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Development of a universal  monitor  

of  low  intensity neutron + gamma radiation  fields 



Easy to calibrate  

Easy check of its operability (serviceability) 

Easy to handle , transported,  
setting-up, powered, readout 

To consist  of well 
known and often used 
detector’s types 

One detector to be  sensitive to 
neutron and gamma radiation of 
different energies (up to ~8MeV) and  
of count rates of ~1-2-3 000 pps 

Relatively cheap in comparison  
with the other monitors 

Freeware readout software 



"Before attempting to create  
something new,  it is vital to have  
a good appreciation of everything 
 that already exists in this field.“  

"Anything that is complex is not useful and  
anything that is useful is simple.  

This has been my whole life's motto.“ Mikhail Kalashnikov 







Good Old Multi-detector Gamma-ray Spectrometry Systems 



Fig.6 Simulated IREN differential neutron 

spectra at the target side and corrected 

spectra  at  FP/27m  (non-vacuum guide)  

Fig.7 Simulated IREN integral normalized 

photon spectrum at the target side   

Fig.8 Spatial distribution (central horizontal slice of the 

setup) of the neutron flux 

Fig.9 Spatial distribution (central horizontal slice of the 

shielded detector) of the photon  flux generated by the 

incident neutron beam 

Neutron-gamma field intensity and absorbed doses simulation  

at some points of  “Romashka” experimental setup 

A.O. Zontikov1, D. Grozdanov1,2, I. Ruskov1,2, Yu.N. Kopatch1  

A 

A 



 P. Rinard. Neutron interactions with matter. In D. Reilly, N. 
Ensslin, and H. Smith, Jr., editors, Passive Nondestructive 
Assay of Nuclear Materials. 
1991. 

Charcoal drawing created with the moderator 
graphite used in the first nuclear chain reaction 
(from left: Leo Szilard, Arthur Compton, Enrico 
Fermi and Eugene Wigner) 

http://wigner.mta.hu/wigner_en.html 



SXW-215      
7.5% Lithium Polyethylene      

SXW-213     Pure Polyethylene   

SXW-210     
30% Boron Polyethylene 

SXW-201HD      
5% Borated Polyethylene  

- High Density 

SXW-207HD     1%, 5%  
Self-Extinguishing Borated Poly  
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http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/35/066/35066094.pdf http://joyreactor.cc/post/650987 

http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/35/066/35066094.pdf
http://joyreactor.cc/post/650987


http://link.springer.com/content/pdf/10.1023%2FA%3A1010692428279.pdf 

sth=430mb 

s(10B(n,a))  = 3840 barn 
s(natB(n, a)) =   760 barn 
 
nat: 19.8% -> 10B 
         70.2% -> 11B 

http://link.springer.com/content/pdf/10.1023/A:1010692428279.pdf




http://www.osti.gov/scitech/servlets/purl/934444 

1.46cm 

14.21cm 

http://www.osti.gov/scitech/servlets/purl/934442 2008-07-01 

http://www.osti.gov/scitech/servlets/purl/934444
http://www.osti.gov/scitech/servlets/purl/934442


http://www.sciencedirect.com/science/article/pii/S016890021201025X 

http://www.sciencedirect.com/science/article/pii/S016890021201025X


http://www.stuk.fi/julkaisut_maaraykset/en_GB/stuk-ttl-

flyers/_files/88555498122839033/default/Flyer_011_Neutron_detection_with_NaI_spectrometers.pdf 

http://www.stuk.fi/julkaisut_maaraykset/en_GB/stuk-ttl-flyers/_files/88555498122839033/default/Flyer_011_Neutron_detection_with_NaI_spectrometers.pdf
http://www.stuk.fi/julkaisut_maaraykset/en_GB/stuk-ttl-flyers/_files/88555498122839033/default/Flyer_011_Neutron_detection_with_NaI_spectrometers.pdf
http://www.stuk.fi/julkaisut_maaraykset/en_GB/stuk-ttl-flyers/_files/88555498122839033/default/Flyer_011_Neutron_detection_with_NaI_spectrometers.pdf
http://www.stuk.fi/julkaisut_maaraykset/en_GB/stuk-ttl-flyers/_files/88555498122839033/default/Flyer_011_Neutron_detection_with_NaI_spectrometers.pdf
http://www.stuk.fi/julkaisut_maaraykset/en_GB/stuk-ttl-flyers/_files/88555498122839033/default/Flyer_011_Neutron_detection_with_NaI_spectrometers.pdf
http://www.stuk.fi/julkaisut_maaraykset/en_GB/stuk-ttl-flyers/_files/88555498122839033/default/Flyer_011_Neutron_detection_with_NaI_spectrometers.pdf
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442 keV, 17% 

