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Der” )
In 2018, LHC set the world record on instantaneous luminosity of 2.14 x 10* cm=2s™". 10% L 3 i i
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The Belle Il experiment is a major upgrade of Belle.
g N - The SuperKEKB accelerator is designed to increase the instantaneous luminosity 40 times

@ larger than Belle.

Belle II o LastJune 15th, SuperKEKB reached an instantaneous luminosity of 2.22 x 1034 cm™2s™,
reclaiming the world’s highest luminosity record.

e Belle ll, the first super B-Factory experiment, is designed to find New Physics (NP) beyond the Standard
Model (SM) of particle physics. Physics prospects have been documented in the

e There are 1047 active members from 119 institutes and 26 countries in the Belle Il collaboration; among
them, Cinvestav, UAS and UNAM in Mexico.
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https://arxiv.org/abs/1808.10567
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SuperKEKB

Electron-positron asymmetric beams collider:
e CMS energy Vs = mrus) = 10.58 GeV
- Super B-faCtory' Low emittance positrons
toinject
e Nano beams scheme. g g8

—.

Add / modify RF systems
for higher beam current

Positron source

e New positron target /
b

e Increased beam current (x 2 Belle) Nige/ o
o Luminosity Of 8X1 035 Cm_2 S_1 Low emittance gun

Low emittance electrons
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Belle |l detector

Upgrades with new technologies in:
e Tracking system
TOP counter
P P Comt e i3 Trigger and DAQ system
Scintillator + WLSF + MPPC

— -* (end-caps , inner 2 barrel layers) SOftwa re Be I | e 2
- A —
EM Calorimeter -

Csl(Tl), waveform sampling electronics

KL and muon detector

=S Remarks:
\‘ 3 g . .ps .
electrons (7 GEV) E . / ﬁggolfll’fo:)ggea?:r:féoczg?garreI)
* - , - PrfoocusingAerogel RICH (forward) |:I Flrst phyS|CS run: End Of 201 8.
rt tect ' . .
2loyors Sirvok OEPFED « [ i O We have managed to maintain the
4 layers Si double sided strip DSSD 4 ¥ .
oy : operation of Belle Il
, positrons (4 GeV) and SuperKEKB during the COVID-19
Soater o2, o R : emergency.
O  Total Integrated luminosity, so far: 74.10 fb™".
Belle Il TDR, anXiv:1011.0352 @ Current situation: summer shutdown since

uly 1st.
Solenoid: 1.5T July
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v physics at Belle li

Why do we study t's at Belle 11 ?

e Bellell produce as many t leptons as B mesons:
o a(e'e"— BB)=1.05
o o(ee—-r7r)=0919 T factory
—> The Belle Il experiment will offer fantastic possibilities
to study t physics with high precision.
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dipole limi T Uy
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0

. . . . . /\/ 2000 2002 2004 2006 2008 2010 2012
B-factories have provided many interesting results in

T lepton physics. Belle Il will update and improve these results.

Studies of the t lepton is an extremely convenient tool to:
e  Search for NP (LFV & LNV).
e Determine SM basic parameters.
e Do precise tests of EW interactions.

&

90% C.L. upper limits for LFV T decays
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Ongoing studies of « physics at Belle ||

Some examples: o 1->Ksnv

e Mass measurement CP violation

(Cinvestav,DESY,MISSISSIPPI)
_ (tt > n7K¥0) - T(z~ —» 7 K27)

Tt > atK0) + I'(z— - n~KJ7,)

LFV:

> T ¢+ ¥ (Cinvestav,DESY)

> 1 — 0+ o (Cinvestav,DESY, MPP) * ToNnv

> 1 — 30 (Cinvestav,DESY) Ny New physics

> 1 0+ (0,0,¢,K0%) ) S -

~ ' 4
> Leptoquark

Charged Higgs 0% "y exchange
exchange X
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Ongoing studies of « physu:s at Belle Il

P f t d 5 Bucket8, 1x1 incl. +MH e +thorts” .9 Bucket8, 1x1 incl. I:i’“m T e
erformance studies: g — g T B e R o
: 08} ..:t’“ : ..."".,. . ’ 0.8 #t::.m‘"" ““’¢++
Efficiency studi ] o e -
() Iciency studies. e . % 4 Bt I i )
o ECLand CDC triggers g . COC triggers - | T ffo or fso or sso
) oy T ] I *  |nieorc4orecimumu|
performance in e k| L im all .
e"'e_ — t+t_ eve ntS. 8, prong [de0] . e1~prong [deg]

o 1x3 and 1x1 topology studies.
e Tracking studies.
o Reconstruction efficiency. _ N

€track * A
m 1x3 topology. ok
o Fake tracks studies. i
m  4-5tracks. ke = ———
Tfak Ny + N5
@ Both results will be presented in ICHEP 2020.
,
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¥ mass measurement

I'(t - evd)

I'(u — evp) &\ ™y

2
5
Accuracy of lepton

g; m? universality measurements.

