for heavy neutrino in 7 decays [PRL 131 (2023) 211802] > Dark leptophilic scalar in association with 77T [arXiv:2207.07476]
P Michell Parameters in 7= — p~ D, v, [PRL 131 (2023) 021801]
P Electric Dipole Moment of the 7 [JHEP 11 (2022)]
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Summary

» Belle and Belle Il are leading 7 and dark sector searches
» Precision measurements of 7 properties
» Various studies of Standard Model parameters
» Searches for Beyond Standard Model physics
» Many frontiers of improvement
» Data sample size
» Improved analysis techniques and reduced systematic uncertainties
» Accurate physics models
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7 Mass Measurement at Belle Il m T — L
B Partial-Wave Analysis of 7= — 7~ 7~ 7" v, Decays m 7 — o, where v is an invisible particle
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T Mass Measurement at Belle |l %
[Phys. Rev. D 108 (2023) 032006] 74r45=+t

Mmin = \/M327|— + 2(\/§/2 - Eékw)(E;w - p;w) < m;

PDG Average (2022)
1776.86 +0.12
» Fundamental physics parameter and important input, | eesues .
. . 1776.96 1018 *
e.g. for lepton-universality tests BELLE Goor) :
1776.6140.13 £ 0.35 DR

KEDR (2007) !
1776.81 02 +£0.15 T
BaBar (2009) |
1776.68 +0.12 + 0.41 i
BES IIl (2014) I
1776.91+0.12 1719 ‘
I

R R AR NS S R NN SR} : P !

1776 1776.5 1777
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T Mass Measurement at Belle |l %
[Phys. Rev. D 108 (2023) 032006] 74 @

Mmin = \/M327|— + 2(\/§/2 - Eékw)(E;w - p;w) < m; x10°
» Fundamental physics parameter and important input, 100} Bellen ; s
e.g. for lepton-universality tests & Hor IL b

» Pseudomass method in 7= — 77 7w tv, E 120 + Data
» M distribution ends at m.- e 100_Egéb30kgr°unds
»> Smeared by resolution and initial and final state P 8o S

radiation 5 oo .
W 4o N
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T Mass Measurement at Belle |l %
[Phys. Rev. D 108 (2023) 032006] drs>+¢

_ 2
Mmin = \/M37|— + 2(\/5/2 - Eékw)(E:;T - p;w) < m; 10.59
Belle I —\s
» Fundamental physics parameter and important input, IL dt=190 fo" Total uncert.
. . 10585 |- pE
e.g. for lepton-universality tests s 25
» Pseudomass method in 7= — 7 7 7w v, .
o 2 1058
»  Mmin distribution ends at m, 3
» Smeared by resolution and initial and final state o
. S 10575
radiation o S o iz
> Accuracy determined by s N s
1057 |- & § 2 |
> b b b 10
Beam e?ergy ﬁ/2 _ 0 100 200 300 400 500
> Calibrated using BB events Chronologically ordered events
190 fb—1
D
Belle I
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T M

ass Measurement at Belle |l

[Phys. Rev. D 108 (2023) 032006] %

|
Mmin — \/Mg%ﬁ + 2(\/§/2 - 3*71')( 3?71' - p;w) < m;

>

>

>

Fundamental physics parameter and important input,
e.g. for lepton-universality tests
Pseudomass method in 7= — -7 7 tu,

» Mpin distribution ends at m-
» Smeared by resolution and initial and final state
radiation

mit. - mEPG [MeV/c?]

Accuracy determined by
> Beam energy /s/2
> Calibrated using BB events
» Final-state particle momentum
> Calibrated using D® — K7 standard candle

0.5
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T Mass Measurement at Belle |l %
[Phys. Rev. D 108 (2023) 032006] 74 @

Mmin = \/M327r + 2(\/2/2 - Eékw)(E:;T - p;w) < m: x10°
. . . 16 Belle I
» Fundamental physics parameter and important input, b J.Ldt 00 i
. . T 14f =
e.g. for lepton-universality tests > b .= 177,09 £ 0.08 £ 011 MeV/c?
» Pseudomass method in 7= — 7 7 7w v, 2 jof
» Mmin distribution ends at m, T sp
» Smeared by resolution and initial and final state ‘% 65‘
radiation o 4F
. 2F
» Accuracy determined by ok . ! ! . . : "
> Beam energy /s/2 2
> Calibrated using BB events & _g 3
> Final-state particle momentum 17 172 174 176 178 1.8 182 184
> Calibrated using D® — K7 standard candle M.in [GEV/C?]
. PETRR 190 fb—1
» Fit to M, distribution
i D
Belle I
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T Mass Measurement at Belle |l %
[Phys. Rev. D 108 (2023) 032006] 74r45=+t

