
Pulse width over threshold 
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NaI signal 
6.49 keV 

Zoom in 

Pulse is counted in FADC  
whenever the pulse rising edge passes 
the discriminator threshold level. 

First cluster is counted 

Second cluster is counted 
Pulse width over threshold 
(threshold : 10 mV) 

*Current Pulse count trigger in FADC 
 : 2 or more pulses in each PMT in 200 ns 
  4 or more pulses in sum of PMTs in 400 ns  



NaI deposit energy vs det0.t0 & pulse width 
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X axis (det0.qc15) : deposit energy on NaI within 1.5 us (keV) 
Y axis (det0.t0)     : mean time of 1st cluster of NaI signal 

PMT 0 PMT 1 

pmt.wt : Pulse width over threshold level (1 ch = 2.5 ns) 

Time difference 
between two PMTS 



Threshold voltage  
• PMT : 10 mV 
• Neutron Detectors : 50 mV 

 

Pulse width trigger for neutron detector 
• Neutron detectors : 10 ns 

 

Pulse count trigger for NaI crystal 
• Two or more pulses in each PMT 
    & Sum of pulse count of PMTs is larger than four within 400 ns 
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PMT0 

PMT1 

Linear 
Amplifier 
(x30 amplified) 

Coincidence 
Module 

Trigger logic 

Neutron 
Detector 

FADC 1 
(AND) 

FADC 2 
(OR) 

480 ns 

480 ns 

Final 
trigger 
output 



Trigger logic 
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PMT0 
Signal 

PMT1 
Signal 

Threshold level 
(10 mV) 

ND signal 
timing 

0~400 ns 

0~200 ns 

0~200 ns 

Neutron  
Detector 
Signal 

Threshold level 
(50 mV) 

NaI signal 
timing 

15 ns 
(Pulse width 

trigger condition) 

NaI or ND signal NaI or ND Trigger output signal 

480 ns ~ 400 ns 
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Trigger logic 

a) Neutron Detector signal이 trigger position을 결정 

ND Trigger output signal 

NaI Trigger output signal 

3 us ~ 2.6 us 
(ND 1st cluster timing) 

ND signal 

NaI signal 

2.52 ~ 3 us 2.12 ~ 2.6 us 
(NaI signal timing) 

1.72 ~ 2.6 us 
(NaI 1st cluster timing) 
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Trigger logic 

b) NaI signal이 trigger position을 결정 

ND Trigger output signal 

NaI Trigger output signal 

2.52 ~ 3 us 2.12 ~ 2.6 us 
(ND 1st cluster timing) 

ND signal 

NaI signal 

3 us 2.6 us 
(NaI signal timing) 

2.2 ~ 2.6 us 
(NaI 1st cluster timing) 



NaI deposit energy vs det0.t0 
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Cs137 - KRISS 

Cs137 - SNU Am/Be - SNU 

Neutron generator - KRISS 



Backup Slides 
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Cluster charge sum vs cluster time (3~4 keV) 
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Bkg   :    0.004 
Const :   6.115 
Slope :  -0.190 

Bkg   :    0.005 
Const :   6.386 
Slope :  -0.186 

Bkg   :    0.008 
Const :  12.410 
Slope :   -0.174 

Bkg   :    0.010 
Const :  12.669 
Slope :   -0.174 

Fast / pmt0 Fast / pmt1 

Slow / pmt0 Slow / pmt1 

Bkg + Const * Exp(x/Slope) 



Cluster charge sum vs cluster time (3~4 keV) 
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Bkg   :    0.002 
Const :   3.009 
Slope :  -0.195 

Bkg   :    0.002 
Const :   3.155 
Slope :  -0.192 

Bkg   :    0.016 
Const :  27.867 
Slope :   -0.176 

Bkg   :    0.020 
Const :  28.508 
Slope :   -0.177 

Fast / pmt0 Fast / pmt1 

Slow / pmt0 Slow / pmt1 

Bkg + Const * Exp(x/Slope) 



NaI deposit energy or ND.t0 vs det0.t0 
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20 degree 45 degree 

det0.qc15 : deposit energy on NaI within 1.5 us (keV) 
det0.t0, pmt20.t0 : mean time of 1st cluster of NaI, Neutron detector signal 



ln(MT) for det0.t0 > 2.45 and det0.t0 < 2.45  (setup2, 3~4 keV) 
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Entry :   698 

Mean : 5.159 

σ𝑳    : 0.174 

σ𝑹    : 0.200 
total 

det0.t0 
     >2.45 

det0.t0<2.45 

Entry :   252 

Mean : 5.217 

σ𝑳    : 0.185 

σ𝑹    : 0.185 

Entry :   446 

Mean : 5.141 

σ𝑳    : 0.159 

σ𝑹    : 0.181 



ln(MT) for det0.t0 > 2.45 and det0.t0 < 2.45  (setup2, 4~5 keV) 
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Entry :   893 

Mean : 5.181 

σ𝑳    : 0.137 

σ𝑹    : 0.121 
total 

det0.t0 
     >2.45 

det0.t0<2.45 

Entry :   103 

Mean : 5.192 

σ𝑳    : 0.144 

σ𝑹    : 0.146 

Entry :   790 

Mean : 5.178 

σ𝑳    : 0.139 

σ𝑹    : 0.121 



Deposit energy on NaI 
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20 degree 

45 degree (far) 

Na recoil 

Na recoil 

45 degree (close) 
I recoil 

Na recoil 

I recoil 



Deposit energy on NaI 
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0~2 keV : I recoil is dominant 
2~3 keV : I recoil + Na recoil 
3~   keV : Na recoil is dominant 



Am/Be experimental setup and cross section of Na and I 

16 

0.01

0.1

1

0 2
7
.7

8
3
2

3
9
.8

0
0
3

4
9
.4

0
8
5

5
7
.8

7
0
7

6
5
.6

8
4
2

7
3
.1

1
6
3

8
0
.3

4
0
3

8
7
.4

8
7
8

9
4
.6

7
4
5

1
0
2
.0

1
8

1
0
9
.6

5
6

1
1
7
.7

7
5

1
2
6
.6

6
5

1
3
6
.8

7
2

1
4
9
.7

8

1
5
8
.7

2
4

1
8
0

0.001

0.01

0.1

1

10

0 3
4
.8

3
6
7

5
0
.1

2
9
3

6
2
.5

6
0
1

7
3
.7

3
6
2

8
4
.3

3
0
9

8
9
.5

4
4
6

9
4
.7

6
2
1

9
8
.7

0
4

1
0
5
.3

8
8

1
1
6
.6

2
9

1
2
9
.1

6
8

1
4
4
.6

4

1
5
5
.1

8
9

1
8
0

Na 

I 

X axis : Neutron scattering angle 
Y axis : Cross secion 
           (data from ENDF) 

Calculated visible energy of  
I recoil events < 10 keV 
 
(energy of neutron < 8 MeV) 
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Black     :  20 degree           (set 1) 
Purple   :  45 degree - far     (set 1) 
Blue      :  45 degree - close  (set 2) 

Red Box    : I recoil is dominant 
Green Box : I recoil + Na recoil 
Blue Box : Na recoil is dominant 
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Black     :  20 degree  
Purple   :  45 degree - far 
Blue      :  45 degree - close 
Red      :  Am/Be source / HSLee 
Green   :  Am/Be source / My analysis code 


