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

DE-SC0017245 5/21/2018 - 5/20/2021

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, Jon Garrison)
MURR (Heather Hennkens and Alan Ketring)
NSCL (Greg Severin)

e PHDS Co. Introduction
* NP Imager Concept
* Continued NP Imager Prototype Development
* Sales of NP Imager Products!!
e Already sold 3 NP Imager systems + 1 pending!!



Introduction to PHDS Co. "‘y“PHDS

Est. Fall 2004 — Nuclear and Solid-State Physics Origin semme ey imesine Berectors
e 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
* Detector Fabrication

GeGl

« System Integration I
e Software application *"“ P 4

 Sales & Service

Specialty
Tactical
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Fulcrum' {QPHDSs

Compact HPGe Gamma-ray Spectrometer

® \
GeGI @&PHDS

Gamma-ray Imaging Spectrometer

HPGe Isotope Identification \
Source Location Imaging

Source Distribution Imaging

Compton Im
Quantitative Imaging

#" ANSI N42.42 Reachback
p Compact Hand Portable System

p— HPGe Isotope Identification ,
Exposure rate calculation
User Friendly Android App
ANSI N42.42 Reachback
'Co-57 Compact Hand Portable

NM‘MHM w ”‘Wﬁ N NM ‘ 1.5 hour cool-down time
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10,000 ft2 Manufacturing
and R&D Facility in
Knoxville, TN




Vertical manufacturing at PHDS Co.

Cryogenics




Motivation cBRNE Team Training
239py ID and Location
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Radiochemistry is Dynamic = Things necessarily move

NP Imager combines Imaging, Spectroscopy and Time. ':’Y“ P HDs

. Gamma Ray Imaging Detectors
177Lu/175Yb Column Separation at MURR

t =0 - 10 minutes
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NP Imager Technical Development “
Phase-Il Prototypes "Y‘ P HD s

Concept Design
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NSCL Rare Isotope Imaging — NP Imager 102 ':’Y“ PHDS
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Highlights of the recent year:

1. Continued work on prototype NP Imager systems

a. Built a gantry for NP Imager 102

b. Delivered NP Imager 102 and gantry to ORNL REDC, October 2019

c. Built new NP Imager 103 prototype
a. Modified the detector geometry

d. NP Imager 103 to NSCL for “8Ca beam imaging measurements
i. Several novel isotopes observed during beam and after collection
ii. New Imaging observations — ghosts

e. Coded Aperture Development — a tool for enhanced imaging sensitivity

2. NP Imager Product Development

a. Sold 3 (soon 4) Commercial NP Imager Systems
b. NP Imager was featured at the RRMC in October 2019



Built a gantry for NP Imager 102 ‘
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Built a gantry for NP Imager 102
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Delivered NP Imager 102 + Gantry to ORNL REDC, October 2019 ‘,Y“ P HD s
'A- -~

REDC Gathered ~ 15 people ~~mma Ray Imaging Detectors

o

N

Knoxville, TN 37934

'Y‘ (865) 202-6253

3. Training Presentation — DL (MK) "' Sal il
NP Imager User Manual Refinements

4. REDC has been using their NP Imager for daily activities

. Presentation of PHDS Co. Technology - EH ffA\ PHDS M‘\

NP Imager

Nuclear
Physics
Imager

HPGe Crystal
Growth

NP Imager User Manual

ADVANCED: SOFTWARE LENS ALIGNMENT

The camera parameters are set at the Factory and should not need user adjustment. However, the user
should ensure that the lens region of the camera image is bounded by the red circle. If the lens software
alignment does not match, use the arrows and sizing buttons to align the red circle with the circular
outline of the lens.

Version: 2019-10-0<

\_ Ce

NP Imager Red Circle Defines Lens Boundary

Electronic and Software . . for Alignment of Optical and
Chassis and Optics Gamma Images by Software. This

needs to be aligned to the region |\
of the camera image that captures & 1!
the field of view of the lens. p
T locbisdoind

Integration

FIGURE 6. THE APERTURE AND DETECTOR CAN BE ALIGNED AT VARIOUS ZOOMFACTOR SETTINGS USING THE
GANTRY IMAGING PLATE. THE LEFT-HAND VIEWS SHOW THE CONFIGURATION FOR ZOOMFACTORS OF 1 AND 6.
THE RIGHT-HAND VIEWS SHOW IMAGES MADE OF THE SAME SOURCE CONFIGURATION WITH ZOOMFACTORS OF 1
AND 6. NOTE THE BLACK THUMB SCREWS RIGIDLY HOLD THE APERTURE AND DETECTOR IN THE PLATE.

