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High-Level Motivation

It'd be nice to have a (relatively minimal) example demonstrating
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simulation.
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High-Level Motivation

It'd be nice to have a (relatively minimal) example demonstrating
e scintillators (G4Scintillation),
e PMTs, and
o digitizers (G4VDigitizerModule),

and how to implement these methods together for a ‘full experiment’
simulation.

There are examples for the above methods, but these example seem to be
focused on other things.

Furthermore, the PMTs and digitizers in said examples appear to be
relatively basic.
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Low-Level Motivation

Common scintillators (e.g., EJ301) react to both gammas and neutrons.
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Solution: neutron-excited scintillation signals decay more slowly than
gamma-excited signals. Allows ‘pulse shape discrimination’ or ‘PSD’.
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Low-Level Motivation

Common scintillators (e.g., EJ301) react to both gammas and neutrons.
This is problematic if one is only interested in neutrons (for example).

Solution: neutron-excited scintillation signals decay more slowly than
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Experimental PSD Data from Cf252 Source at FNAL
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!Data collected from Knaian, Koukina, and MacFadden at FNAL.
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Low-Level Motivation

Common scintillators (e.g., EJ301) react to both gammas and neutrons.
This is problematic if one is only interested in neutrons (for example).

Solution: neutron-excited scintillation signals decay more slowly than
gamma-excited signals. Allows ‘pulse shape discrimination’ or ‘PSD’.

Experimental PSD Data from Cf252 Source at FNAL
T T T T T T

Gamma
Neutron | |

PMT Response [V/V

. . . . . .
o 100 200 300 400 500 600 700 800 90 1000
Time [ns]

Must somehow use this to discriminate between the signals...

'Data collected from Knaian, Koukina, and MacFadden at FNAL.
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Potential Users

Why would this be nice? Who would be interested?
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Potential Users

Why would this be nice? Who would be interested?

We are preparing for an experiment/beam time
at FNAL and PSI. This example would have
been very valuable in our prepatory simulations.

The specifics of the example, such as neutron
detection in a gamma background, are useful for

nuclear (fusion) experiments,
non-proliferation,

particle physics experiments, and

many other use-cases.
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Scintillators

Scintillators emit light after energy deposit from external particles.
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Scintillators

Scintillators emit light after energy deposit from external particles.

Important quantities defining scintillation response:
@ timing of light response and
@ magnitude of light response.

Timing depends on two primary avenues of radiative deexcitation:
o fluorescence and
@ slow fluorescence.
Larger dE/dx = relatively more slow fluorescence = ‘slower’ signal.
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Scintillators

Scintillators emit light after energy deposit from external particles.

Important quantities defining scintillation response:
@ timing of light response and
@ magnitude of light response.

Timing depends on two primary avenues of radiative deexcitation:
o fluorescence and
@ slow fluorescence.

Larger dE/dx = relatively more slow fluorescence = ‘slower’ signal.

Magnitude of light response is generally linear in energy deposit:
dL _ dE

— < —. 1
dx ™~ dx (1)
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Scintillators

Scintillators emit light after energy deposit from external particles.

Important quantities defining scintillation response:
@ timing of light response and
@ magnitude of light response.

Timing depends on two primary avenues of radiative deexcitation:
o fluorescence and
@ slow fluorescence.

Larger dE/dx = relatively more slow fluorescence = ‘slower’ signal.

Magnitude of light response is generally linear in energy deposit:
dL _ dE
<= 1
dx ~ dx (1)

Larger dE/dx = relatively smaller dL/dx due to Birks' quenching.
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Scintillators

Scintillators emit light after energy deposit from external particles.

Important quantities defining scintillation response:
@ timing of light response and
@ magnitude of light response.

Timing depends on two primary avenues of radiative deexcitation:
o fluorescence and
@ slow fluorescence.

Larger dE/dx = relatively more slow fluorescence = ‘slower’ signal.

Magnitude of light response is generally linear in energy deposit:

dL _ dE n

dx ~ dx’

Larger dE/dx = relatively smaller dL/dx due to Birks' quenching.

This is all modelled in G4Scintillation (some proposed improvements
pending).
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PMTs

Photomultiplier tubes (PMTs) convert light to electronic signals.
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@ how much charge is generated and
o the ‘transit time' ( Tiansit) between photon hit and signal readout.
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Photomultiplier tubes (PMTs) convert light to electronic signals.

