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PIRE-GEMADARC	Research	Plans	

 RESEARCH 
ACTIVITIES Spring Summer Fall Spring Summer Fall Spring Summer Fall Spring Summer Fall Spring Summer Fall
1. Material advancement 
  a. Zone-refining
  b. Crystal growth
  c. Characterization
2. Detector development
  a. Internal amplification 

  c. Inverted coaxial PPC 
3. Detector performance
  a. Test methodology
  b. Simulation toolkits
  c. Pulse shape discrimination

Table 2. PIRE project timeline, milestones, and deliverables. All tasks will accept summer students.
Year 1 Year 2 Year 3 Year 4 Year 5

Multiple iterations to achieve 30 kg ingots with ~1010/cm3 impurity level for crystal growth 
Multiple iterations of growth for 20 kg with an impurity level of (1-3)x1010/cm3 and mobility of more than 45,000 cm2/Vs 

Characterize all grown crystals for electronic and optical properties to enable simulation (500 samples).

Measurements of charge pulses Simulation of  pulses Comparison Developing models

Build 2nd detector Run for certification

Design, fabricate,  and test  1st detector Rebuild and test Build 2nd detector Run for certification

  b. SuperCDMS-type detectors

Understand the correlation between  charge generation, transport, trapping, recombination, impurityies, and surface effects
Simulate charge carrier drift and diffusion during the drift process to understand charge trapping and surface effects

Rebuild and test Build 2nd detector Run for certification
  Design, fabricate, and test  1st detector         Rebuild and test
Design, fabricate, and test  1st detector  

Research Accomplishments and Impacts to Date
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PIRE-GEMADARC Collaboration 
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Overview�of�the�Project�and�Project�Management�

John�Wilkerson
PIRE-GEMADARC�Collaboration�

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium
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A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and w orld-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers
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Material Advancement – Zone Refining  

Importance:
Increase the yield of 
zone-refined ingots, 
since each run takes 
160 hours

Participants:
USD
Tsinghua
LBNL
Students (8): 
Kyler Kooi
Alex Kirkvold
Pramod Acharya
Kunming Dong

Zhangzhi Feng
Qingqing Li
Mathbar Raut
Sanjay Bhattarai
Postdoc (2):
Gang Yang
Hao Mei
Faculty (3):
Jianmin Li
Dongming Mei
Mark Amman

Advanced Goals
• Continue zone refining research activities by improving its output 

efficiency from ~70% to 80% through optimizing run parameters
• Study temperature gradient along axial using thermal camera
• Improve understanding of thermal dynamics with respect to impurity 

segregation
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Material Advancement  -
Crystal Growth and Characterization

Crystal Growth challenges:
• Increase H2 flow rate 
• Exercise diameter and uniformity 

control
• Increase the production rate/growth 

from 30% to 50%
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Materials	Advancement	

Ø Crystal	Growth	(USD,	Tsinghua,	LBNL	– Postdoc	and	Graduates)	

(a) Increase	the	yield	of	the	portion	of	
detector-grade	crystal	per	growth	from	
~30%	to	~50%

(b) Improve	diameter	control	to	grow	
crystals	more	uniform	in	shape	to	
minimize	the	mechanical	work	for	
detector	fabrication	

(c) Study	the	effective	segregation	
coefficient	with	respect	to	the	growth	
conditions		
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backgrounds,	complexity,	and	cost
Goal	to	achieve:	Increase	the	production	of	2-3	
kg	crystals	

Participants:
USD
Tsinghua
LBNL
Students: 
Pramod Acharya
Mathbar Raut
Sanjay Bhattarai
Kyler Kooi
Kunming Dong
Postdoc:
Hao Mei
Gang Yang
Scientist:
Guojian Wang
Faculty:
Jianmin Li
Dongming Mei
Mark Amman
Brianna Mount

Crystal Characterization purposes: 
• Provide accurate characterization of the 

net impurity level for developing Ge 
detectors;

• Improve knowledge about the content 
of the  impurities in grown crystals
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Materials	Advancement			