20
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ORNL REDC using their NP Imager for daily activities ",Y“ PHDs
(\ 4

227Th - Z39Pu
Separation

236 keV
27Th

I

Log ( Counts))

1000




Built new NP Imager 103 prototype
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NP Imager Process Modification:
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NP Imager 103 to NSCL for 48Ca beam imaging measurements ",Y“PHDS

NSCL 48Ca beam December 20, 2019

Recirculating Beam
Stop Harvester

PHDS Co.: Desmond Longford
(Radiochemist and NP Imager Product
Manager), Ethan Hull (CEO, PI)
MSU/NSCL: Greg Severin, Katharina
Domnanich, David Morrissey, Brad
Sherrill Chloe, Colton, Wes Walker

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

48C a

Thermocoup\
on exit tube

vault wall

LN2 cold
trap
molecular

Recirculation
Pump

NP Imager 103
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NP Imager 103 to NSCL for 48Ca beam imaging measurements
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Pinhole Image

Log ( Counts )
~

In beam Data! - Savedfile PCOSCOPU;
B2 Temp(K: N/A TCORJ:0 F2:0.0

(could not see this last time in the vault
common to the beam dump

5-mm aperture

2623 cps — observable
spectroscopy and image

The shielding was removed from
the cation/anion column

Compton

-

Compton Image
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This measurement shows several isotopes.

3000

Detectors
Find Puel Total v
Gammas

Pinhole

Rebn (2

O Eng Spec

® AV SPec () Freng

( lFas!D\av () Fpred-Fsuce
) DeltaT (O waveforms

Peak info

Centroxd

FWHM

FWTM

Gross area

Net area.

Planar

Teselic
012345

5]

< L
7 8 9101112131415

Scientific

197.0

-

157.6

1378

1182




% PHDS

Gamma Ray Imaging Detectors

@ Imager - [2019 g
Time: = 3857 Live: 0.951 . SavedFile
Pat <+ i i
L B cps. [ 0 6w @ B B Tempk): NA :
" inhole
@ 4 JDCom ) Eng Spec
® Ave Spec
AV gy / O Fast Chan
@ O DeltaT
A 3 } Peak info
- 2 Cenfroid
el i o
§ Gross areal
Hao 2 Net area
¥
i
N
.ulllllllln.
Q o 1000 3000
IZI ;hn-: [Scientific

197.0

157.6

1378

1182

= | < L
0123458678 9101112131415

Read




a Imager - [20191222_065819.img]
we File Acquire View Tools Options Show Window Help

% PHDS

Gamma Ray Imaging Detectors

. SavedFile PCOSCOPU:0

El e @ = = TempK): | NA TCORJ0 F2:0.00
. Detectors Pinhole
Find Pel24d v s
. 241 Gammas
22 Rebin 2 |
7 . (O Eng Spec Sh ]
21 mAve Spec
O FiEng
22 8 ( rFasiO\an ) Fpred-Fsuce
© et
16 Peakinfo

w, || £

IR
g\ 12t
P I
081
@ “
04t

' ]

i, 02

00+
Q =

Centroid: 156962

FWHM 29923 (187 68%)
FWTM 58921 (369.37%)
Gross area 57817.00
Netarea. 57817.00

, <
I./I Planar

Jpeilz=l
7 8 9101112131415

Scientific

X=2917.Y=2




© Imager - [20191222_065819.img]
W File Acquire View Tools Options Show Window Help

X A

Time:
CPS:

| SavedFile
Wi & B B TempK: | NA

3857 Live: 0947
0 6

PCOSC0PU:0
TC.ORJ:0 F2:0.00

% PHDS

Gamma Ray Imaging Detectors

|
(Co-57

Log ( Counts )
s

‘ *I‘I ”

|

IEHI

08} | Mn-54

i

||1m”mnrrmmwnﬂr Wi Tt T

1000

Detectors
Find Prel2111 v
Gammas

Rebin 2

_) Eng Spec h ]
onAve Spec O FfEng
OFastcnan () Fpred-Fsuce

) DetaT (O Waveforms
Peak info
Cenfrod: 7447
FWHM 98.86 (132.76%)
FWTM 1269.88
Gross area 1894700
Netarea. 1894700

o1 |1

01234568

7 8 9101112131415

Scientific

Pinhole




(24,4) - (21,11)

Sc-47 159.4
K-43?220.2

Sc-44m 271.1

K-43372.8

K-43 617.5

100

K-43396.9

Ca-47 489.2
K-43 593.4

1000

@YPHDS

—
™~
(2}
N
—
™~
<

©
)

