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Belle Il Detector

" Taken over ]
from Belle Super conducting solenoid ‘

_ 1.5TB-field

EM Calorimeter
. Csl(TI), waveform sampling electronics

(
electrons (7 GeV) 3 |
— N J

2cm diameter

Beryllium beam pi;;e i

U!

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

. (end-caps , inner 2 barrel layers)

Particle Identification
Time-of-Propagation counter (barrel) TOP
Prox. focusing Aerogel RICH (forward) ARICH
Central Drift Chamber

({ Trigger
= p Hardware < 30kHz
\ oy 7 Software < 10kHz

£

Vertex Detector ~ ot ’
2 layers Si Pixels (DEPFET) + § Final focus system QCcs . Positrons (4 GeV)

4 layers Si double sided strip DSSD

-

Central Drift Chamber
Smaller cell size, long lever arm

New for
Bellell

Set of super conducting
magnets very close to the IP

Belle Il TDR arXiv:1011.0352
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Physics at Belle Il

e Not just a B-factory!
o 1, ¢, and b pairs have similar cross
sections at Vs = 10.58 GeV

o(e'e” —» Y(4S))=1.11nb
o(e'e” —cc) =13 nb

o(e'e” —»1't7) =0.92nb

e \Wide physics program
O  precision measurements of

time-dependent CPV and CKM
parameters
searches for lepton flavor
universality/number violations
dark-sector searches
and many more

9/25/2024
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Belle IT
Energy scan

Y(4s)
10.58 GeV
1
I 1_
B*B- BOB?
(51.4+0.6)% (48.6+0.6)%
o [ete—Y(4S)] =1.11nb

o[ete-=ttT (y)] =092 nb olee—cc(g)] =131
o [ete—ptp (y)] = 115 nb oy o [e*e»uu (y)] = 1.6nb
o [e*e=dd (), s§ ()] =0.78 nb g [e*e—yy (y)] =3.3nb

o [ete et e(y)] = 74.4 nb B [efe—etentn]=18.9 nb
\

ete—eteete] =39.7nb

Vs =10.58 GeV
GTOT=143 nb'%\‘

The Belle Il Phyiscs book
[arXiv:1808.10567]
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Belle Il Physics mind map
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The SuperKEKB — Belle Il Roadmap

* Phase 1(2016): No detector, no collision. Machine startup and baking :tlslz‘:l"“is“’“s at
* Phase 2 (2018): Pilot run. First collisions with complete accelerator :

Only partial vertex detector and background monitors (BEAST)

* Phase 3 (2019): Physics runs with complete detector
Run 1 (2019 - 2022): Only partial PXD = 15t Physics paper in 2020
Run 2 (2024 -): Full detector

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

Integrated luminosity ACh ievementSZ

mmm Recorded Daily
2.5 e [ LRecordeq dt =427.79[fb™1]

T
S
o
S}

Lpea = 4.7x1034 cm2s°1 (x2 KEKB)
Data taking efficiency >90%

2.0

T
w
(=]
o

15

T
N
o
o

1.0 1

otal integrated luminosity [fb~1]

Path identified to reach 2x1035> cm2s1

Total integrated Daily luminosity [fb~!]

0.5

B

ted

0.0

Ultimate goal: 50 ab-1 by operating at 6x103> cm-2s

Updat
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Belle Il Upgrade Program

SuperKEKB peak & integrated luminosity vs time Path to the future:

10 . ' — % 1) Improve machine performance and stability

m— | peak(Target)
8l E_m uaEb.n 50 Beam blowup, lifetime, injection power, beam losses
| 40

o~
'

2) Reduce detector backgrounds

» Single beam, injection and luminosity backgrounds

120

110 3) LS1 Detector consolidation toward 2x103> cm-2s1
Installation of more robust components
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4) LS2 Detector upgrade toward 6x103> cm2s!
LS1 (2022): Actual detector consolidation Including a redesign of the interaction region

LS2 (2027): IR and detector upgrades
- More performant detector and robust against machine-

- Currently: CDR preparation induced backgrounds
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Prospects toward 50 ab?

