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T at Belle I1

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps, inner 2 barrel layers )
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EM Calorimeter
Csl(Tl), waveform sampling electronics

Particle identification
Time-Of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

Central Drift Chamber

Smaller cell size, long lever arm

Belle Il at SuperKEKB electron-positron asymmetric beams collider.
Center-of-mass energy of Vs = mus =10.58 GeV.

Luminosity world record: 4.7 x 10** cm? s .

B-factories are also t-factories: ~ ‘\9 \\;o'j
() 0(e+e— —)T(4S)—) BB) =1.05 nb R \\iy
e o(e'e—>77)=0.919nb

Belle Il has recorded = 390 million 7 pairs.
The goal is to reach 50 ab™ = 46 billion 7 pairs.

Run 1 (2019-2022): 362 fb™ on 7(4S) resonance.
Run 2 (February 2024- ): Currently taking data.

Features:

Clean environment

Well defined initial state energy — Well known E
Efficient neutrals reconstruction

Low multiplicity triggers menu

PID

miss
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T Lepton
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e PDG 2023
M_ =1776.86 £ 0.12 MeV/c?

T =(290.3+0.5)x 10" s

t decay into hadrons (> 200 channels) and leptons.

T Lepton allows us to perform SM precision measurements

and search for new physics.

t events are produced back-to-back in CM frame.
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*In absence of ISR.

Events can be classified in two hemispheres (sig, tag) using

the thrust axis.
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1.777 GeV/c?

T
Measurement of the t-lepton mass

e One of the fundamental parameter of the Standard Model.
o Precision is important for predictions of T branching fractions.

e Test of Lepton flavor universality.

e Previous results dominated by systematic uncertainties.

e Deviation from SM prediction —lead to NP.

SM predicts the relation:

Tr

S
= ot|q ot

PDG Average (2022) BEZM O( B/,Le L e——

measured BR

1776.86+0.12

T, ™M

BES (1996)

1776.96 4918 025

BELLE (2007)
1776.61913 0%
KEDR (2007)

1776.81 1023 018

BaBar (2009)
1776.68 413 041

BES 1l (2014)
1776.91 312 3%

HFLAV

291 292

1774 1775 1776 1777
M, [MeV/c?]
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Measurement of the t-lepton mass

Belle |l dataset r(4s) on-resonance: 190 fb™ . Belle I

IL dt=190 fb™

Event Selection
3 x 1 prong topology — 4 good quality charged tracks.

¢ Data .
[ tt backgrounds ~ ,°
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e Signaltt sataa v, Tagev, uvw ,x7v&atal. 1 B onens
e Main backgrounds e‘e"— qq, e’e — t't, with 20
other tau decays than t™ —»a T a2~ v. 20
e Background suppression via FOM maximization. Purity = 90%. 60, T2 14 16
M., [GeV/c?]
Method

Then , the T mass, assuming zero mass of the neutrino, is giving by
my = \/ ME, + 2Bz — E3,)(E3, — P}y cos o)

The energy of the t is half of the beam energy, and assuming a zero, we defined the
pseleomaSS Mmzn — \/M??Tr + 2(\/5/2 i E;:T()(E;;T( i p;ﬂr) S mr 5
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Measurement of the t-lepton mass

The distribution of the pseudomass is fitted to a empirical edge function to estimate t lepton mass.
F(M,P)= —Ps-tan '[(M — P,)/Ps] + Py(M — P,) + Ps(M — P;)* 4+ 1

Being P, is the estimator of the mass. An unbinned maximum-likelihood fit is performed.

Systematics Uncertainties

Belle Il —\s
J‘L dt =190 fb™ Total uncert.

Belle Il —I— Before momentum correction

J.L dt=190 fb! After momentum correction

D' > Kr'n"
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Measurement of the t-lepton mass

The distribution of the pseudomass is fitted to a empirical edge function to estimate t lepton mass.
F(M,P)= —Ps-tan '[(M — P,)/Ps] + Py(M — P,) + Ps(M — P;)* 4+ 1

Being P, is the estimator of the mass. An unbinned maximum-likelihood fit is performed.

Source

Systematics Uncertainties
Knaowledoe of the colliding heams:

_ 3 2 ea, ergy correction 0.07
Mmz’n - \/ + 2 \/—/2 )( 37 pgﬂ-) S mor Boost vector < 0.01

Reconstruction of charged particles:
d-particle momentum correction 0.06
or misalignment 0.03

Belle Il —Vs
jL dt=190 fb™ Total uncert.