Ar-411293.6

Gamma Ray Imaging Detectors

47Sc

43K
44msc
47Ca
41Ar

Identified
and localized
in the
column




¢ YPHDS

Gamma Ray Imaging Detectors

& Imager - [20191222_065819.img] - X

w File Acquire View Tools Options Show Window Help

@ Wi x| g Time: | 3857 Live: | 0951 . SavedFile PC:0SC:0PU: 0
o [ ops: 0 6 uRhr @ = = TempK): N/A TC.ORJ:0 F2:0.00
o shold Distance(m) Events
N 0 |-[100 % 1.910 | +/-{0.000 93665 Search Pixels Edit ROIs Switch to Polygon ROIs

Show All Energy Windows - i | 2 I Units  Curies (Ci) v
Isotope Energy (keV) "

5 o
i | S —
ke oms

] co-60 13325

ROI Isotope Energy Count Activity (Ci) Radioactive Mass (g) Activity Conc. (Ci/g)

-
+w
i

%

F] goooogooon
? IIIIIIlIIII
a

]

HELQDQ

LOG

Intervening Materials

There are no items to show in this view.

Material  Density(g... Thick(cm)

(24,4

-(21,11)

5c-47159.4
K-43372.8

ROI Materials S w

ROI Material  Density(g... Thickl 8 B
33 3 e
100 R - < 5o
E g S8
b g 53
3 5 8%

8

There are no items to show in this view.

0 200 400 600 800 1000 1200 1400

Ready A= 122 v=2 reLcoun=UUY




¢ YPHDS

Gamma Ray Imaging Detectors

& Imager - [20191222_065819.img] - 2
e File Acquire View Tools Options Show Window Help .
\El @i | x [k £ | Time:| 3857 Liver | 0.951 PC:0SCOPU:D
/B . . N -
: cPs: | 0 B WRhe @ = = TempK): NA TCORJ0 F2:0.00

o (| Threshod Distanceim Events
_@ 1[0 ]-[100 |% 1.910 | +/-|0.000 93665 Search Pixels Edit ROIs Switch to Polygon ROIs
—==, || [ showAll Energy Windows " L ! y Units  Curies (Gi) v
"‘L“‘I""g Isotope Energy (keV) 2 Isotope Energy Count Activity (Ci) Radioactive Mass (g)  Activity Conc. (Ci/g)

|- Ul Sc-47 1594 4261 1.64e-04 +/- 2.66e-06 2.02e-010 +/- 3.27e-012 N/A
= ]”‘”" 3__ Sc-47 1504 4266 1.64e-04 +/-2.66e-06 2.02e-010 +/- 3.27e-012 N/A

o |||

8‘”"3 1 Co-60 1332a Sc-47 1594 2291

i

Sc-47 1594 2306

-+
E
&
-
~
¥
&
A

Sc-47
159.4 keV
3.3 days
164 pCi

OO0 00

&
@
Q
Py
HH

LOG

Ooooogooog

Intervening Materials

| Material  Density(g... Thickicm)

(24,4

-(21,11)

K-43372.8

. n
g ~
& o
& 2 o
- N
Y 4 & 3 s
¥ R B 1
~ T &
P om &3
g 2 -] @ -
! T 2 55
RO Materials ) ~ I Ty
& = 7 i
ROI Material  Density(g... Thick| 3 = o
1 00000 2801
| < >

0 200 400 600 800 1000 1200 1400

Ready X=97 Y=Y KeLLOUNT=U.US




¢ YPHDS

Gamma Ray Imaging Detectors

@ Imager - [20191222_065819.img] - X
e File Acquire View Tools Options Show Window Help
® Wi < x| g Time:| 3857 Live: 0851 - SevedFile PCOSCOPU: 0
b [ [ , - 8 -
: cPs: 0 6 Wik ® B B TempK): | NA TC:0RJ:0 F2:0.00
e || Threshold Distance(m) Events
@ 0 |-[100 % 1.910 | +/-[0.000 12175 Search Pixels Edit ROIs Switch to Polygon ROIs
X
—=Z, || | Show All Energy Windows m— . Units  Curies (Ci) o
w"”’"“g lsotope Energy (keV) i ROI Isotope Energy Count Activity (Ci) Radioactive Mass (g)  Activity Conc. (Ci/g)
gﬂﬁ 9__ 1 K43 3728 4933 8.13-04 +/- 1.16e-05 2.47e-010 +/-3.52e-012 N/A
Y| ] co-60 11732
§ 9 || |0 A ST
s
ks s

[IMn-54
Ckas ews
_Mg2s |32z
B 7 A
/| KSR 726
ka4
CMg2s mso |

[Jco-57 122.1
_scashoze ]
s hoss
.

