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ABSTRACT: The improvement of a Ar-CH4 gas flow proportional detector is presented. The 
detector was designed to record, simultaneously, both conversion X-ray and transmitted gamma-ray 
Mössbauer spectra and is operating at room temperature. A remarkable improvement of its 
performance was obtained by minor constructive modifications (ground configuration, possibility to 
change absorber position, new KX-rays filter). The performances of the detector are demonstrated 
by measurements on a stainless steel sample.  
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IMBUNATATIREA DETECTORULUI PROPORTIONAL TOROIDAL PENTRU 
SPECTROSCOPIE MÖSSBAUER – REZUMAT: Imbunatatirea unui detector comunicat, 
detector proportional, cu curgere gaz Ar-CH4 este prezentata. Detectorul a fost proiectat pentru a 
inregistra simultan spectrele Mössbauer prin detectia razelor X de conversie si a radiatiei gama 
transmise si este operabil la temperature camerei. O imbunatatire remarcabila a performantelor a 
fost obtinuta prin mici modificari constructive (configuratia de masa, posibilitatea de a schimba 
pozitia probei). Performantele detectorului sunt demonstrate prin masuratori pe o proba de otel 
inoxidabil.   

Cuvinte cheie: Spectroscopie Mössbauer, geometrie de retroimprastiere, raze X, detector 
proportional, oţel inoxidabil.

1. INTRODUCTION 

Mössbauer spectroscopy (Mössbauer, 1958) is based 
on the incorporation of the emitting and absorbing 
nuclei within a solid matrix, which enables resonant 
recoil free absorption and emission of γ-rays. Its 
importance lies in the very narrow line width of the 
emitting photon resulting from the relatively long 
lifetime of the excited nuclear state - typically of 10-

8s, corresponding to a natural line width of the order 
of 10-8 eV - and the consequent ability to probe the 
variations in nuclear energy levels resulting from any 
discrete changes in the chemical state and/or 
environment of the Mössbauer nucleus (Belozerskii, 
1993; Long, 1996; Maddock, 1997). Such changes in 
nuclear energy levels are measured by modifying the 
energy of the probing γ-rays by applying a Doppler 
shift: a Mössbauer spectrum therefore consists of a 
plot of counts against applied Doppler velocity 
(positive and negative), the velocities corresponding 
to the addition and subtraction of Doppler energy 
shifts to the γ-ray energy. Room temperature 
measurements can be made on the following 

isotopes: 57Fe, 119Sn and 151Eu. The 57Fe is the most 
studied isotope followed by 119Sn and 151Eu. 
Following resonant absorption of a gamma ray, the 
nucleus may de-excite by emission of a gamma ray 
or by the process of internal conversion where an 
inner shell electron is emitted. Accompanying 
conversion electron emission, a characteristic X-ray 
is emitted as a result of the repopulating of the inner 
energy levels. Detection of the three backscattered 
particles permits surface studies to be performed at 
various depths. The smallest depths can be 
investigated by electron emission.  

In our institute have been developed some 
proportional counters for conversion Mössbauer 
spectroscopy: detectors for conversion electron and 
transmission Mössbauer spectroscopy (CEMS) 
(Bibicu, et al. 1992), (Bibicu, et al. 1996) detector for 
conversion X-ray and transmission Mössbauer 
spectroscopy (CXMS) (Bibicu, et al. 1994a), (Bibicu, 
and Rogalski 1994b), detector assembly for 
simultaneous conversion electron, conversion X-ray 
and transmission Mössbauer spectroscopy (Bibicu, et 
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al. 1996), versatile flow-gas proportional counter for 
surface Mössbauer spectroscopy (Bibicu, et al. 2009).  
All detectors are flow-gas type and operating at room 
temperature. Their construction permits for all 
detectors to realize simultaneous transmission and 
conversion measurements. The background due to 
photoelectrons is minimised by using low-Z 
materials as much as possible. The sample holder 
allows an easy manipulation of a sample, outside the 
detector and sample can always be repositioned in a 
reproducible manner with respect to the detector 
body. We have used for detectors an economical 
shielding which consists of a combination of lead, 
copper and steel disks. To destroy the characteristic 
radiation, alternate mounting of the lead, copper and 
steel disks were used. In order to absorb 
unfavourable KX-rays from the source, a filter is 
placed in front of the shielding. 

