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Experimental setup
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Beam: 12C  @ 62 A·MeV

high intensity ~ 108 pps

Target: natC @ 237 μg/cm2

Θ≈(2°，8°)
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Purpose

2023/6/28 6

Heavy-Ion Cancer Therapy

absolute differential 
cross section

relative differential 
cross section

data

dE_E or psa

Calibration elastic or beam intensity 

PID

Model comparison

…
…

Absolute differential 
cross section

Energy 

calibration

double differential 
cross section

Model comparison

Excitation energy spectrum

present Future plan

process

significance

multiplicity

data

rare
reaction channel

nuclear structure

reaction mechanism
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Particle identification
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PID

H

He

Li
Be
B

C

There are two problems in the PID: 

1、bad resolution of psa method for B and C isotopes.

2、IED(incomplete energy deposition) events

PSA in CsI

E method PSA method
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1)Bad resolution of psa for Boron & Carbon
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C

B

B

C

◼ PSA spectrum gets worse when CsI is smaller than 1500, 

but E spectrum doesn’t.

◼ When counting C and B isotopes, E spectrum is more 

accurate than PSA spectrum.

For Z>4 isotopes, E spectrum is more reliable.
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2)IED events:phenomenon
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Escaped from the CsI(Tl)

Multi-α

PSA
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3)IED events: example
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Influence of IED events

bad 

response

CountE>Countpsa

CountE<Countpsa

Check the response issue of the detector

exp-E result

exp-psa result

30%~50% difference

3He

for lower Z, psa method is better.
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4)IED events: solution
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Deal with IED events

p:d:t = 4:2:1

3He:4He = 1:9

Countstot
p= Countspsa

p + IEDH * ratiop – IEDHe

Countstot
α= Countspsa

α + IEDHe * ratioα
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Particle identification
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Counting rules

E & PSA 

recognized

PSA recognized

Nothing recognized

74.44% 

E recognized

16.25% 

3.95% 

5.36% 

𝑍
𝐴𝐸= 𝑍

𝐴𝑃𝑆𝐴

psa!=E
Bad resolution

IED

57%

12%

4%

Bad resolution

IED in && out

13%

2%

IED out

IED in

(si no response)

1%

2%

IED out

Stopped in Si

1%

3%

95% events is confirmed

3% Stopped in Si

2% unrecognized

For Z>4

CountsE

For Z≤4

Countspsa

±IED(Z≤2)

Si_Si_CsI detectors are fired
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1）Elastic scattering monitor
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Monitor ID:433
collimator :Φ5 mm

Detecting the number of 12C generated by elastic scattering
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1）Elastic scattering monitor
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Is known from PID ?

Stability check PID of the monitor
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8% difference

2）Elastic scattering cross section

exp Error:2%
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Fragmentation Cross Section
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◼ Red one is the result of this experiment.

Black & purple one is the result of others.

◼ Light blue one is the AMD result 

dark blue one is the AMD+GEMINI(old rule) result.

green one is the the AMD+GEMINI(new rule) result.

Green one shows better agreement with the experimental result. 

1H 2H  3H 3He 4He 6Li 7Li 7Be 9Be 
10Be 10B 11B 10C 11C  12C
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Fragmentation Cross Section
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modified the algorithm to retry a lower J = J-1 if E* is lower than the lowest level for the chosen J.

J and E* take continuous values. 

Since the wave function is not 

an eigenstate of J and E*.

To start the statistical decay, the 

code has to choose one of the 

levels of the nucleus. 

1. choosing J

2. choosing one of the levels 

smaller than E* of that J.
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prospect
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◼Publish experimental data

◼Finish energy calibration

◼Look at rare reaction channels



Thanks for your listening
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Backup: 
other FCS results
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Fragmentation Cross Section
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modified the algorithm to retry a lower J = J-1 if E* is lower than the lowest level for the chosen J.

J and E* take continuous values. 

Since the wave function is not an eigenstate of J and E*.

To start the statistical decay, the code has to 

choose one of the levels of the nucleus. 

1. choosing J

2. choosing one of the levels smaller than E*

of that J.
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Backup: 
other ESCS results
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back
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Backup: 
Evaporation
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Prospect
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12C

11C

1n

7Be

α

11C

10B+p
9B+d

8Be+3He

Missed 9B

7Be+α

11C

10B+p

Missed 8Be

condition
1、Mtot==2
2、coincidence of 7Be&alpha

See the E spectrum of alpha

20%

22%
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Prospect
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Backup: 
ESCS theory
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W-S potential

Theory: scattering theory
Software: Fresco



Backup: 
B_value
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b



Backup: 
Counting rule

2023/6/28



2023/6/28



2023/6/28



2023/6/28



2023/6/28



2023/6/28



2023/6/28



2023/6/28



Backup: 
Beam calibration
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18% difference
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Particle identification
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exp-E result

exp-psa result

30%~50% difference



C0:E spe recognized
C1:E spe recognized while psa spe failed
C2: E and psa spe recognized while psa recognized as other isotopes
C3:E spe didn’t recognize as proton but psa does.
C4:E spe failed recognizing but psa does.

3H 1H

6.12%
16.91%
19.88%
22.27%

10.41%
4.44%
5.61%
3.39%
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