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lhe picture shows the
hardware of a modern
scintillation spectrometer,
Le. the PC-based MCA
containing high voltage
bias supply, preamplifier,
linear amplifier, analog to
digital converter and
 multichannel analyser
MRS L system.  All components
—aa ® :
A and settings are controlled
pB N y by software and they can
$be automatically set by
default via batch files.
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Fig. 1. Experimental equipment: 1 - reactor shielding, 2 — mul-
North-Holland

tislit collimator, 3 - neutron chopper, 4 - Earaffin with boric
acid, 5 — lead, 6 - photomultipliers, 7 — Nal(Tl) crystals,
8§ — lithium-6 carbonate shieldin& 9 — solid state detectors,
10 — sample, 11 - vacuum sample holders.
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Fig. 1. Longitudinal and transversal section view of the multisectional scimtillation y-detector
“Romashka” (not in scale): (1) collimator; (2) filter; (3) NaI(TI)} crystals; (4) photo multipliers; (5)

sample; (62 converter; (7) vacuum tube; () lead shielding: 59) B, C shielding:




Neutron-gamma field intensity and absorbed doses simulation
at some points of “Romashka” experimental setup
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Fig.6 Simulated IREN differential neutron
spectra at the target side and corrected
spectra at FP/27m (non-vacuum guide)
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Fig.7 Simulated IREN integral normalized
photon spectrum at the target side

A.O. Zontikov!, D. Grozdanov!?, I. Ruskov!?, Yu.N. Kopatch!
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Fig.8 Spatial distribution (central horizontal slice of the
setup) of the neutron flux
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Fig.9 Spatial distribution (central horizontal slice of the
shielded detector) of the photon flux generated by the
incident neutron beam
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1: The moderating power and ratio of common moderators

Moderating power Moderating ratio
Moderator (1 eV - 100 keV) (approximate) *

Water 1.28 58 L ’
Heavy water 0.18 21000 K e
Polyethylene 3.26 122 , e

Graphite 0.064 200 ’ |

4 . ©
L o /@ \ v 0

Neutron

'H + 'n - ?H + y Gamma ray energy (E,) = 2.22 MeV

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-207HD 1%, 5%
Self-Extinguishing Borated Poly

SXW-215

SXW-201HD 7.5% Lithium Polyethylene

5% Borated Polyethylene
- High Density

SXW-210
30% Boron Polyethylene

Pure Polyethylene

Table 10 The most useful neutron-absorbing isotopes and the key features of the neutron interactions
at 25 meV. Cross sections, o, are tabulated to the nearest 10 barns, and to the nearest 1000 barns for Gd.
This helps emphasize the huge stopping power of Gd relative to the other isotopes.

http://www.shieldwerx.com/poly-based-shielding.htmI#swx201

Neutron Approximate
Isotope State o (barns) absorption | Particle energies (keV) Range R particle
length range
*He Gas 5330 70 mm.atm p: 573 t: 191 3.8 mm.atm CsHs
4L Solid 240 230 um t: 2727 a: 2055 130 um
g Salid 3840 20 um a: 1472 7Li: 840 3um
°BF3 Gas 3840 97 mm.atm | «: 1472 7Li: 840 4.2 mm.atm
Nat. Gd Solid 49000 6.7 um Conv" electrons: -30-200 12 um
57Gd Solid 254000 .3 um Conv" electrons: -30-200 12 pm



http://www.shieldwerx.com/assets/swx-215.pdf
http://www.shieldwerx.com/assets/swx-215.pdf
http://www.shieldwerx.com/assets/swx-215.pdf
http://www.shieldwerx.com/assets/swx-213.pdf
http://www.shieldwerx.com/assets/swx-213.pdf
http://www.shieldwerx.com/assets/swx-213.pdf
http://www.shieldwerx.com/assets/swx-210.pdf
http://www.shieldwerx.com/assets/swx-210.pdf
http://www.shieldwerx.com/assets/swx-210.pdf
http://www.shieldwerx.com/assets/swx-201.pdf
http://www.shieldwerx.com/assets/swx-201.pdf
http://www.shieldwerx.com/assets/swx-201.pdf
http://www.shieldwerx.com/assets/swx-207.pdf
http://www.shieldwerx.com/assets/swx-207.pdf
http://www.shieldwerx.com/assets/swx-207.pdf
http://www.shieldwerx.com/poly-based-shielding.html#swx201
http://www.shieldwerx.com/poly-based-shielding.html#swx201
http://www.shieldwerx.com/poly-based-shielding.html#swx201
http://www.shieldwerx.com/poly-based-shielding.html#swx201
http://www.shieldwerx.com/poly-based-shielding.html#swx201
http://www.shieldwerx.com/poly-based-shielding.html#swx201

