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Joining B
factories

» Super B at Italy
» The upgrade of Belle and KEKB at Japan
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Belle II

What is Belle II?
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Belle Il is an international
collaboration

GLC 60

Belle |l detectors is
based in Japan in the
SuperKEKB collider

Belle Il now has grown to
~1000 researchers from
26 countries

Around 330 are students

Mexico joined Belle Il in
July 2013

First collisions in 2018.

07/04/22
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Mexico @ Belle Il

Cinvestav: 3+5

Universidad Autonoma de Sinaloa:
2+1

IF UNAM: 1+1
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ounting particles or decays
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ounting particles or decays

Accelerator
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Ambitious Next Step at Luminosity Frontier: SuperKEKB
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Background, Optics
Commissioning
Feb-June 2016.

: Pilot run without VXD
add positron damping ring,
(0.5 fb).
April 27-July 17, 2018

: >
(spring 2019 to present).
&Rk integrated 213 fb1so far.

: nano-beams and craby; o4/,
waist optics (rather than large beam currents)

Upsilon(4S) resonance

L(design,2020) = 6.5 x 10%/cm?/sec

. . b : Belle Il detector
collision point —

1



o1

Belle Il Detector

Taken over

from Belle Super conducting solenoid

1.5 T B-field

A\ VA LET

EM Calorimeter
Csl(Tl), waveform sampling electronics

7

electrons (7 GeV)

Beryllium beam pipe
2cm diameter

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

Central Drift Chamber

Smaller cell size, long lever arm
New for
Belle Il

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

Trigger
Hardware < 30kHz
Software < 10kHz

Final focus sysfem QcCs positrons (4 GeV)

Set of super conducting
magnets very close to the IP

Belle Il TDR arXiv:1011.0352

07/04/22




Not just a B-factory!

O

7, ¢, and b pairs have similar cross
sections at Vs = 10.58 GeV

o(e'e” - Y (4S))=1.11nb

o(e*e” — cc)

o(e'e” - 7'7")

=1.3 nb
=0.92 nb

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

Energy scan
Y(4s) D
10.58 GeV /DO
, A . Belle II
B*B- BOBY

(51.4+06)%  (48.6+0.6)%

o [ete->1t1 (Y)] =0.92 nb ‘

o [efe—=u*u (y)]=115nb o [ete—uu (y)] = 1.6 nb

o [efe— , 8§ (y)] = 0.78 nb o [e*e=yy ()] =3.3nb
o [ete—et e (y )]ﬂnb sl

0 ete—~eteete] =39.7nb

Vs = 10.58 GeV
0"|'0'|'=143 nb

The Belle Il Phyiscs book
[arXiv:1808.10567]
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Alejandro De Yta Hernandez

Search for the decay channel
T-la
at the Belle Il experiment

A. De Yta Hernandez

Advisors:

E. De La Cruz-Burelo
|. Heredia De La Cruz
Feb 25%, 2022

Cinvestav

Eduard De La Cruz Burelo

17



Marcela Garcia Hernandez

Tema de doctorado: ﬁ\*ﬁ € (A

®.

“Search for new physics in charged lepton flavor violating processes at the Belle || experiment".
Asesor : lvan Heredia de la Cruz
El estudio se centra en la busqueda de los canales que violan sabor leptonico:
e TEHo |+«
o Objetivo: Mejorar las cotas actuales que se tiene en R con datos del experimento Belle Il.

Br(t — la)

R
Br(t — lvv)

° e A ¥ Y
o Objetivo: Actualizar el calculo del Branching ratio con datos de Belle Il. Al incrementar la

luminosidad integrada planeada para Belle |l, se espera mejorar las cotas actuales por

, . BR + N + < nsig
hasta dos 6rdenes de magnitud. (7 1) 2 Lint - €sig - 0leTe — 777)

18



Marcela Garcia Hernandez

e Miembro del grupo de Fisica del lepton tau en Belle |l.
e Colaborador en el grupo de computo de Belle Il.

e Colaborando en el grupo de software de Belle Il.

o Ha realizado trabajos como mentor en los cursos introductorios de los

nuevos miembros del experimento.

e Colaborador en HEP Software Foundation.

o Ha contribuido en la realizacion de los tutoriales de herramientas de

analisis de datos que se utilizan comunmente por la comunidad de
HEP.




Norman Wilfrido Molina Gonzalez

e Miembro del grupo de Fisica del lepton tau en Belle II.

e Colaborador en el grupo de computo de Belle Il.