Two relevant factors in the conversion:
@ how much charge is generated and
o the ‘transit time' (Tiansit) between photon hit and signal readout.

Said factors are determined via Kaether and Langbrandtner's PMT model:

(Kaether, Langbrandtner '12
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Photomultiplier tubes (PMTs) convert light to

Two relevant factors in the conversion:
@ how much charge is generated and

electronic signals.

o the ‘transit time' (Tiansit) between photon hit and signal readout.

Said factors are determined via Kaether and Langbrandtner's PMT model:

Pulse Type Physical Cause

Charge Dist. Ttransic Dist.

! (Kaether, Langbrandtner '12
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Photomultiplier tubes (PMTs) convert light to electronic signals.

Two relevant factors in the conversion:
@ how much charge is generated and

o the ‘transit time' (Tiansit) between photon hit and signal readout.

Said factors are determined via Kaether and Langbrandtner's PMT model:

Pulse Type Physical Cause

Charge Dist.

Ttransit Dist.

pre’ e~ emitted from 1st dynode

! (Kaether, Langbrandtner '12
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Photomultiplier tubes (PMTs) convert light to electronic signals.

Two relevant factors in the conversion:
@ how much charge is generated and

o the ‘transit time' (Tiansit) between photon hit and signal readout.

Said factors are determined via Kaether and Langbrandtner's PMT model:

Pulse Type Physical Cause Charge Dist. Ttransic Dist.

‘pre’ e~ emitted from 1st dynode Gauss Gauss

‘early’ elastic-forward scattering of e~ at | Gauss Gauss+Gauss
1st dynode

!(Kaether, Langbrandtner '12
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Photomultiplier tubes (PMTs) convert light to electronic signals.

Two relevant factors in the conversion:
@ how much charge is generated and
o the ‘transit time' (Tiansit) between photon hit and signal readout.

Said factors are determined via Kaether and Langbrandtner's PMT model:

Pulse Type Physical Cause Charge Dist. Ttransic Dist.

‘pre’ e~ emitted from 1st dynode Gauss Gauss

‘early’ elastic-forward scattering of e~ at | Gauss Gauss+Gauss
1st dynode

‘regular’ standard Gauss Lin4+Gauss

!(Kaether, Langbrandtner '12
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Photomultiplier tubes (PMTs) convert light to electronic signals.

Two relevant factors in the conversion:
@ how much charge is generated and

o the ‘transit time' (Tiansit) between photon hit and signal readout.

Said factors are determined via Kaether and Langbrandtner's PMT model:

Pulse Type Physical Cause Charge Dist. Ttransic Dist.

‘pre’ e~ emitted from 1st dynode Gauss Gauss

‘early’ elastic-forward scattering of e~ at | Gauss Gauss+Gauss
1st dynode

‘regular’ standard Gauss Lin4+Gauss

‘falling edge’ sub-optimal e~ emission location | ExpGauss Lin+Gauss
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Photomultiplier tubes (PMTs) convert light to electronic signals.

Two relevant factors in the conversion:
@ how much charge is generated and
o the ‘transit time' (Tiansit) between photon hit and signal readout.

Said factors are determined via Kaether and Langbrandtner's PMT model:

Pulse Type Physical Cause Charge Dist. Ttransic Dist.

‘pre’ e~ emitted from 1st dynode Gauss Gauss

‘early’ elastic-forward scattering of e~ at | Gauss Gauss+Gauss
1st dynode

‘regular’ standard Gauss Lin4+Gauss

‘falling edge’ sub-optimal e~ emission location | ExpGauss Lin+Gauss

‘inelastic late’ inelastic back-scattering of e~ at | -ExpGauss Lin+Gauss

1st dynode

!(Kaether, Langbrandtner '12
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Photomultiplier tubes (PMTs) convert light to electronic signals.

Two relevant factors in the conversion:
@ how much charge is generated and
o the ‘transit time' (Tiansit) between photon hit and signal readout.

Said factors are determined via Kaether and Langbrandtner's PMT model:

Pulse Type Physical Cause Charge Dist. Ttransic Dist.
‘pre’ e~ emitted from 1st dynode Gauss Gauss
‘early’ elastic-forward scattering of e~ at | Gauss Gauss+Gauss
1st dynode
‘regular’ standard Gauss Lin4+Gauss
‘falling edge’ sub-optimal e~ emission location | ExpGauss Lin+Gauss
‘inelastic late’ inelastic back-scattering of e~ at | -ExpGauss Lin+Gauss
1st dynode
‘elastic late’ elastic back-scattering of e~ at | Gauss Gauss
1st dynode

L(Kaether, Lang
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PSD

Both gamma and neutron-excited signals are recorded — need a
discriminator variable.