Gamma Net

. Background
HDROGEN Active Detf-.c:or C.E;ci::;ﬂa;c;n energy count rate  eou ft ol 48 CADMIUM
element t} P o g (ke‘r) (CPS) (CDS)
5586 1.95+0.01 0.29
651.3 0.3120.01 0.21
HPGe 75 806.0 0.24+0.01 0.24
1209.4 0.07+0.01 0.09
Cd 1364.2 0.06x0.01 0.06
B e e 1399.0 0.05+0.01 0.04 B

NalI(Tl) 75 558.6 7 4620.10 34.00 4
651.3 2.06+0.14 20.35
780.0 0.030.01 0.41
897.3 0.08+0.01 0.19
9440 0.09+0.01 0.20
Gd HPGe 104 961.8 0.07+0.01 0.20
977.2 0.04+0.01 0.12
1107.3 0.04x0.01 0.16
1186.5 0.13+0.01 025
HPGe 1 478 4 20+0.01 1.34
| B Nal(TD) 1 478 21.99+1.06 38.33
BGO 1 478 16.95 + 0.82 2382
786 - 789 0.6620.01 1.02
HPGe 56.8 1164.7 0.43+0.01 0.16
1950-1960  0.14+0.01 0.16
‘ 786 - 789 2 50+0.05 15.63
| al Nal(TID) 56.8 1164.7 1.74+0.04 12.12
= 1950-1960  1.21+0.04 593
786 - 789 4.27+0.07 21.36
BGO 56.8 1164.7 5.23+0.07 16.31
1950-1960  4.20+0.07 10.63

Sodium is found in the ocean, but the

pure metal reacts violently with water.
—

Inhaling Chlorine gas can cause
burning in the eyes and sinuses.

-

Table 2: The count rates obtained for the different detectors with converters of optimal thickness.

http://www.iaea.org/inis/collection/NCL CollectionStore/_Public/35/066/35066094.pdf

http://joyreactor.cc/post/650987
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Use of gamma-ray spectroscopy for direct detection of thermal neutrons

BORON F. Ghanbari, A. H. Mohagheghi 2 G;G[G
| — v

Sandia National Laboratories, P.O. Box 3800, Albuguerque, NM 87185 USA

(Received December 13, 2000)

Journal ¢ f Radioanalytical and Nuclear Chemistry, Vol 248, No. 2 (2001) 413—416

TLi+* o, Li formed in ground state (6%)
TLi* +4a:, "Li formed in excited state (94%)

1OB +1n -

S 7L+ 7(478 keV)

)
|

23Na +! n—23Na* (100%)
Gy=430mb | 524N + 7 (473 keV)

i[1]
AT T T e
e T e e

o(1°B(n,a)) =3840 barn
o("B(n, a)) = 760 barn

PC-based multichannel analyzer . T o

nat: 19.8% -> 1B
70.2% -> 11B http://link.springer.com/content/pdf/10.1023%2FA%3A1010692428279.pdf (10?;232;233(,)
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Use of gamma-ray spectroscopy for direct detection of thermal neutrons
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108 and 23Na prompt

gamma R.O.I.
i With Ncap, Na + B
Left Marker: 173 © 4103 keV et 1
Flight Morker: 228 : 5459keV "'iiﬁ.':m}i: :
Centroid: 139 : 4732 keV W, { LA
Brea: 20 +135.30% T e, o ey
) n.-."_l.-l-..":‘.f:r:::;,,:p»ﬂww,{m g .
Expanded Without Ncap, Na e, :’::'::i'fi-“.’;.’i;.":“
With Ncap
1
Pae o M i e ; Jr Full spectrum
BT L R R L N I T T N RN I R T K{gi:
Without:m )

