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Princeton University Plasma Physics Laboratory (PPPL)

* PPPLis one of 17 DoE natfional laboratories.

* We are managed by PU but have a government mandate that focuses on
fusion energy research and basic plasma science.

@ U.S. DEPARTMENT OF

ldelgado@pppl.gov




Nuclear Fusion is an ideal alternative to

SO|V€ The eﬂergy ChOHeﬂge — the sun's energy comes from FUSION

Fusion enerqgy is:

1. Clean
* No greenhouse-gas production
« No smog and no acid rain
« Only short-lived radioactive wastes (due to neutron
bombardment of vessel material)

2. Safe

« No possibility of runaway “chain” reaction/meltdown
* No proliferation threat (not a credible bomb factory)

3. Nearly inexhaustible (~107 year supply)

4. Efficient and independent of
geographical location When small hot ions combine (usually hydrogen:
H, D, T) .... there is a lot of ENERGY produced!
5. Inthe future, available 24/7

ldelgado@pppl.gov @PPR
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Main systems in the US are in Generadl
Atomics (CA), MIT (MA) & PPPL (NJ)
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Conventional tomography integrates in photon-
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Example of spatially resolved soft & hard
x-ray (SXR & HXR) spectra from ITER

1.2 T T Wm?
| Conventional tomography i l 2000
L infegrate in energy-space 1000
1.0 LA | *+ | 700
- 500
‘ 41| so0o
L Be/Al 200
0.8+ vacuum || 150
- window 130
( ) - 100
o 90
0.6 — 80
o 70
60
r 50
04 || 40
| H 93.7000 % 30
| He 4.0000 % LI 20
L| Be 2.0000%
02H € 0.2000% _
|| Ar 0.1200 %
|| Ni 0.0100% |
W 0.0001 %
0.0 11 11 I 111 I 111
0.1 1.0 10.0 100.0

Band central energy (keV)

D)PPPL



ETI Virtual Summer Meeting for Young Researchers

Conventional SXR tomography is still being used for
stability, MHD and transport studies

a) At~-16 ms b) At~0 ms c) At~0.5 ms d) At~25 ms
(high-Z accumulation) @ (before kink formation)fj(kink-like perturbation) § (crescent - island-like)
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Its extremely difficult to extract plasma quantities from
iINfegrated emission using conventional tomography

| Tomographic systems measure the line-integrated contfinuum & line-emission
2 ||\l e ) A ne: electron density — T |
‘ '\ | n;: ion (H, D/T) density I
ey 1oty densty e €. O, A Mo W
5 Plasma I T b p U
B variables | “Maxwellian” distributions f(Ec/kgTe) I
il 5 | e emmssssmssssss=-—- - How to
8-asymmetries as F[vs: foroidal velocity, M;: ion mass] circumvent
(vertical or tangential views are needed) this dlffICUHy 2
L: Length of integration, 6: poloidal angle
(radial and poloidal coverage)
Energy | Tiiter(Epn): fransmission function of filter |
response Detector response: S(Epn) I
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Novel x-ray detectors are able to take simultaneous

Images of the plasmas at different energy ranges

Emissivity [Photons/cm?/s]

]) ObTC“n Te, Zeff/ & ﬂe,fosf by
sample the conftinuum-radiation
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2) Obtain n; & AZ by sample
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PILATUS detectors enable breakthrough of 100k pixels

(Minimum) working at mulfiple energy ranges!

Operates in single photon counting mode
X 6 bit DAC
Si-sensor -ray Pad

P B>

2D array
pn diodes

CMOS
readout
chip

ol 4 : Digital H
= n S 20 bit Counter
alls
PILATUS2

100K N \Application Specific Integrated Circuit (ASIC) \

CMOS hybrid pixel technology developed originally for synchrotrons
- The comparator voltage of the readout chip (V.yp) controls the global threshold energy.
* The threshold energy can be individually refined/trimmed using a built-in 6-bits DAC (Viim).
« Maximum frame rate is 500 Hz (1ms integration + 1 ms readout); 107 CPS/p for PILATUS3

ldelgado@pppl.gov
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Eight (8) “color” measurement
at MST is possible using 60-chord

ohoton detector

« 487 pixels vertically; 7-"pixels” in-
between chips not being used

« 8-color measurement can be
selected from 1.8 to 22 keV in
low-, medium- and high-energy
ranges

« Thresholds are set individually for
each pixel adjusting the
associated trimbit setting

« In-situ spatial calibration was
done using Feb5 source

ldelgado@pppl.gov

o

50

100
Y index

150

Energy Threshold (keV)



ETI Virtual Summer Meeting for Young Researchers

Diagnostic tested at UW-Madison has demonstrated
unprecedented flexibility in the design of x-ray systems

