SAND2013-4915C

- Exceptional service in the national interest National _
S Laboratories

Organic Scintillators for Active
Detection Using an Intense Pulsed
Bremsstrahlung Source

E. Brubaker, J. Dolen, M. Gerling, J. Steele
Sandia National Laboratories

* U.s. DE l
EN ERGY ///’ v‘ D- Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin
Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND NO.




INTRODUCTION TO IPAD EXPTS




IPAD concept ) S,

= |ntense photon beam used to discriminate fissionable and
non-fissionable material
= |n fissionable material beam induces photofission
= |n non-fissionable material beam induces (y, n) nuclear reactions

= Detect the induced neutron and gamma radiation

= Discriminated based on the intensity, type, and time
signature of the radiation
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HERMES I

High-Energy Radiation Megavolt
Electron Source (HERMES)

= Pulsed power (13 TW)
= 700 kA, 28 ns electron beam

= Peak electron energy 19 MeV

Tantalum target used to create
bremsstrahlung photons

Three modes of operation

=  “Full machine” 16-18 MeV
=  “Half machine” 7-8 MeV

= “Noreset” 11-13 MeV
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IPAD experiment at HERMES ) .

= Gamma beam from HERMES IlI directed
towards target in outdoor courtyard

= Detectors placed 45 m from target

" Induced neutrons (y,f) can identify
fissionable material in target

= Competes with neutrons from active
background processes (y,n) in target and
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NEUTRON SIGNATURES, SNL
DETECTORS




Three neutron signature timescales @..
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Scintillator Detectors Fielded

= Goal: Investigate the accessibility of the
three timescales using organic scintillator
detectors.
= Large detector mass for relatively low cost.

= Simultaneously sensitive to gamma, neutron,
but isolated pulses distinguishable via pulse
shape discrimination.

=  PSD not possible when multiple event pileup
occurs.

=  Equipment: Neutron scatter camera and
Experimental detector array (right top,
bottom).

= Detectors situated in trailer 45 m from target,
with clear line of sight (below).

= Lots of shielding from direct HERMES III
radiation.
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Neutron Scatter

Camera

* 24-channel liquid
scintillator array

* 5D x 5” cells, 5”
Hamamatsu PMTs

» 250 MS/s digitizer
readout

Experimental

Detector Array

* Various liquid &
solid organics

« 2”7, 3", 5" PMTs,
some gated

* Struck SIS3350

500 MS/s
digitizers
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Shot-to-shot variation
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EXPERIMENTAL RESULTS
* BETA-DELAYED TIMESCALE
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LS array background/calibrations




LS array beta-delayed signal )

Laboratories

= Plots show 300 s, shot at ~100 s.
= No difference on long timescales for identified neutrons.
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EXPERIMENTAL RESULTS

* DELAYED PROMPT TIMESCALE
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Scope traces, 1 ms timescale
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Delayed prompt analysis example ) i,

Shot 9545 - PSD vs Time - Channel 4
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57 EJ-309 cell delayed prompt timescale

Number of Photons vs. Machine Peak Voltage Number of Neutrons vs. Machine Peak Voltage
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On 250 ms timescale, y and n rates primarily
correlated with machine output, not target—
need good source diagnostics!
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EXPERIMENTAL RESULTS

* PROMPT TIMESCALE
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Gated PMT

Goal: temporarily decrease PMT gain
3" Electron Tubes (ET) 9821KB
= 12 dynodes

Gating is accomplished by biasing the 15t dynode (D1)
and focus grid (G) to be more negative than the
photocathode (PC)

Developed PMT test procedure using LEDs

SNL-CA designed gated base decreases gain by > 1000x,
return to nominal voltage with 100 ns rise time

ET SNL-CA :SNL'CA
base Deployed Prototype_

PC

D1
D2
D3

-2000V

-1680V
-1510V
- 1400 V

-2040V
- 2000V

-1510V
- 1400 V
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Prompt timescale scope traces

" Ungated PMTs

= Saturate, recover (even multiple times!)

= Gated PMTs

= Successfully turn on ~1us after initial gamma burst

Isolated pulses visible

= However, afterglow/EM noise/pileup still visible
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Effect of gating
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Scope traces show half-machine shots.
» (Gating successfully extinguishes the signal during the gated period.
« But transient saturation effects look identical after gating.

« Other characteristics of the gating base may be allowing quicker recovery than
the ungated bases.
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Conclusion )

= Successfully recorded HERMES shots with a range of organic
scintillator detectors and readouts

= Small number of neutrons detected at 45 m on beta-delayed
timescales

= Number of gamma rays and neutrons detected on delayed
prompt timescale is highly correlated with intensity of
interrogating beam—active backgrounds

= Need good machine consistency (or diagnostics) for SNM detection

= Prompttimescale neutron detection using gamma-sensitive
organic scintillators has not been demonstrated due to
saturation effects from the scattered interrogating photons

= Gating is only a partial solution to overwhelmed PMTs
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Results — 5” EJ-309

= Quality requirements
= Amplitude > 600
= Time > 3us

= Gamma requirement

= Amplitude > 2000
= PSD<0.19

* Neutron requirement
= 2000 < Amplitude < 19000
= 0.195<PSD<0.34

= PSD >-0.28 x Amplitude /18000 +
0.28

Cf-252 Calibration - PSD vs Amplitude - Channel 0

h
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Bare PMT crosscheck )

A bare PMT with no scintillator and no mu metal was also read out.
LED pulses demonstrate maintained gain
% Machine traces
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Bare PMT

= A bare PMT with no scintillator and no mu metal was also

read out
=  Full machine traces

= EM noise? Gammas interacting with PC or dynodes?

Bare PMT - Shot 9547 — HV on

Bare PMT - Shot 9548 — HV off
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