Ø Characterization	(USD,	LBNL,	BHSU,	Tsinghua	– Led	by	Students)		

(a) Continue	Hall	Effect	measurements	to	characterize	grown	crystals	
(b) Continue	C-V	measurements	to	ensure	the	accuracy	of	the	Hall	Effect	system
(c) Implement	Photo-Thermal	Ionization	Spectroscope	measurements	

Research Accomplishments and Impacts to Date

Dongming Mei
PIRE-GEMADARC Collaboration 
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Hall	Effect	System	 C-V	measurements	 PTIS	measurements	
Tools
• Hall Effect
• C-V analysis
• PTIS (Photo-Thermal Ionization Spectroscopy)

Importance: 
Larger detectors can reduce
backgrounds, complexity, and cost
Great Progress: 300 – 1500 grams: 3 pulls

1.5 – 2.7 kg: 6 pulls 
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Detector Development – Internal Amplification
Participants:
Students: 
Rajendra Panth
Kyler Kooi
Akash Pandey
Chih-Hsiang Yeh
Weiyou Tang
Postdoc:
Wenzhao Wei
Xianghua Meng
Sha-Sha Lv
Faculty:
Henry Wong
Yang Tian
Yulan Li
Xinde Lin
Jing Liu
Dongming Mei
Venktesh Singh

Major activity
o Initial fabrications completed (spring 2020)
o Fabricate a robust breakdown prevention structure
o Fab modest sized detector (>1kg) from USD crystal 
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Development	of	Novel	Detectors	

Ø GeIA technology	(USD/ASIOP/Tsinghua/BHU/SU)		
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Two	Detector-Grade	Germanium	Crystals	Have	Been	Grown	at	The	University	of	South	Dakota

The figure at left shows the two grown crystals (9-5-18A and 9-14-18C)
and the impurity distribution along axial direction. The table above
presents the dimensions, weight and impurity concentrations for these
two crystals.

In September, two crystals with 3 and 5kg were grown from Crystal furnace A and C, respectively (as shown in the figure). The
impurity distributions along the axial direction are shown in the figure . Two pieces of crystal can be used for detector
fabrication. The relative parameters are listed in the table above. ---Written by Dr. Guojian Wang from the University of South
Dakota in U.S.A.

THE GERMANIUM DISCOVERY STORY

.

UPCOMING	EVENTS
Newsletter Editor: Wenzhao Wei
Newsletter Committee: 
• Hao Mei (Designer)
• Prof. Christina Keller
• Prof. Dongming Mei
Photo Credits: Guojian Wang, Gulden 
Othman

Dongming Mei: 1-605-677-6124 
dongming.mei@usd.edu
Wenzhao Wei: 1-605-658-5503
wenzhao.wei@usd.edu

Fig.	1.	Argyrodite crystal Fig.	2.	Clemens	Winkler

Fig. 3. Clemens Winkler prepared (top) samples for
the world exhibition in St. Louis 1904 and
(bottom) Feb. 6 1886, the very first sample of
Germanium Sulfide.

Fig.	4.	Metallic	germanium

The mineral argyrodite was discovered in 1885 in the Himmelfürst silver mine in
Freiberg in Germany. The name argyrodite is Greek and means "contains silver".
Argyrodite crystals can grow up to 18 cm and are shiny dark gray with a little reddish
tint, see Fig.1. The chemist Clemens Winkler (1838 -- 1904), see Fig.2, working and
teaching at the Mountain Academy in Freiberg was trying to analyze the new mineral.
He found silver and sulfur but was missing 7% of the mass. Finally he concluded, he
must have found a new element. After 4 months of work, Winkler managed to isolate
a white Sulfide powder, see Fig.3, which he could reduce to a metallic powder by
flushing it with hydrogen. Fig.4 shows a chunk of metallic Germanium. The sorting of
the elements was by no means finished at that time. Even the periodic system
proposed by Dmitri Mendelejew in 1871 was not universally accepted. Mendelejew
had found some holes in his chart and had predicted an "Eka-Silicium". However, he
himself saw this new element rather as an "Eka-Stibium" and Winkler as an "Eka-
Cadmium". After Germanium was better studied, it was finally identified as the
predicted "Eka-Silicium" and this helped Mendelejew to establish his periodic system.
At first, Winkler wanted to call his element Neptunium because Neptune had been
discovered in 1846 after it was predicted from distortionsin the Uranus orbit. But the
name was already taken. In 1875, Paul EmileLecoq de Boisbaudan had discovered
"Eka-Aluminium" and had named it Gallium. Like most others, Winkler assumed that
this was representing the Latin name of France, i.e. Gallia. And so he thought, this
element should be named after the Latin name of Germany, i.e. Germania, which was

