Search for the unobserved BY - K~ p* decay
and ¥ investigation of the reconstruction performance
at LHCb during Run 3

i 'i' | 1' i ' )‘e
' Taksa or Promlgk =
* ‘.

Qrdy Butter Chen Chen, Yingrui Hou
lLaetitia Marie Guerry, , Matthew William Kenzie

_——c'




Large Hadron Collider beauty experiment

specializes in investigating the slight differences between
LHCDb detector matter and antimatter by studying a type of particle called
the "beauty quark®”, or "b quark".

Vertex Locator (VELO): pinpoints the origin of particles to
identify decay vertices
i mm Tracking detectors (UT & SciFi): reconstruct the paths of
il Tracker ey charged particles like K%, ¥
/0 T | Magnet: bends charged particles to measure their momentum
' Tl RICH detectors: identify particle types (e.g. kaons vs pions)
using Cherenkov radiation
ECAL (Electromagnetic Calorimeter): detects photons
from 70 = yy, essential for neutral pion reconstruction
HCAL (Hadronic Calorimeter): measures hadronic energy
( lessrelevant for this decay )

Muon system (M2-M5): identifies muons ( not used directly in
this analysis)
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Puzzle in B-meson decays

* Possible strong interaction effects
(QCD) not well understood

* New physics contributions

Unexpected physical property :
Polarization fraction
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A New Decay We’ve Never Seen

BSQ - K‘p"‘ where pt > tnl and 70 > yy

+
‘:’ Observing it helps test theoretical models of

B meson decays and could hint at new physics

o

.]t there is a key challenge :
_‘_rl;the decay includes a neutral pion (7°),

According to theoretical predictions which is very hard to reconstruct
- Branching fraction, this decay might (poor energy resolution and background level)
be within reach of current LHCb data
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Objective

= Search for the unobserved decay B? —» K~ p™* using LHCb Run 3 data

final state and a higher branching fraction

. = Studythe related decay B® - K*p~, which has the same

= Measure the branching fraction of B - K~ p™ if observed

= |nvestigate how well ° candidates are identified and how
this affects signal sensitivity and background suppression

= Study and evaluate ° reconstruction performance in LHCb Run 3

Thursday, August 7, 2025 T. Promjak



Using Machine Learning to Help

The goal is to reduce combinatorial background

(random combinations of particles that mimic real decays) 3DT Response
KS p-value (S): 0.5492 (B): 0.2084

Machine learning is applied to improve signal-background o e
b B (test)

separation, specifically using a Boosted Decision Tree (BDT) : AL

The BDT is trained using:
- Simulated signal

(where we know the particles really come from the decay)
- Background from data in sideband regions

(where we expect only random combinations)
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It uses many input variables (features) like particle
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What | have Done So Far

* Defined selection process and features for machine
learning training

* Built and trained machine learning models to
recognize signal candidates

* Tested performance: how well the model separates
sighal from background

RUN 2 = RUNS3
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What | have Done So Far

Receiver Operating Characteristic (ROC) Curve for BDT Classifier (AUC = 0.9959)

ROC Curve

B}
i}
[}
o
@
=
=
g
a{
~
‘,_

—— ROC curve (AUC = 0.9959)
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What | have Done So Far

Signal Extraction from m°Mass Spectrum Using Crystal Ball and Linear Background

n® Mass Fit with Crystal Ball + Linear Background

Data
— Total Fit (CB + Linear)
== Crystal Ball (Signal)
Linear Background
=== u=139.68 £ 1.03 MeV

——= m(n%)ppc = 134.9768 + 0.0005 MeV

e
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From Particle Puzzle to Discovery

Once the neutral pion is identified, the full decay can be reconstructed:
— Combine all final-state particles (charged and neutral)
— Verify that they originate from a common parent: the B meson

A signal would appear as a peak in the data, indicating the decay is present and
allowing the measurement of how often the decay occurs - Branching fraction

\I/

! This requires careful modelling of both signal and background contributions

A clear signal would represent the first observation of the BY - K~ p* decay
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Conclusion and Outlook

@) - Thisstudyfocuses on studying neutral pion performance
C He= and to search for the unobserved decay

* Further steps include refining the selection
and measuring the branching fraction if a signal is observed.
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Thank you
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