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BC-408 Scintillator Photon Generation

® Photons are randomly spread from the energy deposition point in the bar in a spherically symmetric
way.

Velocity of photons in the bar, v = v_sinfsin ¢

p =— - 1898737 _18.9873"

o
Mprgos  1-98 ns ns

®© Photon velocity component parallel to the bar scintillator is v in spherical coordinates with the
critical angle, 6 = arcsin(l/ nc) = arcsin(l/ 1 .58) ~39.265°

®© Photons reach the PMTs when both & and ¢ are greater than the critical angle:
0 = arcsin(l/nc) = arcsin(1/1.58) ~39.265
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4%%? Photon Propagation and Signal Generation 4%’*;?

Photons do lose energy whenever they propagate along the scintillating material depending on the
attenuation length of the bar according to:

[ [
E =F ex E ex
FME by A P13350 3350

A small pulse results from each photon arriving at the photocathode of the photomultiplier tube.

Two essential parameters can be extracted from the pulse:

Arrive time of photon = start time of a small pulse and;

Photon energy = area of the small pulse.

All these small pulses superimpose and emerge as an enhanced pulse or waveform.
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4@ Simulated Position and Time Resolutions

Simulated Hit Position

®© 392 MeV neutron energy shot at the center of the 2 m-long scintillator so that close to 98 % of the

neutron hits occur within 10 cm £ from the center of the bar [100 cm]

imulated Number of Hits Per Eve
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Result 1: Simulated hit position of the ~ 392 MeV neutrons directed at the center
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3. Simulated Position and Time Resolutions
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Hit Classification

Distinguished two signals close to each other by
requiring:

* Separation distance larger than 10 cm.

#* Generation time difference larger than 2 ns.

#* Collected all hits made in the bar within a gate
time interval of 0 ns and 130 ns.

#* Light yield per unit length for all hits within a
group was obtained by applying Birks formula:

dL SdE/ dz

s 1+deE/dz+§(dE/dz)2

Light yield per path length as a function of energy
loss per path length
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Hit position at the center of the bar

® L = Ecorr (scintillator response)

® S =1 (Electronics response)

® kB =0.977 x 102g.cm2.MeV-1 (15t order)
® &=2"d order parameter (negligible) for n
®© dE/dz = Energy loss per path length

® dL/dz = Light yield per path length
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Position Resolution from Data and Simulation <!

DATA SIMULATION
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Time Resolution from Data and Simulation |

SIMULATION
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True hit time is the average of the hit times of the two photomultiplier tubes

T =(T1;T2)z10.06ns

mean
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Time Resolution from

Data and Simulation
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Useful Method:

£ (x) = [0](exp(-(x[0]-par[1])/[2])-exp(-(x[0]-[1])/[3]))/(|2]-par[3])

Where the four fundamental explicit function parameters are:

[0] = Pulse start time [ns]
[1] = Amplitude

[2] = Rise time [ns]

[3] = Decay time [ns]

Found that the pulse width is different based on the rise and decay times set to generate the
pulse. For example, BC-408 plastic scintillators have short rise and decay times of 0.9 ns and
2.1 ns, respectively. The pulse generated using these parameters has a very narrow pulse
width compared to the pulse width generated from data. This is because the rise and decay
times of 0.9 ns and 21 ns conform only to processes confined within the scintillator. After the
pulse is fully processed, processes in the PMT and signal cables come into play resulting in a
broadened pulse width and longer rise and decay times.
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Useful function:

[1] = Amplitude

f (x) = [0](exp(-(x[0]-par[1])/[2])-exp(-(x[O]-[1])/[3]))/([2]-par[3])
[0] = Pulse start time [ns] =-15 ns

= normalized to 1 to compare with experimental data
[2] = Rise time [ns] = 0.9 ns for BC-408 scintintillator