Tema de doctorado:

“Busqueda de procesos raros del tau a 3 leptones cargados en el experimento Belle II".

Asesor : lvan Heredia de la Cruz AT T FE

El analisis se especializa en decaimientos que violan sabor leptonico, esperando mejorar las cotas

actuales de los Branching ratios.

Estudio extra: “Observacion de decaimientos del tau a 3 leptones cargados con neutrinos (SM)”
T lil/ﬂ’iwyl

Esperamos mejorar la medicion actual (CLEO) de los Branching ratios.



PhD. Leonardo Ismael Salinas Maya c@i‘, :

Belle II

Tema de Doctorado: Nuevas técnicas de analisis en estudios de Fisica del experimento Belle Il
Asesor: Dr. Eduard De La Cruz Burelo

La investigacion busca aplicar Andlisis Topoldgico de Datos en la busqueda de nueva fisica, mediante la
caracterizacion topologica de los datos recolectados por |la colaboracion Belle Il.

También dentro de la colaboracidon, apoyo al desarrollo de software (BASF2) y estudio del skimming de
datos para el grupo de taus.

HypoTest Scan Result

—3%— Observed CLs

M, = 00 GeV - Observed CLs+b
—3— Observed CLb

Upper Limit - Expected CLs - Median
ExpectedCls + 16
000062 [l ExpectedCls+2¢ |

"t It +a

xp

014 0.0016 0.0018  0.00:

poi

Andlisis Topolégico de datos Mediciones Fisicas en Belle Il



Jordan Camilo Correa Rozo

Tema de doctorado:
"Search for charged exotic hadronsin B — J/zp7r+7r0K decays at the Belle Il experiment".

» Colaborador en el grupo de Computo de Belle |l

Asesor:
Ivan Heredia de la Cruz

Objetivos:

e Caracterizar estructuras like-resonant en todo el espectro m(J/z/JW+7TO), empleando un analisis de amplitudes.

« Calculary actualizar el upper limit para Br(B'™% — XTK{%7} X* — J/¢yn™7°) en las regiones donde no se
observen estas estructuras.

* Estas mediciones contribuyen en la determinacion de la naturaleza exdtica de estos hadrones.
** Tema de investigacidn asighado en el grupo de Quarkonium en la colaboracion Belle II.



DD

@ Cinvestav

Belle II

Carlos Lizama

Estudiante de Doctorado Directo
Asesorado por: Dr. Eduard De La Cruz Burelo

Trabajo actual y futuro:

« Combinacion de tests estadisticos independientes aplicados al experimento Belle |l
* Generalizacion del articulo: "Statistical approach to determine the production distribution
for "z=>/ + invisible" decays in the pseudo-rest-frame"

Work service: Skimmings para el Tau Generic, Thrust y LFV

* Objetivo: Lograr una reduccion del retention rate de los canales de ruido, correspondiente a
cada caso.



DD

O

Belle II

Johan Andres Colorado Caicedo
Asesorado por: Dr. Eduard De La Cruz Burelo

Trabajo:

 Comenzo el doctorado en Marzo 2022
* Tesis de maestria:
* "Medicidn de la masa del Leptdn tau en estados finales semi-invisibles en topologia 1x1 en
la colaboracion Belle 11"

Work service: Correccion de brehmstralung para Belle Il



Students

* Ph.D:

« 2 graduated:
- Michel E. Hernandez Villanueva (2019)
- Alejandro De Yta Hernandez (2022)

« Currently 5 Ph.D. students

- Master:

- Graduated: 10

« Michel, Alejandro, Marcela, Hugo,
Norman, Leo, Saulo, Carlos, Johan,
Diego,

GLC 60

08/04/22
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Belle Il physics by Mexican
groups

* Tau physics

* Exotics

* Rare decays

26
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T¢20¢ 4dSIN XIX

Mexican
measurements
involvement

I Tau lepton mass -
I LFV tau to lepton + boson -

I LFV tau to 3leptons -
I LFV tau to mu gamma -

8/12/21
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T¢20¢ 4dSIN XIX

7 -Physics at Belle |l

* Why = physics? others
« Large production cs: 3nEIn%v
oc(ete—7*7") = 0.9 nb (= factory) ;
« The 7 is the only lepton massive enough
to decay into hadrons:
* Leptonic decays: BR ~ 35%
« Hadronic decays: BR ~ 65% hadronic mode

leptonic
171 2n% mode

+

1n*v

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

Some ongoing physics analyses @ Belle II:

* Precision SM measurements / Indirect ¢ Direct NP searches (forbidden /

NP searches (deviations from the SM) strongly suppressed decays)

e Mass e 7T—a
Lifetime e 7| ¢
Lepton universality in 7 —lvw decays « 7—l7
r EDM and MDM T —>UPM The Belle II Physics Book
7 —eeew 7 —In° e
CP violation 7 —Ksnv 7 —lhh

DOI: 10.1093/ptep/ptz106

8/12/21




T¢20¢ 4dSIN XIX

Tau lepton mass measurement:

. Belle Ii (Preliminary) - Data — MC tota

- e === (= mnv)T(~ 9,'!.7!.7\.10)
3 f Ldt=8.81b’ == eell (I=e.u) & eehh Iy (1=e,11)
3 == qq (q=u,d,s,c)

Motivation:
o  ~10°worse relative precision in tau mass
compared to that of electron and muon
o A precise tau mass measurement is crucial Mthrust
for lepton universality tests of SM

Topology:

Data/MC

o  3x1 decays of the 7 are used 04 06 08 1 1z 112 22
M, [GeV/c?]

o signal: T > a'way_

E Belle Il (Preliminary) — Data — MC total

- === q(—> av) o(— e.u.:t.:mo)
3 f Ldt=8.8 fb" -+ eell (I=e.,u) & eehh = = liy) (1=e,u)
e - == qd(q=u.ds.c)

o tag: vl ,7xv ,wa

Pseudomass variable (M __ ) :
o calculated from 4-momentum
of the 37 system :
o kinematic edge exploited to extract the mass: of

Mmz'n — \/Mgw + 2(Ebeam - E37T)(E37r - P37r) < mr

1.5 { 1
1‘b}’QAAJ":.'i‘!"!J++++t¥%}

i e
1.7 1.72

Data / MC

. — !
1.74

. — !
1.76

1.78 1.8

8/12/21 29



« An empirical p.d.f. is used to estimate the = lepton mass, m-:

T¢20¢ 4dSIN XIX

F(M,1-5)=(P3+P4-M)-tan_1[(M—Pl)/P2]+P5-M+1

* P, is the estimator of the 7 lepton mass.
arXiv:2008.04665

600 |
i . . ‘.

Belle Il (Preliminary) PDG average $51776.86 + 0.12 MeV/c?
_ ILdt =88’
400 f BES 11l (2014) %%

500 |

' = 2
300 F m, = 1777.28 £ 0.75 MeV/c

¢ Data
200F y2/dof = 1.256
Ny = 8742

ARGUS (1992)

Events / ( 50 MeV/c?)

: Belle (2007) %
100 |-

5 5 BaBar (2009) %
2} .

gji -+-{ }-+- i; . *-+- +-+- L X +'f 4 - 7 +-+- }-t 44 -+-f .+.§ Belle Il (2020) v
N N N Tt I /T N T (R /R 7 B B 7 R T R

M., [GeV/c?] m. [MeV/ C2]

)
o=
Q
=
Q
| -
-
(V)]
©
Q
£
(7)]
(V)]
©
€
c
(@
)
Q.
9
©
-

m. = 1777.28 + 0.754.« £ 0.33,,s MeV/c? « Consistent with previous measurements!
» Belle Il has similar systematic error as
Belle

8/12/21



« Dominant systematic uncertainty arXiv:2008.04665
due to the track momentum scale, e Bellell
but it is expected to be reduced

T¢20¢ 4dSIN XIX

== luminosity projection

ot
o

. - *0.75 MeV/c? @ 8.76 [fb]
Systematic uncertainty MeV/c? .-.‘

Momentum shift due to the B-field map 0.29
Estimator bias 0.12
Choice of p.d.f. 0.08
Fit window 0.04
Beam energy shifts 0.03

&
o

©
o

2 .
Mass dependence of bias 0.02 '*9j?1 MeV/c* @ 50 [fb]

Trigger efficiency < 0.01
Initial parameters < 0.01
Background processes < 0.01
Tracking efficiency <0.01 [ xaaa ¢ 5 % g ¥

10?

« A scenario with a total systematic Luminosity [fb

uncertainty reduced is expected in , _
the near future « With the present level of systematic

uncertainties, this measurement is
expected to be statistically dominated
until around 50 fb! of data.