The measurement is performed in the decay mode T — 3av (3x1 prong topology), using a pseudomass technique developed by the

ARGUS collaboration:

&
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o W T T T T T

S o Belle Il ]

60F i -

2 E 2018 (Preliminary)

S soft =

g + Data 3

%) -

5 e fl_ dt=201pb’ A

& 8o =

20 =
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© m, = (1776.4 = 4.8) MeV/c i

0:. P el b b .

— 2_ i
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M JNTVERSITY o

MISSISSIPPI

Mmin = \/M32” g 2(Ebe(un T E37t)(E3n' i P3n)

* The distribution of the pseudomass is fitted to a empirical edge function to

estimate t lepton mass.

Results:
° Current best fit from Belle:

T T T T T

o 1776.61 £ 0.13 £ 0.35 MeV/c?

° Bes llI:

Dominated by
systematics P

o 1776.91+£0.12 £ 0.13 MeV/c?

e Belle Il from early data:

o  1776.4 + 4.8 (stat) MeV/c?

—>The update of this measurement

is completed and it is under review.

B,

Belle (2007)
177661+ 0.13 £ 0.35

BaBar (2009)
1776.68 + 0.12 + 0.41

BES Il (2014)
177691+ 0.12 +0.13

ARGUS (1992)
17763 £2.4+ 1.4

Belle Il (2018)
1776.4 + 4.8

Lo p s p s n (s W
1770 1775 1780

A I
1785
m, (MeV/c?)

t Physics at Belle Il |Marcela Garcia| XXXIV RADPyC



v mass measurement (update)

*

*

“Blind analysis" method

Measurement performed with an integrated luminosity of 8.76 fb™" (x30 more statistics than previous
Belle Il preliminary result).

Detailed studies of systematic uncertainties have been performed and are expected to be
lower than in previous measurement by Belle (2007).

Sources of systematics uncertainties:

@ Unblinding process ongoing and results will be presented in ICHEP 2020.

Cinvestav

Estimator bias

Momentum shift due to the B-field map — will be recalculated using data after unblinding.
Mass dependence of bias

Trigger efficiency — will be calculated using the data after unblinding.

Beam energy — dominant in Belle. -
Fit function ?“\"‘“
Fit window 5

Initial parameters — negligible.

Background processes — negligible.

Decay model — negligible.

Tracking efficiency — negligible. :
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LV - {l+a

£ 2
e aisassumed to be aninvisible e 5 2528 (1998
(undetected) long-lived massive ié' g
BSM boson.
0 2 4 O_ = .0.5 1 1.5
e Previous studies by Mark Ill (9.4 pb™) Piab [GeV/c] Pps [GeV/c]
(massless assumption)

and ARGUS (476 pb™). BR(r—rea) L5,
< L.5O%

0.06 WL ML PRI NI (N SN ST NI I

N — BR(T—evD)
ARGUS: S b, 3
e Fit the distribution of the momentum T o a E
. = ]
spectrum of the lepton in the T omf ;
“r pseudo rest frame” and set an 3 E E
upper limiton BR(T — la) T : f
BR(T — lvp) s M E
Q Elman Pomodonn fewe e bems s el sms bl

0 0.2 04 0.6 0.8 H 1.2 14 i.6
@ MAxpLAchlyoiTsw.slzg#)é (7 o MaSS [GCV/CZ] 10
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Zi ’]5; . ﬁthrust|

IN t-l+a B @y

Signal T 4 ‘C;
e Preselection: 3x1 prong topology. tag N, <
o Requires 4 good tracks. et N e~
o Common vertex for the 3 pion candidates in the tag side. o Sl
e Background suppression (t — evv): « SN
R

S

FOM = —— A /” "u 1 T
VS+B v )
w /7 \T

0.8 < thrust <0.99
2.0 < visibleEnergyOfEventCMS <9.9 5 - . |
0.48 <M, <1.66 s

Simulation: [L =25 fo™!
9

Simulation: [L =25 fb™*

signal_enunu
L eeg

tau
. cc
Efficiency Purity | === ]
eemm
N ss
dd
[ charged
3 mixed
Y eeee

13.36% 92.47%

Events / (0.005)

evy

Events / (0.147)[GeV]
Events / (0.07)[GeV/c?]

