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   Introduction & Motivation1 

¤  High Energy LAMPS (LAMPS-H) 
¤  Neutron Detector Array (NDA) RAON 

RAON Layout* [a] LAMPS-H Neutron 
Detector Array (NDA)[b] 

[a] [b] ECR-IS	
10keV/u,	12pμΑ	
	
RFQ(500keV/u,9.5pμΑ	

SCL1(18.5	MeV/u,	9.5pμΑ)	
High	Energy	Exp.	Hall	II	

High	Energy	Exp.	Hall	I	

IF	Separator	

ISOL		
Facility	

Low	Energy	
	Exp.	Hall		

SCL2(200	MeV/u,	8.3pμΑ	for	U+79)	
(600	MeV,	660μΑ	for	p)	

SCL3(Post	
Acc.)	

2. 

				---------------------------------------------------------------------------------------------------------	
JKPS, Vol. 65, No. 7, October 2014* 

1S 2S 3S 4S veto 

z Beam 

2 
m

 

2 m 2 m 



   Introduction & Motivation2 2. 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Typical Plastic Scintillation Detector 

PMT                            Scintillator                         PMT 

														Scintillator                     Photocathode                Multiplier 
Incident 
radiation 

Pulse 

                              Light                Electrons 
Signal 

	
	

qpulse ∝Eabs

Signal Processing 

qpulse ∝Eabs Pheight ∝Eabs

Nγsci ∝Eabs Nphotoel ∝Eabs

Digital data bus 
Flash Analog 

To Digital 
Converter 

Pulse shaping 
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Data Collection1 

Experimental Setup 

3. 

-------------------------------------------------------------------------------------------------------------------	



   Data Analysis1 

z Pulse Shape Analysis Routines – Program Flowchart 

4. 

Input parameters 

Raw pulse 

Pedestal subtraction 

Baseline 

Normalization 

Output 

Reflection 

Pileup 

Pulse amplitude 

Pulse area 

-------------------------------------------------------------------------------------------------------------	

Typical waveform 

Rise time 

Fall time Delta computation 

Attenuation from pulse height 

Attenuation from integrated 
ADC Position dependence of pulse shape 

ToF(Time & position resolutions) 
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Rise Time (tR) and Fall time (tF) 
q  Rise time is time required for a signal to rise from 10% to 100% of the height of the 

signal. 
q  Fall time is the time needed for the signal to fall from 90%  to 10% of the maximum 

height. 
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Study of Waveform by Position along the Scintillator’s Length 		------------------------------------------------------------------------------------------------	
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-----------------------------------------------------------------------------------------	Waveform Delta between two pulses along the Scintillator’s Length 
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Pulse Height and Integrated ADC 
q  Both pulse height and integrated ADC methods were applied in understanding the 

attenuation length of the prototypes. 

q  Attenuation length is understood as the distance in the material where the intensity of the 
beam has dropped to 1/e, or about 63% of the particles have been stopped. 

q  This is Beer-Lambert law: 
 
	
	
Where; 
¤  P(x) is the number of incident radiation. 
¤  Po is the number of photons reaching the PMT (ADC value. 
¤  x is the path length of the scintillating material. 
¤  λ is the attenuation length and depends on the material and energy.	

P x( ) = Poe−x λ

---------------------------------------------------------------------------------------------------------------	

---------------------------------------------------------------------------------------------------------------	
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---------------------------------------------------------------------------------------------------------------	Pulse Height From Cosmic Muons 
MIPPosition_0_0
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Mean    292.4
RMS     108.3
Underflow       0
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Sigma     0.89± 23.32 
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Exponential fit function with λ = 1/slope = 1/0.0003831 = 261 cm = attenuation length 
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Constant  0.003212± 5.201 
Slope    06− 6.354e±0.0003831 − 
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----------------------------------------------------------------------------------------------------------------	Integrated ADC From Cosmic Muons 
MIP_IntegratedADC_0_0

Entries  1694
Mean     6780
RMS      2706
Underflow       0
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Prob   0.1583
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MPV       28.9±  5952 
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-------------------------------------------------------------------------------------------------------------------	Integrated ADC From Cosmic Muons 
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§  Po = PMT photons 
§  P1 = Attenuation Length 
§  P2 = Reflectivity 
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------------------------------------------------------------------------------------------------------------------	Timing Information  
§  Arrival t ime for 

each p ro to t ype 
d e t e c t o r  i s 
averaged value of 
two signals from left 
and right PMTs. 