- 2Eg

Fit model:
Estimator bias 0.03

T
2
3
=

it prf

i
D

ice of the fit function 0.02
bias < 0.01

m;

100 200 300 200 1

Chronologically ordered events

0.03
0.02

< 0.01
g . o 0 0 0 5 0.01
% Additional consistency test were carried out, time and kinematic racking efficiency correcti <o

region dependence, simulation modeling. — Everything was found Bd(kg@m;& roresses S0
consistent.
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Measurement of the t-lepton mass

Results m, = 1777.09 £ 0.08 + 0.11 MeV/c*

><103
5 PDG Average (2022)
C Belle ll t Data — Fit 1776.86 + 0.12
: i "iBackground BES (1996

IL dt=190fb™" 9 1776(96 s s

_ 2 2 -0.21 -0.17
m, = 1777.09 + 0.08 + 0.11 MeV/c BELLE (2007)
1776.61+0.13 + 0.35

KEDR (2007)

1776.81 122> £0.15

BaBar (2009)
1776.68 £ 0.12 £ 0.41
BES IIl (2014)
1776.91+0.12 310
Belle Il (2023)
1777.09 £ 0.08 +0.11
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Test of Lepton Flavor Universality
with f (x) =1 = 8x + 8x® — x* = 12x2 In X
_ B(r~ = ppuwr) (g_) _ \/R f(mz/m2)

u =

e Test for u-e universality: B(r— — e ve.;) then \ g. " f(m2/m2)

e T decays are sensitive to non-SM neutral currents.

e LFU violation. —Lead to NP.

e Belle Il dataset r(4s) on-resonance: 362 fb™ .

Previous measurements Event Se[eCtiOﬂ
RM=0.9726 .

CLE0 (1997, e 1 x 1 prong topology. 2 good quality tracks.
0.9777 +0.0063 + 0.0087 PY Signa| T SsefTy v, M:FV v . Tag T — a:F (thO )V n>0
e e e i e Main backgrounds T, — v, pv X 1, — pv. Well
206 it (2023) identified signal but wrong tag. And e'e™— qq, e'ey, w'uy.
0.9762.£ 0.0028 e Background suppression via Neural Network.

e Purity 96% and 92% for electron and muon channel.
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Test of Lepton Flavor Universality
Method

The measurement is done in the lepton momentum Pe, where a binned maximum likelihood
Is constructed: electron channel

f(7A Ry, X) H P(nplvy (X H P(ng (v, (Ry,s X)) % ch (ax|x)

bEbins N N bEbins XEX

obs exp from simulation

The background templates are splitted by the signal-side particle type. —true or fake lepton.

e ,bkg(true) e ,bkg(fake)

e( —») . Slg
Belle Il preliminary Bl (t™-u 0, (t*=>h*nn’. Belle Il preliminary (T e Dev) (T h*nn°p. Vb X e Kje X I/b _|_ —I_
IL dt = 362 fb-! other (true p) 107 ILdt — 362 fb-1 ther (true e)
m= other (fake ) e ,si w,bkg(true) w,bkg(fake)
Uncertainty Vgl/ (R'LL, ) R X HE/M X f{/e X ]/ll: g + ]/b + Vb

Rﬂ is directly extracted from the fit.

The systematics are included in the
likelihood as a set of nuisance parameters.

Data/model Events/(0.167 GeV/c)

15 20 25 3.0 35 40 45 5.0 15 20 25 3.0 35 40 45 5.0
pu [GeV/c] pe [GeV/c]
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Test of Lepton Flavor Universality

Source Uncertainty %]

ed-particle identification: 0.32
R = A Electron identification 0.22
Systematics uncertainties
Electron misidentification 0.12
. . Muon identification 0.05

o M a I n Syste m atl CS CO m eS fro m | e pto n Imperfections of the simulation: 0.14
. . . . Modelling of FSR 0.08
Id e ntlfl Catl O n a n d trl g g e rS ( E C L based ) Normalisation of individual processes 0.07
: Modelling of the momentum dis 0.06
Tag side modelling 0.05
70 efficiency 0.02
. Particle decay-in-flight 0.02
C t f t h lt Tracking efficiency 0.01
O n S | S e n Cy O e res u Modelling of ISR 0.01

Photon efficiency < 0.01
y Photon energy .01
Belle 1l uncertainties: ¢ ¢ lepton identification statistical Detector misalignment 0.01

Momentum correction 0.01

0.10

Size of the simulated samples 0.06

Luminosity 0.01

Total

H
P
i
i

Good agreement
between results.

Bmiss < 0.8
emiss >0.8

11

7 template bins
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Test of Lepton Flavor Universality

B B % lv_T
Results R, = % — 0.9675 + 0.0007 + 0.0036

>  Consistent with the SM 1.4 o.

0.9777 £0.0063 = 0.0087 : r

BaBar (2010) s ?%%2:5(3810%)20
0.9796 + 0.0016 + 0.0036 i : =

HFLAV fit (2021) | TF;IBA;\; ﬂto(égﬂ)
0.9762 + 0.0028 ; £0.