S mmg

f | i R RqraLl
| { 4 i ) W&
. & \ 1 3
R q 4 q L g
n SN R N o i N f
S 1 A[SER i NN W
i \ i N 3
anie i \ y il | i [ N i
10 LA N NHKR A N NNNNY K A 4 N NANR NS B
thrust InV M3prong [GeV/c?]
MAX PLANCK INSTITUTE 8 11
FOR PHYSICS ApBy>it oy
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LV - {l+a

Pseudo-rest frame:;

P3n

BELLE2-NOTE-PH-2019-015

Electron boosted to the
“r pseudo-rest” frame using:

—_ =>

= -
~ =
€, = €, — prong e T ethrust

Er~ FEcus/?2

@ MAXPLANCKINSTITUTE%
FOR PHYSICS Zapty54¢ iy
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LOG SCALE

g 10 L Belle i '(2020) Préliminary
2 b ' A | 7
o, 103E Sgrqulatlon:.l‘L=25.0 folg. ... _:
8 E LL D\"(‘o‘hln E
(=) = [qa J
8 EJ DBE T
..\Q 1 02 E, [ tow mutt =
L%) r vﬁ\;m'j“”uﬂm;
101 5
i =
I et
1]
1 ULy | L ! |
107 05 1 15 2 25 3
Pos [Gev/c]
5 10°0 T TN Belle i '(édzb)‘P‘réli%ni‘nér‘,D‘ o
S : M=0 E
o] o HHH Simulation:_[L=25.0 fb'E”::\,v y
S 10° O vcomen| =
3 = 1'-1 [Jaa el
o = - [Jes T
3 107: 1 [owm | =
= E 3
) H E
>
2 i ]
10, L} E
| ]
1 i E
1L 2 0 4 REARTR IR0 T
LU 05 1 15 2 25 3
pps—thrusl [GeV/C]

Using the
direction of
the 3-pion
system.

Using the
direction of
the thrust
vector.
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Br(sig) = N .
LFV T — e + g UV b |

Using T— evv as normalization channel: Mg | Argus Eielle 1)
Argus-like | Thrust
Br(r—ea) Nobsea gew , 0 | 0.015 | 0.0025 | 0.0016
= : = poi 05 | 0.017 | 0.0028 |0.0025
BT’(T‘)@I/V) Nobs,el/l/ e : 5 ¢ 1
del- 0.7 | 0.024 | 0.003 | 0.0031
Data model: 10 | 0.036 | 0004 | 0.004
F(z) = N foo (x) + NS fo,, + NSO f o ern(a) 12 | 0.034 | 0005 | 0.005
_ . €9 Nobs,evz/ Nobs,ew/ Nobs,other 1.4 | 0.025 0.003 0.004
= POi <7 Jea(x) + Jew + fother(z) 16 | 0006 | 0001 | 0.0009
. = a L L L I BN
CL,: g 0.035 Bele n
Modified f . h § 0'03;_ 2020 (Preliminary)
[ ] 3 C
odine r_equentISt_app_roaC ' A 0025 Simulation:jL=25.Ofb'1
e Asymptotic approximation. & oooF-

e Upper limit at 95% C.L.

0.015

E Argus, L=472pb
0.01 Belle II, Thrust method
£ Belle II, Argus method

00 ~"02 04 06 08 1 12 14 16
MAxpLAchlpri[gw’ng%)ﬁ Ma [GeV] 13
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More detailed results will be presented in ICHEP 2020.
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v
I-Fv + W/ u channel
t —> y T/ |
SR I
Vr Vp(e) M(e) 2
L . . 3a ¥ Ams; —45
Very suppressed within the SM (including v masses) — |B(7 — uy) = 30, | 2 U7 Ui 3 °~ 10

Previous upper limits on its BR(t — € + ):

Analysis Data sample B(T — pv)

BELLE (2008) 535 fb~ ! <4 5x 10 . .
|BABAR (2009) 9.6 x10° 7 B | _ Signal side

Tag side

Modelo T — py
M . =75 .
§US¢ a?;g: 18—10 Reconstruction of
Little Higgs 1010 1x1 prong topology : et
SM + heavy vg 10—° e P
Non-universal Z’ 109
SUSY SO(10) 1078 s
y’s,fy’s

