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Z0rM 24 =4 ¥(Gamma ray spectrometry)

gt Ol &l(matrices)Liol| A= Z Ot E &9 42| 4 (identification) 3 & (quantification)
= MP(source)ZFE YWEE Z OIS =(number)2} 0i|L1X|(energy)
= S8 #okMel = o WALS 2| A% (determination),

#orMo| oL x| > A = F of 4'H(identification)
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AHEH FAl(spectrum Analysis)
= MoX| Eol P 5E AHEH 1|39 BA
= I3 {Rl(location) > Z O X| HH > L AIE T AlE
= I|3 HN(area)> Z0OM LEE 8 > YAS9 AH
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1. M2

¢ 40K SEEA B0l EE(Applications]
» FH1E3 EHZ U2 o ZO0MYE #F S HE, TAE Bl ¢HE
» GeHIEA|ZAZS7|0] &3 > ClAEH EoolA 28 Second Edition

- HFEQ EZ - B2 2o Clo|H sM, s X | 5o

¢ 28 =20

= HXHAL o ZLEHY

Gamma-ray
= HAZ2(EAMMEE) Spectrometry
« Eo|st s Gordon Gilmore
= M2/E2E AT
- g %4 -T'—I. gl. Airborne
- X|ZEZTE Lo

Potassium Map (%)
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1. M8

4 gamma Spectroscopy Systeml(typicall
= HPGe detector (or Nal Detector)

High voltage power supply

Preamplifier

Amplifier

Analogue to Digital Converter(ADC)

= Muilti-Channel Analyzer(MCA)

The detector Block
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=% H=20ls d=)I1(HPGe)
«  QARCHZIOKM I Ge EXIQI0] AT A2 = M21 J=H X0 2101 1 Gl X10 Hidiol=
XoHelectron-hole pair& MAol= LS9 SARMMIA
» HEE SZHSE AT
«  Hux S oM S AN M2 PR+XMS CIOHME NE[-ME C1JH
= PR HRALAM QIARRHO] 27 STHY 50 keV 01A0] Z0HMOILE X-M0] =R HA

. Ng AAREE MR SH JWEE = AHM~0.3 «m) KOIUX] SH(2 10 keVIOIA == MeV
GNiXl =301 Ot
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¢ Nal 4=)12 HPGe =19 Hiul

NallTl}

HPGe

Motk (x10)
d=8=0] =0 (x10)
HES A=7| M= 0[0H
o AN A SEOH
2 0f| Q1o
LS9 M0 S1ZHOFCH (Vo)
NUXIZ0HS 0l X Z0tCH
(6%, 80 keV for 3"x3" at 1332 keV)

HHEAT HLOI0 AHRSHTE (77K)
250 Zgs g 2=0
IPHY FeE 8 W=l
NUXIZ0H S0l S0t

(0.15%, 2 keV typical at 1332 keV)
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26 ke
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P- type:
cheaper, most common,
: oaetsed poor low energy performance
— rEDresents electrical contact surface n_type :
expensive,

good low energy performance

n' contact p* contact

p" contact

n* contact

100}
>
p-type coaxial n-type coaxial D ’
& n-type
(thin outer
contact)
p-type
T l Y g 10}
=4
-~
p-type Ge n-type Geﬁ\/p‘ contact 3
n* contact () (~0.3pm) "
(: 300].J.I"I1) | s a: &
| 10 100keV | MeV 10
PHOTON ENERGY
P contact
n*contact
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¢ UMY Z=EX
o ZZJILH0I MAS MOIE £E0I7| IOI & MOAS o MRS IOl IS
o MO HPGe ZZTJ|= 9 3000 V HT I QEIH, 211 5000 VIHK| Q178 £ U=
AS0| AILED US

¢ MXZSF)|
o ZZJIWH0I AMAE MOl 20| HIYIOl= MAMSMVIZ HIRH F= JIs
o MEZSEJ( ATO| 24 20| SN SAIO =T ASHIOIS0 Q1T ZS0] A7
X Q= == ANMUAE S X