473 keV 





EM/3.VD.PA.HVG.001 

EM/2.VD.HVG 

R1306 

http://www.amcrys.com/products 

http://www.amcrys.com/products
http://www.amcrys.com/products


32-37keV (7.2%) Ba K x-rays 



http://www.parsek.ru/en/ 

http://www.parsek.ru/en/
http://www.parsek.ru/en/
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 GaussLin (User) Fit of 3243-137Cs-front-15cm-5min-4k B

C
o

u
n

ts

Channel

Model GaussLin (User)

Equation
y0 + b*x+ (A/(w*sqrt(PI/2)))*exp(-2*((x-xc)/w)^2)

Reduced 

Chi-Sqr

515.5355

Adj. R-Square 0.99787

Value Standard Error

B

y0 118.40279 19.24781

b -0.07333 0.01294

A 152203.47141 586.9507

w 86.73249 0.29206

xc 1478.87486 0.12465

sigma 43.36625 0.14603

FWHM 102.11971 0.34387

R 6.90523 0.0233

2011, I. Ruskov 

137Cs  661.7 keV g-rays amp. spectrum (- bkg) 

R = (6.91 ± 0.02) % 
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 GaussLin (User) Fit D

C
o

u
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ts

Channel

Model GaussLin (User)

Equation
y0 + b*x+ (A/(w*sqrt(PI/2)))*exp(-2*((x-xc)/w)^2)

Reduced 

Chi-Sqr

258.22707

Adj. R-Square 0.9958

Value Standard Error

D

y0 67.89635 11.40522

b -0.02134 0.00383

A 152158.01193 646.68969

w 173.43233 0.61947

xc 2957.39731 0.25723

sigma 86.71616 0.30974

FWHM 204.20096 0.72937

R 6.90475 0.02471

2011, I. Ruskov 

137Cs  661.7 keV g-rays amp. spectrum (- bkg) 

R = (6.90 ± 0.02) % 
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 GaussLin (User) Fit of 3243-137Cs-front-15cm-5min-8k B

C
o

u
n

ts

Channel

Model GaussLin (User)

Equation
y0 + b*x+ (A/(w*sqrt(PI/2)))*exp(-2*((x-xc)/w)^2)

Reduced Chi-Sqr
229.48408

Adj. R-Square 0.99617

Value Standard Error

B

y0 142.17717 8.77886

b -0.04065 0.00292

A 151303.70346 541.49904

w 173.23718 0.54726

xc 2957.22748 0.2345

sigma 86.61859 0.27363

FWHM 203.97119 0.64435

R 6.89738 0.02185

2011, I. Ruskov 

137Cs  661.7 keV g-rays amp. spectrum (+ bkg) 

R = (6.90 ± 0.02) % 
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 NaI(Tl) 3243 - front 15cm, 0.5s, Amp=x200, 

         t = 300s, Parsek 8k

 GaussLin

C
o

u
n

ts

Channel

Model GaussLin (User)

Equation
y0 + b*x+ (A/(w*sqrt(PI/2)))*exp(-2*((x-xc)/w)^2)

Reduced 

Chi-Sqr

296.03091

Adj. R-Square 0.99453

Value Standard Error

B

y0 139.87223 12.98965

b -0.04023 0.00439

A 144920.54914 743.12859

w 176.49494 0.74231

xc 2950.72499 0.30294

sigma 88.24747 0.37115

FWHM 207.80691 0.874

R 7.04257 0.02967

2013, D. Grozdanov & A. Issatov 

137Cs  661.7 keV g-rays amp. spectrum (+ bkg) 

R = (7.04 ± 0.03) % 



without the need for expensive NIM based systems 

The sound card has 16 bits for a range from-2V to+2 V  
(line-in full scale) and 15 bits for positive inputs.  
 
