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A Symmetric Hydrocarbon!

* Toulene (C;Hs)
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My Scintillator Detectors

Liquid Organic Scintillators:
* NE 213A (PSD, benchmark)
« EJ 305 (high light-yield)

* EJ 331 (Gd doped)

 EJ 321P (mineral oll, flash point)




Detector Response?

* Relate signal size to neutron energy?
e Separation of gamma-rays and neutrons?

e Calibration?
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Relate signal size to neutron energy?
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My Goals

Calibrated scintillation light-yield of organics using mixed-
field gamma-neutron radioactive sources and TOF.
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Electronics

Waveform Digitizer CAEN VX1751

Sampling 1 GHz

Acquisition window 1 ps

Bandwidth 500 MHz

Dynamic input 1 Vpp

Trigger threshold 25 mV

Falling-edge threshold

Amplitude [mV]

LG

| sG

Baseline

— 100

e [ venit-timing marker
L) 1 ]
200 220 240 260

Adlwde
\

. A% o A N\

/ '\ inverse

T T T T

400 500 GO0 TO0

Time [ns|

A\

Zero
crossing
point



Data selection




Data selection

e 140 h TOF data for each scintillator
material

* 1 hour gamma-ray runs for each source
* 10 h background runs

e Total: ~3.0 TB



Data selection

e 140 h TOF data for each scintillator
material

* 1 hour gamma-ray runs for each source
* 10 h background runs

e Total: ~3.0 TB

Data in place!

Need simulation ...
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Intrinsic Pulse-Shape
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Neutron Light Yield
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Neutron Light Yield

What Birks parameter (kB) to use?

dL ak
de 1+ kB4E
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Neutron Light Yield

GEANT4 gquenching mechanism:
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Neutron Light Yield
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Neutron Light Yield
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Neutron Light Yield
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Neutron Light Yield
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Neutron Light Yield

Counts

% Y, 2 MeV
:.' h‘“""b 3 MeV
.tlu.mv..‘;‘hh‘ % 4 MeV
] M 5 MeV
e -:. 'w
| i R

Scintillation Light Yield [MeV..]



Neutron Light Yield
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Neutron Light Yield

Simulation constraints
 Pencilbeam

* Neutron Edep within 1%
of neutron energy

3.90 3.95 4.00
Proton Energy |MeV]

Counts

* Proton scattering only!

* Energy optimized kB
values

0.5 1.0 1.5 2.0 2.5 3.0
Scintillation Light Yield [MeV ]



Neutron Light Yield

4 MeV

OlnLs

1
-

C

0.5 1.0 1.2 1.4 1.6
Scintillation Light Yield [MeV,.]



2000 | 4 MeV
1

Neutron Light Yield

0.8 10 1.2 L4 16
Scintillation Light Yield [MeV,.|

) Measured data HH
— Kornilov Eq.[5]

¥ SMD TP
=== Kornilov Eeq.[5]

Scintillation Light Yield [MeV ..

0.5 1= NE 213A

2 3 4 5 6
Proton Energy [MeV]



2000 | 4 MeV
1

‘ounts

Neutron Light Yield

0.8 10 12 14 16
Scintillation Light Yield [MeV,.|

) Measured data HH
Kornilov Eq.[5]

2594 O Measured data HH
Kornilov Eeq.|5]

¥ SMD TP
Kornilov Eq.[5]

254 ¥ SMD TP

-== HKornilov Eq.[5]

L.

Scintillation Light Yield [MeV
Scintillation Light Yield [MeV,,.]

2.5 4
3.0 9
2.5 1 2.0 4
2.0 1.5
1.5 4
1.0 7
1.0 4
= (L5
0.5 NE 213A EJ 305
T T T T T r ! i g ¥
2 3 A 5 6 2 bl 4 i} G

Proton Energy [MeV] Proton Energy [MeV]



2000 | 4 MeV
1

1750 r

Neutron Light Yield e

ounts

C

08 1o 1.2 14 16
Scintillation Light Yield [MeV.,.|

EJ 331 EJ 321P

2594 O Measured data HH

Kornilov Eq.[5]

) Measured data HH
—— Kornilov Eq.[5]

¥ &MD TP
Kornilov Eq.[5]

254 v sup TF
-== HKornilov Eq.[5]

O Measured data & Measured data
Kornilov Eq.[5]

— Kaornilov Eq.[3]

Scintillation Light Yield [MeV
Scintillation Light Yield [MeV,,.]
Scintillation Light Yield [MeV,.

o 2.5 25 ¥ SMD ¥ SMD
- === Kornilov Eq.|5] === Kornilov Eq.[5]
2.5 - 204 2.0
2.0 9 1.5 L
I By
1.5 -
1.0 1 1.0
1.0 -
05 : - h EJ 305 0.5 1
-3 NE 213A J b
T T T T T .I .I B s : T T T T T T
2 3 4 5 6 2 E 4 i 6 2 1 6 2 4 6

Proton Energy [MeV] Proton Energy [MeV] Proton Energy [MeV]



Neutron Light Yield /=t *sonf-o

2

I(F,)=L.. =L P
( p) ”Ep +L]_

EJ 331 EJ 321P

) Measured data HH
Kornilov Eq.[5]

2594 O Measured data HH
Kornilov Ee.[3]

2.5 2.0 4
2 -
£ 1.5
1.5

1.0
1.0 o

0.5

¥ &MD TP
Kornilov Eq.[5]

254 v SMD TP
Kornilav Eq.[5]

25 4 O Measured data ) Measured data
Kornilov Eq.[5]

— Kaornilov Eq.[3]

Scintillation Light Yield [MeV..]

Scintillation Light Yield [MeV,,.]
Scintillation Light Yield [MeV.,.]

o 2.5 25 ¥ SMD p ¥ SMD
=== Kornilov Eq.|5] J === Kornilov Eq.[5]
2.5 1 2.0 4
2.0 - 15 -
1.5
1.0
1.0 4
: 0.5
0.5 NE 213A EJ 305
T T T T T .I .I | s : T T T T T T
2 3 4 5 6 2 3 4 i 6 2 1 6 2 4 6

Proton Energy [MeV] Proton Energy [MeV] Proton Energy [MeV]



Neutron Light Yield
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Neutron Light Yield
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Multiple gamma-ray sources
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Photon cross-section
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