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Belle 11 Detection

Resistive Plate Counter (barrel)

KL and muon detector:
sSEintillator + WLSF + MPPC (end-caps)

Csl(Tl), waveform sa
Pure Csl + waveform sa

Belle — Belle Il detector [EM S —

e new 2-layer Pixel Detector with first layer at 1.4cm

tification
agation counter (barrel)

g Aerogel RICH (fwd)

e 4-layer Silicon Vertex Detector with larger acceptance

electron (7GeV)

e Central Drift Chamber with larger outer radius [Berv"ium beam pipe

2cm diameter
Vertex Detector /
2 layers DEPFET + 4 |aygrs

e improved particle ID (K/1mr separation)

. . o o positron (4GeV)
e improved trigger, and faster electronics in general

Central Drift Chamb
He(50%):C2Hs(50%), Small ce
lever arm, fast electronics
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Great improved time resolution
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Belle 11 Physics

Belle Il Data

1 physics at B-factories o(ee - bb)~1.1 nb,o(ee - 17)~0.9 nb

* Produced in pairs

* Precise initial energy Belle II: 424 fb-1— ~390 million tau pairs
e (Clear environment

* High hermeticity of the detector



Tau physics

T lepton
e heaviest lepton in SM
e Sensitive to new physics

e |Lepton Flavor Violation

Observation - Clear signs of new physics

T - 08¢

T - K, Ah

T = £Vy(—= hh')
T > ¢P° (- yy)
T — ¢hh'

T-> Py

e Lepton Flavor Universality
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Deviation from the SM - Indirect signs of new physics
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Tau physics at Belle 11

'LFV LFU | ;’i T mass measurement
| BT = vrpvu(y))
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t —> e/ u (l) arXiv: 2305.04759

[ =190 fb-1 untagged approach
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* Event selection and background rejection using via BDT
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« Background events are evaluated from data in the sideband  €/H

e Perform Poisson counting experiment approach in SR
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untagged approach

sig tag

Any
- T T
:___::- < @ ><‘:decay

0.6

Belle Il (Preliminary) = MC background - RSB
Data: [ Ldt = 190 fh—1 e Data — SR
MC : j Ldt = 2ab!
| .
L °
B ) ' ’
n b
- L4 LY
d ‘ o
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 L 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
1.675 1.700 1.725 1.750 1.775 1.800 1.825 1.850 1.875

s u— o M, [GeV/c?]



T—e/u @

arXiv: 2305.04759
No evidence—set ULs at 90% C.L.
S
BuL(rT — l¢) =
L X 20, X €44
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Exp. By (t = e¢p) = 15x1078%  Exp. By.(t = u¢) = 9.9x1078
By (t = epp) = 2.0x107° at Belle ByL(t =» u¢p) = 2.3x107° at Belle



t%e/ u o PRL 130,181803 (2023)

[=62.8 fb-

a: invisible spin-0 boson, e.g. Axion-like particle

Upper limit from ARGUS in 1995 [ZPC 68,25,1(995)]
B(rT — eTa)/B(rT — eTvi) < (0.6 —3.4) x 1072,
B(r* — pFa)/B(rT — pFvo) < (0.3 —3.6) x 1072,

0.0 <my, < 1.6 GeV
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[=62.8 fb-
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Discriminating variable
Ly
m.c? /2

LTy =

Tag side: 7 — 37v,

Pseudo-rest frame implies:

= ﬁN_ﬁ3n
- E ~+/s/2

Veto neutrals: JZ'O, Y

E*: lepton energy in the T rest frame

Signal signature: bump in the x; distribution
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Events /0.017

Events /0.017

PRL 130,181803 (2023)
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PRL 130,181803 (2023)

Signal yield extraction:

e Maximum likelihood fit to x| distributions

e Signal/background PDF — MC simulation
Set 95% CL upper limits on branching fractions
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Most stringent bounds on a production from T decays!
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L=424 fb-

AEgu [GBV/C2]
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Signal extraction:
M3|,| vs. AE= E3p'Ebeam

' Belle Il Simulation
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Preliminary

Inclusive tagging schema

_ H
1prong tag SIg
+ T T u
3prongs >‘ ® y
e Untagged reconstruction
e BDT based selection
e 32 variables
3x1 topology schema U
1 prong tag sig
N r r y
PIpSE:
V. u

e Cut based selection with
One prong tag
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Signal yields:

o £=20.42+0.06%, 3XxeRelle

e One eventin SR

Inclusive tagging schema

Preliminary

* Expected BKG: 0.5+14_ 5 events

1prong tag sig
+ T T u
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" 04F Belle Il (Preliminary) 55 SR

® " Data: [ Ldt =424fb™" —— 204 SR
O [a - el .

= [ Simulation: [ Ldt = 4ab —— Sidebands
o 0.3F :

[ I Simulated
= | 1eventobserved background
., —inside the SR + Data
o i + o

JK
U'lf ry o o ©
[ J [ J
0.0F . ° + /¥ o®
| ® ° (] b |
o o
L L .. [ ]
_().1:— oo . ® .. . ®
I -'_o* ° o ¢ )
—().Q‘b. °
|- ek * + o
i [ 4 + ¢
| |e®+ °
_()3*||J| T NN TR T S TR A N T S| | T T TN T N NN TN TN AN T SN N TS SN S SN SO N T I N |
1.700 1725 1750 1775 1.800 1.825  1.850 ,
Ms, [GeV /]

Y 1.2~ Belle Il (Preliminary)
™ =t

[ Ldt = 424fb7"

Expected CL, + 20
B Expected CL,+ 1o
---- Expected C'L; median
+ Observed CL,

0.6

Most stringent limit:

’L 1.9X10-8 @ 90%C.L.