incidentally founded in the same year in which Mendelejew had proposed the periodic system,
1871. However, the Latin word "gallus" means "rooster" and in French that becomes "coq". So,
Monsieur Lecoq de Boisbaudan seems to have named Gallium rather after himself than after his
country. It is unlikely that Winkler had any such desire. He declined several very prestigious calls
to universities like Dresden, Leipzig, Berlin and Göttingen. He was a pioneer of environmental
protection, developing the first technical method of flue gas desulphurization. He had been in
close contact with Dmitri Mendelejew since 1886 and hosted him in Freiberg in 1894. He taught
in Freiberg until 1902 and died in 1904 of cancer. ---Provided by Dr. Iris Abt from MPI in
Germany.

1. LEGEND Workshop, Dec. 1st, 2018, Knoxville, TX, USA.
2. LEGEND Collaboration Meeting, Dec. 2-4, 2018, Knoxville, 

TX, USA.
3. PIRE-GEMADARC Collaboration Meeting, Dec. 5th, 2018, 

12-18th, Knoxville, TX, USA.
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Impurity	levels	are	appropriate

R&D	needs	in	3	years:	
(1) Leakage	current	test	

down	to	~4K
(2) Fabrication	of	detectors	

with	300	grams
(3) Optimization	of	detector	

performance	
(4) Cryostat	design	and	test
(5) Single	e-h	pair	calibration
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Goals	to	achieve:
(1) Extremely	low	leakage	

current	nearly	0	at	~4K
(2) Amplification	factor	of	

~1000	for	sub-eV	threshold	
(3) Single	e-h	pair	sensitivity
(4) Cryostat	design	and	test
(5) Single	e-h	pair	calibration

Applied Bias Voltage (V)
310

)2
Le

ak
ag

e C
urr

en
t D

en
sit

y (
A/

cm

89-10

81-10

73-10

65-10

57-10

49-10

41-10

33-10

25-10

17-10

9-10

Hole Injection, 85K

Electron Injection, 85K

Hole Injection, 28K

Electron Injection, 28K

Research Accomplishments and Impacts to Date

Dongming Mei
PIRE-GEMADARC Collaboration 

1/14/2020 NSF Reverse Site Visit, Feb. 28, 2020 1

Overview�of�the�Project�and�Project�Management�

John�Wilkerson
PIRE-GEMADARC�Collaboration�

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and w orld-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

11/22/19 NSF�Reverse�Site�Visit,�Feb.�28,�2020 1

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and world-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

Research Accomplishments and Impacts to Date

Dongming Mei
PIRE-GEMADARC Collaboration 

1/14/2020 NSF Reverse Site Visit, Feb. 28, 2020 1

Overview�of�the�Project�and�Project�Management�

John�Wilkerson
PIRE-GEMADARC�Collaboration�

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and w orld-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

11/22/19 NSF�Reverse�Site�Visit,�Feb.�28,�2020 1

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and world-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

Science Goals:
• Extremely Low leakage 

current (~fA)
• Amplification of ~1k for sub-

eV threshold
• Single e- – h+ pair resolution
• Singe e- – h+ calibration

Discovery: Evidence of Cluster 
dipole states  at ~4 K 
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PIRE-GEMADARC	Research	Plans	