The purpose of this paper is to communicate the 
improvement of a reported toroidal proportional 
detector for Mössbauer spectroscopy (Bibicu, et al. 
1994a), (Bibicu, and Rogalski 1994b). This detector 
was nominalised in 1994 for awards of General 
Association of Engineers from Romania (AGIR). 

2. EXPERIMENTAL 

The cross section of the improved toroidal 
proportional detector is shown in Fig. 1 and it is the 
same, practically, with that described in quoted papers. 
The body of the detector, made from aluminium, 
consists of only two parts. The counting wire, a golden 
tungsten wire, is guided by eight rods of teflon. The 
anode is displaced about 10% from the center of the 
diameter of the toroidal cross section towards the 
symmetry axis of the counter. The electric field 
gradient immediately around the anode wire is more 
uniform in this configuration. The detector runs with a 
constant gas flow of 92% Ar + 10% CH4. The gas 
flow is controlled with a mass flow controller. The 
constructive improvements were minor: a change a 
ground configuration inside the detector and a 
modification a sample holder for possibility to change 
sample position against anode plane. These 
improvements will be a subject of brevet proposal.  

A new procedure to select the filter for unfavourable 
KX-rays from the source was used. The amplitude 
spectrum after filter was recorded in transmission 
geometry. The amplitude spectrum by select filter is 
given in figure 2. 

Final filter for KX-rays was formed from a plexiglas 
sheet and mylar aluminised layers. 

The detector was inserted into an AME-50 Elscint 
conventional constant-acceleration Mössbauer 
spectrometer, equipped with CMCA-550 acquisition 
module. The spectrometric chain has been 
supplemented with additional modules such as to 

allow simultaneous recording of spectra. To test the 
performance of the counter, Mössbauer 
measurements were carried on reference samples as: 
a 25 �m thick stainless steel sample (type 310). All 
Mössbauer measurements were performed at room 
temperature. A 57Co radioactive source, in rhodium 
matrix and activity around 20mCi was used. The 
velocity calibration has been performed using α-Fe 
standard.  The parameters of Mössbauer spectra have 
been calculated using a specialized, computer-fitting 
program, which assumes Lorentzian line resonances.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The cross section of the toroidal detector. A-sample; 
F-X-rays filter, S-Mössbauer source; W-anode wire; GAS-
gas input; HV-high voltage connector  

 

 

 

 

 

 

 

 

Fig. 2. Amplitude spectra of the radioactive source without 
filter and with filter  

3. RESULTS 

The amplitude spectra, with the test sample in the 
detector, obtained with and without the use of the 
filter, before and after constructive improvement are 
reproduced in figure 3, respectively figure 4. 
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Fig. 3. Pulse height spectra of photons scattered from 
stainless sample obtained before improvement with and 
without the use of the filter.  

 

 

 

 

 

 

 

Fig. 4. Pulse height spectra of photons scattered from 
stainless sample obtained after improvement with and 
without the use of the filter.  

The realized improvements leaded to drastically 
reduction of low energy background signals and to 
better energy resolution for all energy from source 
spectrum. 

 

Fig. 5. Mössbauer spectra of natural stainless steel at room 
temperature: (a) spectrum obtained without filter; (b) 
spectrum obtained with filter.  

The amplitude spectrum obtained with improved 
detector, without filter has an energy resolution of 10% 

for 6.4 keV Fe KX rays. This resolution is much lower 
than 19% resolution obtained with old detector.  

Figure 5 shows conversion X-ray Mössbauer spectra 
recorded with filter and without filter. The resonance 
effect without filter is now comparable with that 
obtained with older detector using filter. The 
resonance effect with filter, is twice larger than with 
old detector equipped with filter. The computer 
fitting gives a linewidth of 0.36 ± 0.02 mm/s.  This 
value is lower than value corresponding transmission 
spectrum. The smaller linewidth is expected in 
backscattering geometry due to the lack of saturation 
broadening.   

4. CONCLUSIONS 

The improvement of a reported Ar-CH4 gas flow 
proportional detector was performed. The 
improvement consist of minor constructive 
modifications: ground configuration, possibility to 
change absorber position and a new filter for KX-
rays. The performances of modified detector are 
demonstrated by measurements on a stainless steel 
sample. A drastic reduction of low energy 
background signals has place. The energy resolution 
for 6.4 keV Fe KX rays is practically at half value.  
The resonance effect is twice larger than with old 
detector. 
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