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Abstract  This article presents a novel technique used for 

design and optimization of a composite HPGe detector with 

two or three encapsulated Ge-crystals and based on 

electromechanical cooling engine. In this technique is 

accentuated on the detailed investigation of the heat transfer 

processes  each one separately and in complex, and their 

impact on the detector performance. The dominating heat 

transfer mechanisms have been identified and appropriate 

mathematical model has been applied. Temperature 

distributions within the detector structure are calculated for 

various environment and cooling conditions and the functional 

characteristics of the assembly as well the minimal necessary 

cooling power of the cooling engine, needed to reach the 

operational temperature range, are determined. For the typical 

cooling power of the engine X-Cooler II of 3 W, the 

temperature of the crystal is found to be comfortably within 

the operational range of the HPGe detectors. 
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I.  INTRODUCTION 

Germanium (Ge) detectors are key instruments in nuclear 
structure physics for measuring electromagnetic radiation 
from excited nuclei. Typically they are cooled by liquid 
nitrogen. For some applications however, an 
electromechanical cooling engine may be a better choice. Its 
cooling power is lower than the liquid nitrogen based cooling 
technology and this requires a detailed investigation of the 
thermal processes and an optimization of the inner cold 
structure. 

A composite detector made of two or three large volume 
encapsulated germanium [1] crystals and cooled by the 
electromechanical cooling engine X-Cooler II (ORTEC) [2] 
are planned to be used within the PANDA [3]  project. A 
study of the cooling of a single encapsulated detector [4] and 
its experimental realization [5] has proven the feasibility of 
composite detector electromechanical cooling. 

II. PHYSICAL MODEL 

The germanium crystals and the cold structure are 
installed in a vacuum cryostat where three processes, 
schematically presented in Fig. 1, determine the energy 
transfer between the room temperature cryostat walls and the 
low temperature assembly  heat radiation, thermal 
conductivity and residual molecular heating. A careful 
design of the components and appropriate material choice 
may substantially reduce the heat absorbed by the 
germanium crystals, thus making achievable the goals of 
electromechanically cooled HPGe detectors. 

The HPGe detectors are typically operated within the 
range of 77-110 K which determines a temperature 
difference between the warm cryostat walls and the cold 
frame of about 220 K. The assembly displayed on Fig.2 
possesses large surface of the detector cup surrounding the 
capsules hence predetermining an elevated radiative heating 
which may dominate even the overall heat transfer. 

 

Figure 1. Heat transfer schematic within the detector assembly. 

 

 



 
Figure 2. Schematic drawing of the detector assembly. 

Along that, the warming effect of the thermal bridges -- 
mechanical components used for fixing the cold structure to 
the warm section of the cryostat and the internal cabling 
between the crystal housing and the vacuum feedthrough, 
may play substantial role. The fixing elements of the detector 
system under optimization  labyrinths and spacers seem to 
be critical parts and an accurate dimensioning is needed in 
order to achieve minimal heat transfer at the same time 
preserving gamma-spectroscopy properties and the 
functionality required. 

The space limitations and the efficiency constraints 
impose minimal gap between the capsules assembly and the 
cryostat walls. However, at some critical gaps width, the 
residual gas of the evacuated inner space contributes 
significantly to the detectors warming and this effect depends 
on the vacuum level [6]. The impact of the residual gas 
warming on the detector assembly temperature will be 
discussed elsewhere. 

The heat transfer within the interior domain of the 
assembly is being carried out under a broad temperature 
interval typically ranging from 77 K up to 300 K. The 
thermal conductivity displays a temperature dependent 
behavior in such a wide-stretched domain and its values at 
room temperature may not be a good base for calculations. 

III. MATHEMATICAL MODEL 

The temperature distribution has been calculated using 
the time dependent heat transfer equation  

· T

where 
T is the temperature [K] 
 is the thermal conductivity [W/m²K] 

c is the specific heat [J/kg.K] 
 is the mass density [kg/m³] 

t  is the time [s]. 
The temperature dependent behavior of the thermal 

conductivity has been also accounted. 
The boundary condition at the interface between the 

cooling engine and the detectors assembly is defined as 
follows  

   T=Tcf     

Here   Tcf  is the temperature of the cold finger. 
The outer part of the detector assembly is supposed to be 

equal to the room temperature Tam so that 

T=Tam.