 RESEARCH 
ACTIVITIES Spring Summer Fall Spring Summer Fall Spring Summer Fall Spring Summer Fall Spring Summer Fall
1. Material advancement 
  a. Zone-refining
  b. Crystal growth
  c. Characterization
2. Detector development
  a. Internal amplification 

  c. Inverted coaxial PPC 
3. Detector performance
  a. Test methodology
  b. Simulation toolkits
  c. Pulse shape discrimination

Table 2. PIRE project timeline, milestones, and deliverables. All tasks will accept summer students.
Year 1 Year 2 Year 3 Year 4 Year 5

Multiple iterations to achieve 30 kg ingots with ~1010/cm3 impurity level for crystal growth 
Multiple iterations of growth for 20 kg with an impurity level of (1-3)x1010/cm3 and mobility of more than 45,000 cm2/Vs 

Characterize all grown crystals for electronic and optical properties to enable simulation (500 samples).

Measurements of charge pulses Simulation of  pulses Comparison Developing models

Build 2nd detector Run for certification

Design, fabricate,  and test  1st detector Rebuild and test Build 2nd detector Run for certification

  b. SuperCDMS-type detectors

Understand the correlation between  charge generation, transport, trapping, recombination, impurityies, and surface effects
Simulate charge carrier drift and diffusion during the drift process to understand charge trapping and surface effects

Rebuild and test Build 2nd detector Run for certification
  Design, fabricate, and test  1st detector         Rebuild and test
Design, fabricate, and test  1st detector  
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Dongming Mei
PIRE-GEMADARC Collaboration 

1/14/2020 NSF Reverse Site Visit, Feb. 28, 2020 1

Overview�of�the�Project�and�Project�Management�

John�Wilkerson
PIRE-GEMADARC�Collaboration�

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and w orld-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

11/22/19 NSF�Reverse�Site�Visit,�Feb.�28,�2020 1

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and world-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

Research Accomplishments and Impacts to Date

Dongming Mei
PIRE-GEMADARC Collaboration 

1/14/2020 NSF Reverse Site Visit, Feb. 28, 2020 1

Overview�of�the�Project�and�Project�Management�

John�Wilkerson
PIRE-GEMADARC�Collaboration�

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and w orld-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

11/22/19 NSF�Reverse�Site�Visit,�Feb.�28,�2020 1

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and world-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

8



9

Detector Development – CDMS-style Detectors

Major Activities: 
• Phase II: 75mm Detector (currently in shaping/polishing)
• Pre-test 75mm crystal using contact-free 

Ø Validated S/N of same crystal using CDMS and Contact free
• Using a n-type detector to understand electron trapping   

Participants:

Students : 
Pramod Acharya
Nick Mast
William Baker

Postdoc :
Wenzhao Wei

Scientist :
Matt Fritts

Faculty 
Vuk Mandic
Dongming Mei
Rusty Harris

90mm Ge crystal to be shaped/polished to 75mm
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Development	of	Novel	Detectors	

Ø SuperCDMS-style	(TAMU/UMN/USD)		

Future Experiments

• Point contact – contact free (PCCF)

• Pre-compensated contact free
• LED flash pre run
• Grounded to read signal

241Am

-
+

Vapp

N
T
D

241

A
m ---

-

-
+

---

-

--
Vactual = V0

Vapp = 0Contact	Free	Detector	Testing	and	
Fabrication

N-type	SuperCDMS detector	Fabrication	
and	Testing	

Research Accomplishments and Impacts to Date
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N-type SuperCDMS Detector testing
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Detector Development – Inverted Coaxial Detectors
Participants:
UNC
TAMU
USD
MPI
LBNL
Students: 
Anna Reine
Chris Haufe
William Baker
Morgan Clark
Carmen Allison

2/17/20 NSF	Reverse	Site	Visit,	Feb.	28,	2020 8

Development	of	Novel	Detectors	

Ø LEGEND-style	Detector	R&D	(UNC/TAMU/USD/MPI/LBNL)		Research Accomplishments and Impacts to Date
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Path	Forward:	
o Initial	fabrications	(done)
o Fabricate	more	miniPPC

detectors
o Ultimate	goal	is	an	invert	

coaxial	detector

A	point	contact	detector	 An	inverted	coaxial	point	contact	detector	

LEGEND-Style Detectors

Point Contact (PPC) Inverted Coaxial PPC

Major Activities: 
• Initial Fabrication
• Fab/test MiniPPC detectors 

(materials screening)
• Plan and execute Inverted 

Coaxial PPC with USD xtals. 

