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100 Years of Physics

1920 ¢ Coining the term 'proton’

1930 ¢ First particle accelerator

1932 ¢ The neutron and positron

1935 ¢ Proposing strong force

1964 ¢ Introducing quarks

1967 ¢ Electroweak theory

1973 ¢ Formulating quantum chromodynamics

1974 ¢ Presenting the Standard Model in full for the first time
2012 ¢ The discovery of the Higgs boson at the LHC
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The Standard Model

The discovery of the Higgs boson at CERN in 2012 completed the
missing piece of the Standard Model, but ...
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Physics beyond Standard Model

... there are open questions not answered by the Standard Model,
such as:

e origin of neutrino mass,
e matter - antimatter asymmetry,
o nature of dark matter/energy ...

Dark Matter

Dark Energy
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Physics beyond Standard Model

Discovering new physics

N

Directly: produced Indirectly:
from highly-energetic measuring the properties
particle collisions of Standard Model
SM NP

SM, i SM SM w SM
SM M SM SM A SM

SM NP
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Physics beyond Standard Model

An important indirect way to discover new particles is by
studying processes known as flavour-changing neutral current
(FCNC) decays, whereby a quark changes its flavour without
altering its electric charge

One such decayisB ¥ K 7 that happens through the FCNC
process b ¥ 577, which has not yet been observed.

K*

We need to compare this decay to the Standard Model predictions
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The Belle II experiment

SuperKEKB particle accelerator located in Tsukuba, Japan
Aims at precise measurements of flavour physics

1377

Searches for rare decays suchas B ¥ K
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The Belle II experiment

Electrons and positrons collide at 10.58 GeV and most of the data
is collected at the =(4S) resonance (50 billion B-meson pairs).

Instantaneous Luminosity of 3.8 £10%**cmi?si? (highest in the
world) and aims to reach 6 £10%°cmi?sil

B*B- BOBO

(51.4+0.6)% (48.6%=0.6)%

[o[ete>Y(45)] =1.11nb |
olete-»tr T (y)] =092 nb
olete—»putu (y)]=1.15nb
o [efe—dd (y), ss (y)] = 0.78 nb
c[ete—ete(y)] =74.4nb

—

o[ete—uu (y)] = 1.6 nb
o [efe—=yy (y)] =3.3nb
b [ete—etent]=18.9 ni

—

[efe—eteete] =39.7nb
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The Belle II experiment

Pixel Detector (PXD)

Silicon Vertex Detector (SVD)
Central Drift Chamber (CDC)
TOP counter (TOP)
Aerogel RICH counter (ARICH)
Electromagnetic Carolimeter (ECL)

K{/Muon Detector (KLM)

W ©ReyHori/KEK

Only Belle II detector can observe the decay B ¥ K as it
provides full acceptance of the events

For this purpose, Belle II uses the so-called Full Event
Interpretation - FEI algorithm...
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Full Event Interpretation FEI

Uses machine learning to reconstruct Btag candidates and
separates it from background

Itis then used to recover information about  Bgjg

Minimum amount of detectable information needed
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Internship goal

It could reconstruct Biag from more than 200 di erent decay
modes and over 10 000 decay chains

For reconstruction, either hadronic (higher purity) or
semi-leptonic (higher branching fraction) B decay-channels
could be used
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Internship goal

Hadronic tagging Semi-leptonic tagging

low e ciency: high e ciency:

2 F0(0.1)% 2 FO(1)%

perfectly constrain ofthe Bsjg | not good for constraining
kinematics Bsig kinematics

Our goal is to optimally exploitthe semi-leptonic tagging even
though we have an undetected neutrino in the tag side.

For this, we implemented three di erent methods  to constrain
the neutrino kinematics to compare them together
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The * (4S) decay

The ~ (4S) decays to exactly two B-mesons (charged or neutral
with almost equal branching ratios) at least 96% of the time:
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The * (4S) decay
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The * (4S) decay

The event is divided into two sides:
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The * (4S) decay

The event s divided into two sides: The signal-side Bsjg decay the
physicistis interested in,
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The * (4S) decay

The event s divided into two sides: The signal-side Bsjg decay the
physicistis interested in,

and the tag-side containing the remaining tracks and clusters
compatible with an arbitrary  Biag meson decay
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Method 1: Pg » O

We use the Lorentz invariant quantity ¢? of the neutrinos (note ¢ =1):

q? £m3 AmZ | 2Eg Ex A 2pg tpx

In the center of mass frame, B-mesons are produced almost at rest:

Eg » mg, Pg»0.

Therefore,

2 2 2.
Qapprox ZEMg Amg i 2mgE
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Minimization with constraints

DOI: https://doi.org/10.1016/j.physleth.2021.136701
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Minimization with constraints

M2 Azminksgn,ktag [Max{Msgn(Psgn, Rsgn), Mtag (Brag , Kag )}, with
Msgn M s A 2B aEow | 2 A tRow A 025,
Mtag /Emlzl D0A2E1i DOEO i Zﬁli DO qkﬂ y

with constraints
ﬁsgnAksgnAﬁtag Aktag /A0,

Eai Do A Eo A EKAAEOU'EM" IZSE
where M- (45 is mass of parent particle ~ (4S).
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Minimization with constraints: method 2

In the second method, we use the constrains a) on the

momentum,
psgnAksgnA ﬁtag Aktag /CEO,

where we assume g2 » 0, to calculate the momentum of the
neutrinos Koo

We then use the energy P5/21t0 calculate q° £E?| K2
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Minimization with constraints: method 3

In the third method, we use the constrains b) on the total energy:

E DOAEO AEKAAEDU' /M- (4S)
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Results and Conclusion: method 1: ( Pg » 0)
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Results and Conclusion: method 2 ( ¢?» 0)

q? £m3 AmZ | 2Eg Ey A 2pg tpx

we assume
q2 » 0, BEo » Po

y2s)] Msgn/ tag /Emf( AZEY Koo 2By Ro
W|th psgnAksgnAptag Aktag /EO
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