¢ UESH)I
o [E A=< AlZHrising timelnt =& OFZIAIZHdecay timelE XIH MXISZ)|9 &5z
£ XY(shaping) Ot= ISt
o ATIH ZZ9] HIIS/NHNE IHMAIH UZE MEXNOZ ZE[~ 10 VIAIII= TS
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1. M8

2 aew

ECooling rod 4]322)
CHEPAH (EF2¥ FET)
B}

@Cryostat flange
@A F%
ek 2]

@+ Ring
BDewar flange
DDewar vessel
@Celd finger
EMolecular sieve

Signal /H.V. Cable
(PreAMP power, E, T, Inhibit)

Cold Finger

Molecular Sieve
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¢ 0IE=1-00X|EH2)]| (Analogue to Digital Conversion, ADC)

. UTHEZEAMAIAHUO] At ot
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¢ MCA

e ZEJI0 & OIIL‘JIIOII Higlol= EAE 37| 8% EF0I0 HEME0 715 = HEDI
%), Z50l= JIsit IS ABESE CRTAHW EAE = A= IS

e IIEAJ|I= ADC, AHEZ HZa, OASH O X2 4

e 2S=0= HEE PCOl ADC, ABEZE HIZcIE & AIZ! PC-MCAJE 5501 012
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¢ OXE =22 ZXIDSP)

AN OIZ22 ] IHE Z™(shaping)
IEH NIM #39] OI22] MIRIZR(E
CANBERRAAL : DSA-1000, Lynix S
ORTECA} : DSPEC series

s
=
=

=
=
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o
M

Xl
g

= do
=T
[~ ey |

main®ilAM X2l

71, ADC SIE Wilot= Jls
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& 20 ABEERIO| (f

n. Gamma - Hadl 421 reporttesti]l. CNE
File MCa& Calibrate Display  &nalyze Edit Options  Datasource  Help

i e o = s S P M SN S
Idle Channel: 1807 : 661.3 ke¥ Counts: 3167 Preset: 80000/80000.00
|
Acquire
| | |
| Expand On
|
ROl Index:
[ ]
Datasource
| | |
M el I Lo | J|l f J
PR iy w-‘-*-“'v"#ﬂ,Fﬁ'.' Wil
W b,l" Iy
i M fnl*lr!'hlhra ‘“I“I' Ml"'ﬂ'\lmhh‘flw‘m ﬁlJ 'l'#‘ﬂd'l.'\' |
f "“' MH' 'duilw.n'r‘nﬂi ndil. r f
NUCLIDE INFO
PwHM: 1457 keV Area: 13073 WI1E
Next Muclide: C5-137 Half-life:  30.07y
Energy:  BB1.7 kev Yield: 851%
Activity: 105721 Bg

For Help, press F1 Execution Status: ready
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¢ HHBBAMY A2 E)E S0l= SE

1

11 XHHIKIE S) 018
2] JIEESE)| 0188t HtsAl 2=

31 SAlRI=E
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¢ XHHIAH 018

—

10 21H {12
w‘% | [
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e
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g 15em+ 78] 10em+ A 72 (A3 7009 §)

500 10
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¢ JIEES)|E 0|88t HSA| 9I=

e JIEEE)|: SAAFHSIIMESZ) HHdZHE0]. NZHC GM &I S
o 22FMN st WI2E JI0 E2E IH ML
o MANM BELI= SARIZ F HEJINME U28Y
- HISAl 220N ESEL FY
o PFUH2IIE HI:TIG F HEI 2F0M Uz WY
- HSAIRIZ0IM E5EA HIAH
e ZFIH NS NI
- MEANM 2EE 40140l = ASII0IM EZH MEE B F I1E H3VIZE AN
CE HIS S 01 BSARIZ0M E=5EA HIA
N=FE

=1

[NV
Mz Rk
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¢ SARI=E

e HIENM ZOIME SAl =T : HIEFS D0 =HEI0 SAI0 H0IME BE0l= #S
e FZ UOKM2 Nal ZEZJJt ZF0t1l HIEHM 2 HIH+ZDINFESE 4710l EF

- Nal ZE719 HIgIAI=20] S0 M2EE > SARZ0AM EF[EA Y

- = gt ZEJI0ME MW S 2H2E SBARM] > SARIZNM ESE2 WA
e YIZARE MARIDI =22 INEH SASEE0 OIS(HAHEZ0HSHA] JHM)

