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Nuclear Physics Gamma-ray Imaging System for Real-Time Rare Isotope
Harvesting, Monitoring and Radiochemical Separation — NP Imager

Ethan Hull Ph.D PI, CEO and Technical Director

Matt Kiser, Ph.D. Director of Physics

Desmond Longford NP Imager Product Manager and Radiochemist
A collaboration with: ORNL (Jared Johnson)

MURR (Heather Hennkens and Alan Ketring)
NSCL (Greg Severin)

* PHDS Co. Introduction

* NP Imager Motivation

NP Imager Prototype Development
* Radiochemical Process Imaging



Introduction to PHDS Co. "/“PHDS

* Est. Fall 2004 — Nuclear and Solid-State Physics Origin W7 o foy Imeging Detectors
* History: Custom Nuclear-Physics Detectors like NPX
* Recently: Modular HPGe Systems like GeGl

 Complete Germanium Detector Manufacturing and R&D

* Concept and Design
 HPGe Crystal Growth
e Detector Fabrication
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2017 GeGI-5 (15 Ibs.)

* System Integration

* Software application

* Sales & Service

2008 NPX (150 Ibs.)
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Gamma-ray Imaging Spectrometer

HPGe Isotope Identification

Source Location Imaging
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& Compact Hand Portable System
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10,000 ft> Manufacturing
and R&D Facility in
Knoxville, TN
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Motivation CBRNE Team Training
239pu ID and Location

I Imager - [20160202_155120-5GMT.img]
W File Acquire View Tools Options  Show Window Help
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Radiochemistry is Dynamic = Motivation “ PHD s
Radioisotope separation at ORNL REDC Spring 2016

Preliminary Data that enabled Phase-|, First discussions w Alan Ketring.

' Gamma Ray Imaging Detectors




Motivation
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99.8 keV 22°Ac

40 keV 2%°Ra




40 keV 2%°Ra
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40 keV 2%°Ra




99.8 keV 22°Ac




99.8 keV 22°Ac




99.8 keV 22°Ac
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Collection Carousel
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225Ac 99.8




Collection Carousel

225Ra 40 keV
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Collection Carousel

221Fr 218 keV




Collection Carousel

213Bi 440 keV
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209T1 465 keV

Motivation: The ability to
observe the dynamic exchange
of isotopes in real time, on the
bench or glove box, would be a
very useful tool to
radiochemists and nuclear
physicists.
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NP Imager Technical Development “
Phase-Il Prototypes Concept of Operation "f ‘P HDs
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NP Imager Technical Development
Phase-Il Prototypes




NP Imager Technical Development “
Phase-Il Prototypes ' J" PHDS
" Gamma Ray Imaging Detectors

Adaptation of detector manufacturing to NP Imager

Ge Zone Refine HPGe Crystal
Growth

Cryogenic
system

NP Imager

Electronic and Software
Integration

Chassis and Optics




NP Imager
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r(X, Y, Z) Ax ~1.5mm
Energy

A
1. Compton Kinematic Imaging
2. Pinhole Aperture Imaging

» ZoomkFactor
3. Coded Aperture — next time




1. Compton Imaging
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* Finds the hottest source fast
* High sensitivity
* Detector open
* No collimator or shielding

* Proven useful at MURR and ORNL
137Cs 662 keV during radiochemistry operations
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2. Pinhole Aperture Imaging
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NPImagerSystem. - "{“PHDS

NP Imager 101 Prototype
HPGe Detector NP Imager 101

Prototype
(Ready for delivery to

2 S MURR April 2019)
o)
& “‘r FACALS, _‘\
o8 #WYPHDS s
Pb Pinhole Aperture e F Touch-
(1,3, or5mm screen PC
diameter insert)
—_— M (i
Gantry B s
e
Detector-Aperture Plate Controls
v - NP Imapger User Manual
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225Ra Wash (0 min) "K‘JPHDS
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8x
Larger
than
before




225Ra Wash (5 min) "K‘JPHDS
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8x
Larger
than
before




225Ra Wash (10 min) ‘JPHDS
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8x
Larger
than
before




225Ra Wash (15 min) "K‘JPHDS
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8x
Larger
than
before
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Radiochemistry Imaging Examples

MURR
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developed in acidified saline

RadioTLC
NP Imager
7 Dk
Crigin F Salvent
o Front
[ R i 1 A0 me
Both imaging
methods show
peak tailing
Solvent
Fromt

Hi w 0 e




MURR

HPLC separation of 1°°Gd and 161Tb (High
pressure liquid chromatography)
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HPLC isolation of Th-161 from Gd, showing movement
of Tb-161/Gd-159 through the column over time