!Marrone coefficients from (Liu, Joyce, Ma, Aspinall '10)
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PSD

Both gamma and neutron-excited signals are recorded — need a
discriminator variable.

‘Charge integration’ provides a simple and effective discriminator.

EJ301 Pulse Shape under Marrone's Model[1]
T T

10F ~ T |
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=
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'Marrone coefficients from (Liu, Joyce, Ma, Aspinall '10)
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PSD

Both gamma and neutron-excited signals are recorded — need a
discriminator variable.

‘Charge integration’ provides a simple and effective discriminator.

EJ301 Pulse Shape under Marrone's Model[1]
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PSD

Both gamma and neutron-excited signals are recorded — need a
discriminator variable.

‘Charge integration’ provides a simple and effective discriminator.
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PSD

Both gamma and neutron-excited signals are recorded — need a
discriminator variable.

‘Charge integration’ provides a simple and effective discriminator.

EJ301 Pulse Shape under Marrone's Model[1]
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Generally, expect Qrat = Qtair/(Qbody + Qrair) to be:

'Marrone coefficients from (Liu, Joyce, Ma, Aspinall '10)
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PSD

Both gamma and neutron-excited signals are recorded — need a
discriminator variable.

‘Charge integration’ provides a simple and effective discriminator.

EJ301 Pulse Shape under Marrone's Model[1]
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Generally, expect Qrat = Qtair/(Qbody + Qrair) to be:
@ independent of pulse amplitude, and

'Marrone coefficients from (Liu, Joyce, Ma, Aspinall '10)
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PSD

Both gamma and neutron-excited signals are recorded — need a
discriminator variable.

‘Charge integration’ provides a simple and effective discriminator.

EJ301 Pulse Shape under Marrone's Model[1]
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Generally, expect Qrat = Qtair/(Qbody + Qrair) to be:
@ independent of pulse amplitude, and
o larger for pulses with heavier tails (e.g., neutrons).

'Marrone coefficients from (Liu, Joyce, Ma, Aspinall '10)
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Example Specifications

Following ‘3CYL’ cylindrical detector experiment from!?.

1(E||is, Tintori, Schotanus, Duroe, Kendall, Mini '13)
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Example Specifications

Following ‘3CYL’ cylindrical detector experiment from!?.

@ r =38mm, h=76mm cylinder with 1.5mm Al walls and filled with EJ309,
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Example Specifications

Following ‘3CYL’ cylindrical detector experiment from!?.

@ r =38mm, h=76mm cylinder with 1.5mm Al walls and filled with EJ309,

@ (Cf252 source (G4fissionEvent + isotropic alpha emission) at one end,
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Example Specifications

Following ‘3CYL’ cylindrical detector experiment from?.

@ r =38mm, h = 76mm cylinder with 1.5mm Al walls and filled with EJ309,
@ Cf252 source (G4fissionEvent + isotropic alpha emission) at one end,

@ 50mm Pb shielding2 between source and detector,

@ PMT? placed at opposite end from source, connected via quartz window?,

@ and a CAEN-esque digitizer with pole-zero correction and lowpass filtering.

1(EI|is, Tintori, Schotanus, Duroe, Kendall, Mini '13)
2currently using 10mm thick Pb shielding for easier data
3currently using different PMT than from paper

“currently using no window for better data
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Conclusion/Parting Notes

The ‘scintillatorPSD’ example is proposed to
@ provide a ‘complete’ example of a detector, from particle input to
relevant variable (PSD parameter) output,
@ demonstrate capabilities of G4Scintillation and digitizers and how
they can be used to simulate PSD,
@ recreate a published experiment!, and
@ provide a ‘generic’ scintillator model (EJ309).

This experiment is not yet done!
@ Simulations have been done for monoenergetic gammas/neutrons but
not yet for the Cf252 source,
@ the hits from aforementioned simulations show low total energy - this
is expected to be fixed with the Cf252 source
@ comparisons need to be made with?.

Thank you for having me.
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