Collaborator:
David Radford
Faculty
John Wilkerson
Rusty Harris
Dongming Mei
Jing Liu
Iris Abt
Mark Amman
Xiang Liu
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Detector Development  - Simulation Toolkit

Outcomes: Multiple papers and theses. Students will drive the development of new tools

Advanced Goals:
(1) Increase S/N ratio 
(2) Produce a large amount of simulation data 
(3) Apply machine learning algorithms to increase identification of new 

particles 

Participants:
All Institutes

Students: 
Anna Reine
Chris Haufe
Morgan Clark 
San Meijer
William Baker
Kunming Dong
Zhangzhi Feng
Postdoc:
Wenzhao Wei
Ian Guinn
Faculty
John Wilkerson
Rusty Harris
Jing Liu
Iris Abt
Wenqin Xu
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PIRE-GEMADARC	Research	Plans	

 RESEARCH 
ACTIVITIES Spring Summer Fall Spring Summer Fall Spring Summer Fall Spring Summer Fall Spring Summer Fall
1. Material advancement 
  a. Zone-refining
  b. Crystal growth
  c. Characterization
2. Detector development
  a. Internal amplification 

  c. Inverted coaxial PPC 
3. Detector performance
  a. Test methodology
  b. Simulation toolkits
  c. Pulse shape discrimination

Table 2. PIRE project timeline, milestones, and deliverables. All tasks will accept summer students.
Year 1 Year 2 Year 3 Year 4 Year 5

Multiple iterations to achieve 30 kg ingots with ~1010/cm3 impurity level for crystal growth 
Multiple iterations of growth for 20 kg with an impurity level of (1-3)x1010/cm3 and mobility of more than 45,000 cm2/Vs 

Characterize all grown crystals for electronic and optical properties to enable simulation (500 samples).

Measurements of charge pulses Simulation of  pulses Comparison Developing models

Build 2nd detector Run for certification

Design, fabricate,  and test  1st detector Rebuild and test Build 2nd detector Run for certification

  b. SuperCDMS-type detectors

Understand the correlation between  charge generation, transport, trapping, recombination, impurityies, and surface effects
Simulate charge carrier drift and diffusion during the drift process to understand charge trapping and surface effects

Rebuild and test Build 2nd detector Run for certification
  Design, fabricate, and test  1st detector         Rebuild and test
Design, fabricate, and test  1st detector  

Research Accomplishments and Impacts to Date

Dongming Mei
PIRE-GEMADARC Collaboration 

1/14/2020 NSF Reverse Site Visit, Feb. 28, 2020 1

Overview�of�the�Project�and�Project�Management�

John�Wilkerson
PIRE-GEMADARC�Collaboration�

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and w orld-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

11/22/19 NSF�Reverse�Site�Visit,�Feb.�28,�2020 1

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and world-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

Research Accomplishments and Impacts to Date

Dongming Mei
PIRE-GEMADARC Collaboration 

1/14/2020 NSF Reverse Site Visit, Feb. 28, 2020 1

Overview�of�the�Project�and�Project�Management�

John�Wilkerson
PIRE-GEMADARC�Collaboration�

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and w orld-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

11/22/19 NSF�Reverse�Site�Visit,�Feb.�28,�2020 1

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and world-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

12



13

Detector Performance - Test Methodology
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Improvement	of	Detector	Performance		

Ø Test	Methodology	(UNC/MPI/ASIOP/USD/TAMU/UMN)	

Detector	direct	in	contact	
with	liquids	

Study	Charge	Trapping	Mechanisms		
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Multiple papers and  
theses driven by 
students are 
expected 