Belle: 2.1X10-8 @

0.4
90%C.L. with 782 fb"
0.2
O'O——llllll| IR T T T S S Y B
0 1 2 3 4 o)
B(r* — prufpt) <107

13



LFU:R,

Preliminary
— Yz
R s B (T_ — 1/7-/1,_-1_/-“ (PY)) Sé/[ O 9726 @ ? > /
=B o ve ) G oy
IS
q, m2/m?
<l_l> = Ry 'f( ‘2/ ’2’) Same coupling to all generations of
9e ] - f("”,l,/’”-r) leptons in SM

Event reconstruction

. tag side
e Tag side
e 1-prong decays with one charged hadron . (
and at least one 1% on the tag side. -

e Signal side e et AN

e One p/e (Particle ID)

[ =362 fb-1

14



LFU . RM Preliminary

Neural network is applied to suppress backgrounds

x10° Belle Il Preliminary (2023)
o thrustvalue 5| p-channel ®mm signal (u*) 72 Uncertainty |
: -fit other (u*) — Data
o  thrustaxis 0 . post-fi o ctherirds oot = 36157
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Preliminary
RSM =0.9726
CLEO (1997)
N
R CLEO (1997) 1.0026 + 0.0055
0.9777 + 0.0063 + 0.0087
BaBar (2010) BaBar (2010)
Y
’ 0.9796 + 0.0016 + 0.0036 1.0036 £ 0.0020
| Belle Il Preliminary (2023) - | ST Prelininary 20e3)
' |  0.9675+ 0.0007 + 0.0036 | 0;99741“0-0019
Combination I combination
I 0.9735 + 0.0026 1.0005 + 0.0013
096 098 100 102 104 098 100 102 104 106
RIJ |glJ / gelr
. B(r~ — VTIU_D/L('Y)) —
T e el 6. ).\ " 2 /m3)

Most precise test of y-e universality in T decays
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T Mass measurement

PRD 108, 032006 (2023)

m+. fundamental parameter of the standard model
Important input to lepton flavor universality tests

How to measure T mass at Belle 11?7 p T
Ttag S1g T
m, = | M3, + 2(E; — E3,) (E3, — pi, cosa’) Y, 4==% S~ m
‘,/ Soa
* VT VT
a*=0
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T Mass measurement

Mmin — \/Mgﬂ —I_ 2(@ gﬂ')( §7z _ p§75 S mT

Beam energy and momentum corrections are crucial!

Beam energy is corrected using B-meson hadronic decays

Momentum correction: D** - D%(- K n™)r™

10.59

Corrected \s [GeV]

10.57
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10.575
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PRD 108, 032006 (2023)

IL dt =190 fb™
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—:[— Before momentum correction
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T mass measurement PRD 108, 032006 (2023)

Systematic Uncertainty

m, = 1777.09 2 0.08 = 0.11 MCV/C2 Uncertainty

Source MeV/c?)
Knowledge of the colliding beams:
107 Beam-energy correction 0.07 ]
: ) Boost vector <0.01
16 Bellell t Data — Fit
1 +F j‘ | dt = 190 b i Background Reconstruction .of charged particles: .
S b ) Charged-particle momentum correction 0.06
o 12¢ m. = 1777.09 + 0.08 + 0.11 MeV/c —
. Detector misalignment 0.03
To) C
= sf Fit model:
2 6f Estimator bias 0.03
§ A Choice of the fit function 0.02
- 25 Mass dependence of the bias < 0.01
ot Imperfections of the simulation:
_ 2} Detector material density 0.03
g OF Modeling of ISR, FSR and 7 decay 0.02
Bl - . : . . . Neutral particle reconstruction efficiency <0.01
17 172 174 176 178 18 182 1.84 -
M » Momentum resolution <0.01
min [GeV/ c ] . . .
Tracking efficiency correction <0.01
Trigger efficiency <0.01
Background processes <0.01
Total 0.11
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T Mass measurement

m, = 1777.09 £ 0.08 = 0.11 MeV/c?

T —

Events / (1.5 MeV/c?)

Pull

1.72

1.74

x103
16F Bellell { Data — Fit
14f- J‘L dt = 190 fb” i Background
12 m, = 1777.09 + 0.08 + 0.11 MeV/c?
17

176 178 18 182 184
M, [GeV/c?]

PRD 108, 032006 (2023)

BES (1996)

0.18 +0.25
TTre8s o o

BELLE (2007)
1776.61+0.13 + 0.35

KEDR (2007)
1776.81 ')2> +0.15

BaBar (2009)
1776.68 £ 0.12 + 0.41

BES IIl (2014)

+0.10
1776.91+0.12 '

Belle Il (2023)
1777.09 + 0.08 + 0.11

PDG Average (2022)
1776.86 + 0.12

il

1776

1776.5
m, [MeV/c?]

World’s most precise measurement to date!
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Conclusion

o Belle Il has an excellent sensitivity for T physics
* Tmass
e LFV
e LFU

e Long shutdown since summer 2022
* Accelerator upgrades to mitigate background and increase luminosity
e Detector upgrades

e Restart of Super KEKB in January 2024

35 Da-1 [fb-1] Int. Luminosity (Delivered)
e Pathto 2 x 1035cm-—=2s -
LS1
4000 Target
3000
2000
1000 Base
0 ”

20/4/1 21/4/1 22/4/1 23/4/1 24/4/1 25/4/1 26/4/1 [YY/M/D]
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