 
§  The red distribution 

depicts the fitted 
Gaussian function. 

 
§  Sigma from the 

Gaussian fit is 487 
ps so that time 
resolution for each 
prototype is 344 ps. 

Timing distribution of muons plotted as a function of the time 
difference between two timing information from two different 2m 
long prototypes in the second station.	
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--------------------------------------------------------------------------------------------------------------------	Position Information  
PosDiff_0_1

Entries  28408
Mean  2.011− 
RMS     8.525
Underflow       0

 / ndf 2χ    104 / 21
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Constant  19.2±  2597 
Mean      0.054±2.114 − 
Sigma     0.041± 8.762 

PosDiff_0_1Position distribution  for the 
d i f f e r e n c e b e t w e e n 
extrapolated hit position of 
one prototype and direct hit 
posi t ion in the same 
prototype. 
Sigma for this difference 
was found to be 8.76 cm.	

¥  Sigma for one prototype is found from the difference between extrapolated hit position of 
any bottom prototype and its hit position by applying: 

 
 
¥  And the relation between extrapolated position of muons in bottom prototype and hit position 

can be obtained by: 
 
 
 

σ x =σ xbp,ext − xbp,hit( ) /1.87 = 8.76 /1.87 = 4.7

xbp,ext − xbp,hit = 1.5xtp,hit − 0.5xtmp,hit( )− xbp,hit

,	with		σ x =σ xbp,ext − xbp,hit( ) =σ dist = 8.76
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Summary 
¥  Waveform changes by position as the pulse traverses the scintillating material from the 

interaction point to either side of the photomultiplier tubes. This change affects the time 
and position resolutions of the detector. 

 
¥  The attenuation length computed from pulse height and integrated ADC is of the order of 

the detector’s length and therefore the detectors are suitable for time of flight experiment 
since the radiation can be stopped within the detector’s active volume. 

 
¥  The time resolution of our current detector is estimated to be 344 ps and position 

resolution of 4.7 cm  Prospect 
z  Plan to setup an experiment to determine the velocity of the scintillator at different points 

since the calculation of attenuation length in this analysis assumes the effective velocity to 
be constant throughout the scintillator. 

 
z  Analyze pulse pileup and reflection further as these distort the amplitude of the pulse and 

hence affect the measurement of the energy deposited in the detector. 

----------------------------------------------------------------------------------------------------------------	

----------------------------------------------------------------------------------------------------------------	
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---------------------------------------------------------------------------------------------------------------	Pulse Height From Cosmic Muons 
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Sigma     0.73± 16.27 

MIPPosition_0_12 MIPPosition_0_13
Entries  1603
Mean    227.8
RMS     88.82

 / ndf 2χ    155 / 50
Prob  12− 1.123e
Constant  20.9± 478.3 
MPV       0.9± 197.7 
Sigma     0.53± 14.24 
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 / ndf 2χ    155 / 50
Prob  12− 1.123e
Constant  20.9± 478.3 
MPV       0.9± 197.7 
Sigma     0.53± 14.24 

MIPPosition_0_13 MIPPosition_0_14
Entries  1500
Mean    225.5
RMS     87.82

 / ndf 2χ  139.4 / 50
Prob  10− 2.266e
Constant  19.0± 416.2 
MPV       1.0± 200.2 
Sigma     0.63± 15.64 
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 / ndf 2χ  139.4 / 50
Prob  10− 2.266e
Constant  19.0± 416.2 
MPV       1.0± 200.2 
Sigma     0.63± 15.64 

