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The Belle experiment and the rare decay B0→ K ∗(892)0e+e−

Figure : The Belle detector. [4]

MΥ (4S) = (10.5794± 0.0012)GeV ≈ √s = 2
√
8 · 3.5GeV (1)

B(Υ (4S)→ B0B0) ≈ 50% ≈ B(Υ (4S)→ B+B−) (2)
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Monte Carlo simulated background

Name Description

uds continuum e+e− → uu, dd , ss
charm continuum e+e− → cc

mixed Υ (4S) → B0B0, with generic B0 decay
charged Υ (4S) → B+B−, with generic B+ decay

Table : Description of the background events generated by the Belle generic MC. [1]



Monte Carlo simulated background and signal
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Background suppression strategy based on classi�ers
Classi�ers

Classi�ers in Python: scikit-learn library



Background suppression strategy based on classi�ers
Training variables
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In total, 40 variables are used for the training.



Background suppression strategy based on classi�ers
Purity and E�ciency

e�ciency =
N(true|selected)

N(true)
purity =

N(true|selected)
N(true|selected) + N(false|selected)

(4)
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Background suppression strategy based on classi�ers
Purity vs E�ciency

e�ciency =
N(true|selected)

N(true)
purity =

N(true|selected)
N(true|selected) + N(false|selected)

(5)
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Gradient_Boosting_Classifier: area=0.979, score=0.914
Neural_Net: area=0.964, score=0.890
AdaBoost: area=0.974, score=0.904



Results

Extraction of B0→ K
∗(892)0e+

e
−

5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29

Mbc [GeV/c2]

0

200

400

600

800

E
ve

nt
s 

/ 0
.0

01
 G

eV
/c

2

Mbc: signal and background distributions 
uds
charm
mixed
charged
Signal



Results

Extraction of B0→ K
∗(892)0e+

e
−

5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29

Mbc [GeV/c2]

0

2

4

6

8

10

12

14

E
ve

nt
s 

/ 0
.0

03
 G

eV
/c

2

Mbc: signal and background distributions 
uds
charm
mixed
charged
Signal



References

S. Wehle, Angular Analysis of B → K ∗`` and Search for B → K ∗ττ at the BELLE

Experiment, DESY-THESIS-2016-025 (2016).

T. Skwarnicki, A Study of the radiative cascade transitions between the upsilon-prime

and upsilon resonances, DESY-F31-86-02 (1986).

C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016).

A. Abashian et al., The Belle detector, Nucl. Instrum. Methods A479, 1 (2002).

Geo�rey C. Fox et al., Observables for the Analysis of Event Shapes in e+e−

Annihilation and Other Processes, Phys. Rev. Lett. 41, 1581 (1978).

S. H. Lee et al., Evidence for B0 → π0π0, Phys. Rev. Lett. 91, 261801 (2003).

D. M. Asner et al., Search for exclusive charmless hadronic B decays, Phys. Rev.
D53, 1039 (1996).

H. Albrecht et al., Measurement of the polarization in the decay B → J/ψ K ∗, Phys.
Lett. B340, 217-220 (1994).

Pedregosa et al., Scikit-learn: Machine Learning in Python, JMLR 12, 2825-2830
(2011).



Back-up



The Belle experiment and the rare decay B0→ K ∗(892)0e+e−

Figure : The Belle detector. [4]

Source Main purpose

Silicon Vertex Detector (SVD) tracking, vertex locator
Central Drift Chamber (CDC) tracking, momentum and energy loss measurement
Time Of Flight counter (TOF) velocity measurement
Aerogel Cherenkov Counter (ACC) velocity measurement
Thallium doped Cesium Iodine (CsI) energy measurement
Extreme Forward Calorimeter (EFC) energy measurement
K 0

L and µ detection system (KLM) particle identi�cation



Background suppression strategy based on classi�ers
Figure of Merit (FOM)

FOM =
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Results
Highest FOM

Classi�er Classi�er output cut(s) FOM e�ciency [%] nsig nbkg

Gradient Boosting 0.95 (ncs) & 0.49 (cs) 4.85 3.89 31 10
Gradient Boosting 0.94 4.32 4.90 39 43
Ada Boosting 0.52 4.11 5.40 43 67
Neural Network 0.95 3.04 4.42 35 100
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Figure : Linear correlation coe�cients among the non continuum suppression variables and Mbc.
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Figure : Linear correlation coe�cients among the continuum suppression variables and Mbc.



Backgroud source Selection

B0 → K (∗)0(J/ψ → e+e−) −0.45 < Me+e−(γ) −MJ/ψ < +0.08GeV/c2

B0 → K (∗)0(Υ (2S) → e+e−) −0.20 < Me+e−(γ) −MΥ (2S) < +0.08GeV/c2

γ → e+e− and π0 → e+e− γ Me+e− > +0.14GeV/c2

Table : Background sources and corresponding selections. The values for MJ/ψ and MΥ (2S) are given by

the PDG [3].

Variable Selection

Mbc 5.22 < Mbc < 5.89GeV/c2

∆E −0.15 < ∆E < +0.15GeV/c2

Table : Beam constrained variables and corresponding cuts.