Boost up the peak luminosity

Squeeze gy ~ 200 nm > 50 nm, 1. Long shutdown 1 (Jul 2022 — Dec 2023)
andincrease I~ 1 A>3A e Detector upgrade

« Beam background mitigation

« Improvement of beam injection

2. Run 2 (Dec 2023 -)

e Extensive machine tuning and studies
toward
L=24x10% cm2s? (~ KEKB x 10)

3. Long Shutdown 2 (To be confirmed)

« Need new ideas and technology for upgrade
of SuperKEKB interaction region to enable
L=6x10% cmz2s!

e.g. QCS (final focusing system) upgrade with
Nb;Sn
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N
| B - Kvv > Many challenges and R&D items ahead of us
UQD‘IQ i 2P24 b9 2634 0 - Need more collaborative work in the framework
<! <> of
Long Shutdown 1 Long Shutdown 2 « SuperKEKB International Task Force
« Etc.

Many physics discoveries are expected along the luminosity improvement.
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Tau physics @ Belle Il

* Why 7 physics? others
» Large production cs:
oc(ete—7777) =0.9 nb (7 -factory)
* The 7 is the only lepton massive enough
to decay into hadrons:
* Leptonic decays: BR ~ 35%
« Hadronic decays: BR ~ 65% hadronic mode

leptonic
1270 mode

« 7 physics program
Rich program of precision SM measurements and new physics searches @ Belle Il

Some physics analysis @ Belle Il

* Precision SM measurements / Indirect e« Direct NP searches (forbidden /
NP searches (deviations from the SM) strongly suppressed decays)
» Mass T a
» Lifetime T ¢
Lepton universality in 7 —lvv decays T—l7r
7 EDM and MDM T —>UUM
7 —>eeew 7 —In°
CP violation 7 —Ksnv 7 —lhh

DOI: 10.1093/ptep/ptz106
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Tau lepton physics in Belle I

Not possible to fully reconstruct the full event

~ Leptonic
\ 35.2 % s
I U Ys)

s - %00 L
Soliee w-&u.mh“.\.i-'

gM 9.146 l0:00 10;02 1034 101.37 10:54 I 10.58 10.62
Mass (GeV/¢) BB threshold

10-

ete- annihilation data is ideal for missing energy channels

= the kinematics of the initial state is precisely known

= the neutrino energy can be determined precisely
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How do we reconstruct r’s at Belle |l

Tag and signal

+ At eventis never reconstructed completely (we lose neutrinos), then we
use features of the event to identify r-pair candidates.

Event is divided in two sides (signal and tag) using a plane defined by
a thrust axis, built with all the final state particles:

Ei |f"; . ﬁthrust|

st E—
b
Thrust axis: #,,, such that Vs is maximum.

I’ihr

EISEW

3000
2600 -
2000 [

1500 -

9/25/2024

- Belle If Simulation
1x3 prong topology

o =T
g8 —= b
— e - lepions

e

=o' = g judscy ]

a'w = [y

!

[
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hadrons

Tag
(Known decays)




TAU MASS
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. Leptonic
\ 35.2 %
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The ARGUS method

m‘% = (p3r + DI* (P37 + pv)u

m? = p2_ + pZ + 2E3,E, — 2P;,P, cos @

. cosf = 1
e‘ . E, =E; — E3;
\\ . Py 1/1“3'1%_7”'”‘12/z5'v
R

m‘% ~ m%n + m12/ + ZESTL'(ET - ESn) - 2P3TL'(ET - EBn)

[ m'% ~ m%n +2(E’l' — EBn)(EBn - P37r) J
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Exp 7, Run 3521
Started at 2019/04/30 06:18 JST

Stopped at 2019/04/30 07:06 JST
Run type: physics
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Data selection

3x1 prong decays of tau:
Signal: 37
Tag: e, 7z, W, 7z7°

hadrons

Nthrust

9/25/2024

Tracks:
|dr| <1 cm
-3<dz<3cm

y selection for w° reconstruction:
0.115<M < 0.152

-0.8660 < cos(0) < 0.9563
clusterNHits > 1.5

region dependent Ey (see backup)
|clusterTiming| < 200

(minC2TDist > 40cm or E > 400 MeV)

y selection for the rest of photons:

Ey > 200 MeV

-0.8660 < cos(0) < 0.9563
clusterNHits > 1.5

|clusterTiming| < 200

(minC2TDist > 40cm or E > 400 MeV)

HEP Seminar ICN UNAM

Event shape variables

Mpin [GeV] [1.7, 1.85]

thrust [0.87,0.97]

ECMSVIS [GeV] [2- 5; 9]

BOCMS iss [0.5,2.7]

PMSiss [GeV] [0.05, 3.5]

M2iss [GeVZ] [0, 0.54]

neutral

N(3-prong m?)

N(1-prong m?)

N(extra y)

3-prong tracks

lead, sub, trail pt [GeV] | 20.6,20.2, >
0.1

min(M;&"vPo) [GeV] [0.7,1.5]

max(M;e o) [GeV] [0.8, 1.5]




ARGUS Method: Pseudomass (M

min

e Assumptions:

Kinematic edge M, variable defined as:

Mmén = \/Mgﬂ + 2(Ebeam - E37r)(E37r - P37r) < m;

o m,=0
O v collinear with 3x's

In window of 1.7 < M_,;, <1.85, fit the — P
distribution with an edge function. we use: Lzt

—Pytan”
tan Pz

F(z) = +Pi(z—P)*+ Py(z — P) + 1.

where P, is a biassed estimator of the mass

-

~N
Data vs MC MC

[ —— no ISR, no FSR, gen-level —— w/ ISR, no FSR, gen-level

® deia: BEADS02+-B3TE sig: 4567784.39+/-2219.80

E Belle Il Preliminary * Data
E — 1t BG

==y}, hh(y)

107 daia; 108270030+ 146160 _ sig S0075440.30+/-58177.94 bk DOTROTE 76+/-20811 31
[ Belle I Preliminary * Data —MC14ri_a

N e —aq —1tBG
- |Ldt=18991b
a J —Ii(y), hh(y) —BB

purity: 0903 elsigh 4.14

e
=)
3

~=MC14ri_a
=—qg
—BB

== Ty
= Ikt
=~ eehh, Il

= TRRAV
— Ikt
—— eell, eehh, Il

o
o
=]

— nominal (w/ ISR, w/ FSR, det. res.)

E (Ldt=18090" F— w/ ISR, w/ FSR, gen-level

e
o
o
a

s
S
.,

.
..
e

o
o
B

number of events
o
°
w

number of events
normalized events
o
o

o
o
=

apreats T ey

t e e s e statas @ ".0.’. *
[ W

o =
oM oL Ny
- L

ratio to nominal

1.72 1.74 1.76 1. 1.76 178 2 18
M. [GeVicT]

18
M. [GeVic?]
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tail due to:

O mostly ISR

O Imperfect
detector
resolution




- m@®" = 1,782 GeV/c?
—md" =1.777 GeV/c?
~m = 1.772 GeV/c?

Relating P1 (m{it) and true m,

()]
o

To estimate the fit bias and possible dependance on m(t):
o 200/fb of generic taupair MC,
o +10 signal samples, 100 fb'! each, with shifted mg (1)

number of events
3

IIII[IIIIIIIIIIIIIIIIIIIII.I

n
o

e b by by by by by

Fit £ d h | . 1.72 174 176 1.78 1.8 1.82 1.84
IT perrormed on each sample: 2
. P M__[GeV/c?]

-0
\‘lll

O Fit bias correction: Am = mfit_- mgen_

( Am=0.40 +0.03MeV | F 2/ ndf 3.957/10
| MeanFitBias ~ 0.3985 £ 0.0319

O for Belle and BaBar the fit bias was more than 1MeV!

this is used to correct for the fit bias when performing the
fit on data

| | | | |
7?72 77737;’74 7775. 7776,7?7? 7778 7779 7780 7?87 7782

m2°" [MeV]
9/25/2024 HEP Seminar ICN UNAM 20




Blind fit to data

e Fit results are stable across the experiments!

e statistical uncertainty: 0.08 MeV

-} Datn
1Jdof = 1.476
N,,, = 583124.0

Belle Il (Preliminary)
IL dt=189.881b

= 0.00000000000 Y
pl = 1.763350 * 0.000083
p2 = 0.00444 =+ 0.00014
p3 = 0.4091 + 0.0040
p4 =-3.638 +0.11
p5= 16.33 +0.90

P

174 176

178 1.8 182 184

M . [GeV/c?]

mPind = 1763.35+/-0.08 MeV/c?