- Mg28  mr2e |
 Scar  asea
m. | K

Intervening Materials

8349

K-43
372.8 keV
22.3 hrs
813 uCi

HELRQR

LOG

Material  Density(g... Thick(cm)

4

o«
a o
IN
2 5 (24,4)-(21,11)
3 s
A o~ =
o uwy
I ~
o ]
a1 |2 g
= R b w s
100 ~ m o~ = oo
£ I g 2 as
3 = 3 o ~o
ROI Materials < S g i
erials & ¥ N @ =
” : <
ROI Material  Density(g... Thicki 3 = o
1 0.0000 337
10
1
< >
0 200 400 600 800 1000 1200 1400

Ready X=110 Y=4 KeLCOUnt=u.0u




¢ YPHDS

Gamma Ray Imaging Detectors

[v] Imager - [20191222_065819.img] = X
e File Acquire View Tools Options Show Window Help

Time: 3857 Live: 0951 PC:0SC.0PU:D

)] - ) S | oS ). ® =2 = - , TCORJD F2:0.00
CPS: 0 6 uR/hr Temp(K): | N/A 0 RJ: 0,

- “Threshold “Distance(m) Events.
‘@ 0 |-[100 |% [1.910 | +/-[0.000 6828 Search Pixels Edit ROIs Switch to Polygon ROIs
—=Z, || | Show All Energy Windows \ Units  Curies (Ci) v

"".-"I"‘é Isotope Energy (keV) ROI Isotope Energy Count Activity (i) Radioactive Mass (g)  Activity Conc. (Ci/g)
‘?m 1 Cad47 4892 718  1.63e-03 +/-647e-05 2.66e-09 +/- 1.06e-010 N/A

]

B 9 BG Ca-47 4892 1247

i+

Ca-47
489.2 keV
4.5 days
1.6*.48 =
0.76 mCi

-(21,11)

@
@
&Y
i
i

LOG

Intervening Materials

Material Density(g... Thick(cm)

(24,4

Sc-47159.4
K-43372.8

K-43? 220.2
K-43 617.5

@
- &
o £ o
@ 1
100 IS moo~ = 5a
£ I o @ a3
3 = ¥ o ~o
ROI Materials % ~ 9 I5
ceg @ < ¥ S&
ROI Material  Density(g... Thick| 5 = 8
1 0.0000 33.71
10
< > 1
0 200 400 600 800 1000 1200 1400

Ready A=51 Y=/ KeLLouUNt=u.U3




% PHDS

Gamma Ray Imaging Detectors

2
-
’ ﬁ ‘ @il x e 0 Time: 3857 Live: 0951 | PCEU SQ:U PU»:U
R ocps: 0 6 e @ B B TempK): | NA TC:0RJ0 F2:0.00
_}T@ [0 )-[100]% [1:910 |+/-[0.000 B Search Pixels | EditROIs Switch to Polygon ROIs
===, || | Show Al Energy Windows ~ . Units  Curies (Ci) =
Iy () | Isotope Energy (keV) 2 ROI Isotope Energy Count Activity (Ci) Radioactive Mass (g)  Activity Conc. (Ci/g)

. 1 Ar-41 12936 802  2.72e-04 +/- 1.07e-05 6.52e-012 +/- 2.56e-013 N/A
mh—

i
& 8G Ar-41 12936 1845

HELRQ -

+ 1w

Ar-41
1293.6 keV
109 min
272 —-16 =
256 uCi

—

0G

Intervening Materials

Material  Density(g... Thickicm)

k & N
I
N o 24,4)-(21,11
' ’
b s
A o~ =
o ]
g ~
o ]
LT g
= R " ~ pads
10 I [ &g
¥ g
I 8 = oo
i ~ m =<
ROI Materials ] s 3 S5
A 8z
ROI Material  Density(g... Thick| 8
1 00000 3371
10
e 5 1
0 200 400 600 800 1000 1200 1400

Ready X=13 V=1 KeLLOUNT=U.0U




Ghost Image !!
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Ghost Image Peak
No 174 keV %K peak
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Compton Images at higher energies
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Rank-19 MURA at PHDS
PHDS mask design

Manufactured for PHDS Co. by
Brock Roberts at
Electrodynamic

Data collected at PHDS with

mask positioned on platform

c=0.25cm
f=8cm
z=50cm
m =1.1905

Aa=c/f=0.031rad =1.8°
(1.6 cm at source plane)

FOV_ =29.7 cm (~33°




Image Reconstruction
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