Fig. 5. A comparison of the net counts in the R.O.I of the two spectra
in Figs 3 and 4 determined the gamma contribution from the
23Na(n,y)**Na reaction to the detection of neutrons

c."-.---._l

TH(n 1 2H
gamma peak

105 and 23Na
prompt gamma

Left Maiker: 182 ; 4334 ke
Right Masker: 218 © 0279 keV
Cenfroak 133 : 477.GkeV
Aeea 11777 23324 Fig 3. Gamma-ray spectrum from a moderated >*>Cf source with the

Ncap in place. The region-of-interest (R.QO.I) for prompt gamma-ray
from '°B(n,o)"Li* and 2*Na(n,y)**Na reactions is shown
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Using a Borated Panel to Form a Dual Neutron-Gamma Detector

“Remote Sensing Laboratory for the U.S. Department of Energy, P.O. Box 98521, Mail Stop RSL-44,
Las Vegas, NV 89193-8521, USA.
®Idaho National Laboratory, 2525 North Fremont Street, P.O. Box 1625, Idaho Falls, ID 83415, USA.

Scott Wilde®, Raymond P. Keegan®. Leo Van Ausdeln”

Borated (5 wilo) polyethylene panel
Dimenzicns: 2.54 cm = 1.22 m = 1.22 m

S,
\'\\\\ e
“‘-\ : _ — HPGe Detector on
.\\\‘ panel ecntorline
1m Dimensions: Didueler
" o T7.T mm~102.1 min
+—— /

|
14.21cm :

— i — e — —_—{— . L. L. —. .
A .

\ ¥ Ml 1.46cm

et aanrce located on the same
artis as the HPG e detectar. Tt waz
placed inside a polyetlyrlene
cylinder of wall thickness 5.3 cm to
provide neutrotl thermalizarion.

Figure 1: The experimental layout to measure the count
rate buildup factor.

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

2008-07-01  http://www.0osti.gov/scitech/servlets/purl/934442

RESULTS

Data was collected in February 2007 for a live time of
1.800s. The net counts under the 478 keV peak were
11,286+324. This plane was replaced by a disk cut from a
corner of the plane of 9.6 cm diameter. The experimental
run was performed again for the same live time yielding
2.462+268. The buildup factor was calculated as the ratio
of the plane to disk counts and was found to be 4.6+£0.5. A
second run was performed in June 2007 for a live time of
7.048s for the plane and 7.200s for the disk with
everything else the same as before. The buildup factor
was determined as before to be 4.3£0.4. The average
buildup factor is therefore 4.4+0.3.

0.45 1

0.4

0.35 1

0.3 4

0.25 4

0.2 4

0.15 4

COUNTS/SECOND

DISK

0.14

0.05 4

0 T T T T T l
468 470 472 474 476 478 480 482 484 486 488

ENERGY (keV)

Fig. 1. The countrates of the plane and the disk versus energy of the
photons counted, the distance from the source to the detector was 1
meter.
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Article history: Neutrons can be indirectly detected by high-energy photons. The performance of a 4" x« 4" x 16" Nal
Received 25 June 2012 portal monitor was compared to a “He-based portal monitor with a comparable cross-section of the
Received in revised form active volume. Measurements were performed with bare and shielded **Cf and AmBe sources. With an
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optimum converter and moderator structure for the Nal detector, the detection efficiencies and
minimum detectable activities of the portal monitors were similar. The Nal portal monitor preserved its
detection efficiency much better with shielded sources, making the method very interesting for security

Keywords: applications. For heavily shielded sources, the MNal detector was 2-3 times more sensitive than the
Neutron detection 3Y4e-based detector
ﬁ::“mi' Spectrometry © 2012 Elsevier B.V. All rights reserved.

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



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

Sateilyturvakeskus

Stralsakerhetscentralen

Radiation and Nuclear Safety Authority

Address * Laippatie 4, P.O. Box 14, FI-00881 Helsinki, FINLAND * www.stuk.fi

Neutron detection with
Nal spectrometers

Due to the worldwide shortage of 3He , alternative methods to detect neutrons are actively
studied. One alternative approach for neutron detection is to use high-energy gamma-rays
produced in (n,y)-reactions. In addition to the neutron capture gamma-rays, neutron sources
also emit high energy gamma-rays by themselves. The method has potential in security
applications due to the low background, the easy penetration of the high energy gamma-rays
and the small amount of modification needed for gamma-spectrometers already in use. STUK
studied the use of a Nal portal monitor as a neutron detector.

This work was supported by the Scientific Advisory Board for Defense.

