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Heavy Ion Physics Experiment

Study on Reciprocal Scattering of Low Energy 
Alpha Source Using Silicon Pixel Detector

KoALICE National Workshop 2021, 2022.01.05, MINJAE ISAAC KWON

실리콘 픽셀 검출기를 이용한 저에너지 알파 선원의 상호 산란 연구
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Heavy Ion Physics Experiment
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Ultra Short Summary of 2021

• Robust PID of  and  particle from  

• Measure reciprocal scattering with 2 of  sources. 

• On-call shift for ITS2 on ALICE-Commissioning 2021 

• M.S Defense (15 Dec. 2021) 
Thesis Title: Study on Reciprocal Scattering of Low Energy Alpha Source Using 
Silicon Pixel Detector 
Referee: Prof.Dr. Sanghoon Lim, Prof.Dr. Minjung Kweon, Prof.Dr. In-Kwon Yoo

α γ 241Am
241Am

네 줄 요약
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Tri- Nuclear Coliision
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실험적 구현 방법?

표적

투사체

고정 표적 충돌

투사체 1 투사체 2

투사체 충돌

투사체 1 투사체 2

표적

삼중 핵 충돌

Baryonic Chemical Potential

Te
m

pe
ra

tu
re

2 3

2
3

x2.5

x4.8

QCD Phase Diagram 2)
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* 형태의 비가 실제와 다름

박막 내 경로거리

박막
박막 내 산란 후 경로

시준된 입자의 경로

: 박막 내 산란지점

• Acceptance is dependent on scattering angle. 
• Scattering Angle , Acceptance → 90∘ ↘

Penetration depth of 5.486MeV  particle in materials 3)α

• Experiment to prove observability 
• Using low energy radioactive source  
• Similar method with Geiger-Marsden Experiment.

Elastic Scattering

• New experimental scheme for nuclear colliding 
experiment.

Comparison of Baryonic Chemical and temperature 
between 2 and 3 nuclear collisions1) (Theory)
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Heavy Ion Physics Experiment

3 Particle Elastic Scattering in REAL WORLD
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A B A B

3 particle exp. A target exp. B target exp.

A B

Reciprocal exp.

?

: Detector : Thin film target

Mesurement? 
Hitmap of alpha particle

: Thin film target

: Source : Particle Direction
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Reciprocal Scattering

• A part of three particle elastic scattering. 
• Experiment of measurement of overlapping.
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of Collimated Particles
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Heavy Ion Physics Experiment

Robust PID low E  and  on SPDα γ
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Motivation
• Measurement of characteristics of signal from  is needed.241Am
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활용하는 알파 입자 감마 입자 (노이즈?)
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Result
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https://doi.org/10.5281/zenodo.5519749
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Heavy Ion Physics Experiment

Measurement of reciprocal scattering 
with 2 of  sources.241Am
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Constructing Experiment
• Vacuum chambre 

–  To prevent interaction with air for  
–  1013mbar → 7mbar in 5 min. 
–  Includes data, power Feedthoughes. 

• Collimating Stand 
–  2 Sources can be attached with 45 deg of 

interfering angle 
– Each parts of stand are named as "A", 

"B" 
– Can be rotated on the interaction center 

–  : Distance from interaction center to 
detector 

• Experiment Monitoring System 
– Remote control and monitoring 
– Operating on TMUX

α

d
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Pre-exp.) Noise ID

• Noise rather than  : , Cosmics 

•  : Purity's uncertainty includes 0 

• Set the n-pixel cut to take : 

α γ
npixel > 9

α npixel > 11
11
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/16

10 20 30 40 50 60 70 80
Number of pixels in a cluster

1

10

210

310

410

510

En
tri

es

O set
° = 90θA set, 
° = 0θA set, 

0 5 10 15 20 25 30 35 40 45
Cluster cut with "Number of pixel is a cluster"

6−10

5−10

4−10

3−10

2−10

1−10

1

R
at

io

Purity
Impurity
Number of pixel cut

A 선원 
거치대 θd

검출기 
(ALPIDE) B 선

원 

거치
대회전 중심

시준거치대

광학판

cosmics + . . .

γ + cosmics

241
95 Am 237

93 Np + 4
2α

2+ + γ

α + γ
+cosmics + . . .



KoALICE National Workshop 2021 | Study on Reciprocal Scattering | 2022.01.05 | MINJAE ISAAC KWON

Main exp.) Is there different on distance  about recip. scattering?d

•  
• Experiments are done with A, A and B, B source. 

– Never re-attach source! 
• 1 Experiment = 6 hrs.

d = 7mm,12.4mm,17.0mm
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• No interaction between  particles 
• The interference can be watched by comparison. 

• Same geometrical, source conditions 
• Done with equivalent number of particles on time on real world

α
GEANT4 World

Real World
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Analysis Method, Result
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Result / Possibility

• If, # of AB's incident particle is less than A or B(With any other reasons)? 
– Same effect! 