L | L L L ; L L L 1 L L L | L L L | L L L 1 L L L | L
0.99 1.00 1.01 1.02 1.03 1.04 1.05

19,/ 9elx
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Prospects

LFU
e A updated measurement with more statistics is in progress with combined results of the 1x1 and

3x1 topology. Note: Only the 3x1 was used in the previous Babar (2010) result.

Vus

e Important to update the measurements of the CKM matrix elements, any deviation from unitarity

could lead to NP. Vus is determined through the ratio: R /n = B(r— > K v) _ Bk

TS =TT U B
® The analysis is being done with a 3x1 topology and the Belle Il dataset of 362 fb™" .
Lifetime

e A updated measurement with more statistics (19 times more events) is ongoing with a 3x1
topology. Note: Previous Belle measurement uses 3x3 topology.

CP
e Search in the v— K° 2~ v (20 7°) decay, Babar 2.8 deviation from SM, Belle did not see any

apparently asymmetry.
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BACKUP
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FOM =

Event Selection Tt mass

S

VS + 100 x B

Selection on the p_ of 3 tracks:

pT (leading track) > 0.6 GeV/c
pT (subleading track) > 0.2 GeV/c
pT (trailing track) > 0.1 GeV/c

Additional selection on:

Thrust

Visible energy in CMS

Missing momentum in the CMS.

The polar angle of missing momentum in
the CMS frame.

The square of the missing mass in the
event

15
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Bean-Energy correction

Beam energy was calibrated using BB-pair and its hadronic decays.

We exploit the fact that the collision energy is
just slightly above the kinematic production
Belle Il — Vs threshold for BB pairs.

IL dt=190 fb™ Total uncert.

Uncorrected energy

Snumma\

S
)
S
£
gl
9]
Qo
3]
)
p -
S
o)
o

Feb. 2020
Feb. 2021

0 100 500 300 200 x is the energy carried by the ISR.

Chronologically ordered events

The collision energy is obtained from E* after correcting for the effect of ISR
and by accounting for the energy dependence of the ee —BB cross section.

Mapping corrected-observed, used to obtain corrected values. T
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Charged-Particle momentum correction

The corrections for the daughter
pion momenta were obtained from
J.L dt=190 fb™ After momentum correction the D° — K™ 11 sample with
D* 5 K r'nt cross-checks in the
D* K mm,D*—> Kt m 1, and
—  Jlyg >y p samples.
The difference between the
reconstructed and nominal masses
of the D+ meson before and after
corrections.

Belle Il —} Before momentum correction

g
9
>
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]
[a ]
on
S
1

fit
mD :
o

|
o
(3

_1—1 -08 06 04 02 O 02 04 06
coseK
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Event Selection LFU

The exact cuts of the preselection are:

"
k4
[
b= |
]
—
L
Q
=
<

lissing

thrust

0.02 < angle (m,v (7%))

min

Belle Il simulation

0.2 0.4 0.6 0.8
Output of the neural network

(t==>p= o (" =>h*nn’,)
(t7>e bev )t >h*nn’v,)
(™= 179w )(T* > other)
(t~—=othen(t*-h*nn’p,)
e*e~(y)

others

The seven features used in training are:

*m_(tag) : also used in preselection.

* cos 61 CM (tag) : also used in preselection.

* thrust: also used in preselection.

» thrust-axis (cos 0): cosine of the polar angle of the
thrust axis.

* Evisible CM : also used in preselection.

« p® 1 (tag) : also used in preselection.

« p® t, missing : transverse component of missing
momentum direction.

Main backgrounds

e'e’ — 1’1 (1" faking u*/e®): ~3.3%
e'e’— 11 (wrong tag): ~2.3%

e'e—e'eT1:0.2%

18
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Combination LFU

RSM = 0.9726
CLEO (1997)

CLEO (1997) i 1.0026 + 0.0055
0.9777 +0.0063 = 0.0087

BaBar (2010)

BaBar (2010) 1.0036 = 0.0020

0.9796 = 0.0016 + 0.0036

combination combination
0.9735 £ 0.0026 1.0005 +0.0013

1.02 1.0
|9/ Gel+

Assuming independent systematics.

19
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Vus

2 2
1—mz/m:

A a2 faa2
fx 1 —m% /m2

. 1/2 ¢, o Jr
H/us‘ — R]\(/ﬂ.“/ud‘f

Bt~ — K v,)

R\' T = ——
i B(r— — 7 v,)

- Background reduction using a BDT approach.

- Method: Unbinned likelihood fit.

- Measurement using the signal hadron momentum in the lab frame.

- Systematics are being included as nuisance parameters in the model.

20
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SM prediction:
CP

Babar Result 2.8 o from SM.
r(rt - atKp;) —T(r— = 7~ Klvy)

r(r —>7r*K2177)+|—(T — T Kgl/T)

ACP

using angular observables.

A

Belle 2;

- New method to extract K°-K® CP.
- Background suppression with two steps BDT (Event, Ks information).

- Similar efficiencies and purity than previous results.
21
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