MIPPosition_0_14 MIPPosition_0_15
Entries  1578
Mean    226.1
RMS     82.18

 / ndf 2χ  108.8 / 46
Prob  07− 5.314e
Constant  20.7± 468.8 
MPV       0.9± 201.5 
Sigma     0.6±  14.9 
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 / ndf 2χ  108.8 / 46
Prob  07− 5.314e
Constant  20.7± 468.8 
MPV       0.9± 201.5 
Sigma     0.6±  14.9 

MIPPosition_0_15
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---------------------------------------------------------------------------------------------------------------	Right PMT Pulse Height 
MIPPosition_1_0

Entries  1694
Mean    230.6
RMS     90.05

 / ndf 2χ  158.3 / 52
Prob  12− 1.132e
Constant  20.6±   509 
MPV       0.8± 203.1 
Sigma     0.49± 14.43 
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Entries  1694
Mean    230.6
RMS     90.05

 / ndf 2χ  158.3 / 52
Prob  12− 1.132e
Constant  20.6±   509 
MPV       0.8± 203.1 
Sigma     0.49± 14.43 

MIPPosition_1_0 MIPPosition_1_1
Entries  1656
Mean    234.1
RMS     97.31

 / ndf 2χ  157.5 / 54
Prob  12− 4.582e
Constant  20.2± 470.6 
MPV       0.9± 202.8 
Sigma     0.56± 15.22 
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 / ndf 2χ  157.5 / 54
Prob  12− 4.582e
Constant  20.2± 470.6 
MPV       0.9± 202.8 
Sigma     0.56± 15.22 

MIPPosition_1_1 MIPPosition_1_2
Entries  1637
Mean    228.6
RMS     90.36

 / ndf 2χ  198.7 / 52
Prob  19− 5.187e
Constant  21.9± 503.4 
MPV       0.9± 197.3 
Sigma     0.51± 13.75 
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Entries  1637
Mean    228.6
RMS     90.36

 / ndf 2χ  198.7 / 52
Prob  19− 5.187e
Constant  21.9± 503.4 
MPV       0.9± 197.3 
Sigma     0.51± 13.75 

MIPPosition_1_2 MIPPosition_1_3
Entries  1764
Mean    227.7
RMS     92.19

 / ndf 2χ  164.3 / 51
Prob  14− 7.91e
Constant  22.8± 543.1 
MPV       0.8± 198.3 
Sigma     0.53± 14.37 
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Entries  1764
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 / ndf 2χ  164.3 / 51
Prob  14− 7.91e
Constant  22.8± 543.1 
MPV       0.8± 198.3 
Sigma     0.53± 14.37 

MIPPosition_1_3

MIPPosition_1_4
Entries  1720
Mean    224.1
RMS     90.51

 / ndf 2χ  150.4 / 51
Prob  12− 9.566e
Constant  23.5± 529.3 
MPV       0.8± 194.6 
Sigma     0.56± 14.13 
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 / ndf 2χ  150.4 / 51
Prob  12− 9.566e
Constant  23.5± 529.3 
MPV       0.8± 194.6 
Sigma     0.56± 14.13 

MIPPosition_1_4 MIPPosition_1_5
Entries  1819
Mean    217.2
RMS     81.95

 / ndf 2χ  148.4 / 46
Prob  12− 1.068e
Constant  23.6±   557 
MPV       0.8± 192.3 
Sigma     0.56± 14.65 

0 100 200 300 400 500 600 700 800 900 10000

20

40

60

80

100

MIPPosition_1_5
Entries  1819
Mean    217.2
RMS     81.95

 / ndf 2χ  148.4 / 46
Prob  12− 1.068e
Constant  23.6±   557 
MPV       0.8± 192.3 
Sigma     0.56± 14.65 

MIPPosition_1_5 MIPPosition_1_6
Entries  1764
Mean    220.8
RMS     91.24

 / ndf 2χ  159.2 / 52
Prob  13− 8.478e
Constant  21.3± 511.5 
MPV       0.9± 189.2 
Sigma     0.57± 15.57 
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 / ndf 2χ  159.2 / 52
Prob  13− 8.478e
Constant  21.3± 511.5 
MPV       0.9± 189.2 
Sigma     0.57± 15.57 