. — 2 _ * * E3
Mmm - \/M37r + 2(\/§/2 E37r)(E37r p37r) < m: PDG Average (2022)
1776.86 +0.12
» Fundamental physics parameter and important input, | eesues .
. . 1776.96 018 102 "
e.g. for lepton-universality tests BELLE (2007 :
» Pseudomass method in 7= — -7 7w tu, 177661+ 0,13 £0.35 !
L ) KEDR (2007) =
» Mmin distribution ends at m, 1776.81 192 +0.15 =
» Smeared by resolution and initial and final state BaBar (2009) =
o 1776.68 +0.12 + 0.41 ‘
radiation BES Ill (2014) !
. 1776.91+0.12 1019
> Accuracy determined by £012 0 ‘
Belle 11 (2023) | |
> Beam energy ﬁ/2 1777.09 +0.08 +0.11 :
> . . B T IV Y . [
. Calibrated %Jsmg BB events 776 7765 777
» Final-state particle momentum m, [MeV/c?]
> Calibrated using D® — K7 standard candle
. PTI 190 fb—!
» Fit to M,,;, distribution >

» Belle Il provides World's most precise result
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Partial-Wave Analysis of 7= — 77 71, Decays %

980 fb—1!

BELLE
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Partial-Wave Analysis of 7= — 77 71, Decays

|
> 7 717" system forms meson resonances
» Dominated by a;(1260)~ — p°7~ decay

» Parameters of a1(1260) poorly known

» CLEO Il measured twice larger width in 7 decays
compared to other experiments

» Also other contributions possible
> 21(1420) resonance observed only by COMPASS

980 fb—1!

BELLE
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Partial-Wave Analysis of 7= — 77 71, Decays

|
> 7 717" system forms meson resonances
» Dominated by a;(1260)~ — p°7~ decay

» Parameters of a1(1260) poorly known

» CLEO Il measured twice larger width in 7 decays
compared to other experiments

» Also other contributions possible
> 21(1420) resonance observed only by COMPASS
» Perform amplitude analysis to separate contributions of T
partial waves with well-defined quantum numbers

» Fit partial-wave model to 7-dimensional angular and
mass distribution

» CLEO-II performed the only amplitude analysis
[PRD 61 (1999) 012002]

S. Wallner Tau and Low-Multiplicity Decays at Belle and Belle 11

980 fb—1!

BELLE



https://doi.org/10.1103/PhysRevD.61.012002

Partial-Wave Analysis of 7= — -7~ 7" v, Decays

Simulated ms, spectrum

60000
— TF s ¥ty
— T**}W*W*TF*W“UT
50000 — e ag
I — —— Other processes
» 1-prong decays on tag side 10000
> Achieve high efficiency: 32 % £ 30000
» Maintain low impurity: 18 % 20000
» Main background from 7= — 7 7o,
10000
0
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

m(3r) [GeV]
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[r 2023] K

Partial-Wave Analysis of 7= — 77 71, Decays

%100 1*[p(770)r]s intensity

|
» Dominant a;(1260) signal in 1+ [p(770)7]s wave s

T 10
3
S
5]
0.5
3 R S L TN
1.0 1.2 14 1.6
msx [GeV]
980 fb—!
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https://indico.cern.ch/event/1303630/contributions/5571694/
https://doi.org/10.1103/PhysRevD.97.114008

Partial-Wave Analysis of 7= — 77 71, Decays %
[~ 202 04 Bgs it

17[£0(980)7]p intensity
|
+
» Dominant a;(1260) signal in 11+ [p(770)r]s wave 20000 .
» Narrow a;(1420) signal in intensity of
17+[£(980)7]p wave 7 O
w First confirmation of COMPASS measurement 2 10000
N +
5000
0 T
10 12 L4 16
msx [GeV]
980 fb—1
D
Do
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Partial-Wave Analysis of 7= — 77 71, Decays %
[~ 202 04 Bgs it