A 10-bit effective resolution requires the peak widths (standard deviation s) 
to be less than 5-bits wide (< 25 = 32- channels).  

or PCI 

C-Media CMI 8738 4-Channel PCI Sound Card 



http://scitation.aip.org/content/aapt/journal/ajp/81/10/10.1119/1.4816264 

http://scitation.aip.org/content/aapt/journal/ajp/81/10/10.1119/1.4816264
http://scitation.aip.org/content/aapt/journal/ajp/81/10/10.1119/1.4816264


http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.4866103 

http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.4866103
http://scitation.aip.org/content/aip/proceeding/aipcp/10.1063/1.4866103


The History of Sound Card Spectrometry 
 
      Sound Card Spectrometry  was developed in Australia by Marek Dolleiser. 
 

Marek works at The University of Sydney, with third year physics students, and developed PRA 
as an educational tool for his students.  

His novel pulse shape algorithms and software performed so well, he decided to offer it to 
everyone  for  free.  

After the Fukushima nuclear disaster the software became popular in Japan and spread to the 
rest of the world like wild fire.  

This in turn inspired many other software writers, who also added their own versions of free 
sound card spectrometry software.   

To this day, the software is being improved, and there is healthy  competition  
between software authors, who can produce the best version. 

Take your pick below, PRA, BecqMoni,  
Theremino, GeigerBot, Fitzpeaks,  

all work well and have their own features and benefits.  

I do recommend you start with PRA  
which was the original and still in my opinion the one that 

 consistently performs to scientific standards.                

Steven Sesselmann 



http://www.jimfitz.demon.co.uk/ 

http://www.jimfitz.demon.co.uk/
http://www.jimfitz.demon.co.uk/


http://www.jimfitz.demon.co.uk/ 

Mic Line-in 

http://www.jimfitz.demon.co.uk/
http://www.jimfitz.demon.co.uk/


August, 2011 

http://www.jimfitz.demon.co.uk/install_nai.exe 2011, I. Ruskov 

Mic Line-in 

http://www.jimfitz.demon.co.uk/install_nai.exe
http://www.jimfitz.demon.co.uk/install_nai.exe
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 GaussLin (User) Fit of Cs137-Fitz-NaI-3243-28-Aug-15cm B

C
o

u
n

ts

Channel

Model GaussLin (User)

Equation y0 + b*x+ (A/(w*sqrt(PI/2)))*exp(-2*((x-xc)/w)^2)

Reduced 

Chi-Sqr

1412.04613

Adj. R-Square 0.9982

Value Standard Error

B

y0 359.39629 36.80039

b -0.35631 0.06219

A 104566.11122 487.22143

w 31.43969 0.13895

xc 594.97351 0.06244

sigma 15.71984 0.06947

FWHM 37.0174 0.1636

R 6.22169 0.02755

R = (6.22 ± 0.03) % 

2011, I. Ruskov 
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 GaussLin (User) Fit of Cs137-Fitz-NaI-3243-28-Aug-15cm B
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Model GaussLin (User)

Equation y0 + b*x+ (A/(w*sqrt(PI/2)))*exp(-2*((x-xc)/w)^2)

Reduced 

Chi-Sqr

1412.04613

Adj. R-Square 0.9982

Value Standard Error

B

y0 359.39629 36.80039

b -0.35631 0.06219

A 104566.11122 487.22143

w 31.43969 0.13895

xc 594.97351 0.06244

sigma 15.71984 0.06947

FWHM 37.0174 0.1636

R 6.22169 0.02755

2011, I. Ruskov 
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 GaussLin (User) Fit of Cs137-Fitz-NaI-3243-28-Aug-15cm B
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Model GaussLin (User)

Equation y0 + b*x+ (A/(w*sqrt(PI/2)))*exp(-2*((x-xc)/w)^2)