Belle and Babar stat unc: ~0.12 MeV w/ ~400/fb

= with less than half the data we have ~30% better precision!

9/25/2024
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TABLE II.  Summary of systematic uncertainties in the 7-mass
measurement.

Uncertainty
Source (MeV/c?)

Knowledge of the colliding beams:
Beam-energy correction 0.07
Boost vector < 0.01

Reconstruction of charged particles:
Charged-particle momentum correction 0.06
Detector misalignment 0.03

SYSTEMATIC
Estimator bias 0.03

Choice of the fit function 0.02

Mass dependence of the bias <0.01 U N C E RT a I N TI E S

Imperfections of the simulation:
Detector material density 0.03
Modeling of ISR, FSR and t decay
Neutral particle reconstruction efficiency
Momentum resolution
Tracking efficiency correction
Trigger efficiency
Background processes

Total

HEP Seminar ICN UNAM 9/25/2024 22




beam energy

Y(4S) x-sec shape:

—— nominal
-=-- +1.5MeV

® Inthe beam energy calibration we measure the energy of B-

mesons, not the colliding e*e™:
O ISR take away energy from the colliding e*e
O Y(4S) xsec-dependence on the beam energy:
e when we run lower/higher than the Y(4S) peak, we get B-
meson energies are biased toward Y(4S) mass
To correct for these, we generate toy MC events:
o start with different input B energy and energy spread
O use Kuraev-Fadin ISR Kernel @NLO [hep-ph/9910523]
O  Use Y(4S) lineshapes measured by Belle/BaBar [hep-
ex:2104.08371]
o getthe “measured” B energy and energy spread.

This now allows us to “unfold” the actual E;" in data to the
true Eq\s of the ee

AL B S T
I input distribution

1 after ISR

3 after ISR and xsec-corr

0.04 |
0.03

0.02 f

normalized events

0.01 |

0.00 bt ] :
10.54 1055 10.56 10.57 1058 10.59 10.60 1061
ECMS[GeV)

*for visualization only: in the actual method and
ARGUS BKG component is also included.

9/25/2024 HEP Seminar ICN UNAM



https://arxiv.org/pdf/hep-ph/9910523.pdf
https://arxiv.org/abs/2104.08371
https://arxiv.org/abs/2104.08371

beam energy corrections:

S
Q
)
£
W

9/25/2024

10.5850 F —— central

10.5825 — ---- E (BaBar) up
10.5800
10.5775
10.5750
10.5725

10.5700 |

. : true
Belle Il Simu Ila’glqn. .q(E,C"."S.

This now allows us to “unfold” the actual E;" in data to the true Eys of the e*e

-

E (BaBar) down

true —

10.58 GeV

)=5.5-10"3 MeV 11 Belle Il Simulation
] | —— central

E (BaBar) down
E (BaBar) up

2 0(EZLE) [MeV]

2E, [GeV]

—CMS

PRI BT B ST T RS S —
10.570 10.572 10.574 10.576 10.578 10.580 10.582 10.584 4. . 5.5 6.0

20(E}) [MeV]

= in the end of the day we have a 2D table which for each measured E;* and o(Eg*) give

us the true values

HEP Seminar ICN UNAM




beam energies for tau mass

The evolution of the measured sqgrt(s) values for the
events used in the tau mass measurement:

the uncertainties impacting the
sqgrt(s) measurements:

Belle 1l Preliminary ary

10.5850 -

10.5825

\/Enominai

Y(45)peak:
10.5775 Hi 1
10.5750 |
MgDGave. —— U(EB) up
[ total

10.5725 |
| —— central

10.5700 | uncorrected

0.2

>
@)
=
2
e
D
-t
©
—
—
©
O

\/Esyst — V'S centras [MeV]

o(Eg) dowr;:
-~ o(Eg) up -

1.0 1.2 1.4

- E (BaBar)
MEDG ave.

uncorrected
- E (BaBar)

o(Eg) down

1

0.6

1

1.0

0.8 14

events

1.6 b0 02 o4 12
x10°

08
events

0.0 04

= the x-sec correction is in general small (compared to it’s uncertainties) except for the

first half of exp12 data taking
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beam energy impact on the tau mass:

. . combined: B* & B°
The overall impact of the x-sec correction on the

. : . +0.07 2
tau mass .|s 0.035 MeV - Apeam energy’ -0.08 MeV/c
Systematics:

O The leading systematic of the beam energy is the
energy scale of BaBar (1.5 MeV)
o followed by the B-meson PDG mass:
e here we use the AVERAGE PDG not the FIT PDG
(FIT uncertainties are believed to be
underestimated)
O Bias o(Eg) when tested on MC

The quadrature sum of different variations gives a
systematic uncert of +0.07-0.08 MeV for the tau

mass C | | I | | |

C 3 £ NP MFo Ol O
Mgy (Baﬁar) dofaea’_) v DGdown 2% TG uowf; e
n

beam energy correction

9/25/2024 HEP Seminar ICN UNAM




Detector material budget in simulations

—— Beampipe +10%
— nominal

—e— proci2+buckets-bkgs

1.72 1.74 1.76 1.78 1.8 1.82 1.84

M_ [GeV/c?]

® increasing the material budget of the beampipe by 10% during simulation (hominal MB for

reconstruction)

O no real data/MC improvement in any of the main distribution
o difference w.r.t nominal smaller than stat. error
O  we assign the statistical uncertainty as the systematic (0.03 MeV)

9/25/2024 HEP Seminar ICN UNAM




x10° <10°
- Bellell . Belle Il \ Data — Fit
IL dt=1901fb™’ J-L dt=190fb"’ {.__iBackground

m, =1777.09 + 0.08 + 0.11 MeV/c?

- ¢ Data

- [] tr backgrounds
- DO G

f {1 Others

Events / (1.5 MeV/c?)

mMom o v 2 O ®

Events / (15 MeV/c?)

;".' sl skl ek el alet Ik sl

FastransrrsanrrannriasMisssrse snriansriannrinssesssnrrannrianes
X . - .
o ..-‘.'.-t " '.'I'..J‘:-......!......‘-.-.- o

~

1.4 172 174 176 178
M. [GeV/c?] M, [GeV/c?]

TAU LEPTON MASS @ BELLE I
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BES (1996)

1776.96 430 07
BELLE (2007)
1776.61+0.13 = 0.35

KEDR (2007)
0.25
1776.81 ' % +0.15

BaBar (2009)
1776.68 £ 0.12 = 0.41

BES Il (2014)
1776.91+0.12 *210

0.13
Belle Il (2023)

1777.09 + 0.08 = 0.11

PDG Average (2022)
1776.86 = 0.12

1776

HEP Seminar ICN UNAM

Measurement of the z-lepton mass with the Belle Il experiment

I. Adachi et al. (Belle Il Collaboration)
Phys. Rev. D 108, 032006 — Published 8 August 2023

S, | -~

>

ABSTRACT

We present a measurement of the 7-lepton mass using a sample of about 175 million e*e~ — tF7~
events collected with the Belle Il detector at the SuperKEKB ¢*e~ collider at a center-of-mass energy of
10.579 GeV. This sample corresponds to an integrated luminosity of 190 fb™'. We use the kinematic
edge of the  pseudomass distribution in the decay 7~ — 7 a* 7~ v, and measure the r mass to be
1777.09 +0.08 + 0.11 MeV /c?, where the first uncertainty is statistical and the second systematic. This
result is the most precise to date.