MIPPosition_1_6 MIPPosition_1_7
Entries  1639
Mean    208.3
RMS     78.58

 / ndf 2χ  131.1 / 44
Prob  10− 1.388e
Constant  24.0± 526.8 
MPV       0.8± 185.1 
Sigma     0.6±  13.8 
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 / ndf 2χ  131.1 / 44
Prob  10− 1.388e
Constant  24.0± 526.8 
MPV       0.8± 185.1 
Sigma     0.6±  13.8 

MIPPosition_1_7

MIPPosition_1_8
Entries  1675
Mean    210.6
RMS     78.09

 / ndf 2χ  195.7 / 44
Prob  21− 5.073e
Constant  24.3± 531.7 
MPV       0.8± 187.5 
Sigma     0.5±  13.3 
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 / ndf 2χ  195.7 / 44
Prob  21− 5.073e
Constant  24.3± 531.7 
MPV       0.8± 187.5 
Sigma     0.5±  13.3 

MIPPosition_1_8 MIPPosition_1_9
Entries  1726
Mean    224.5
RMS      88.2

 / ndf 2χ  178.2 / 50
Prob  16− 2.744e
Constant  20.6± 516.1 
MPV       0.9± 193.4 
Sigma     0.49± 14.62 
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 / ndf 2χ  178.2 / 50
Prob  16− 2.744e
Constant  20.6± 516.1 
MPV       0.9± 193.4 
Sigma     0.49± 14.62 

MIPPosition_1_9 MIPPosition_1_10
Entries  1687
Mean    234.2
RMS     95.57

 / ndf 2χ  176.1 / 55
Prob  14− 1.344e
Constant  22.3± 505.6 
MPV       0.8±   202 
Sigma     0.53± 14.01 
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 / ndf 2χ  176.1 / 55
Prob  14− 1.344e
Constant  22.3± 505.6 
MPV       0.8±   202 
Sigma     0.53± 14.01 

MIPPosition_1_10 MIPPosition_1_11
Entries  1738
Mean    243.6
RMS     95.27

 / ndf 2χ  176.3 / 55
Prob  14− 1.238e
Constant  18.4± 442.7 
MPV       1.0± 209.3 
Sigma     0.59± 16.76 
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 / ndf 2χ  176.3 / 55
Prob  14− 1.238e
Constant  18.4± 442.7 
MPV       1.0± 209.3 
Sigma     0.59± 16.76 

MIPPosition_1_11

MIPPosition_1_12
Entries  1569
Mean    258.1
RMS     108.1

 / ndf 2χ  195.6 / 62
Prob  16− 9.258e
Constant  18.0± 380.1 
MPV       1.1±   218 
Sigma     0.7±  17.2 
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 / ndf 2χ  195.6 / 62
Prob  16− 9.258e
Constant  18.0± 380.1 
MPV       1.1±   218 
Sigma     0.7±  17.2 

MIPPosition_1_12 MIPPosition_1_13
Entries  1603
Mean    271.3
RMS     111.1

 / ndf 2χ  161.3 / 64
Prob  10− 2.374e
Constant  17.1± 385.6 
MPV       1.1± 231.8 
Sigma     0.68± 17.74 
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 / ndf 2χ  161.3 / 64
Prob  10− 2.374e
Constant  17.1± 385.6 
MPV       1.1± 231.8 
Sigma     0.68± 17.74 

MIPPosition_1_13 MIPPosition_1_14
Entries  1500
Mean    284.1
RMS       121

 / ndf 2χ  178.7 / 70
Prob  11− 1.854e
Constant  14.9± 323.6 
MPV       1.2± 244.8 
Sigma     0.76± 19.36 