Features

e Performance comparable with *He-tube

e Gamma-spectrometry up to 8 MeV

e  Plastic moderator and converter

e Easy integration in regular gamma spectrometers

e Low background

e Characterization of neutron source properties

e Simple analysis with combined neutron and gamma detection
e Automated detection and consistent with

VASIKKA software

Fig. 1. GEANT4 model of a 5”x4" cylindrical Nal detector surrounded by

a moderator. The yellow dots indicate neutron capture reactions.

Fig. 2. 4"x4"x16" Nal detector moderated with PE.

http://www.stuk.fi/julkaisut maaraykset/en GB/stuk-ttl-

Concept

In field gamma spectrometry often relies on Nal detec-
tors. Spectrometers are normally set to cover the energy
region from 0 to 3 MeV. The covered range is partly
restricted by the commercially available hardware, i.e,
Multi Channel Analyzers, which often only produce
spectra  with 1024 channels. Recently, integrated
systems able to produce 2048 channel spectra have
become commercially awvailable. This development
enables the extension of energy range up to about 8
MeV without significantly worsening the resolution.

The neutron induced gamma rays up to 8 MeV were
measured using a 4"x4"x16" and a cylindrical (diameter
4" and thickness 5") MNal detector [1]. Similar
measurements were performed in Ref. [2]. The

neutron _detection _efficiency _can__be _improved
siEnTﬁcantI! b! addTnE moderators and converters

around the detector.

Results

Fig. 3 shows the gamma-spectrum of an 18 kBq =cf
source at a distance of about 55 cm. The measurement,
which was performed with the moderated 5"x4” Nal
detector, shows the significant yield of high energy
gamma-rays in the presence of the neutron source. The
peaks at 6.8 MeV and 6.3 MeV are mostly due to iodine,
but also sodium. Because of the small and even
background, all counts over 3.5 MeV can be utilized for
neutron detection.

0 T T T T
— Background
il —— 18kBq Cf-252 & 54.5¢cm

Count rate [countals]

10 L L L s . . . L
o 1000 2000 3000 4000 5000 6000 TFO0O0 8000 4000

E [keV]

Fig. 3. Spectra showing the increased count rate at high energles due
to the *Cf source. The neutron flux was about 0.06 neutrons/(sem’)
at the detector surface.

flyers/ files/88555498122839033/default/Flyer 011 Neutron detection with Nal spectrometers.pdf

The effect on different converters and moderators (Fe,
PVC and PE) surrounding the Mal portal monitor was
studied. Fig. 4 shows how moderators and converters
improve the detection efficiency. Note that with thin
converters/moderators, the improvement of the
efficiency is due to the moderator. However, with
thicker layers of materials, the effect of the converter is
significant.

x10”

10 15 20
Converter thickness [em]
Fig. 4. Absolute neutron efficiencies with boosters of different

thickness. The measurements were performed with a Cf-252 source
at a source-detector distance of 2 m.

Applications

The Nal portal monitor was compared to a *He-based
portal monitor of similar size. A 10-cm-thick PVC/PE
sandwich converter was used with the Nal portal
monitor. The minimum detectable activities (MDA} of
the portal monitors were similar. In fact, the indirect
gamma spectrometric method produced better results
for shielded neutron sources. The Nal detector is thus
very suitable for neutron portal monitoring and other
security applications. The combined neutron and

gamma detection is r:heaEi anausTs is easy to Eerform

and neutron sources can to some extent be

—————————————————————
characterized with the seectral information.
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MBX »ecTKMM (KOMMAKTHbIW)

Mnactuk MEX #ecTHMA (KOMNAKTHEIR, CNAOWHOM) NpeAcTaEnseT coboi

NAOTHLIM C 0AHOPOAHOH BHYTDEHHEN CTPYKTYPOM 3HCTDY3IHMOHHBIA AMCT
C DOBHOM INagkoil NOBEPXHOCTE M cTalunbHON nnotHocTe (1.36 -

1,44 ricm3, B 33EMCHMMOCTH OT NPOMIECAMTENA).

CrangaptHoie anctol MNBX MmetoT ¢ ofierx cTOpoH rnagryto MaTosyo
A
NOBEPXHOCT., YTO COECNEYMBAET BLICOKYIO CTENEHD SUMTEl 0T
Iﬁ YNLTPAMONETOBOrO M3NYUEHUS, @ TAKIKE BEICOKYID CTOHKOCTb K

HeBAAroNPUATHEIM aTMOCEPHBIM BOSASHCTENAM.
Oara cropona MNBX nokpeita 3aWWTHOW NASHKOM.