Advanced Goals: 
(1) Initial fabrications and tests (done) 
(2) Fabricate detectors with different contact geometries/materials
(3) Ultimate goal is optimize the parameters for the contact design and reduce 

the surface backgrounds 

Participants:
UNC
MPI
ASIOP
AUD
TAMU
AMN

Students: 
Anna Reine
Chris Haufe
Morgan Clark
David Hervas
William Baker
Kyler Kooi
Rajendra Panth
Nick Mast

Postdoc:
Ian Guinn
Wenzhao Wei
Eric Martin
Faculty /Scientist 
John Wilkerson
Rusty Harris
Dongming Mei
Jing Liu
Iris Abt
Henry Wong
Matt Fritts
Tom Caldwell 
Qian Yue
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Detector Performance – Simulation Toolkit
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Emerging	Technologies	and	Discoveries	

Ø Time-Dependent	Impact	Ionization		– (UMN/USD)		Research Accomplishments and Impacts to Date
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Overview�of�the�Project�and�Project�Management�

John�Wilkerson
PIRE-GEMADARC�Collaboration�

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and w orld-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers
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Time-Dependent	Impact	Ionization	

Detector:	10	cm	in	diameter	and	3.3	cm	in	
thickness;	4	channels	to	read	out	charge	signal	

Charge	read-out	from	the	central	- Q4
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Physics	Meaning	of	the	Fitting	Parameters

Impact	ionization	of	D- states

Charge	Amplification	Factor:

M	=	-1.	+	0.4199V

Linearly	increasing	with	bias	

voltage,	which	indicates	no	

breakdown	voltage	

Leading	to	a	new	way	to	fabricate	

a	detractor	with	D- states	
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Microphysics	Processes	for	a	Single	Event	
Impact	Ionization	

Directly	interacting	with	neutral	impurities
!"+	#$ → &!" + #(;	!"+	)$ → !" + *( +		)"
*(+	)$ → &*( + )";	*(+	#$ → !" + *( +	#(

Phonon	Assisted	Ionization
9:* + #$ → !" + #(
9:* + )$ → *( + )"

Charge	Trapping		

Overcharged	States	Production	
!"+	#$ → #"
*(+	)$ → )(

Cascade	Coulomb	Capture	
!"+	#( → #$;	!"+	)( → )$
*(+	)" → )$;	*(+	#" → #$

Time-Independent

Across	Bandgap	capture	
!"+	)$ → )"
*(+	#$ → #(

Advanced Goals:  
(1) Understand the microphysics processes at cryogenic temperature; 
(2) Innovate new technology 

Participants:
UNM & USD

Students : 
Pramod Acharya
William Baker
Nick Mast

Postdoc :
Wenzhao Wei

Scientist :
Matt Fritts

Faculty  
Vuk Mandic
Dongming Mei

Eur. Phys. J. C (2023)83:278 



Detector Performance  - Pulse Shape Discrimination

Utilizing	improved	Simulation	tools	and	Machine	Learning	Methods	

15

• Promising Machine Learning 
improvements in conjunction with 
tradition PSD method already seen 
in some cases

Participants:
USD, UNC
Students : 
Kevin Bhimani
Jackson Waters
Postdoc :
Ian Guinn
Aobo Li
Scientist :
Tom Caldwell
Faculty  
Julieta Gruszko
Reyco Henning
John Wilkerson
Wenqin Xu
Connections to 
Sim. Toolkit & ML 
Techniques

Simulation of surface charges (Bhimani)   

• Fieldgen calculates the electric field and weighting 
potentials inside the detector

• Siggen generates time evolution of the signals

Boosted Decision Tree Classifier (Li)   



Novel and Emerging Ge research

• As GEMADARC Activities continue, we continuously generate
- New detector/characterization ideas, 
- Important new understanding and 
- Insight into the importance of next-step research opportunities 

• Leveraging the research and education of GEMADARC has enabled us to 
embark on additional satellite research ABOVE and BEYOND the original 
goals

- Contact-free, ZERO leakage current detectors
- Ring-contact coaxial detectors
- Machine Learning of Pulse Waveforms
- Hybrid Detector

