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The three IGEX detectors were delivered from Canfranc underground laboratory to 
LNGS on November 18, 2005. The detectors were warm and out of liquid nitrogen for a long 
time, and demanded a full cycle of a restoration. Results of the procedure were given in a note 
GSTR-06-004,  February 2006 . As the changes of the effective volumes were also possible, 
measurements of them seemed to be necessary. The procedure of comparative measurements
was used for this purpose .

It included simultaneous measurements of background with open (without any shielding) 
detectors. A comparison of the collected spectra provided information about relative effective 
masses of the IGEX and one of HM (ANG-2) detectors.
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To make the first estimation of the active volumes, one of the IGEX detectors (RG1) was compared with one of 
Heidelberg-Moscow (ANG2) detectors, as simulations of HM detectors have demonstrated good agreement with 
the known values of their active volumes. The measurements were performed  in November-December of 2005 in 
GERDA room. The two detectors were placed close to one another, outside of any shielding, at a distance a half of 
a meter, and  their  backgrounds were measured simultaneously. The collected statistics are presented for energy 
intervals 0-500, 500-1000, 1000-1500, 1500-2000, 2000-2500,  2500-3000 and 2000-2100 KeV.
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Ratios of number of counts in energy intervals 500 -1000 and 1000 – 1500 KeV should be close to the ratios 
of the effective masses . Results given in the Table   indicated  that no considerable change has happened with 
active volume of the IGEX detector RG1.



Parts of spectra which can be used   for the 
estimations. Peaks should be excluded.
The most prominent feature of the spectra -
identity of the continuum shapes.



1. Low energies – shape of the spectra 
depend  on  constructions of the detectors.
2. High energies – strong influence of the 
background peaks.
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The second phase of the measurements (February 2006) included comparison of three 
IGEX detectors RG I, RG II and RG III, and the same ANG 2 detector of Heidelberg-
Moscow  . The passport parameters of all the detectors are presented in the Table .



Geometry of the experiment is presented in the Figure.

The detectors have been put as much as possible close to each other. The three IGEX 
detectors were fixed on a table, with distance between them about 25 cm. The ANG 2 
detector was placed at the floor below, at the distance about 50 cm from the table surface. 



The result count rates for 500 KeV intervals are presented below. Time of measurements 
has been  Δt = 42.22 h (1.759 days).
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The data normalized  to numbers of events in ANG2 spectrum

1,0000,7300,7550,740mass /ANG2

1,00,7340,7290,6732500-3000

1,00,8220,8210,7502000-2500

1,00,8810,8820,7961500-2000

1,00,8750,8780,7961000-1500

1,00,8670,8730,792500-1000

1,01,1101,1451,0090-500

N(ang2)/
N(ang2)

N(rg3)/
N(ang2)

N(rg2)/
N(ang2)

N(rg1)/
N(ang2)ΔEγ



0,84724600,82523981,1530,9527582906ANG2
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without 
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number of 
counts, 
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experiment

The calculated effective masses of the detectors are given in the next Table . 
The results  were normalized to the mass of  RG3,
as it had the highest value of the ratio Мeff/Мt .

*) correction took into account difference in the crystal sizes 
**) the passport value



The control measurements with a Co-60 source have  been  performed  after the background 
measurements. The source was placed sideways of the detectors, in the central plane of the 
crystals, at a distance of 50 cm from their vertical axis. The  relative  intensities of Co peaks 
(normalized to ANG 2 detector ) and 1461 kev peak of  40K (backgrounds) are presented in 
theTable (the K-40 gammas were a main source of background in (500-1500) kev energy 
interval ).    The results of measurements with a Co-60 source agree with results of the analysis 
of background  spectra within the limits of 2-3 % . It indicated absence of noticeable effects 
due to different positions of the detectors.
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SUMMARY
Effective volumes of the RG1, RG2 and ANG2 detectors were found being some less  

(up to ~10 %) then it has been estimated from the passport values of their dead layers 
(Мeff/Мtot=0,95 corresponded approximately 800 μ dead layer). For RG2, and partially for 
RG1,  it could be attributed  to some increasing of thickness of the dead layer on their 
surfaces . The smaller value of the  Мeff/Мtot of RG1 is in agreement with measurements in 
Homestake in 1994. 

The difference between the passport values and results of measurements can be even 
higher, as the estimations were made supposing maximum possible value of Мeff/Мtot=0,98 
for RG3 detector (500 μ dead layer).
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Comparison of RG1 background spectra:
 HST (1994)  and Gran Sasso (2006)
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PRELIMINARY
To get the changes of dead layer on the 
surfaces of RG1 and RG2 we have 
compared  our measurements with open 
RG1 and RG2 detectors in Homestake
(1994) and the recent measurements in 
Gran Sasso (2006). Results are given in 
these  two figures. 

It should be pointed out, that  
uncertainties due to the possible difference 
in constructions of the detectors were  
absent in this case.
Measured increasing 
of the dead layers:     

RG1 ≈ (150 – 200) μ
RG2 ≈ (450 – 500) μ

Measured  dead layer of RG1
d = ~920 μ bottom     

(800 μ - the passport value)
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               Comparison of RG2 background spectra:
                      HST (1994)  and Gran Sasso (2006)



Number of counts at low energies was much higher in the spectra of IGEX detectors oul in 
ANG2 spectrum. The most probable explanation could be connected with the difference in 
construction of HM and IGEX detectors. The IGEX detectors have lead shielding disks in a 
close vicinity of the germanium crystals. The backscattering gammas together with X-Rays 
are causing the higher count rate at low energies. These discs do not affect the higher part of 
energy spectra.



The same low-energy part of spectra for all four detectors (10 KeV/channel).
All three IGEX detectors have practically the same excess of events over ANG2
below  ~300 KeV

RG I & RG II & RG III vs Ang 2
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     Comparison of  RG1 and RG2 background spectra in
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The measured value of the dead layer for RG1 is  ~920 μ.
An estimate of the dead layer of the RG3 detector could be made from the recent comparison of 

RG1 and RG3 background spectra (Gran Sasso). It indicated an  excess of the RG1 dead layer 
over RG3 one some above 500 μ. Since that the RG3 did not demonstrate increasing of the dead 
layer. 
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Changes in  dead layer thicknesses of the IGEX detectors
(preliminary results)

An analysis of low-energy parts of spectra provides possibility to observe small 
changes in the dead layer thicknesses.  The next figure illustrates changes in 
spectra of the same detector with different thicknesses of the dead layer, 
d=0.5, 1.0 and 2.0 mm (the spectra were normalized to the data with d=0 mm). 

Spectra with different dead layer thicknesses
(Monte Carlo calculations)
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Final conclusions

Measured increasing of the dead layers:     
RG1    Δd ≈ (150-200) μ
RG2    Δd  ≈ 450 μ

Measured  dead layer of RG1
d= ~920 μ bottom     (800 μ - the passport value)

The dead layer thicknesses  were estimated for all three IGEX detectors.
RG1  d= ~920 μ bottom    GS
RG2  d= ~750 μ ???           GS
RG3  d= ~ 320 μ ???          GS     RG1/RG3    (Δd = ~ 600 μ)

d= ~ 350 μ ???          GS     RG2/RG3    (Δd = ~ 400 μ)
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