Received 31 May 2023 Accepted 13 July 2023
DOI:  https://doi.org/10.1103/PhysRevD.108.032006

Published by the American Physical Society under the terms of the Creative Commons Aftribution
4.0 International license. Further distribution of this work must maintain attribution to the author(s)
and the published article’s title, journal citation, and DOI. Funded by SCOAP®.

TAU LEPTON MASS
MEASUREMENTS

9/25/2024




T-l(e,u) +«

Lepton number violation
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Lepton Flavor Violation (LFV) is allowed in various extensions of
the Standard Model, but it has never been observed

P st Ve BNV
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+ LHCb
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Projection of expected upper limits at the Belle Il experiment and cur rent status of observed upper limits
at CLEO, BaBar, Belle, ATLAS, CMS and LHCb experiments on LFV, LNV and BNV processes in decays.
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Tau LFV channels

Golden channel: T — puuu =7

experimentally the most

accessible

' ref: https://arxiv.org/ .
Difficul ty of pdf/1808.10567.pdf Z’ mediated

Search various decay modes: |
Y — T £F simple =~ ——p | Good determination of r mass and

— 17 - YK, Ah
Y — 7 - ¢V(> hh')
— T ¢P° (> yy)
— 17— fhh’ ,
- T 5Ly —

energy + few SM background sources

f: https://arxiv.ora/
e Kol o s o
reduction

Golden channel: 7 — uy

* — 7= | energy + irreducible SM backgrounds where a one-loop

diagram is involved nuSM v
Wi Wi
T e M
> -

Physics models B(t — uy) B(T — puu) U<,
SM + Vv mixing 1004 ~ 10732 | 10733 ~ 10756 Ref: https://arxiv.org/pdf/1301.4652.pdf
SM+heavy Majorana vg 10~° 1o=19
Non-universal Z’ 10~° 108
SUSY SO(10) 10-8 10-10 _
mSUGRA + seesaw 1077 10~°

i SUSY Higgs 10-10 10~7
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T — l(e,u) + invisible

« Search for the two-body decay t —
l(e,n) + a where a is an
unobserved particle (missing

energy).

« Lepton Flavor Violating process not
present in the SM but appears in
several NP models, e.g., LFV Z’,
light ALP candidate, more ..

Mu3e-online

« Model independent search —
minimal assumptions are made on
the nature of a.

Belle-II
/ab projectten

cooling SN1987A,,

Jodidio et al. ..~

=
o
=

SN1987Ase

ALP symmetry breaking scale f, [GeV]
)

105- 111 1111 n--uul 1 :-nm' 1111 1 11
102 10°% 108 107 108

m; [eV]
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T — | + invisible
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Two-body decayt —» e + «

48. Kinematics
p]_, m]_
P, M

p2, m2

Figure 48.1: Definitions of variables for two-body decays.

48.4.2 Two-body decays
In the rest frame of a particle of mass M, decaying into 2 particles labeled 1 and 2,

[ .  M?—mi+mi )
1= oM ’

1| = [Py
_ [(M2 — (m +ma)?) (M? — (my — ma)?)]

. 2M J

1/2
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Belle Il

MC @ gen level

T rest frame
2E,

m,

OG

ra IIII|IIII|IIII|IIII|IIII|IIII

>




The pseudo rest frame (ps)

E
® ET ~ cm
2

Direction of the 1 given by the opposite to the 3w direction
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What is the effect of using ps?

60000

T
<
©
=

Belle ll MC @ gen level 50000 Belle ll MC @ gen level

2l
40000

20000

Pseudo rest frame
2E,

m,

T rest frame
- 2E,
X=m

10000

%] IIII|IIII|IIII|IIII|IIII|IIII
ra IIII|IIII|IIII|IIII|

DG
DG

>
>

xm=1+m—lz—

mg  mg

9/25/2024 HEP Seminar ICN UNAM




In the 3-body decay case (T = lv;v;)

MC @ gen level Belle Il MC @ gen level

T rest frame Pseudo rest frame

—r
.
—r
o[
—
aa]

02 04 06 08 1 1.2 14

02 04 06 08 1

MIIII|IIII|IIII|IIII|IIII
NIIII|IIII|IIII|II

OG

>
>
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Previous Searches

Mark lll (1985, 9.4 pb-1)
ARGUS (1995, 476 pb-1)

Here the lepton momentum is studied in the 7 rest frame, where it manifests as a peak

against the SM T — Zwv background.