1+[f5(980)7]p phase, pp = 110.3°
|
360
» Dominant a;(1260) signal in 11+ [p(770)r]s wave
> Narrow a;(1420) signal in intensity and phase of 270 t

17+[£(980)7]p wave G
w First confirmation of COMPASS measurement = 150
a

et

90 +
0
1.0 1.2 1.4 1.6
my. [GeV]
980 fb—1!
<o
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Partial-Wave Analysis of 7= — 77 71, Decays %
[~ 202 04 Bgs it

|
» Dominant a;(1260) signal in 11+ [p(770)r]s wave
> Narrow a;(1420) signal in intensity and phase of
17+[£(980)7]p wave T
w First confirmation of COMPASS measurement
» Novel “freed-isobar” method not requiring knowledge
of isobar resonance
> Allows to measure also amplitude of w7 subsystem

980 fb—1!

BELLE
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Partial-Wave Analysis of 7= — 77 71, Decays %
[~ 202 04 Bgs it

%106 117" 7s mg, € [1.3,1.32] GeV

'
» Dominant a;(1260) signal in 1++[p(770)7]s wave 4
> Narrow a;(1420) signal in intensity and phase of '

17+[£(980)7]p wave
w First confirmation of COMPASS measurement

» Novel “freed-isobar” method not requiring knowledge
of isobar resonance

Intensity [counts]

> Allows to measure also amplitude of w7 subsystem

» Clear p(770) signal 04 06 0s 1o 12 14 16
max [GeV]

= Precision measurement of p(770) in clean
environment

980 fb—1!
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Lepton-Flavor Violation (LFV) in 7 Decays

> Lepton Flavor Violation (LVF) is negligibly small in Standard Model + v mixing (below 10~50)

» Various new-physics models predict branching fractions in the range 10~7 — 1010

S. Wallner

w Search for lepton flavor violating decay channels

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

o
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+ Belle
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[Belle Il Snowmass Paper]
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Lepton-Flavor Violation (LFV) in 7 Decays %
[J. High Energ. Phys. 2023, 118 (2023)] 485>+t
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Lepton-Flavor Violation (LFV) in 7 Decays %
[J. High Energ. Phys. 2023, 118 (2023)] 485>+t
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Lepton-Flavor Violation (LFV) in 7 Decays %
[J. High Energ. Phys. 2023, 118 (2023)] 485>+t
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Lepton-Flavor Violation (LFV) in 7 Decays %
[J. High Energ. Phys. 2023, 118 (2023)] 485>+t
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Lepton-Flavor Violation (LFV) in 7 Decays %
[J. High Energ. Phys. 2023, 118 (2023)] 485>+t
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n-Flavor Violation (LFV) in 7 Decays

[arXiv:2305.04759

» Similar strategy as 7= — £V° measurement at Belle

» First application of untagged approach % 1of Belle i (Prelminary) T E——
[ Data: — 190 b1 e Data — SR
» Fully inclusive on tag side i ok e _[‘ffdfrz 2]:,3,‘}. )
» Upper limits a Signal Region
0.5F .
> B(t~ — e ¢)<23x1078 ; .
> B(t~ = p ¢)<9.7x1078 “E . . R
00F . .- . r . | ) .
0~ b - : - v
@ g .
—05F v
—(),8:* I I L I s I
1.6 1.7 1.8 1.9 2.0
Vr <. M, [GeV/c?
190fb—1
rest of .
Signal D
event
Belle I
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Lepton-Flavor Violation (LFV) in 7 Decays

7 — fa , where « is an invisible particle

[Phys. Rev. Lett. 130 (2023) 181803] 7&

, Where « is an invisible particle

» Fixed kinematic of two-body decay for given m,
characteristic for signal

» Normalized lepton energy X, in 7~ rest frame

> 7 — [« yields fixed X,
> Broadened by approximation of 7~ rest frame from ~
hadronic tag system g
» 77 — /" Dyv, yields broad peak P
8
>
i

