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ANS Technology Demonstration
Element of the Dosimetry Project/Advanced Exploration
System Program

Objective: Develop candidate neutron spectrometer for
exploration missions

Conduct ground based testing and spaceflight technology
demonstration to evaluate performance

e Launchto ISS: Oct 2016
* Primary operations: Dec 2016-June 2017

location: USLab, Nodel, Node2
Data analysis: On going
Extended operations: ~Sept 2017 -2018



Mass:
Volume:
Power:
Voltage:

Data Link:
Data Rate:

Memory:

ANS-ISS Overview

11 Ibs  Deployment location: Internal
5”x9”x10” e Attachment method: Velcro

7 W * Exposure

28 VDC * Primary: 6 months

USB to ISS laptop e Secondary: 12 months

100 kbits/sec e Launch configuration: Soft-stow




ANS neutron detection concept

Composite Scintillator

(Plastic scintillator with Li-glass Charged Particle
microspheres)
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Gate and Capture Technigue

-1
(.9
- =3
E
Boron-10 2 07
. &
loaded plastic £ ¢
. L. = 0.5
scintillator .
£ 03
£ 02
7
0.9 E.Vt487. l:l' 0.1
08 ()
07 0.1
3—0.6
?;-0.5
%0.4 i
<<

le—"" Neutron Energy Signal

Neutron Capture Signal

.
,
T
-

FWHM 7.25 nsed

. — Delay 1.05 psec 2

o

0 200 400 600 300 1000 1200 1400 1600 1300 2000

Time (nanoseconds)

Lithium-6 doped
glass scintillator

2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000

Time (nanoseconds)



Signal comparison for plastic
(BC490)and glass fiber scintillators
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Signal separation for composite scintillator
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Fabrication

Fiber array:
72x73 fibers
120 um dia.

1 mm spacing
15 cm length

N N Tt s wreey velue LOELUVE ATE@

I Super Bialkali Photocathode, 12 Stages Metal Channel Dynode
GENERAL il
P ———— " 4

Spectr s R
Wavele <
Photoc Mirimum Edoctive Arez
W Matenal Thickngse
b 8 Struciure
Dynode ___i "umper of Stages
<. Opsieg
_ Storage
S0k
e
HA__;__)-I([ FINGS { Avsolute Maximum Valies)
i Parsimpter 1 Vasv _l Unit
1 Anoce an 3

I
T

—_—
- -
Suitable ¢ 5

Suitable D
—pe o

MaximMum il I l 1
‘_—_"m" i il
—_— ]
P I e 11111
HARACTERIL TN il

Parameter

Luminous (2?_15(:}«_) X

& " Blue S Indesx

thode Sensitivity |-




ANS-ISS

Neutron Channel

FEE Board
PMT
DC/DC Converter
Composite
Scintillator FPGA Board
ADC Board

Proton Channel
PMT
FEE Board

Interface Board



EH Event ADC histogram

7 R B =l =

Ground based evaluation
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Comparison of 3 neutron source spectra

Raw data comparison for 3 sources
10000

1000 \

—I|UCF 100MeV p+Al —Cf-252 —AmBe+Pb

10 i “me"'l” Ty H” .
i | |J|\“|| i1 il 4"

0 2000 4000 6000 8000 10000 12000 14000 16000
ADC channel




Gamma-ray induced triggers
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Detector response to Na22 gamma-rays
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Detector response for gamma-rays
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Neutron detection efficiency (preliminary)
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Note: Issue with PMT amplifier may prevent signal response evaluation



Flight data evaluation
NnPMT and pPMT signal trends

FNS 100,000 L3 Best Events outside SAA - N, NP, & Temperature: From - 12/15/2016-09:44:49 UTC to 06/18/2017-21:56:31 UTC
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L. Cadamuro, Characterization of the Hamamatsu R11265-102-M64 multi-anode photomultiplier tube, 2014 JINST 9 P06021
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Neutron capture signal
neutron-PMT vs proton-PMT
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5 consecutive passes at Southern Latitudes (March Nodel)

Nrate:RTC {RTC=>1490980000 && Lat<0 && t0=15 && (t0=22 || pO<10000)}
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Estimation of false trigger susceptibility (high latitude region)

35

neutron-PMT ~130 excess

trigger rate (Hz) triggers
- 406000
....... excess
proton-PMT triggers

trigger rate
(Hz) cooo |

130/406000 = 3.2x10"-4 susceptibility Cs 343/7,524,080= 4.56x10"-5 estimated (lab)

Note: no obvious way to assess susceptibility in normal or SAA portion of orbit



Neutron Capture Time Distribution March 22
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Spectrum March 16-18 (excluding SAA)
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ANS Geant4 Simulations

Figure 1 ANS diagram
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Frequency

ANS response
Neutron Energy vs Scintillation Photons




Initial neutron spectra: Mar 16-18
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Next Steps

Continue data analysis for neutron flux and dose
Develop algorithms for processing essential data onboard
Investigate light collection variation (data vs simulation)
Propose to repeat signal and dose calibration with mono-
energetic neutrons
Compare results with current and previous measurements
Next phase:
Develop design for extended mission durations
Validate data analysis approach
Further Instrument Developments :
Glass spheres replacing fibers
Single set of four 1”7 PMTs



Backup Material



Response to edge trig; 1”x1"x2”
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Neutron Spectra @ 45°— p + Al reaction

IUCF Simulated Neutron Spectrum for 100 MeV protons on Al
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