« With around 300 fb! of data, systematic
uncertainties would dominate the
measurement.

+0.22 MeV/c* @ 100 [fb]

Stat. Precision [MeV/c?]
o
o

)
o=
Q
=
Q
| -
-
(V)]
©
Q
£
(7)]
(V)]
©
€
c
(@
)
Q.
9
©
-
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The Belle Il Physics Book,
DOI: 10.1093/ptep/ptz106

= CLEO

Yo« Thanks to the large mass of
+ LHCb the T, we have an
=aas  extensive variety of decay

«selel mModes to explore

T¢20¢ 4dSIN XIX

—i
S ) ) ) )
©
_.Illllml Illllml lllllm'l llllllﬂ'l Illllm'l TT
2 .

| £ o 1 T S ORI R R T Y L R T O T O 1 R 4
<5 FERRRARTLN L KRS 52 00’350 3 BRI RRMRRIR R Y K <k<ic
' 0’3 o's 0'z® FO3 oo 330 kR R R e s05 s R XX
30 3.0 3.0 3.'@'1'0'1'0'1.0.3 ERBE\\

90% C.L. upper limits for LFV t decays
S

* LFV decays of the T are strongly * Golden channels:

suppressed in the SM * T>UPM } e 2
Br ~ O(104) . Ty ork in progress

« Many NP models predict LFV decays - Belle Il is expected to push the
of the T at a measurable rate current bounds further by more than
Br ~ O(10-19) - O(107) one order of magnitude.

* Any observation of LFV is a clear
indication of NP

8/12/21




T¢20¢ 4dSIN XIX

LFV decay r—?+a(invisible)

Search for the two body decay r—e/p+a where

a is an unobserved particle (missing energy).

LFV process which is not present in the SM but appears in several NP models
e.g. as a Goldstone boson.

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

We present preliminary MC studies and provide UL(95% CL) projections for the T—ea
channel measurement at Belle Il.

8/12/21



T¢20¢ 4dSIN XIX

Previous Searches

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

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

against the SM r — ¢vv background.

Arbitrary units
Arbitrary units

] 0.5 1 :
e e T e e e p(Iab) [GeV/c] p*('t) [GeV/C]
M(a) [GeV/c?]

Z.Phys. C68 (1995) 25-28

8/12/21




T¢20¢ 4dSIN XIX

Event Reconstruction

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

» Hemisphere separation using thrust vector

» Exactly 4 good tracks required.
_)
T = max (

sl
; | pil
» Dominant background: SM T — eww (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 (qgbar, beam bg).

Photons

.ga%ks ; P“é/ 0 Within tracking acceptance and
-3<dz<3 cm e: E/p>0. E(

. y) > 100 MeV E(y)>200 MeV
dr<1cm m E/p<0.8 115<M(yy)<152 MeV or

8/12/21



T¢20¢ 4dSIN XIX

Spectrum in the Pseudo-Rest Frame

» In the signal 7 rest frame, the e momentum for T — ea will be a monoenergetic peak;
the boost to the T frame is unknown, so we approximate:

y E = \/;/2
» ARGUS method: p_=~ — P53, » Thrust method: p_ =~ T

Belle Il Belle Il

12000 12000

Simulation: f Ldt=250f" Simulation: f L dt = 25.0 fb"
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T¢20¢ 4dSIN XIX

Previous Measurements and MC Estimations

» UL is provided for the ratio Br(z — ea)/Br(t — evv)
1

UL(95% c.l.)
Mark 1I ARGUS | Argus Thrust
(1995) | method | method

0.015 | 0.0025 | 0.0016
. . 0.017 | 0.0028 | 0.0025

= \ . 0.024 | 0.003 | 0.0031
. 0.036 | 0.004 | 0.004

Belle Il 1 eBelle Il, ARGUS method ) 0.034 0.005 0.005
Simulation:fL dt=25.0fb mBelle Il, Thrust method . 0.025 0.003 0.004

0.006 0.001 0.0009
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BELLE2-NOTE-PL-2020-018

» No systematics effects are taken into account at this stage.
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Summary ...

2013 ... it has been almost 9 year already since joining Belle

It took until 2018 to have first collisions

It took until 2019 to have first data for analysis

Currently our team is involved in analyses in the tau group that are
heading to publications. Hopefully we will have the first tau group
publication in Belle |l.

The group has grown and it more mature and participative than ever.

GLC 60 08/04/22
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