MBX sxecTrMi WMPOKD MCNONLSYETCA B DEKNAME, MMIWEB0H, 3NEKTDOTEXHMYECKOH M XHMMYECKON

NPOMBILNEHHOCTH M B MeBEABHON WHAYCTPHA.

Aoctonncrea MNBX mecTkoro

- BLICOKAA Y/JapONpOYHOCTE M NPOMHOCTE Ha M3rub

- XOPOWWE MEXAHWYSCKHE XaPaKTEPHCTHKM

- nertas 0OpabaThiEaEMOCTE ODBIMHBIMK HHCTDYMEHTAMA

- NOBEDXHOCTL WASANBHA JANA PAINMYHELX BWA0E NEYETH, OKPAILMBIHHA
- NETKOCTE NPM CKASMBAHWM, TEPMO- W BaKYYMBOPMOBAHMM, MOHTaHE
- HE NOABEPHEH KOPPOSHM

- HE BNMTHIBAET BOAY W aTMOCHEDHYI0 BAATY W3 BOSLYXE

- BLICOKAA CTENEHE 3BYKO- M TEMIOWI0AALMM

- cnocofHOCTE NOrAoWaTE BHEpaLHM

- BHICOKAA XMMHYECKAR CTOMKOCTD

- OTCYTCTBME TOKCHYHOCTH

- HH3KaA BOCMNAMEHASMOCTE

06nacte npumerermna wectkoro MBX

- Pernama: BLICTABOUHLIE CTEH[LI, YKAIATENM, BLHIBECKW, BYKBLI, BUTDHHLL,

- CTPOMTENBCTEO: CIHABMY-NAHE/H, OKOHHLIE OTKOCHI, ABEPHbIE HASHKW, AETAAM BHYTDEHHETO
WHTEPBEPA, BHYTPEHHAR OTAESMKA NOMEWEHWA C NOBLIWEHHOH BAAXHOCTEI, NEPETOPOJKN, B
CUCTEMAX KOHAWUWOHWPOBAHKA BOSAYXA M BEHTUAALMM, TENAO- W 3BYKOHIOAALMN W T.4.

- NpoMBILAEHHOCTE: OTAEKE XKONOAMBHLIX KAMED, KOPMYCa MAWWH, FANbEaHOTEXHWKE,
nabopatopHoe M GoTooGopYAoBaHWE, DE3EPEYaph! ANA XHMHYECKOH NDOMBILLNEHHOCTH,

NPOWIBOACTED BEHTMNATOPOB, MeBenu, 3NeKTPOTEXHMKE.

Hynwute, kak scnevednsii MBX, Tak wn MBX wectrwi 8 Cankt-TleTepBypre Bol momere ¥ Hac!

Neutron

Tahble C.2.1: The absolute efficiency of 6-7.2-cm-thick hoosters normalized to

the absolute efficiency with the G-cm-thick PE booster.

The measurements

were performed with the Cfl source at a source-detector distance of 2 m. The
booster structure (plate order starting from the detector side) is shown in the

left column. The standard deviation is <1%

Booster structure

Norm. €455 [70]

PE/PE/PE

PVC/PE/PVC
PVC/PVC/PVC
PE/PE/PE/Fe/Fe/Fe/Fe
Fe/PE/Fe/PE/Fe/PE/Fe
Fe/PVC/Fe/PVC/Fe/PVC/Fe
Fe/Fe/PE/PE/PE/Fe/Fe
Fe/Fe/Fe/Fe/PE/PE/PE

100
119
112
108
107
101
96.4
85.2

Table C.2.2: The absolute efficiency of 10-cm-thick PVC boosters normalized
to the absolute efficiency with the PVC/PE10cm sandwich. The measurements
were performed with the Cfl source at a source-detector distance of 2 m. The
booster structure (plate order starting from the detector side) is shown in the

left column. The standard deviation is <1%

Booster structure

Norm. £44, [%]

PVC/PE/PVC/PE/PVC
PE/PE/PVC/PVC/PE
PE/PE/PE/PVC/PVC
PE/PE/PVC/PE/PE
PE/PE/PE/PE/PE

100

99.9
96.1
95.0
82.7



Type
Tube Size

Photocathode Area Shape
Photocathode Area Size
Wavelength (Short)
Wavelength (Long)
Wavelength (Peak)