= —

——— Upper guard counter
Interior Pb-shield

—— f = Counter electronics
_~4x -3 ~Flow- counter
SAlS — Sample
Nal(T1)-Crystal

I Guard
B Counters

+~7| Outer Pbhshield




2. 7|= #So|st

¢ AHXIQt A Xt

= AXIH Z(0f| U= A0 £ ; FXIHB([atomic number) Z
= SMXIO £ : N=A-Z

_ g%ﬁ#aflji
= E 2 (mass number) : A = Z+N P —8A 7|z
AR HF —
¢ {3 2(isotopes)

= QFAMTIOl (20 21 SAXIO] LN TOE A
= 32§, 33§, 34§, 38§, 36F,  TH(hvdrogen, H), 2H(deuterium, D), 8H(tritium, T)

. IALAE I ARadioisotopes, Ril ; °H, S @@
# S =(nuclides) <

AAAAA
a

= EEr AU AXHD 28 ST YL = XM STE AE20HAM 2E T
s OH=EO| =2
b k=) oTT
& y4 N A ofl
S A (H) = = = 'Ho, 2Hy, 3H,
%% -?Illi(x.") =+ =+ = 3351‘52 P ggY51
SSHx AAF) - - * 905 ggNi32
§_|l|0|é‘,|i-" = = = 137m




2. 7|= gl

¢ X0 kY A(stability) 160

150 m Si:ﬁ»lc nucioi' S , !
- AXI 20| AATQ SHXIFO HIZA OF | W emitters DB
MMl 2H 140 " m 3" emitiers Ty Yy
oo =20

130 | MG enmters

= FH2 AT(H2012 SO SHYCE

- — 1210

O %2 SAIIE HQE S 10 -
> SIS HX|B ST AI0/9 BIZS(SES) = 100 e
Ol Z{A] &A1 IO F ECLE AL E T &S % an S
= YBIZIT] YA 2 80 X
= “
¢ X0l Eil(decay) NGRS
Zz M < 7 s
=l == ol : =V chdes
. EOHNSHMES NIAHOT WSO OHHSH S e on s e,
SH=E=O 2 =l ;
So—x o M) -
- 01T SMTHNIAM HEA] o MOILL 5 MO 30 oy
EES 2
- EOINHTI ATIMES WAINHS 19

0 10 20 30 40 SO GO 7O $0 90 160 110

Protan Number £
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2. 7|= #So|st

¢ HIEH S1

= B~ decay (1tY Z XL, neutron-rich decay] ; 1t S&XII FAXI=Z HE&OI0 MXIE 2 XIeH

Hro &2 I:II-==

T — i

60 60N+ Op4v 137 137 0p v
27Co—>28N1+_ B+v, 55Cs—) 56Ba+_ B+v I

= p*decay (I LML neutron-poor decay) ; SMXIE XY Yoz WE

22 22 0
11Na—)lONe+ L+ Vv I

Note: f-and S * particles are emitted in a
spectrum of possible energies as the decay
energy is shared with a neutrino and an anti-
neutrino, respectively.
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2. 7|= #So|st

¢ ™I (Electron Capture)
= 1} A X (neutron-poor decaylE JHX SHO| XIeH Q9| HIEMIIE X200 SAXIE HE

_Oe + 2121Na — %%Ne + v+ X —rays

Oco 103 103m v _
e+ 46Pd—) 45Rh+v+X rays

These are ORBITAL electrons!!

S /
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= 011 WU XI= Auger HXIQ X-ME BESE M= HF

OHA G XISE 511 HIS S &

54 54

133mye 5 133x0 4 o +X—ra3ﬂ

a-parficies are

mono-eneraetic!!