16
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Emerging Detector Technology – Contact Free 

Participants:
TAMU
CSNSM
Students: 
William Baker
Abhiram Dinavahi
Fedja Kadribasic
Shahriar Esmaeili

• Leakage Current is Major 
Issues with CDMS-Style 
detectors
- Results in 2 major 

problems
‣ S/N above certain 

energies
‣ Constant current 

“bleeding” of ~0.01 pA

• Contact-Free measurements show 
decay in pulse height with time
- slight change in that rate 

depending on bias
- Since no contacts are made, 

leakage is INTRINSIC to Ge itself

Faculty 
Nader Mirabolfathi
Rusty Harris



Emerging Detector Technology –
Machine Learning Techniques

Participants:
UNC,  MPI,  USD, Queens,

Students: 
Mark Anderson
William Baker
Morgan Clark 
Esteban Leon
Jianchen Li

Postdoc:
Wenzhao Wei
Ian Guinn
Aobo Li

ML-based denoising
• Waveform denoising (Guinn, UNC; 

Anderson, Queens)
• A denoising CNN technique may 

achieve good accuracy for microphysics 
processes faster (Mei, USD)

Mark Anderson
Queens

Faculty 
Iris Abt
Julieta Gruszko
Rusty Harris
Jing Liu
Ryan Martin
Dongming Mei
John Wilkerson
Wenqin Xu

Learn from Waveforms
• Event classifications
• Determination of parameters 

through ML analytics and 
Bayesian fitting

Boost Decision Tree 
Event Classification 

18
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Emerging Detector Technology – Ring Contact Detector
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Emerging	New	Detector	Technology	

Ø New	Detector	R&D	– Ring	Contact		(UNC/TAMU/USD)		Research Accomplishments and Impacts to Date
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neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium
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A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and w orld-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

11/22/19 NSF�Reverse�Site�Visit,�Feb.�28,�2020 1

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and world-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

Research Accomplishments and Impacts to Date

Dongming Mei
PIRE-GEMADARC Collaboration 

1/14/2020 NSF Reverse Site Visit, Feb. 28, 2020 1

Overview�of�the�Project�and�Project�Management�

John�Wilkerson
PIRE-GEMADARC�Collaboration�

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and w orld-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

11/22/19 NSF�Reverse�Site�Visit,�Feb.�28,�2020 1

PIRE�for�Germanium�Materials�And�Detectors�
Advancement�Research�Consortium�(PIRE-GEMADARC)

• A�global�partnership�created�to�accelerate�the�germanium�(Ge)�material�
platform�used�in�research�and�development�(R&D)�for�ton-scale�dark�
matter�(DM),�neutrinoless double-beta�(0νββ)�decay�and�other�low-energy�
neutrino�research,�education�and�training.�This�consortium�leverages�the�
research�expertise,�training�capabilities,�and�world-renowned�facilities�of�
11�institutions�in�the�United�States�(U.S.),�Canada,�China,�Germany,�and�
Taiwan.�

• PIRE-GEMADARC�advances�next�generation�frontier�physics�research�by:�
• advancing�Ge�materials,�detectors,�and�related�technologies
• training�and�preparing�students,�particularly�Native�American,�women,�and�other�
underrepresented�groups�in�the�field,�for�academic,�industrial,�government,�and�non-
profit�careers�

MAJORANA Collaboration Meeting 
Seattle, WA 
July 8, 2017

PIRE - GEMADARC

PIRE for Germanium Materials And Detectors 
Advancement Research Consortium

2

A global partnership created to accelerate the germanium (Ge) material platform used in 
research and development (R&D) for ton-scale dark matter (DM), neutrinoless double-beta 
(0νββ) decay and other low-energy neutrino research, education and training. This 
consortium leverages the research expertise, training capabilities, and world-renowned 
facilities of 11 institutions in the United States (U.S.), Canada, China, German y, and Taiwan.  