Radiation heat flow rate from surface i to surface j is 
based on Stefan-Boltzmann law and given by 

ijFij(Ti
4
-Tj

4
)   (4) 

where 
   -8 W/m²K4 is the Stefan-Boltzmann  
  constant  
  is the surface emissivity 
  Ai is the area of surface I  
  Fij  is the form factor from surface i to surface j 
  Ti is the absolute temperature of surface i and 
  Tj is the absolute temperature of surface j. 

Finally the model has been completed by taking into 
account the irradiation between the capsules surfaces and 
the cryostats wall as well as the irradiation between the cold 
frame, cold finger and the cryostats wall. The irradiation 
between the Ge-crystals and the capsule walls has been 
neglected due to the minor temperature difference there. 

IV. RESULTS AND DISCUSSIONS 

Four main factors influence the heat losses:  the surface 
emissivity, the surface area, the ambient temperature   and 
the temperature of the cold finger. 

lity 
of the material. For polished aluminum it is typically 0.05 
and for oxidized or rough surface it increases to 0.14. The 
surface of the crystal capsules has a rather rough appearance 
and cannot be re-processed.  

First problem under investigations is the determination of 
the time needed by the Ge-detectors to reach the operational 
temperature and additionally the holding time of the cold 
detector when the active cooling has been switched off. The 
second one determines the technological time for installation 
of the detector system onto the array frame and the 
troubleshooting time. Clearly, the relation between the heat 
capacity and the surface area of the cold structure determines 
the cooling and holding time of the detector. To give a 
quantitative answer of these questions the detector assembly 
has been numerically simulated. The dependence of detector 
cooling on the surface emissivity is presented in Fig. 3 and 
Fig. 4.  

Detector warming is presented in Fig.5. The warming up 
phases of a single detector has been numerically calculated 
by means of ANSYS (assuming emissivity of 0.2). Based on 
77 K cold frame temperature and 300 K warm aluminum 
detector cup temperature, the heat loads has been evaluated 
and found to be 450 W/m². 
 



 
Figure 3.  Double detector cooling as a function of the capsules emissivity. 

Figure 4.  Triple detector cooling as a function of the capsules emissivity. 

 
 

Figure 5. Temperature increase of the HPGe detector in stand-alone 
regime.  

Figure 6. Temperature evolution as a function of the detector 
configur  

 
Figure 7.  Temperature evolution as a function of the detector configuration  

1. 

The warm up time is evaluated based on typical crystal 
housing sizes and also is presented on Fig.6-7. It is worth to 
note, that the physical model is valid for the initial phase of 
one or two hours of the warming up process. More extended 
time range would require further elaboration of this model. 

As a comparison, the warming up of a single HPGe 
detector with 15% efficiency (commercially available 
PopTop capsule by ORTEC), which corresponds of 344 g Ge 
is presented on Fig.8. The temperature has been calculated 
for emissivity 0.1 and 0.2 and a good agreement has been 

also indicates what emissivity should be expected utilizing a 
standard manufacturing technology. 

Thermal field simulations have been performed for 3-
capsules (triplet) and 2-capsules (doublet) detector assembly  



Figure 8. Warming up of a single HPGe detector with 15 % efficiency. 
 

respectively. Here only the results concerning the triple 
detector are to be discussed. 

The calculations have been performed for two different 
temperature of the cooling part (70 K and 100 K) while the 
environment temperature varies from 293.15 K up (20 °C) to 
313.15 K (40 °C). The study of the thermal processes at such 
an extended temperature range is determined on the 
significant impact of the ambient temperature on the 
performance of the HPGe crystal.  The emissivity of the Ge-
capsules is supposed to vary between 0.2 und 0.1 while the 
emissivity of the other parts of the assembly is taken to be 
0.1. 

 The simulation has been carried out at temperature of the 
cooling part 70 K and the ambient temperature 295.15 K. 
The emissivity of the Ge-capsules is taken to be 0.2, when 
the emissivity of the processed inner surface of the cryostat 
is 0.1. The temperature distribution is presented in Fig. 9. 

 

Figure 9. Temperature distribution along the Ge-capsules and the cold 
finger when the temperature of the cooling part is 70 K and the ambient 
temperature is 295.15 K. The emissivity of the Ge-capsules is 0.2, when 
the emissivity of the processed inner surface of the cryostat is 0.1. 