Reduced 

Chi-Sqr

1412.04613

Adj. R-Square 0.9982

Value Standard Error

B

y0 359.39629 36.80039

b -0.35631 0.06219

A 104566.11122 487.22143

w 31.43969 0.13895

xc 594.97351 0.06244

sigma 15.71984 0.06947

FWHM 37.0174 0.1636

R 6.22169 0.02755

R = (6.22 ± 0.03) % 

2011, I. Ruskov 

6.9% 
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 NaI(Tl) 3243-15cm-front

           t = 300s; DTL = 0.5%

 GaussLin (User) Fit E

C
o

u
n

ts

Channel

Model GaussLin (User)

Equation y0 + b*x+ (A/(w*sqrt(PI/2)))*exp(-2*((x-xc)/w)^2)

Reduced 

Chi-Sqr

1337.06897

Adj. R-Square 0.99828

Value Standard Error

E

y0 267.06409 35.80114

b -0.28826 0.06051

A 103814.06384 473.14883

w 31.37181 0.13568

xc 595.05962 0.06099

sigma 15.6859 0.06784

FWHM 36.93748 0.15975

R 6.20736 0.0269

R = (6.20 ± 0.03) % 



https://www.facebook.com/pages/Gamma-Spectacular/146649762066972 

http://www.gammaspectacular.com/ 

https://www.facebook.com/pages/Gamma-Spectacular/146649762066972
https://www.facebook.com/pages/Gamma-Spectacular/146649762066972
https://www.facebook.com/pages/Gamma-Spectacular/146649762066972
https://www.facebook.com/pages/Gamma-Spectacular/146649762066972


The software processes 
 the signal by calculating  
the RMS value of the signal 
 and filtering out any badly  
formed pulses.  
The result is amazing! 

PRA is a smart software that transforms  
your PC sound card into a powerful  
multi channel analyzer for gamma spectrometry. 

http://www.youtube.com/watch?v=T-bX0OjaxQM#t=58 

http://www.gammaspectacular.com/gamma_sp
ectra/cs137-spectrum 

http://www.youtube.com/watch?v=T-bX0OjaxQM#t=58
http://www.youtube.com/watch?v=T-bX0OjaxQM#t=58
http://www.youtube.com/watch?v=T-bX0OjaxQM#t=58
http://www.youtube.com/watch?v=T-bX0OjaxQM#t=58
http://www.gammaspectacular.com/gamma_spectra/cs137-spectrum
http://www.gammaspectacular.com/gamma_spectra/cs137-spectrum
http://www.gammaspectacular.com/gamma_spectra/cs137-spectrum
http://www.gammaspectacular.com/gamma_spectra/cs137-spectrum
http://www.gammaspectacular.com/gamma_spectra/cs137-spectrum


t=300s 

NaI 

Line-in 
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 GaussLin (User) Fit of PRA-3243-28-Aug-Cs-237-15cm B"Number in bin"

N
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 b

in

Pulse height [arb. unit]

Model GaussLin (User)

Equation
y0 + b*x+ (A/(w*sqrt(PI/2)))*exp(-2*((x-xc)/w)^2)

Reduced 

Chi-Sqr

1609.05665

Adj. R-Square 0.99817

Value Standard Error

Number in bin

y0 -8.89655 49.03053

b 4.84306 1.41138

A 6796.9019 36.70855

w 2.01708 0.00972

xc 34.82215 0.00422

sigma 1.00854 0.00486

FWHM 2.37494 0.01145

R 6.82019 0.03293

6.9% 

R = (6.82 ± 0.03) % 

t=300s 

137Cs  661.7 keV g-rays amplitude  spectrum  
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Model GaussLin (User)

Equation y0 + b*x+ (A/(w*sqrt(PI/2)))*exp(-2*((x-xc)/w)^2)

Reduced 

Chi-Sqr

3463.12177

Adj. R-Square 0.9999

Value Standard Error

Cs

y0 1183.43173 157.18212

b -10.055 1.45456

A 153742.35013 481.39664

w 7.60563 0.02022

xc 107.63549 0.00846

sigma 3.80282 0.01011

FWHM 8.95495 0.0238

R 8.3197 0.02216

R = (8.32 ± 0.02) % 

2013, D. Grozdanov & A. Sariev 

16-channel 14-bit 100 MHz Flash ADC  
with a signal processing core, 
 in couple with a CCB-PCIe carrier 
board, utilizes one PCI slot of the PC. 

137Cs  661.7 keV g-rays amplitude  spectrum  