Arbitrary units
Arbitrary units

=
=
S~
T
=
/M
.~
E)
~
T
=
/M

] 0.5 1 .
T SEER R o(lab) [GeVic] 0*(7) [GeVic]
M(a) [GeV/c?

() [GeVic?] Z Phys. C68 (1995) 25-28
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Event Reconstruction

» 3x1-prong decay: T — ea (signal) , r—3mv (tag)

» Exactly 4 good tracks required. RN
_) ( 2 p' . T)
i

» Hemisphere separation using thrust vector T = max |1 |
Pi
» Dominant background: SM v — ewwv (irreducible)
» Since we don't know M(a) we optimise for the SM.

» Other BG: v (non-3x1), BBbar, qgbar, ee(y), uu(y), ee??, beam

» Initially rejected by:
» Vertex fit of the 3-prong tag (reject displaced vertices).

» Veto neutral pions and gamma (qqgbar, beam bg).

Photons

'g'azks ; P“E/ 08 Within tracking acceptance and
-3< dz<3 cm e: p=>0.

. E(y) > 100 MeV E(y)>200 MeV
dr<1cm m E/p<0.8 115<M(yy)<152 MeV or
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T - l(e,u) + a @ Belle

—4— Data
S Tatal uncertainty 2 ——Observed UL [l Expected UL + 1 sid. dev.
] 1=eW

B Other - - Expected UL Expected UL + 2 std. dev.
—— e, M, = 1.6 GeVic®
—— tsea, M, = 1.2 GeVic®
seeees 138, M, = 0 GeVie®

Events / 0.017

0 02 04 06 08 1 ‘ / J . 07 1

Xe M, [GeV/c?

—+— Data
@ Total uncerainty
] t=spv¥
[ Other

Tpa, M, = 1.6 GeVic®
—— tpa, M, = 1.2 GaVie®
LR L] 'I-.M. M. - 0 m\ﬂ'ﬂz

——Observed UL ] Expected UL = 1 sid. dev.
=== Expictod UL Expictod UL + 2 sid. dav.

33888 ES

(=1

Bt mpa)B(t =p v, v)

02 04 06 08 1 12 14

X,
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T - l(e,u) + a @ Bellell

Search for Lepton-Flavor-Violating T Decays to a Lepton and an
Invisible Boson at Belle |l

I. Adachi et al. (Belle Il Collaboration)

TABLE Il Central values with their uncertainties. 95% C.L.. and 90% C.L. upper limits (UL) for the branching- Phys. Rev. Lett. 130, 181803 — Published 2 May 2023

fraction ratios B, /B, (top) and B,,/B,;, (bottom) for various masses of the o boson. Corresponding absolute
upper limits for B{r™ — ¢~ «). computed using standard-model branching fractions from Ref. [35], are provided in

parentheses for convenience.

M iE

[GeV/cY

Beru"gﬂ',b { x1 0_3}

UL at 95% C.L. (x107)

UL at 90% C.L. (x107%)

0.0
0.5
0.7
1.0
1.2
1.4
1.6

-81+39
-0.9+43
1.7 4.0
1.7x4.2
-1.1x26
-03x+1.0
0205

5.3(0.94)
7.8(1.40)
9.0(1.61)
9.7(1.73)
4.5(0.80)
1.8(0.32)
1.1(0.19)

4.3(0.76)
6.5(1.15)
7.6(1.36)
8.2(1.47)
3.7(0.66)
1.5(0.26)
0.9(0.16)

M i

[GeV/cY

Bpmfspﬂu (X 10_3}

UL at 95% C.L. (x107%)

UL at 90% C.L. (x1077)

0.0
0.5
0.7
1.0
1.2
1.4
1.6

=94 +37
-32+39
27+34
1.7x54
-02+24
09+09
-0.3+05

3.4(0.59)
6.2(1.07)
9.0(1.56)
12.2(2.13)
3.6(0.62)
2.5(0.44)
0.7(0.13)