Name Description

uds continuum e+e− → uu, dd , ss
charm continuum e+e− → cc

mixed Υ (4S) → B0B0, with generic B0 decay
charged Υ (4S) → B+B−, with generic B+ decay

Table : Description of the background events generated by the Belle generic MC. [1]
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Background suppression strategy based on classi�ers
Classi�ers

Machine Learning in Python: scikit-learn

I GradientBoostingClassi�er

I AdaBoostClassi�er

I MLPClassi�er

variable 1 <= 1.0048
impurity = 0.4899

sample size = 82586
[sig,bkg] = [35425, 47161]

variable 2 <= 0.0001
impurity = 0.4212

sample size = 62770
[sig,bkg] = [18927, 43843]

True

variable 1 <= 1.107
impurity = 0.2788

sample size = 19816
[sig,bkg] = [16498, 3318]

False

impurity = 0.0244
sample size = 5104

[sig,bkg] = [5041, 63]

impurity = 0.3656
sample size = 57666

[sig,bkg] = [13886, 43780]

impurity = 0.4223
sample size = 6758

[sig,bkg] = [4711, 2047]

impurity = 0.1757
sample size = 13058

[sig,bkg] = [11787, 1271]
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Monitoring the thermal environment of the 
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Vertex Detector (VXD) Upgrade

2x PXD + 4x SVD = VXD

• Better vertex and track reconstruction

• Belle-II lower Lorentz boost

*NEW* Pixel Vertex Detector (PXD)

• Sensitive area: physics acceptance 

(low heat load)

• Readout area: electronics present 

(high heat load)

Total Heat Load: 2-3kW

DEPFET material very 
thin: 75 microns



Monitoring the thermal environment of the 
PXD in the Belle-II detector



A cooling solution (for PXD)

Use 2-phase CO2 (readout) and gaseous N2 (sensitive):
• CO2 set temperature target: ～ -25C

Diagram of the Vertex Detector (VXD) [Artist’s (yours truly) Impression]



Condensation Problem

Cooling can cause condensation:

• Water in detectors is not optimum

• Threshold: Dew point temperature

• Condensation when T < TDP

Strategy:

• Measure TDP and keep T above that

• Use N2 for reducing the humidity (thus lowering TDP)



VXD Thermal Mock-Up
• Investigating effects of cooling on PXD
• Readout electronics replaced with resistors to simulate heat load

Diagram of the Thermal Mock-Up



Monitoring the thermal environment of the 
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Monitoring the System

Method: Use SHT21 sensors mounted 
on Raspberry Pi

Python code features:
• Read temperature, and relative 

humidity data from SHT21
• Calculate dew point temperature
• Output data to .txt file
• Live-Plot data
• Publish to basic HTTP server on 

port 8080

https://github.com/BrianC2/Belle2ThermalMonitor.git

Example of results on HTTP:



1. Thermal Mock-Up: Sensor Placement



1. Thermal Mock-Up: Sensor Placement



1. Thermal Mock-Up:

N2 Injected

Line Legend:
Sensor Temp
Dew Point Temp
Vapour Pressure
Sensor Humidity

BAD!!



2. Belle-II PXD: Sensor Placement



2. Belle-II PXD:

Line Legend:
Sensor Temp
Vapour Pressure
Dew Point Temp
Sensor Humidity



Summary

• Cooling is vital for the operation of a detector (particularly PXD)
• Condensation is a major issue (water in detector is bad)
• Created a methodology of measuring thermal environment

Future Work:
• SHT21 not radiation-hard – require other monitoring solution for when 

Belle-II is running



BACKUP



Thermal Mock-Up: Other sensors

Line Legend:
Sensor Temp
Vapour Pressure
Dew Point Temp
Sensor Humidity



Why 2-phase CO2

● Safe, stable, relatively inexpensive, 
radiation hard

● High latent heat (low dT):
○ Temperature can be calculated from pressure
○ Small dT means if you P_in and P_out, you 

know 
T_experiment

● High latent heat (low volume): 
○ Save space in dry volume
○ Lower material budget as SVD requires active 

cooling



Improvement to vertex/track detection



Fibre Optics Temperature Measurement



SVD Upgrades

Why PXD is necessary:
• If two particles pass thru SVD matrix, impossible to precisely track location

Upgrades to SVD:
• Smaller strip sizes
• More channels
• Readout upgrade using APV25 (same as CMS) with 100micron

Problem with PXD:
• Lots more data = vital trigger cuts



Thermal Requirements

VXD surface:
• CDC: 23C
• Beam pipe (not shown): 15C

VXD volume:
• PXD ASICs: <50C
• PXD sensor: <25C
• SVD ASICs: ~0C



Partial Pressure of Water Vapour

Suppose pvapour is constant:
• If T decreases, H must increase
• If H increases, then TDP must also increase
• Thus if pvap is constant and the peaks happen, the theory is consistent

If pvap is changing, many other factors could affect the TDP since it is a 
complicated coupled system. Therefore it is difficult to pin-point the cause



• The Depleted P- Channel Field Effect Transistor
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