@ Some BSM scenarios can be tested by Belle Il

Cinvestav
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LFV

i <64 Bl Background: v,
é _1'66;_- Background: u'ui(y). 24 e
In order to evaluate the signal yield: T TR JPETS
5—1725— s s E :::. D.Z‘E&DLQDEHE ‘
X E F AR
— . 2 2 ] g—1.745— ----- ~u?:%.'n.3.? D.D.QQD/D .
M- =My, = \/ Em P;w cos(f) —sin(6) T8 a0 e e gt 5
R - |::> .78~ o o el &
= EM cM /) sin(f)  cos(@ o ~m e
AE = E;L'y — Hbeam ( ) ( ) 182
o2 B S - —Y

E e + Rotated signal region (= uy)
t , % E_- Background: u v v,

M,, xcosct + 1'E xsina [(GeV/cF]

With a BKG free selection we a

aliiVEL DA AR Ble—ir) sensitivity improvement of about two
BELLE (2008) 535 fb~ <45x107° orders of magnitude can be expected
BABAR (2009) 9.6 x 108 7 < A4 %1972 in Belle 11 . (50 ab™)
_BELLE Il (Book2018) ~ MC _ _  <2726x10°° "
BELLE2-NOTE-PH-2019-001 ~ MC9 (1 ab™") <2883x10°° |
e Inearly 2019, we performed a cross check of these results with large simulated samples.
e Currently, we are updating the analysis with improved reconstruction and simulation tools.
e A more realistic beam background has been overlaid in simulations (using real events).
e Trigger performance studies and corrections are ongoing.
e New estimations of the expected upper limit will be released soon! &

Cinvestav
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https://arxiv.org/abs/1808.10567

3u channel

LV v 3¢ -
gy T, e .

Signal yield: ‘ _ k/v ‘

4 . -(////// ZZ ‘ﬁ; o ﬁthrust’
M;, [ cos@ sinf M, o \ Vinrust = =5~
AE;3, —sind cos6) \ AE;, , .
with 0 ~ 77°

A . Limit comparison: BaBar — 3.3-108  Still very 500fb™"

£ j Belle I1— 1.4:10-8 preliminary!

~1.65 [ gelje 12020 :
[MCt 3M ~5|gna]_'

- A7) s % Additional studies of SM and LFV channels with
& e 02 3 leptons:
5 Frre b o6 > Considering the allowed combinations between e
= ey and u leptons.
—18 ird 04
s o 1T—3
» 0.2 o 1—30v% } uue,eel, ...
-1 85 ; et d Cee ey sty o ot e L el 0
—02 01 0 0102 03040506 0.7
@ M, [GeV]
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Summary

The Belle Il experiment is suitable to study tau physics.
A brief overview of tau physics at Belle Il experiment was presented, focusing on
the studies were CINVESTAV group is involved, and the results that will be
presented in ICHEP 2020.
e Different studies can be performed with the data accumulated so far: 74.10 fb™.
o Improvements of SM basic parameters — r mass measurement.
o Searches of NP on LFV channels —» t— €+ a.
o Performance studies.
e The upcoming data taking for the next years will lead us to:
o Improved tau physics measurements.
o Searches for new physics scenarios.

FOLLOW US
ON FACEBOOK
. Ci tav Belle Il
@ Thank you for your attention! S 17
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BACKUP
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CP violation in ¢ decays

The first CP asymmetry measurement in T decay has been done by using the decay rate
difference between ++ - 7t Kqp. and 77 — 77 Kgv,

I'(rt - ntKgiy) —T(r7 = 7~ Kgvy)

Ar = D(rt - 7t Kgv;)+T'(1— - = Kgv,)

This CP asymmetry is non-zero in SM due to the KO0 — K’ mixing.

The SM prediction yields:  A™ ~ 2Re(e) ~ (0.36 £ 0.01)%

' Babar collaboration result: A, =(-0.36+023+0.11)% — 2.8 o0 away from the SM
) expectation.

Similar CP violation for D mesons: ['(Dt—rtKg)—T'(D~ T Ks)

A - =-Ap D = TDF 5 K )FT(D-on-Ks) = (—0.41 £0.09)%

much more precise
An improved on the measurement is one of the first priorities at Belle II.

& :
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