PIRE-GEMADARC advances next generation frontier physics research by:  
(1) advancing Ge materials, detectors, and related technologies 
(2) training and preparing students, particularly Nati ve American, women, and other 

underrepresented groups in the field, for academic, industrial, government, and non-profit 
careers

Varying	geometric	parameters	to	find	the	best	design	for	a	ring	contact	detector,	
which	can	be	made	as	large	as	>	6	kg	(David	Radford	@	ORNL)	

§ Mass:	2260	g
§ Diameter:	10	cm
§ Thickness:	5.4	cm
§ Impurity	Level:

2.06×10'((*+,)~2.68×10'(/123(bottom)

David	Radford	@ORNL	

Develop	a	ring	contact	detector	with	USD-grown	crystals	

Potential 
Breakthrough: 
this detector 
technology can be 
made available in a 
few years to impact 
	𝟎𝛎𝜷𝜷	 − 𝑳𝑬𝑮𝑬𝑵𝑫

Path Forward
o Initial simulations (done)
o Fabricate and characterize a modest sized 

test detector (from existing materials)
o Ultimate goal, a large detector from USD 

crystal 

Participants:
UNC
TAMU
LBNL
Students: 
Anna Reine
Chris Haufe
William Baker
Rajendra Panth
Kunming Dong 
Postdoc:
Wenzhao Wei
Collaborator:
David Redford
Faculty  
John Wilkerson
Rusty Harris
Dongming Mei
Jing Liu

Metal 
“Ring” 
Contact



Emerging Detector Technology – Hybrid Detector

241Am

55Fe

• Hybrid Detector measures recoiling 
phonons in LV region and amplifies the 
charge signal by Luke-Neganov
amplification in HV region
- Avoids polluting the primary 

phonon signal with Luke phonons

• Successfully Demonstrated with Si
• Advanced Goals: Demonstrate same 

principle and benefits with Ge from 
USD

Participants:
TAMU

Students: 

Himangshu Neog
William Baker
Abhiram Dinavahi
Shahriar Esmaeili

Faculty 
Nader Mirabolfathi
Rusty Harris

20



Low Energy Threshold Detector

21

Phonon Amplification: SuperCDMS-style 
detectors 
Threshold: proved down to ~56 eV 
Citation: Phys. Rev. D 99, 062001 (2019)

Internal Charge Amplification: GeIA
Threshold: ~0.01 eV 
Citation: Eur. Phys. J. C 82 (2022) 3, 
203. 

Challenge: Electrical prevention 
structure 



Behavior at Low Temperature 
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Key Points:  
(1) Temperature below 6.5 K, impurity
atoms freeze-out from the conduction band
Or valance band into localized states – dipole 
states
(2) No free charge carriers when temperature 
is below 4 K. 



Formation of Dipole States in n-Type Ge 
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Formation of Dipole States in p-Type Ge 
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Binding Energy of Dipole States 
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Summary and Conclusion   

What we aim to achieve: 
Ø Materials Advancement 

o Increase the production of zone-refined 
ingots per run from 70% to 80%

o Increase the production of large-size HPGe
crystals (2– 3 kg) per growth 

o Improve the accuracy of characterizing HPGe
crystals with the Hall Effect system

Ø Novel Detector Development 
o Develop GeIA technology 
o Develop SuperCDMS-style detectors 
o Develop LEGEND R&D detectors for LEGEND

Ø Improvement of Detector Performance
o Development of new testing technology
o Applying machine learning for pulse shape 

analysis

New and exciting: 
Ø GeIA technology 

o Charge amplification factor of ~1000
o Single electron-hole pair sensitivity
o Impact low-mass dark matter searches 

Ø Contact Free technology 
o S/N ratio increase without breakdown 
o Without breeding leakage current  
o Impact Super-CDMS experiment  

Ø Ring Contact technology 
o Decrease background per detector 
o Impact LEGEND ton-scale experiment for 

0𝜈𝛽𝛽 experiment 
Ø Hybrid Detectors

o discrimination between electron and 
nuclear recoils with phonon-only sensors

o potential for low threshold dark matter 
search

Thank you and questions? 


