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The mission

* Belle Il'is a big experiment, with 1200 collaborators from
28 countries (from Italy: ~80 members from 8 institutions);

* The physics program is very vast:
> B-mesons physics:
e‘e” — Y(4S) — BB (in a guantum entangled state)
> abundant production of charmed mesons and t leptons;
> searches for exotic hadrons;
> searches for Dark Sector particles;

* An entire analysis can be performed from start to finish by a very small
number of people;

* Also opportunities for detector development and upgrade;

A large data set is already available for physics analysis and
detector studies, and much more will come!



The SuperKEKB e*e™ collider
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* Asymmetric energy e*e collider,
operating at E_,, ~ 10.58 GeV = m[Y(4S)]:

* Luminosity goals
> instfantaneous: 6 x 10 cm™?s!  [reached so far 4.7 x 103
> integrated: 50 ab! [recorded so far 0.424]

* Successfully completed Runl (2019-2022),
and just started Run2!



First Run2 collisions last
Tuesday!
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The Belle Il Detector

A modern HEP detector with several key
features:

> good hermiticity and efficient
reconstruction of charged tracks;

> great decay vertex resolution;

> efficient reconstruction of neutral
particles (n°'s, n"’s, K%'s, ...);

> reliable discrimination between different
kinds of particles (Particle IDentification).
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The Time Of Propagation 7
(TOP) sub-detector
The Belle Il Padova Group contributed to the construction,

commissioning, and operations of the TOP detector, which is

(mostly) dedicated to the identification of n's and K's;
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Development on SIPM

* We are considering to replace the MCP PMT’s
(which suffer from radiation damage) with
Silicon Photomultipliers;

* In Padova we are working on the full
characterization of SIPM’s response under
controlled conditions;

* We are also studying the radiation damage
and possible mitigation strategies.

SiPM # 7

0.30 -
ns

0.20 4

0.15 4

| | === ‘scan—35

1 o Temp1o

=== gcan—-10 | ) i
scan-20 time resolution

=== scan--30 \‘

()

scan-40-A ‘\\"‘
-=- scan-0 WY
=== SCan-10
==e sCan-15 AL
-—- scan-20 A ‘\h
e Temp -10 \\\\\\‘\.\'
Temp -20 *\ W
e Temp-30 R
e Temp-35
Temp -40
e TempO

e Temp15 ‘g&%
e Temp 20 - rse

T T T T T T T T
0.0 0.5 1.0 18 2.0 25 3.0 3.5

Vovervoltage (V

40000 A

kHz

30000

20000

10000 A

SIiPM # 4 ### T 20

before irradiation

dcscanT-H1-IRR
dcscan-H1-IRR

dcscanw-H1-ANN

darkcount rate ® o*
L ]

after irradiation > e B

4

after annealing

v
00000000000 00000

0.0

0.5

1.0 15 2.0 25 3.0

Vovervoltage (V




The Time Of Propagation
TOP) sub-detector

TOP PID is currently based on a (quite complicated)

analytic calculation of the probability density function of
the times of arrival of the Cherenkov photons:

E‘ 20 T T T g 20 T T T g 20 T T T
° Belle Il TOP 2018 (Preliminary) ° Belle Il TOP 2018 (Preliminary) ° Belle Il TOP 2018 (Preliminary)
-E D* kinematically tagged kaon g D* kinematically tagged kaon g D* kinematically tagged kaon
I p=1.73 GeV/c z p=1.73GeV/c I p=1.73GeVic
0 =94.1° 0=94.1° 9=94.1°
Pion PDF Kaon PDF Proton PDF
157 log L (n) =-257.51 1 157 jog L(K) =-236.38 ) 157 log L (p) =-263.53 1
10- - 10- — 10— =
—— — il d— — —
% 16 32 48 54 0 16 32 48 84 % 16 32 48 64
Pixel column Pixel column Pixel column
Ongoing activity: move from the analytical
approach to a new one, relying on machine
learning for pattern recognition
A AT A T Trbeadil

300 350 A00 AR0 /0N

channel #



Belle Il Physics Topics

* The main topic in physics analysis for our group is:

CP violation
(which is the violation of the symmetry between matter and anti-matter)

* B mesons are an ideal place to study this kind of phenomena as:
> CP violation happens in different forms and in many decay channels;

> the Standard Model can make precise predictions, so any discrepancy
with the experimental value is a potential evidence for New Physics!

> at Belle Il we can readlly take advantage of the quantum entanglement of
the two neutral B mesons:

i
If one of the two B's is a BO, e- —p@ e’ :

in the same instant the @ =

other B must be a B

time



Time dependent CPV
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The n'K, final state is a CP eigenstate
and is accessible to both B and BP.

The interference between the
direct decay and the decay
through oscillation gives us

T(4S) —»

access to fundamental Az = et N'gl
parameters of the standard At =tcop — tiag n
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Time-dependent CPV
in B® — n'K,

* Hot off the press: arXiv:2402.03713 [hep-eX],
submitted to PRD;

* First time-dependent CPV analysis at Belle Il on this channel!
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How to improve from here:
« more sub-channels (K°, K% — nr°, ...);

Candidates per 0.64 ps
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* petter tools;
* more datal

Asymmetry
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* The decay B® — p°° gives e Vo e ————
fundamental inputs for the | 5 | |
determination of the ¢, (a) angle of the CKM Unitarity Triangle;

= lIIIlIIIIlIIIIlIIII|IIII|IIII|IIII

o
=
S
S
[S)
<
)
=}

o
w

kS IIII|IIII|II|I|IIII|III||IIII|II|I
=
N

* Itis a quite rare decay (BR ~ 10¢) and experimentally challenging (wide
resonances, polarization, ....);
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Plots from BaBar, Phys. Rev. D 78, 071104 (2008)

* With the data that we will have in the next 1-2 years, we will be in a position to
make a world leading time-dependent measurement!
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Thesis opportunities

We have many thesis opportunities for topics related
to those | mentioned today that cover:

* hardware development;
* detector performance;
* physics analysis;

Typically the student will work side-by-side with one of the senior
members of the group on a project that suits his/her needs
(Triennale/Master’s), interests, and availability;

For more details, please see the Thesis Portal (https://tesi.dfa.unipd.it)
and talk to us:

alessandro.gaz@unipd.it
stefano.lacaprara@pd.infn.it
roberto.stroili@unipd.it
ezio.torassa@pd.infn.it
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