0 100 200 300 400 500 600 700 800 900 10000

10

20

30

40

50

60

70

MIPPosition_1_14
Entries  1500
Mean    284.1
RMS       121

 / ndf 2χ  178.7 / 70
Prob  11− 1.854e
Constant  14.9± 323.6 
MPV       1.2± 244.8 
Sigma     0.76± 19.36 

MIPPosition_1_14 MIPPosition_1_15
Entries  1578
Mean    298.9
RMS     114.3

 / ndf 2χ  147.3 / 65
Prob  08− 2.488e
Constant  14.2± 309.5 
MPV       1.3±   257 
Sigma     0.91± 22.06 
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 / ndf 2χ  147.3 / 65
Prob  08− 2.488e
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Sigma     0.91± 22.06 
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---------------------------------------------------------------------------------------------------------------	Right PMT Integrated ADC 
MIP_IntegratedADC_1_0
Entries  1694
Mean     4588
RMS      1899

 / ndf 2χ  34.33 / 20
Prob   0.02399
Constant  38.2± 920.4 
MPV       19.1±  3971 
Sigma     12.5± 340.4 
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Entries  1694
Mean     4588
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 / ndf 2χ  34.33 / 20
Prob   0.02399
Constant  38.2± 920.4 
MPV       19.1±  3971 
Sigma     12.5± 340.4 

MIP_IntegratedADC_1_0 MIP_IntegratedADC_1_1
Entries  1656
Mean     4788
RMS      2293

 / ndf 2χ  45.94 / 25
Prob   0.006529
Constant  36.6± 842.6 
MPV       20.2±  4064 
Sigma     13.8± 360.6 
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 / ndf 2χ  45.94 / 25
Prob   0.006529
Constant  36.6± 842.6 
MPV       20.2±  4064 
Sigma     13.8± 360.6 

MIP_IntegratedADC_1_1 MIP_IntegratedADC_1_2
Entries  1637
Mean     4805
RMS      2046

 / ndf 2χ  60.32 / 23
Prob  05− 3.433e
Constant  35.2± 877.8 
MPV       19.9±  4080 
Sigma     11.6±   345 
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Entries  1637
Mean     4805
RMS      2046

 / ndf 2χ  60.32 / 23
Prob  05− 3.433e
Constant  35.2± 877.8 
MPV       19.9±  4080 
Sigma     11.6±   345 

MIP_IntegratedADC_1_2 MIP_IntegratedADC_1_3
Entries  1764
Mean     4973
RMS      2184

 / ndf 2χ  54.74 / 24
Prob   0.0003389
Constant  38.2± 923.9 
MPV       19.3±  4230 
Sigma     12.5± 346.8 

0 5000 10000 15000 20000 25000 30000 35000 400000
20
40
60

80
100
120
140
160

MIP_IntegratedADC_1_3
Entries  1764
Mean     4973
RMS      2184

 / ndf 2χ  54.74 / 24
Prob   0.0003389
Constant  38.2± 923.9 
MPV       19.3±  4230 
Sigma     12.5± 346.8 

MIP_IntegratedADC_1_3

MIP_IntegratedADC_1_4
Entries  1720
Mean     5117
RMS      2380

 / ndf 2χ   55.1 / 26
Prob   0.0007354
Constant  38.0± 886.2 
MPV       19.6±  4326 
Sigma     13.3± 353.4 

0 5000 10000 15000 20000 25000 30000 35000 400000
20
40
60
80
100
120
140
160
180

MIP_IntegratedADC_1_4
Entries  1720
Mean     5117
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 / ndf 2χ   55.1 / 26
Prob   0.0007354
Constant  38.0± 886.2 
MPV       19.6±  4326 
Sigma     13.3± 353.4 

MIP_IntegratedADC_1_4 MIP_IntegratedADC_1_5
Entries  1819
Mean     5160
RMS      2026

 / ndf 2χ  44.84 / 23
Prob   0.004156
Constant  34.1± 906.3 
MPV       20.6±  4486 
Sigma     11.5± 363.5 

0 5000 10000 15000 20000 25000 30000 35000 400000
20
40
60
80
100
120
140
160
180