SXR-inferred T (r,t) measurement

Configuration #1: Horizontal Stripes Configuration #2: Vertical Stripes
Multi-energy high SNR 1D profile measurements Multi-energy high resolution 1D profile measurements @ MST (d [~ ] Cm dn d d'l""‘ ] N |S)
* Thresholds vary in the radial direction and stay constant in the direction of symmetry * Thresholds to vary in the toroidal direction and stay constant in the radial direction
* 8 repeating thresholds gives 60 effective lines of sight * Improved radial resolution with 480 lines of sight, but lower total photon count 2000
* For MST this is a resolution of ~1 cm in the core * Oversamples MST, but may be important in future installations (d) —— t=16.5ms
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Motivation for developing capabillity for simultaneous
Imaging and ID of radioactive materials and devices

Develop a 6D imaging concept

that is capable of identifying the e

position (x,y,z), fime-evolution (1) TN

and natfure of active radio- e GO

nuclei (intensity [I] ,energy [E])

which can be found or used in |

the medical field, physical and
chemical sciences, military

bases, decontamination sites,

nuclear reactors and nuclear GOAL: Develop 6D Special Atomic
pro”ferdﬂon probeS. T?;C;?'?Eg)y Demolition Munifion

ldelgado@pppl.gov @PPR



The 2D option (e.g. intensity, scinfllator, & P, o armpifier & 6 MCA
energy) was developed @ PPPL N

Miniature Integrated Nuclear Detection System (MINDS)

<€— Am-241 Peak
(59.5 keV)

60

«— Cs-137 Peak
(662 keV)

Counts

* Three U.S. patents have been issued

Licensed to InSitech e

Sub-licensed to VeriTainer Corporation

Audible

Alarm ——» —

Undergoing testing in Singapore e

Materials

Operational @ U.S. military base and rail
@ bus commuter centers in the NE-US.
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Red Flashing Lights
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1st GOAL: Examine 4D (x,y,intensity,energy) option

, Test #2:
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: . dcan of Fe55 reveal its location,
. Infensity & energy-dependence

Log-scale

 Feb5 used was weak
AJrir1’regr<1’rior1~3 mins
~1c/pix/s

* PILATUS3 has larger
dynamic range:
5x10¢ c/pix/s

(good option for strong sources)

Binned (y-axis) data [x104 counts]

200 300 400 / | ,\y”"";.‘%,
X [pixels] | 107} ) \J

anm lmﬁt W M‘ll i mlli\l i m'l'll.l hlh“”l il

0 100 200 300 400
X [pixels]

* Emission drops quickly
between 4 & 6 keV)

ldelgado@pppl.gov @pPR
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; "= E-dependence of emission reveals
characteristic Fed5 energy

Energy-dependence
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™ Scanning of Fe55+Am?241 reveals
. & energy-dependent features

LOg-SCCﬂ@ 2 Am Spectrum
59.54 keV
HXR: CdTe
g < SXR SI > (BDDe\/FWHM :
13.95 keV
390 eV FWHM

ol V|

Energy (keV)

Binned (y-axis) data [x10° counts]

* For Ec>6 keV: Feb5
“disappears” and basic Am241
signatures are still visible

X [pixels] o A ~EXTRACT -
i, 4 AM241

F 8 A0 oo L b 1 eFor Ec>18 keV only the ~60 keV
- 0 100 200 300 400 Am?241 signature is left
X [pixels] (opportunities for CdTe)




= Multi-Gaussian profile fit can be
obtained with high-accuracy

Two Gaussian fit for Ec=3 keV

] Automatic
i procedure
‘ capable of:

I Fe55
| 1=93641.4
6 Cc=70.552
- W=120.372

Binned (y-axis) data [x10° counts]

Am2ai izt
m ¢ ° 2D locadlization
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2D fits were done for all energy-scan resolving 4D
opftion (e.g. x,v.l,E): extracting Fe & Am emission

ldelgado@pppl.gov 20
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Conclusion and future work

(1) Using novel technology developed for
nuclear fusion studies we aim to develop a 6D
capability for Simultaneous [IMaging and
dentification of RAdioactive Materials & Devices
(SIMIRAMP)

(2) Tested 4D option (e.g. x,y.l,E) using Si-PILATUS3
technology and low-intensity Fe & Am sources

(3) Custom visualization tool to locate & ID
sources and the nature of their unstable nuclel

(4) Use stronger sources and radiation fields with
moving-parts (max. fr~500 Hz)

Enriched U-disk sample

600

<> SXR:Si

| HXR: CdTe
S <€ |

300 W 185.72 keV >

200 + J

100 -

0 M‘J T T T T T T T T T T T T
0 18 36 53 71 89 107 125 143 160 178 196 21
Energy (keV)

(5)Use of HXR imagers
flielded with CdTe sensors
working with Am/Co, as
well as depleted and
enriched Pu- & U-samples.

ldelgado@pppl.gov
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