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

* PHDS Co. Introduction

NP Imager Motivation

* NP Imager Prototype Development
* Radiochemical Process Imaging



Introduction to PHDS Co. "‘y“PHDS

* Est. Fall 2004 — Nuclear and Solid-State Physics Origin semme ey maging betecors
* History: Custom Nuclear-Physics Detectors like NPX
e Recently: Modular HPGe Systems like GeGl

 Complete Germanium Detector Manufacturing and R&D
* Concept and Design
 HPGe Crystal Growth
* Detector Fabrication

* System Integration

» Software application
e Sales & Service
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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
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221Fr 218 keV
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213Bi 440 keV
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209TI 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.




Gamma Ray Imaging Detectors

NP Imager Technical Development “
Phase-Ill Prototypes Concept of Operation "Y‘ P HDS




Gamma Ray Imaging Detectors

NP Imager Technical Development ':’Y“PHDS

Phase-Il Prototypes




NP Imager Technical Development
Phase-Il Prototypes
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Adaptation of detector manufacturing to NP Imager

Ge Zone Refine HPGe Crystal
Growth

NP Imager
Electronic and Software

Integration Chassis and Optics
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NP Imager System
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NP Imager 101 Prototype
HPGe Detector NP Imager 101

Prototype
(Ready for delivery to -
April 2019)

K':Y“ o g )

3011 Amherst Road
Kaoxville, TN 37934
(865) 202.6253

Gamma Rey Imoging Deteciors e phdsco.com

Pb Pinhole Aperture
(2,3, 0or5mm
diameter insert)

Touch-
screen PC

NP Imager

Nuclear
Physics
Imager

Gantry
Controls

NP Imager User Manual

ADVANCED PINHOLE IMAGING

FIGURE 5. THE PINHOLE APERTURE AND THE NP IMAGER CAN BE ENGAGED ON ANY FLAT SURFACE. WITH THE
PINHOLE ENGAGED THE APEX OF THE MM FROM THE FACE OF THE
DETECTOR INSIDE THE CRYOSTAT. THIS IS A ZOOMFACTOR OF 1.

Pinhole Imaging is used to measure the detailed structure of radioactive material within a maximum 60-
degree forward field of view (FOV). Pinhole imaging requires the Pinhole Aperture to be positioned in
front of the NP Imager and engaged as shown in Figure 1. This can be done on any flat surface. It should
be noted that based on the 60-degree pinhole opening the diameter of the image plane FOV is
approximately equal to the distance from the pinhole aperture to the target image plane. Also note that
o inhole screen is stan ont face o ol

ini When the Pinhole Aperture is in place, the view of
the camera mounted on the NP Imager is substantially obstructed. Switching to the camera mounted in
the Pinhole Apertu

The camera mounted to
the GeGl s obstructed
by the Pinhole Aperture.

Switch to the camera
mounted in the Pinhole:
Aperture holder for an
unobstructed optical
overlay (instructions
below).

SWITCHING T0 THE CAMERA MOUNTED IN THE PINHOLE APERTURE HOLDER
‘The order of operations below is critical for proper optical alignment of the Pinhole Image. Following the
steps below will ensure the proper image alignment parameters are applied (these vary, depending on

18
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- HPLC separation of 1°°Gd and 161Tb (High

pressure liquid chromatography)
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