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Hyper-Pure Ge (HPGe) detectors are the “gold standard” for 
gamma-ray spectroscopy  

•  Unsurpassed energy resolution 
•  Indispensible to in-beam nuclear structure studies for many decades; 

e.g. GammaSphere, GRETINA 
•  Standard closed-end coaxial geometry has been ubiquitous since the 

1970s 

Recent development of !-ray tracking (GRETINA) depends on good 
position resolution through segmentation of detector electrodes 

•  Efficiency, peak-to-total ratio, and energy resolution of a !-ray tracking 
array all depend strongly on the achieved position resolution 

•  Detectors with improved resolution and efficiency could be used for 
Compton imaging, with important applications in medical imaging, !-ray 
astronomy, homeland security, etc. 

HPGe Detectors 
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•  Tapered irregular hexagons     8 x 9 cm 
•  Closed-end coaxial crystals, n-type 
•  36-fold segmentation (6 azimuthal, 6 longitudinal) 
•  37 signals (including central contact) 

GRETINA detectors 
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New Detector Geometries for GRETA? 
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•  After signal decomposition, the 
position resolution from GRETINA 
detectors is 1-2 mm RMS  
 (2.5 – 5 mm FWHM) 

•  Better position resolution would 
improve efficiency and P/T ratio 

•  Double-sided strip Ge detectors 
can provide resolution as good as 
~ 0.1 mm, but are limited to about 
20mm thickness 

Can we build large detectors with 
better position resolution? 



Recent Development: Point Contact Detectors 
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Juan Collar, University of Chicago Threshold ~ 400 eV 

    -- Goal is 100 eV 

PPC Low-Energy Resolution 
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Single-Site Event 

Multi-Site Event 

Pulse-Shape Response 
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Novel Design: Large Point Contact Detectors 
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“Inverted Coaxial” Detectors 
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Adding a radial taper improves the longitudinal electric field, 
and therefore improves charge collection. 

“Inverted Coaxial” Detector 
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•  Design and procurement of an unsegmented prototype 
•  Characterization of unsegmented prototype 

-  Comparison of observed data with simulations, to validate design 
and simulation codes 

•  Design and procurement of a segmented prototype 
•  Development of signal decomposition software  

-  Digital signal processing to extract the number, positions, and 
energies of gamma-ray interactions inside the detector 

•  Characterization of segmented prototype 
•  Measure signal waveforms 
•  Use signal decomposition to determine position resolution 
•  Attempt Compton-imaging 

ANS&T proposal 
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Unsegmented prototype 
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Unsegmented prototype 
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Characterization measurements 
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Measured drift times 

JKGLKII" IZ"!=@AB"?C69.#+&"D&&0#+"



N$S/.-&"V*59"6.'6F'.5&("(*)5-*UF0$#"$,"(-*W"0S&)"
" "1"N$--&65&(",$-"5&S/&-.5F-&"(&/&#(&#6&"$,"
" " "9$'&"S$U*'*5:"
" "1"4$$(".+-&&S&#5"V*59"S&.)F-&("(.5."
" "1"8&S.*#*#+"(*)6-&/.#6*&)"(F&"5$"UF''&0].0$#"

Measured drift times 

7-*W"0S&"P#)Q"

JKGLKII" I["!=@AB"?C69.#+&"D&&0#+"



Calculated and Measured Signals 
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Segmented Design Complete 
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Calculated Position Sensitivity 

Best-case theoretical FWHM 

for E ~ 300 keV   

•  Preamp rise time ~ 70 ns 
•  Point charges, no diffusion 

JKGLKII" Ic"!=@AB"?C69.#+&"D&&0#+"

MZ"

H"

1MZ"

IgG"

Hg["

HgH"

Azimuthal resolution 
 at  z = 5 mm 

Average resolution (FWHM) < 0.5 mm 
 - Improvement of a factor of 3 – 4 relative to GRETINA 
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Signal Decomposition 
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•  Training of new workforce: Two postdoctoral researchers 
  Ren Cooper, Karin Lagergren 

•  Detector simulations, signal simulations 
•  Digital DAQ system 
•  Detector characterization 

Budget and Workforce Training 

JKGLKII" GI"!=@AB"?C69.#+&"D&&0#+"

(0+,&:';'
(022"<&:'

=>(' >0,-%'
?@AB'

@*SF'.0$#)".#("(&)*+#" Jc" [Z" IZM"

a#)&+S&#5&("3-$5$5:/&" c[" c["

@&+S&#5&("3-$5$5:/&" Lc[" Lc["

B&)0#+".#("N9.-.65&-*].0$#" MM" [H" IIM"

@*+#.'"(&6$S/$)*0$#"A"*S.+*#+" IMH" IMH"

B$5.'" [GZ" G\Z" cHH"



Future milestones 
•  FY12 Q1 – Acceptance of segmented prototype 
•  FY12 Q2-Q3 – Characterization of segmented prototype 
•  FY12 Q2 – Programming of signal decomposition 
•  FY12 Q4 – Project completion  

Schedule 
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