MIP_IntegratedADC_1_5
Entries  1819
Mean     5160
RMS      2026

 / ndf 2χ  44.84 / 23
Prob   0.004156
Constant  34.1± 906.3 
MPV       20.6±  4486 
Sigma     11.5± 363.5 

MIP_IntegratedADC_1_5 MIP_IntegratedADC_1_6
Entries  1764
Mean     5418
RMS      2197

 / ndf 2χ  59.55 / 24
Prob  05− 7.397e
Constant  31.8± 787.9 
MPV       22.6±  4611 
Sigma     14.5± 407.5 
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Entries  1764
Mean     5418
RMS      2197

 / ndf 2χ  59.55 / 24
Prob  05− 7.397e
Constant  31.8± 787.9 
MPV       22.6±  4611 
Sigma     14.5± 407.5 

MIP_IntegratedADC_1_6 MIP_IntegratedADC_1_7
Entries  1639
Mean     5335
RMS      2004

 / ndf 2χ  70.93 / 23
Prob  07− 8.741e
Constant  30.9± 726.6 
MPV       24.1±  4637 
Sigma     15.7±   413 
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Entries  1639
Mean     5335
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 / ndf 2χ  70.93 / 23
Prob  07− 8.741e
Constant  30.9± 726.6 
MPV       24.1±  4637 
Sigma     15.7±   413 

MIP_IntegratedADC_1_7

MIP_IntegratedADC_1_8
Entries  1675
Mean     5449
RMS      2010

 / ndf 2χ  63.31 / 23
Prob  05− 1.252e
Constant  33.8± 772.1 
MPV       22.7±  4775 
Sigma     15.5± 392.3 
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Entries  1675
Mean     5449
RMS      2010

 / ndf 2χ  63.31 / 23
Prob  05− 1.252e
Constant  33.8± 772.1 
MPV       22.7±  4775 
Sigma     15.5± 392.3 

MIP_IntegratedADC_1_8 MIP_IntegratedADC_1_9
Entries  1726
Mean     5736
RMS      2232

 / ndf 2χ  43.61 / 25
Prob   0.012
Constant  29.8± 763.6 
MPV       23.5±  4914 
Sigma     13.8± 414.3 
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Entries  1726
Mean     5736
RMS      2232

 / ndf 2χ  43.61 / 25
Prob   0.012
Constant  29.8± 763.6 
MPV       23.5±  4914 
Sigma     13.8± 414.3 

MIP_IntegratedADC_1_9 MIP_IntegratedADC_1_10
Entries  1687
Mean     5924
RMS      2521

 / ndf 2χ  59.08 / 29
Prob   0.0008035
Constant  31.0±   754 
MPV       22.8±  5037 
Sigma     13.8± 396.9 
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MIP_IntegratedADC_1_10
Entries  1687
Mean     5924
RMS      2521

 / ndf 2χ  59.08 / 29
Prob   0.0008035
Constant  31.0±   754 
MPV       22.8±  5037 
Sigma     13.8± 396.9 

MIP_IntegratedADC_1_10 MIP_IntegratedADC_1_11
Entries  1738
Mean     6046
RMS      2458

 / ndf 2χ   58.3 / 28
Prob   0.0006691
Constant  29.2± 726.9 
MPV       24.9±  5172 
Sigma     14.6±   417 
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Entries  1738
Mean     6046
RMS      2458

 / ndf 2χ   58.3 / 28
Prob   0.0006691
Constant  29.2± 726.9 
MPV       24.9±  5172 
Sigma     14.6±   417 

MIP_IntegratedADC_1_11

MIP_IntegratedADC_1_12
Entries  1569
Mean     6338
RMS      2885

 / ndf 2χ  63.03 / 33
Prob   0.001252
Constant  25.9± 591.9 
MPV       28.4±  5265 
Sigma     17.9± 470.7 
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Entries  1569
Mean     6338
RMS      2885