3-prong Tag™ Signal

S. Wallner

14000F Belle II —4— Data
4 \ Total uncertainty
12000} [Ldt=62.81 [ ew
Other
10000 e, M, =16 GeV/c?
16w, M, = 1.2 GeV/c?
8000F & e 1-ea, M, =0 GeV/c®
6000
4000F
2000
0 02 04 06 08 1 12 14 16 18 2
Xe
62.8fb—!
Belle IT
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Lepton-Flavor Violation (LFV) in 7 Decays %
[Phys. Rev. Lett. 130 (2023) 181803] A

7 — fa , where « is an invisible particle

, Where « is an invisible particle

» Fixed kinematic of two-body decay for given m,
characteristic for signal
» Normalized lepton energy X, in 7~ rest frame 2210°
> Z_a yields fixed XZ 20F Belle Il ——Observed UL ] Expected UL + 1 std. dev.

) . 18 F de( =62.8fb" --- Expected UL Expected UL + 2 std. dev.
» Broadened by approximation of 7~ rest frame from 16F
hadronic tag system

14 F

> 7~ — (" v, yields broad peak 2h

B(t »ea)B(t 5eV,v,)
>

P 2-14 times more stringent limit than ARGUS z
\ - 4F
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Lepton-Flavor Violation (LFV) in 7 Decays %
[Phys. Rev. Lett. 130 (2023) 181803] A

7 — fa , where « is an invisible particle

, Where « is an invisible particle

» Fixed kinematic of two-body decay for given m,
characteristic for signal

» Normalized lepton energy X, in 7~ rest frame x10°
> T - g—a ields fixed X, ’; 25 Belle Il - Observed UL [l Expected UL + 1 std. dev.
y _l ) = JLat=6281" ---Expected UL Expected UL + 2 std. dev.
> Broadened by approximation of 77 rest frame from ‘5
hadronic tag system ‘T
o
> 77 — 0" pyv, yields broad peak a s
. . . 5
P 2-14 times more stringent limit than ARGUS : i
\ (— e 5
[4a]
0.5 0.7 1 1.2 14 16
M, [GeV/c?]
e
Ur <o 62.8 fb—!
) B
3-prong Tag Signal Belle I
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Lepton-Flavor Violation (LFV) in 7 Decays %
[Phys. Rev. Lett. 130 (2023) 181803] Zapy5+¢

7 — fa , where « is an invisible particle

7 — fa , where o is an invisible particle

» Fixed kinematic of two-body decay for given m,
characteristic for signal

» Normalized lepton energy X, in 7~ rest frame 40210°
3sF — Bellell

> 77 — /"« yields fixed X
» Broadened by approximation of 7~ rest frame from
hadronic tag system

s —— ARGUS

> 77 — 0" pyv, yields broad peak
P 2-14 times more stringent limit than ARGUS

Bt »ea)B(t »>e 7V, V)
S

L
0 0.5 0.7 1 12 14 16
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Searches for Z' — invisible %
[Physv Rev. Lett. 130 (2023) 231801] 4. 333

|
» Search for peak in mass of recoil system against pu

= N Belle ll [Ldt=79.7 fb!
B ete ST T(Y)

B ete o putut(y)

t Data

» Neural network for background suppression trained on
Z' signal and background

Candidates / (0.5 GeV?/c?)

79.7fb ! 10-1
Py ) 0 20 40 60
MZcon [GeVZ/c?]
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Searches for Z' — invisible %
[Phys. Rev. Lett. 130 (2023) 231801] Zar855+¢

|
» Search for peak in mass of recoil system against pu

» Neural network for background suppression trained on
Z' signal and background

> No significant excess observed (g-2),£20

» (g —2), favored region excluded for o 102
0.8 < Mz < 5GeV/c?
for a fully invisible Z’

103 £ Belle Il [L dt = 79.7 fb=%, 90% CL UL 1

—TIz=0 Expected +10 Expected +20
L —=-Tz=0.1Mz
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" — invisible

|
» Search for peak in mass of recoil system against pu

[Phys. Rev. Lett. 130 (2023)

» Neural network for background suppression trained on
Z' signal and background

» No significant excess observed

» (g —2), favored region excluded for
0.8 < Mz < 5GeV/c?
for a fully invisible Z’

CMS (95% CL)

1073 ]
Belle Il [Ldt = 79.7 fb~1, L, — L, vanilla
— 90% CL UL Expected +10 Expected 20
—1 -4 | L L L L L L L
. 10
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