M=HInternal Conversion, ICIHAEE S

s IS an

)l

'){ {'/\[

alactron!!
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2. 7|= #So|st

¢ = H|EIe= MEA(Pure beta sources)
= Decay directly to the ground state of the product(no via the excited statel

Nuclide Half-Life Endpoint Energy (MeV)
H 1226 v 0.0186
¥y (3.08 x 10%y)
4C 5730y 0.156
Zp 1428 d 1.710 iy
1p 244 d (0248
338 87.9d 0.167
3] 3.08 X 108y 0.714 34 ¢
43Ca 165d 0,252 Relative
yield

83N 92y 0.067 Endpoint energy

; = 0.714 MeV
Wgr f‘”":’ 277 vy/64 h ﬂjdﬁf 2.27
*Te 212 % 108y 0.292 l«
147Pm 262y 0.224 [ SR

0 0.2 0.4 0.6 MeV/

ILHT'l 3181 ¥ 0. 766 Beta particle energy

Data from Lederer and Shirley
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3. 7|=X|4l

{ (1) 21| =Al(decay scheme) 1

238U(4.4x10° yr.) Decay Scheme Cs(30 yr.) Decay Scheme

30 yr.

~163.0/-/10.078%

137 B a ~ stable
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3. 7|=X|4]

} (2) sH0|MA|(nuclear isomer)
Energy | —— Excited States
B =™ MEH(metastable)2| IX}EH ; SIL} O|AF SiXlo| =
EEMEH(excitation) 2 215F 24 oo e
> XS (Z), EEF(A)= SUSHX|DE CIE oL XA
EH% 7I.KIE 2% OIAOI-Q_ %_ll-lg Radioactive Parent
> QUHIXO| sHo| EESME= 102X (4= psec) HE
> 0|MEliES MLI{Xo= HA|ZE SSAE| ; =0HH AEY
( “m” % EO1 ?_E) Intermediate
‘,g’t;t‘\
> 137mBa(2.5&), °mTc(6.0A|Zt), 193mRh(57.5&), L ,\','3"3\1;:1*-‘
133mXe(2.1), 191m[r(4.9%) Mo 4
- M e s
% =
B sH0|AMXA| Zo|(isomeric transition, IT) % Transiion
& aughter ,-’:i::*'\
> SO|MHI7I ZOMS uHE (ZOHHAENOIA] ZtopEa)) AT,
[ 'Jj'\ ,“:tl
ROty
SN rs s
. L
Z  ATOMIC NUMBER Z+l
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3. 7|=X|4]

' (3) ZO}M Hk=2st=E (emission probability per decay)

B UAINEIA| SEFOIHX(E)2] ZOrM0| WEE &E[P,(E)] ; Intensity/100 decay (%)
> TAIE0 ; yield, abundance, gamma intensity[l,(%)]
> 137Cso| HIE}=S 1| — 661.66keV ZOIM WEELE ; 85%

X BE E5 YEfS HAE0] BISAENZ E[BIA] ZOIME EI=6f= 2= OFL/CF

B Li5 X &k (Internal Conversion, IC)
> o] SEAME] ILXIE KX HI=(atomic electron)0fl HIL{X|E MEHSI= HH
> WSEHEAR(a) = NJ/N,,
0{7|M, N. = ZiOl(transition)A| LT XIS YEE, N, = A0IM &S
> No+N, =1, N, = 1/1+ a = 1/1+0.111) = 0.898
> 661.66keV ZOIMUEZ2HE ; 94.4% x 0.898 = 85%
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3. 7|=X|Al

'ﬁ (4) Z0IM Yr==(emission rate)

B o MAUSSRE WEE OIL{X] EQI ZOfM2| EFRIAIZEHL =(#) 5 7 /sec

> &1 ; HIALS EER|(Bq) — radioactive decay per second?| 7j4
R(E) = Py(E) - A

B '37Cs 1000Bq
> HOMYEE ; 8507 /=
> HIAIM HdE7| n|l3sE 1A | S
cps
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3. 7|=X|Al

' (5) SA|gtrH(coincidence summing)