[3] = Decay time [ns] = 2.1 ns for BC-408 scintillator

Pulse-shape simulation with rise and decay times for BC-408 scintillator
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Useful function:

f (x) = [0](exp(-(x[0]-par[1])/[2])-exp(-(x[O]-[1])/[3D))/([2]-par[3])
[0] = Pulse start time [ns] =-15 ns

[1] = Amplitude = normalized to 1 to compare with experimental data
[2] = Rise time [ns] = 0.9 ns : Rise time of BC-408 scintintillator

[3] = Decay time [ns] = 2.1 ns : Decay time of BC-408 scintillators

Typical pulse-shape simulation
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Useful function:
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Pulse Simulation and Data Result Comparison_0_3

- e b T T Comparison of data & simulation
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Useful function:

Pulse Simulation and Data Result Comparison_0_3
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Del Wave 0 0:

Del Wave 0 0 Del Wave 0 1 . .
| 015 |_ | 015 | is the difference between the
0.1f 0.1f pulse at 0 position and the
0.05} 0.05f reference pulse at 90 cm.
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Attenuation Length, A _For 2 m-Long Prototypes

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

1 This is the Beer-Lambert’s law:

P(x)= Pe

Where;

® P(x) is the number of incident radiation.

© P, is the number of photons reaching the PMT (ADC value)

©® x is the path length of the scintillating material.

® A is the attenuation length and depends on the material and energy.

O The integrated ADC method was applied in understanding the attenuation length, A of
the current 2 m-long prototypes.
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Integrated ADC From Cosmic Muons For 2 m — Long Prototypes

MIP_IntegratedADC_0_0 MIP_IntegratedADC_0_1
Entries 1694 | MI P Integ ratedADc 0 1 Entries 1656
Mean 6780 12U T Mean 6675
RMS 2706 L : : : : RMS 2865
;Lnf :gfflow 38.8 /3(: [ 1A% il || R ;JZn/d ﬁgflow 51.86/ 3g
Prob 0.1583 o - : : : Prob 0.01951
Constant 609.3 = 25.9 < 80 ... L R e Constant 606.3 = 24.8
MPV 5952 = 28.9 2 = : : : MPV 5715 + 28.7
Sigma 511.9 = 19.7 - : Sigma 502 + 17.6
Ao o R B T SRR AR S IR I S
............................................... E E ] O
............................................. E 20 -w —
O0 5000 10000 15000 éOOOO 25000 30000 35000 40000 O0 5000 10000 15000 20000 25000 30000 35000 40000
Integrated ADC Integrated ADC
| MIP _Integ ratedADC 0_2 ——iF InfegratedADC 0.2 — | MIP Integ ratedADC 0 3 ——F InfegratedADC 0.8
© 771 Mean 6333 160 “+.-4 Mean 6232
140 __ ..... : ....... : ....... teeeanan : ....... RMS 2477 = RMS 2492
- p . . . Underflow 0 140 o Underflow 0
O 120 - R----raerreemieeee e x2/ ndf 82.33/28 o %2/ ndf 81.58/28
o) C : : : Prob 2.99e-07 O 120E Prob 3.871e-07
< 100F----- R Veeconan e Constant 713.2 = 30.9 [ o Constant 737.1 +31.2
= - : : : MPV 5534 +24.3 S 100E MPV 5412 = 24.8
— - : . : Sigma 411.4 = 15.6 - o : : : Sigma 427.7 = 16.0
80 ' ; ; ; soE 1§ SN S S S T A
] R e B S e
g0k 3
B0 G B S R 20l W oo b S
i A 1 i 1 i R 1 ; 1 I s 1 =
OO 5000 10000 15000 20000 25000 30000 35000 40000 00 5000 10000 15000 20000 25000 30000 35000 40000

Integrated ADC Integrated ADC
Benard Mulilo Nuclear Physics Laboratory Korea University Fall KPS 2017




Backup

10/12

2/ ndf 36.37/13 '
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Pulse Height From Cosmic Muons
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Graph x2 / ndf 38.1/6
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Exponential fit function with A = 1/slope = 1/0.0003831 = 261 cm = attenuation length
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