Spectral Response Curve Code
Photocathode Material
Window Material

Dynode Structure

Dynode Stages

[Max. Rating] Anode to Cathode Voltage

[Max. Rating] Average Anode Current

Amerys Nal(Tl) & Hamamatsu

- - ==

http://www.amcrys.com/products

Head-on type Anode to Cathode Supply Voltage
Dia.51 mm [Cathode] Luminous Sensitivity Min.
Round [Cathode] Luminous Sensitivity Typ.
Dia.46 mm [Cathode] Blue Sensitivity Index (CS 5-
58) Typ.
300 nm ) Typ
[Cathode] Radiant Sensitivity Typ.
650 nm
[Anode] Luminous Sensitivity Min.
420 nm
400K [Anode] Luminous Sensitivity Typ.
Bialkali [Anode] Radiant Sensitivity Typ.
Borosilicate glass [Anode] Gain Typ.
Box-and-grid [Anode] Dark Current (after 30min.) Typ.
8 [Anode] Dark Current (after 30min.) Max.
1500V [Time Response] Rise Time Typ.
0.1 mA [Time Response] Transit Time Typ.

1000 V
80 pA/Im

110 pA/Im
12.0

95 mA/W

3 A/Im

30 A/Im

2.6 x 10% A/W
2.7 x 10°

2 nA

20 nA

7.0 ns

60 ns
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Figure 10.4 - Sample emission spectrurn fram 'FCs.

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

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

Tel/Fax - (09621)4-02-77

e-mail-parsek@dubna
www.parsek.u

4K spectrometric ADC with USB interface and USB bus supply

Specification:
Conversiontype
Number ofanalog inputs
Amplitude ofinput pulses
Rise time

not less
not more

Charger channel capacity

Number of outputbits (channels)

Conversion frequency

Integral non-linearity

Differential non-linearity

Value of drift of generating peak, not worse then
Time of test

Power requirements +5 V

Structure/ construction:

Bus type

Wilkinson

1

40mvV-4,0V

0.5 mks

20,0 mks

232- 4096

12 (4096)

100 MHz

0,04%

+1.0 % at thelevel 5- 104in the channel
0,1% within 8 hours of continuous work
5.0 mks (or by order)

470 mA (2.35 Vatt)

Plasticbody

150x80x30 mm
USB

141980 Dubna. Moscow region

Ul Pravdv.24.


http://www.parsek.ru/en/
http://www.parsek.ru/en/
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137Cs 661.7 keV y-rays amp. spectrum (- bkg)

B

| i | i | i I

' o ' -
| = - GaussLln (User) Fit of 3243-137Cs-front- 15cm 5m|n 4k B|
‘ ‘ Model GaussLin (User)
7777777777 Equation YO + b+ (AW sqrt(PI2)))"exp(-2*((x-xc)w)'2) | _
515.5355 |
iy At=300s T
77777777777 Adj. R-Square 0.99787 o
Value Standard Error ‘
yo 118.40279 19.24781 | |
b -0.07333 0.01294
*********** A 152203.47141 586.9507 | =
w 86.73249 0.29206 | |
B Xc 1478.87486 0.12465 |
,,,,,,,,,, sigma 43.36625 0.14603 | _ | .
FWHM 102.11971 0.34387 |
R 6.90523 0.0233
T T —
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Channel
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2011, I. Ruskov
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USB PRarse

el 8l

}'A

A

f

ADC

Counts

137Cs 661.7 keV y-rays amp. spectrum (- bkg)
900 l l '

Channel

I I - I - I - I
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, — = GaussLin (User) FitD| 4
Model GaussLin (User) 1 i
0 + b*x+ (A/(w*sqrt(P1/2)))* -2*((X-xc)w)"2 !
Equation y x+ (Al(w*sart(P1/2)))*exp(-2*((x-xc)/w)"2) :
Reduced 258.22707 - !
Chi-Sgr At-3005 -
Adj. R-Square 0.9958 ‘
””””” Value Standard Error |” 7™
yo 67.89635 11.40522
b -0.02134 0.00383 |
,,,,,,,,,, A 152158.01193 646.68969 |- _|
w 173.43233 0.61947 |
D XC 2957.39731 0.25723 | | A
sigma 86.71616 0.30974 | |
””””” FWHM 204.20096 0.72937 | |
R 6.90475 0.02471
! ! —
R = (6. 90 +0. 02) %

