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Introduction

What we mean by b-flavored hadrons?

@ Hadrons containing at least one b quark mp = 4.18 GeV
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Introduction

What we mean by b-flavored hadrons?

@ Hadrons containing at least one b quark mp = 4.18 GeV

Why are they important?

o Key tool in searching for BSM physics
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Introduction

@ e'e  colliders running at the Z peak — Key environment for decays
of b-flavored hadrons containing missing energy

o EXAMPLE: First limit on b — sy comes from LEP back in 1996 [1]

o MORE RECENT EXAMPLE: Anomalously large BT — KTvi decay
rate from Belle Il published in 2024 2]

VERY suppressed process in the SM — New physics?

@ Motivation for a Z factory at FCCee
— 6-10' Z bosons or, equivalently, 2 - 10> b-flavored hadrons!!
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Introduction

@ Clean process with known initial energy
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Introduction

@ Clean process with known initial energy
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The AIMS of this project are:
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The AIMS of this project are:

e Explore the types of signals which could be probed with ~ 10'? Z
bosons.

e Suppressed SM decays as B — 7v, b — svi

o BSM modes as B — invisibles [3] or b — ud )
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The AIMS of this project are:

e Explore the types of signals which could be probed with ~ 10'? Z
bosons.

e Suppressed SM decays as B — 7v, b — svi

o BSM modes as B — invisibles [3] or b — ud )

@ Understand the backgrounds for such types of measurements —
semileptonic b decays as b — clv, b — ulv
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Method

TWO LINES OF WORK

© Simulation of the full kinematic picture

o Hadronisation process (Pythia)

e Two-body and three-body decays (Python)
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Method

TWO LINES OF WORK

© Simulation of the full kinematic picture

o Hadronisation process (Pythia)
e Two-body and three-body decays (Python)

@ Interpretation and analysis of real data
— Very recent (last week!!) tutorial on ALEPH data recast to a
modern format
— Understanding of the event selection cuts
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1. Simulation

Missing Energy ina— >1+2+3form; =1, my, =0, and m3 = 1 GeV
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1. Simulation

Missing Energy ina— >1+2+3form; =1, my, =0, and m3 = 1 GeV

%971 = Missing energy [GeV]
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@ Generic three-body decay a -+ 123

@ Uniform sampling of invariant mass and angles with kinematic
constraints

e Initial energy — Fragmentation of b quarks into B mesons [4]
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2. Event selection

@ Events with 2 jets, Z — gq
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2. Event selection

@ Events with 2 jets, Z — gq

@ Separate events into 2 hemispheres, defined by the thrust axis
S IF - A
1

T =max ———— 1
S SIF (1)

1

© Measure missing energy as Ejss = % — Eis

© Apply b-tagging in the hemisphere without large missing energy
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2. Event selection

@ Events with 2 jets, Z — gq

@ Separate events into 2 hemispheres, defined by the thrust axis
S IF - A
1

T =max ———— 1
S SIF (1)

1

© Measure missing energy as Ejss = % — Eis
© Apply b-tagging in the hemisphere without large missing energy

© Use e/ rejection algorithms to remove b, ¢ — [vX events
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Where does the missing energy come from?
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IMPORTANT

Where does the missing energy come from?

@ Neutrino — SM particle that does NOT interact with the detector
@ Particle missed by the detector, as it does NOT cover 3602 fully

@ Particle from the dark sector, such as an axion-like particle or dark
photons

Possibilities that need to be taken into consideration
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Conclusion

CURRENT WORK

@ Simulation of the weakly decays v
@ Simulation of the hadronization process In progress

o Familiarization with EDM4HEP In progress

@ Consider the specific decays we are aiming to get constraints for
B — invisibles
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Conclusion

CURRENT WORK

@ Simulation of the weakly decays v
@ Simulation of the hadronization process In progress

o Familiarization with EDM4HEP In progress

@ Consider the specific decays we are aiming to get constraints for
B — invisibles

B — Xsvv

Bt = pi, b— udy

By — pa

@ Potentially use of the data for getting those constraints
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Thank you for the attention!

Any question?

Lucia Barreiro Rius CERN Summer Program



% tracks b jet

—————— b hadron
------ impact
parameter
285 secondary
S vertex
do "

\ 7 \rlmary vertex

Lucia Barreiro Rius CERN Summer Program



Backup

Dalitz Plot for a three-body decay with m; =1, m, = 0, and m3 = 1 GeV

Normalized density

S12 = (p1 + p2)? [GeV?]
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Missing Energy in three-body decay a—»1+2 + 3

my = 0 GeV m, =1 GeV
0.08 0.08
3 m;=0,m3=0 3 my=0,m;=0
007 3 m=0,m=1 0.07 1 my=0,my=1
0.06 I my=1,m 0.06 3 my=1,m;=0
O m=1m=1 3 mp=1ms=1

Normalized events per bin
Normalized events per bin
o
o
f

°
o

0.00
4 5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45
Missing energy E; in the LAB-frame [GeV] Missing energy Ej; in the LAB-frame [GeV]
my = 2 GeV
0.08
3 m=0,m3=0

097 3 my=0,my=1
a - -
= 0.06 I my=1,m;=0
g O mp=1,m;=1
£ 0.05
c
7]
o 0.04
o
& o003
©
£ 0.02
2

0.01

0.00

5 10 15 20 25 30 35 40 45

Missing energy Ej in the LAB-frame [GeV]

CERN Summer Program



	Introduction
	Objectives
	Method
	Conclusion
	References
	References