2.7(0.47)
5.1(0.88)
7.8(1.35)
10.3(1.80)
2.9(0.51)
2.2(0.38)
0.6(0.10)
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N -

ABSTRACT

We search for lepton-flavor-violating 1~ — ¢”a and t~ — p~a decays, where a is an invisible spin-0
boson. The search uses electron-positron collisions at 10.58 GeV center-of-mass energy with an
integrated luminosity of 62.8 fb™!, produced by the SuperKEKB collider and collected with the Belle 1|
detector. We search for an excess in the lepton-energy spectrum of the known r~ — ¢ #,v, and ~
— p~ v, decays. We report 95% confidence-level upper limits on the branching-fraction ratio (7~
- ¢"a)/B(r” — e ;) In the range (1.1-9.7) x 107 and on B(r~ — p~a)/B(r~ — p~v,v,) in the
range (0.7-12.2) x 1073 for « masses between 0 and 1.6 GeV /c2. These results provide the most
stringent bounds on invisible boson production from = decays.

Received 7 December 2022  Accepted 23 February 2023

DOI:  hitps://doi.org/10.1103/PhysRevLeit.130.181803
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W h a t 4 S n ext PHYSICAL REVIEW D 102, 115001 (2020)
EEE

New method for beyond the Standard Model invisible particle searches
in tau lepton decays

2 2
M < mi; < M, E. De La Cruz-Burelo®” and A. De Yta-Hernandez®’

Centro de Investigacion y de Estudios Avanzados del Instituto Politecnico Nacional,
Av. IPN 2508, San Pedro Zacatenco, Mexico City 07360, Mexico

M2 = (\/5)? (_BO_— VBO_A"%CO), M. Hernandez-Villanueva®*

Mo University of Mississippi, University, Mississippi 38677, USA

M2, =(/5)? (_BO +/Bs - 4"“OCO) ™ (Received 25 July 2020; accepted 15 November 2020; published 1 December 2020)

240
Motivated by models proposed to explain Standard Model anomalies, and the unprecedented 777~ data

to be collected by the Belle II experiment during the next years, we study the kinematics of tau pair decays
and propose a new method to search for lepton flavor violating processes in tau lepton decays to invisible
-1 > 0 2 1 beyond Standard Model particles, such as 7 — Za, where # is either an electron or a muon, and « is a
IVlmin (GeV) massive particle that escapes undetected. The new method improves by one order of magnitude the
expected upper limit on the 7 — #a production in 3 x 1 prong tau decays and establishes the possibility of
performing this search in 1 x 1 prong tau decays which has not been previously considered.

DOI: 10.1103/PhysRevD.102.115001

® ARGUS

v M.,

& My

m 2D

-~
N

10 1
M2, (GeV?)

95% C.L. upper limit

10° 10° 10*

Integrated luminosity (fb™)

9/25/2024 HEP Seminar ICN UNAM




What's next...

Cinvestav Search for LFV 1—fa
process in 1x1-prong
topology

Johan A. Colorado Caicedo
In collaboration with

Eduard De La Cruz Burelo
and

Michel H. Villanueva (‘D
Work in progress ... @

T: ting, Aug 13, 2024
au group meeting, Aug 13, Belle IT
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Perspective ...

« Belle Il started operation in 2019, and the luminosity has achieved 0.5 X
103°cm=2s7 1,

« Belle Il'is getting more and more productive in publication, based on the excellent
performance of the Belle Il detector. So far with first data we have 52 publications:
https://www.belle2.org/research/physics/publications

« Tau physics have produced 6 of Belle Il publications: mass, LFV(3), light-lepton
universality, and more.

« We plan to operate Belle Il to around 2035 to reach the 5o ab™ of data.
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BACKUP
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Mexico in Belle Il

9/25/2024

HEP Seminar ICN UNAM

Cinvestav

Mexico requested to join Belle Il in
2013

Currently four institutions:
CINVESTAV IPN, UAS and UNAM
(IF).

Eight faculty researchers (6 exp. &
2 theo.)
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