At 8 min At 43 min At 69 min

 HPLC column housing: the column inside this chamber has a vertical orientation witha flow
inlet at the bottom and a flow outlet at the top



MURR - v YPHDS

' Gamma Ray Imaging Detectors

TaeoomE ool

I
EH i A e O S B Tooud s T

7 min

L] B P R T | hl

Ti—e:  SE w0984 | Srwctl -r.ns

Tema51 | s, TN

R T e A R L e
ke g Vem ok Ihdm bem A b e x B L ck gdm bew A bw Hde

z D [aq] Ti—e sl e | 0264 | Smec Sl
ﬂ = o Bl s, o o Py B = Temaid | 4 TN
T T
N

. Wy 1

i1

oy
—"’i e SEHE ol e PETRE T K R
-;-i g (R P |r:r|.‘-d|l‘il‘-.-rrlrm.-; n Kl by fap iea el Rg b e W]
" "
B =

o=
T

e —
vk Dwiny TR

R Ch Rl TFErErrz WY R doel e

Vil Deiny TRiom

TFErEErs WY RaTel P

ERLRQ
ERLQQ

PRCTC]
= vk Dwig Moo

RO
i vk Dt TR

,_
o
(]

Lo

w

Thid i po s chom i F s Thad i ro e ihom o e




MURR

18 min

D IR T R BT R R R Y
g Vem otk Ihdm o bewm Aw b ik

o A AL

v P
ML

. Wy 1
s, P o
mrpr Ermg T B

o=
T

P —
Vil Deiny TRiom

RO
i vk Dt TR

Thid i po s chom i F s

E:ErRLRDQ

e 048

RN R L

ey B Temaln s

Lanka

EEL TRl El e E
TN

U K A b

N W HRT

Bl kdgw hore oea e omlgRg B Wi
161Th

TFErEErs WY RaTel P

&Y PHDS

' Gamma Ray Imaging Detectors

L/

| L B T A I R [ [ E
e Tpm Vem ok gde bew A bw H
ﬂ i » e Wy Ti-e:  EOB e 045 EEE TRl

ph T P Temald |

v P B
i Do DDA 1 a1y CEMIE AW L | LETKAAL || UK R RN
!
LY =i Tk T K R
== T Irng B = Bl Rdgn foore e cmoelgRg b e ore Bee)
g %
-
B =

e
vk Dwiny TR

TFrrEErs T doe i e

N3 ekl

L vk Dwig Moo

o

Thad i ro e ihom o e

E:ErRLOQ




B b - IR HEL LT

e ® g

]

@
tun

E:ErRLOQ

©

MURR

30 min

mypoeramapleay

Vem ok gdm bewn A obw Hide

| Bl

2 r, Eﬁf w:

] =
= o
v T e
L 1 LAl
e, TR ke
g Ir g, i =

=T

45

ErE RLI]

vk Dwiny TR
PRCTC]
= vk Dwig Moo

Thad i ro e ihom o e

0965
i

[T

Lkl

EEE TRl

ph T P Temad

U K A R

B kg B

R

W AT

TFrrEErs T doe i e

TN
Ly

HEERR T FLY I TR R R oY |

e g

T T
I o

o=
T

E:ErRLRDQ

&Y PHDS

' Gamma Ray Imaging Detectors

L/

TIRHECI R e mr gl a

Vem ok Hhdm o rew A be Heke
- F, Ti—e: 234 e 0466 EELTE s
[ SRy i ! -
B ez 1 @y B Temad | Rl
T E P Fed
LI ar o 1 wi RkIE R Latkaal T B oA R
g o ke XM HRT

N

Ire g, Tat = Kl ke fooe fea Jnolg R b e e W

Vo ke mk

Vil Deiny TRiom el
RO
i vk Dt TR

Thid i po s chom i F s




MURR v YPHDS

' Gamma Ray Imaging Detectors

37 min
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177Lu/*>Yb Column Separation

t =0 - 10 minutes




NSCL May 10, 2019
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Beam Stop

Beam strikes front face of blocker
(0.5 mm thick 55, 25mm Water)

LN2 cold
trap
molecular

sieve

Recirculation

Pump Tank i NP Imager 102
l J

|

9 meters down stream from beam stop at ~ 30°




NSCL View from NP Imager

Distance = 1.7 meters
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NSCL 20190510 1925 78Kr BOT — 2-4 particle nA — 20% dead time 20 kcps
Nothing imaged with BOT — too much background, same cave as the beam stop.
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