0O 1000 2000 OOO 4000 5000 6000 7000 8000

Run Green 8K
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SB Parse
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ek 8k ADC

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

T T T T
| B

- - GaussLln (User) Fit of 3243 137Cs- front 15cm- 5m|n 8kB |

Model

Equation

Adj. R-Square

Reduced Chi-Sqr

GaussLm (User)

yO + b*x+ (A/(w*sqrt(P1/2)))*exp(-2*((x-xc)/w)"2)

At=300s

229.48408
0.99617
Value

yo 142.17717
b -0.04065
A 151303.70346
w 173.23718
XC 2957.22748
sigma 86.61859
FWHM 203.97119

R 6.89738

Standard Error |
8.77886 | .

000292 | ' |
541.49904 | | —
0.54726 | -

02345 | ' 1
0.27363 | |
0.64435 | |
0.02185 | |
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USB Parse

el 8k ADC

137Cs 661.7 keV y-rays amp. spectrum (+ bkg)
900 T T T T T T T
. Nal(Tl) 3243 - front 15cm, 0.5us, Amp=x200,
800 At = 300s, Parsek 8k
o - = GaussLln
§ Model GaussLin (User) ‘
700 _8 777777777777777777777777777777777777777777 Equation y0 + b*x+ (A/(w*sqrt(P1/2)))*exp(-2*((X-xc)/w)"2)
H
Reduced 296.03091
o R Chi-Sar At=300s
600 % ? Adj. Rq-Square 0.99453
°° Value Standard Error !
s y0 139.87223 12.98965 | '
4(2 500 b -0.04023 0.00439 |
c . A 14492054914 74312859 | | |
-] w 176.49494 0.74231 | -
o 400 B xc 2950.72499 0.30294 |-
O sigma 88.24747 037115 | -
- FWHM 207.80691 0.874 | ' "
300 R 7.04257 0.02967

Channel

2013, D. Grozdanov & A. Issatov
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without the need for expensive NIM based systems

Table III. Properties of typical soundcard.

Soundblaster Digital music PX (Creative tech. LTD.)

Connection USB (External Connection with Computer)

Sampling rate 44.1kHz or PCI

Band width 20kHz C-Media CMI 8738 4-Channel PCl Sound Card
Resolution Signed 16 bit

Full Scale *2Vims

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 o)
to be less than 5-bits wide (< 2°>= 32- channels).

ATy Example




Home > Publishers > American Association of Physics Teachers > American Journal of Physics > Volume 81, Issue 10 > Article

AMERICAN

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

rnw&g““ Of PHYSICS ‘

Development of the low-cost multi-channel analyzer system for y-ray

spectroscopy with a PC sound card () crossMark

Kenkoh Sugiharal2), Satoshi N. Nakamural, Nobuyuki Chiga?, Yuu = Download PDF
Fujiil and Hirokazu Tamural

+ VIEW AFFILIATIONS

a) Electronic mail sugihara@cmpt.phys.tohoku.ac jp

Am. J. Phys. 81, 792 (2013); http://dx.doi.org/10.1119/1.4816264

A low-cost multi-channel analyzer (MCA) system was developed using a custom-build interface

circuit and a PC sound card. The performance of the system was studied using y-ray

spectroscopy measurements with a Nal(Tl) scintillation detector. Our system successfully

measured the energy of y-rays at a rate of 1000 counts per second (cps).
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AIP Conf. Proc. 1584, 50 (2014); http://dx.doi.org/10.1063/1.4866103 =

Conference date: 30 September—2 October 2013
Location: Kuala Lumpur, Malaysia

This paper describes the development of Multi-Channel Analyzer (MCA) using sound card
analogue to digital converter (ADC) for nuclear spectroscopy system. The system was divided
into a hardware module and a software module. Hardware module consist of detector Nal (TI) 27
by 27, Pulse Shaping Amplifier (PSA) and a build in ADC chip from readily available in any
computers’ sound system. The software module is divided into two parts which are a pre-
processing of raw digital input and the development of the MCA software. Band-pass filter and
baseline stabilization and correction were implemented for the pre-processing. For the MCA
development, the pulse height analysis method was used to process the signal before displaying
it using histogram technigue. The development and tested result for using the sound card as an
MCA are discussed.