• Analysis about systematic uncertainty?
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Summary & Outlook
• PID for low energy  particle with SPD(ALPIDE) is done 

• The first reciprocal scattering using 2 of  is done 
• The result is compared with GEANT4 which doesn't have reciprocal effect. 

• The experiment is done in distance  

– In case of , the result is different with other . 
–  It can be from lack of incident of particles because of other reasons. 
–  Analysis about systematic uncertainty is needed.

α
241Am

d = 7mm,12.4mm,17.0mm
d = 12.4mm d
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Heavy Ion Physics Experiment

2020
• Development frameworks for data-taking and analysis are done. 

– Source measurement with  on ALPIDE. 
• Concept for elastic low-energy scattering is designed.

241Am

18/16

2021

Ultra Short Summary of Years

• Robust PID of  and  particle from  

• Measure reciprocal scattering with 2 of  sources. 
• On-call shift for ITS2 on ALICE-Commissioning 2021

α γ 241Am
241Am
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Heavy Ion Physics Experiment

Qupid model

• Based on Python3 (numpy, scipy) 
• Procedure 

–  Define signal amplitude distribution function (ADF) on 
detector plane 

–  Calculate signal in pixel with integrating ADF with for each 
pixel. 

–  Find pixel which has signal over threshold.

19

Quasi-Signal Generation Model for Pixelized Detector

Github Repository: https://github.com/Isaac-Kwon/qupid 
Documentation : https://isaac-kwon.github.io/qupid

Analogue Signal 
Distribution

Digital Signal 
Distribution 
(Integrated Signal)

Fired Pixel 
Distribution

Objective 
Fired pixel cluster shape generation to use for machine learning

Now Generation is on-going…

https://github.com/Isaac-Kwon/qupid
https://isaac-kwon.github.io/qupid
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Heavy Ion Physics Experiment

Qupid model

• Based on Python3 (numpy, scipy) 
• Procedure 

–  Define signal amplitude distribution function (ADF) on 
detector plane 

–  Calculate signal in pixel with integrating ADF with for each 
pixel. 

–  Find pixel which has signal over threshold.

19

Quasi-Signal Generation Model for Pixelized Detector

Github Repository: https://github.com/Isaac-Kwon/qupid 
Documentation : https://isaac-kwon.github.io/qupid

Analogue Signal 
Distribution

Digital Signal 
Distribution 
(Integrated Signal)

Fired Pixel 
Distribution

Objective 
Fired pixel cluster shape generation to use for machine learning

One of cluster in real data
Now Generation is on-going…

https://github.com/Isaac-Kwon/qupid
https://isaac-kwon.github.io/qupid
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Heavy Ion Physics Experiment

On chip penetration length dependency

20
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Metal Layer
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ALPIDE’s depth information
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• ALPIDE can detect  particle with 
energy dependent efficiency. 
–Because of R/O part layer. 

• In real experiment data, 
anonymous loss part existed. 
(simple calculation is in backup; 16p, 17p)

α

GEANT4 Simulated

GEANT4 Simulated

Energy loss 
Entry loss
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Heavy Ion Physics Experiment

Elastic Scattering Experiment - more

• Radiation Source 
– Am-241 Source x 2 

-particle with  

• Detector 
– ALPIDE100 Detector 

• Additional Environment 
– Vacuum Chamber

α Ek = 5.486MeV

21

Inspired from Rutherford Scattering …
Image is from hyperphysics 
http://hyperphysics.phy-astr.gsu.edu/hbase/rutsca.html

Rutherford’s experimental condition PNU’s valid experimental condition

Projectile

Target

http://hyperphysics.phy-astr.gsu.edu/hbase/rutsca.html
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KoALICE2030
ALITE in RUN4

 6 L.	Musa	(CERN)	–	ALICE	Upgrade	Asian	Workshop,	Hiroshima,		June	2018	

2024 2025 2026 2027 2028
LS3 - Target RUN4

CBM@FAIR

• ALI Target Experiment

- A short period of Target (Test) Experiment (in RUN5-6 with ALICEs)

- Higher Interaction rate at (little) lower √sNN 

- Closer IP

- Trillision (3 nuclei collision) event?


• Silicon R&D + Production for ALICEs in RUN5-6

- ITS3 + 7 tracking barrel layers + 

- (Active Target Experiment at SPS)


• Exploring QCD diagram with Charm

√sNN = 60 .. 75 GeV

Ring-shape Pb or Si target

Beam halo Beam pipe
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Heavy Ion Physics Experiment

3 Particle Collision
• MORE DENSITY: Trillision Experiment 

(3-body colliding) 
• 2 particles and 1 target should be needed. 
• ALITE is designed at run5-6 of ALICE. 

ALIce Target Experiement 

• Firstly, 3 particle elastic scattering experiment is on-going.

23

QCD Phase Diagram

Target
Fixed Target Experiment

Projectile

Collider Experiment

Projectile 1 Projectile 2

Trillision Experiment

Projectile 1 Projectile 2

Target
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