 / ndf 2χ  63.03 / 33
Prob   0.001252
Constant  25.9± 591.9 
MPV       28.4±  5265 
Sigma     17.9± 470.7 

MIP_IntegratedADC_1_12 MIP_IntegratedADC_1_13
Entries  1603
Mean     6500
RMS      2999

 / ndf 2χ  78.06 / 34
Prob  05− 2.563e
Constant  28.8± 654.9 
MPV       25.4±  5444 
Sigma     16.2± 429.7 
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Entries  1603
Mean     6500
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 / ndf 2χ  78.06 / 34
Prob  05− 2.563e
Constant  28.8± 654.9 
MPV       25.4±  5444 
Sigma     16.2± 429.7 

MIP_IntegratedADC_1_13 MIP_IntegratedADC_1_14
Entries  1500
Mean     6565
RMS      2884

 / ndf 2χ  62.88 / 33
Prob   0.001305
Constant  26.0± 579.8 
MPV       27.6±  5627 
Sigma     16.9± 442.6 
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 / ndf 2χ  62.88 / 33
Prob   0.001305
Constant  26.0± 579.8 
MPV       27.6±  5627 
Sigma     16.9± 442.6 

MIP_IntegratedADC_1_14 MIP_IntegratedADC_1_15
Entries  1578
Mean     6732
RMS      2646

 / ndf 2χ  17.87 / 30
Prob   0.9607
Constant  25.9± 628.9 
MPV       27.0±  5822 
Sigma     15.8± 453.8 
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 / ndf 2χ  17.87 / 30
Prob   0.9607
Constant  25.9± 628.9 
MPV       27.0±  5822 
Sigma     15.8± 453.8 

MIP_IntegratedADC_1_15
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ADC_Peak_Ratio_0_0
Entries  1694
Mean     23.3
RMS     4.715

 / ndf 2χ  50.13 / 16
Prob  05− 2.186e
Constant  7.0± 218.2 
Mean      0.04± 22.75 
Sigma     0.030± 1.468 
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Entries  1694
Mean     23.3
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 / ndf 2χ  50.13 / 16
Prob  05− 2.186e
Constant  7.0± 218.2 
Mean      0.04± 22.75 
Sigma     0.030± 1.468 

ADC_Peak_Ratio_0_0 ADC_Peak_Ratio_0_1
Entries  1656
Mean    23.81
RMS     4.428

 / ndf 2χ  37.82 / 14
Prob   0.0005532
Constant  7.9± 237.2 
Mean      0.03± 23.27 
Sigma     0.029± 1.317 
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 / ndf 2χ  37.82 / 14
Prob   0.0005532
Constant  7.9± 237.2 
Mean      0.03± 23.27 
Sigma     0.029± 1.317 

ADC_Peak_Ratio_0_1 ADC_Peak_Ratio_0_2
Entries  1637
Mean    24.41
RMS     4.895

 / ndf 2χ  51.53 / 16
Prob  05− 1.304e
Constant  7.2± 218.7 
Mean      0.04± 23.81 
Sigma     0.029± 1.402 
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 / ndf 2χ  51.53 / 16
Prob  05− 1.304e
Constant  7.2± 218.7 
Mean      0.04± 23.81 
Sigma     0.029± 1.402 

ADC_Peak_Ratio_0_2 ADC_Peak_Ratio_0_3
Entries  1764
Mean    25.03
RMS     5.182

 / ndf 2χ   32.8 / 17
Prob   0.01196
Constant  6.7± 220.5 
Mean      0.04± 24.42 
Sigma     0.03±  1.52 
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ADC_Peak_Ratio_0_3
Entries  1764
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---------------------------------------------------------------------------------------------------------------	Right PMT Integrated ADC to Pulse Peak Ratio 
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MIP Integrated ADC to Pulse Peak Ratio -------------------------------------------------------------------------------------------------------------------	
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P = poe
−
x
λ Fitting function with λ = 1/slope = attenuation length 
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Waveform by Position along the Scintillator’s Length Right PMT ----------------------------------------------------------------------------------------------------	
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