 
 

Figure 10. Temperature distribution along the Ge-crystals and the cold 
finger when the temperature of the cooling part is 100 K and the 
ambient temperature is 295.15 K. The emissivity of the Ge-capsules is 
0.2, when the emissivity of the processed inner surface of the cryostat is 
0.1. Thermal conductance is 6000 W/m².K. 

 

Figure 11. Temperature distribution along the Ge-crystals and the cold 
finger when the temperature of the cooling part is 100 K and the 
ambient temperature is 295.15 K. The emissivity of the Ge-capsules is 
0.2, when the emissivity of the processed inner surface of the cryostat is 
0.1. Thermal conductance is 2000 W/m².K. 

It is seen that the temperature variation is within 5 grad 
range along the Ge-capsule, which may be attributed to the 
good germanium and aluminum thermal conductivity 
especially at cryogenic temperatures. 

In that peculiar case the calculated total heat losses are 
equal to 3.06 W which is slightly above the limit typical for 
X-Cooler II. Due to the wide production variations of the 
cooling engine, the operational temperature of the Ge-
detectors may not be reached.  To decrease the warming 
effect of the cryostat walls the capsules surfaces should be 
additionally protected. 



 

Figure 12. Temperature distribution along the Ge-crystals and the cold 
finger when the temperature of the cooling part is 100 K and the 
ambient temperature is 295.15 K. The emissivity of the Ge-capsules is 
0.2, when the emissivity of the processed inner surface of the cryostat is 
0.1. Thermal conductance is 1000 W/m².K.  

Contact between the cold finger and the cold frame is of 
paramount importance for the thermal management of the 
whole detector assembly and different scenarios have been 
evaluated in this study. 

In most of the literature the thermal contact conductance 
is associated with two solid surfaces together under applied 
load. But recently an experimental study of thermal 
conductance was conducted with pairs of aluminum alloy 
specimens jointed by bolts [7]. 

The calculations have been performed for a typical 
configuration when the cooling part is at a temperature of 70 
K when the environment temperature is 295.15 K. Ge-
capsules emissivity is taken to be 0.2 and the emissivity of 
the other parts of the assembly is 0.1. The thermal 
conductance serves as a figure of merit of the thermal contact 
quality. The temperature distribution along the Ge-capsules 

is presented in Fig. 10-12 for thermal conductance 
considered to be 6000 W/m².K; 2000 W/m².K and 1000 
W/m².K respectively.  

The contact quality slightly influences the heat losses but 
has a strong impact on the temperature increase along the 
crystal surface as it is seen from Fig. 10-12. 

V. CONCLUSION 

It is clear from this study that by simulation of the 
thermal processes at the HPGe detector assembly important 
parameters can be assessed and thus an optimization of the 
design to be carried out. As a result not only an optimal 
performance of the detector should be expected but also an 
enhanced functionality of the whole array may be achieved. 
Certainly, novel technologies are to be used and these results 
may serve as a guide at the ongoing technical design. It 
worth to note, that cooling power of the electromechanical 
cooling engine plays important role and its accurate 
measuring is necessary.  

REFERENCES 

 
[1] J.Eberth, H.G.Thomas, et al. NIM A369 (1996), 135. 

[2] ORTEC. X- - Mechanical Cooler for HPGE Detectors - 
User Manual. www.ortec-online.com. 

[3] PANDA Project, www-panda.gsi 

[4] J. Kojouharova, M. Wolf, H.-J. Wollersheim, Simulierte Kühlung, 
Physik-  

[5] I. Kojouharov, H.-J. Wollersheim, J. Kojouharova, J. Gerl, M. Wolf, 
T. Engert, Encapsulated Germanium Detector with electromechanical 
cooling, GSI Scientific Report 2008, Instruments-Methods-19. 

[6] A.Hoffmann. The thermal conductivity of cryogenic insullation 
materials and  its temperature dependence. Cryogenics 46 (2006), 
815. 

[7] Yeh C.L., C.Y. Wen, Y.F. Chen, S.H. Yeh, and C.H. C.H. Wu, An 
experimental investigation of thermal contact conductance across 
bolted joints, Experimental Thermal and Fluid Sciences 25 (2001),  
349.

 

 

 

   



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