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

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

Take your pick below, PRA, BecgMoni,

Theremino, GeigerBot, Fitzpeaks,

all work well and have their own features and benefits.
| do recommend you start with PRA

2 n}v which was the original and still in my opinion the one that

consistently performs to scientific standards.

Steven Sesselma;‘n'l?/



Fitzpeaks (Nal) with GS-1100A ¢

Gamma Spectrometry Software

The FitzPeaks Gamma Analysis Software is a combined research and general purpose gamma
spectroscopy analysis and calibration program capable of operating on spectral data from a
variety of different manufacturer's systems. It is designed to run under all 32 bit versions of
Microsoft® Windows™

The main algorithms used for finding and fitting peaks, and performing the quantitative analysis
are based on methods presented in a paper describing the program SAMPOS80 produced by M.J.
Koskelo, P.A. Aarnio and J.T. Routti of the Helsinki University of Technology, Finland.

The peak search algorithm is based on finding minima in the smoothed second difference of the
spectral data. The peak fitting is performed using a linear least squares routine, fitting the data to
a Gaussian function with an exponential tail on either the low energy, or both sides of a peak.
There is an optional iterative fitting for peak position, width, and low energy tailing.

The program is capable of operating in a range of modes, from a fully automated analysis
through to a completely interactive mode. In the interactive modes comprehensive displays are
presented, allowing the user to insert new peaks into the spectrum, change the widths of fitting
regions, change the type of background continuum used, etc.

GS-1100A with Fitzpeaks (Nal) version gives excellent results (see screen dumps below).

An evaluation version of Fitzpeaks (Nal) can be downloaded from http://www.jimfitz.demon.co.uk/
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Theremino MCA

Geiger Bot iPhone and iPad App
Safecast for iPhone & iPad
BecgMoni (Japanese MCA)
Intune Audio Analysis Software

Welcome to Gamma Spectacular

Our gamma spectroscopy (spectrometry) systems are as good as any, and our prices start from as little $299.- (B.Y.O. Detector).
These systems are perfect for teachers and students, and anyone who want's to discover the invisible world of nuclear radiation.
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Counting Rate vs Time

MEountmg rate [1/s] ¥s Time [s] Th.PLS

Bin: 8 Time [s] 8 Frequency: 339 Counting rate [1/5 http://www.gammaspectacular.com/gamma s

ectra/cs137-spectrum

://www.youtube.com/watch?v=T-bX00jaxQM#t=58
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—c— PRA is a smart software that transforms

Geiger Bot iPhone and iPad App your PC sound card into a powerful

Pafcoms: or Fione & owd multi lanalyzer for gamma spectrometry.
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BecgMoni (Japanese MCA)

Intune Audio Analysis Software
The software processes
the signal by calculatin
the RMS value of the signal
and filtering out any badl V/
formed pulses.
The result is amazing! :/’:/’:,73 055007 7] T
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Counting rate vs Time

il Time step [z]

[ Shaw in logarithmic scale

Counting rate histogram
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" | Equation

Reduced
Chi-Sqr

L | Adj. R-Square

Number in bin

GaussLin (User)

y0 + b*x+ (Al(w*sqrt(P1/2)))*exp(-2*((x-xc)/w)"2)

At=300s

1609.05665
0.99817
Value

y0 -8.89655
b 4.84306
A 6796.9019
w 2.01708
XC 34.82215
sigma 1.00854
FWHM 2.37494

R 6 82019

Standard Error
49.03053
1.41138
36.70855
0.00972
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ADCM16-LTC

[ ]
137Cs 661.7 keV y-rays amplitude spectrum
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| | Model GaussLin (User) ! ! ! !
Equation yO0 + b*x+ (A/(w*sqrt(P1/2)))*exp(-2*((x-xc)/w)"2)
18000 .- (I'::Eldg(;erd 3463.12177 At:3005
Adj. R-Square 0.9999
16000 - Value Standard Error
y0 1183.43173 157.18212
i b -10.055 1.45456
1 4000 L A 153742.35013 481.39664
w 7.60563 0.02022
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2013, D. Grozdanov & A. Sariev
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It does not matter how slow

you go so long as you do not
stop.

~Confucius Wisdom

wWWw.galuraw.com