B 274 o|Ate| ZIOIM2 cascadeSHELR HIEA| SA|0f Z

=0
22| EMZ20] XHAF 2 2na|
B SJFCjae MA/A=S YAls

60Co(5 2 yr.) Decay Scheme
5 yr

k& =2823.9

99.025% 2505.77

\ o
ﬁ

0.057% é"

0+ v 0

stable

1332.52

ascade g0l = &, ogital= CIE

=2
=

=
=
= IC{ EE= afAs "

HES5|0] siLfe] ELMS 2 Bt
HEIEM 22 Al+=S0|ME LIEHH

HESHA] EFXH

E
= o7l st= A2 ;
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3. 7|=X|A]

} (6) OLiX] E5ll=(energy resolution)

W u39| HIX|Z(FWHM)E S (H) 22 L= %
> FWHM ; u|32| =[xazkofl CHet ZHH(1/2)0] =0l0M{2] BX2| =
%

> OUX] Eslis2l 2101 22M EHES+5 6|3 FESE0| 25iCh= 2

dN/dH
dN/dH Good Tolle R =
resolution
Y
P Y/2
i N
/|| \ Poor
/ \resolution
.ff | ll"x

Ho H




3. 7|=X|4]

' (7) 4= &2(detection efficiency)

HE7|(AI%71)0 7 I1SE BAL|
M0 TEE IAH ZAD o &

> dEJ|C] 4 Y S-D geometry(f] ZHAE

B Zc§ S2(absolute eff.) ; ¢, =

= . HIEHIHAE7 || B LS & (13325kev, 25cm 7{B])
AL relative eff.) ; — HPGe o= el ’
B o =5( )5 e =T Na D& T2 BOHEE (1332 5kev,25cm BI)

» 60Co MA ; 1332.5keV

O = [t prt i HAE7|(AI7NH 0 7 |FE EA2|
B I SZ(intrinsic eff.) ; &, = %‘.‘%ﬂgﬂl ;,5)\}?5_! QA}&(%X})EI;

> HjE21 1KE22| 2t ; isotropic sourcel| A2
€intr = €ap -~ (%r)! -QE ﬂgn_'l-g-l ’?"IiIO'“A'I ‘?:1&7'% HI'E'I' 'E gi‘"’ﬂ‘(SOlld angle)

> dAE712] A, SARMILX], ArdeoA{2] HET|2] S2IH FH Sl 2AIE
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1.27 x 10° yr.

10.72%

Q=1504.9
E.C. [i+

BE 2%

Q=1311.08 | (,\\I\l\ RAY SPECTRUM CATALOGUE

GeandSiDetector Specetra FouthEditon

3 inmemoryof R. L. Heath
108 5 —3 : |
A Y
1Al A i 1
10t - - :

Counts/Channel/Second
s

lo
+ _i-ﬁ. .
i :
10° ¢ .
. H
‘
| ! l
i Original Work Published - March 1974 gl ' 1
il Electronic Version with updated nuclear data | O I
10" T and decay schemes added - September 1998 T =3
Idako National Engincering & Environmental Lavortory o
=RAY SPECTROMETRY CENTER - - .« | ]|
" e
Click here to go to the center's WEB Site T ¥
10° - + : } + t - -
0 400 800 1200 1600 2000 2400 2800 3200 3600 4000

Channel Number
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1. ABER M4

Counts/Channel/Second

10% =

10% +—

10%

10" -

50 30 M i

! g % sos O X] L3

e

UL LE

*Y(106 day)
12-3.71
55 cmy’ coaxial GelLl)
no abosrber
20 cm
&1 1836 TOjHX] m3 39-88-5
—ar—
= HI
g |l
i

400 800

1200

\ ull vy
\ i2 o |
\Y §_'j Hl 2734 star m3
= ™M1 (898+1836)
P
s { A 3
; \M e ~,.:.,,"~ R
| : b Hojux} M3
. — 3219
o 1 i
— — ———— ,4.‘,,7‘7 — —
| |
| | | =)
1600 2000 2400 2800 3200 3600 4000

Channel Number
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2. ZA0iME AEJ|2e] 8SEE X SEHET

\ (1) 2xM=4(photoelectric absorption) w
B Ge¥X(GedEZ| E)o HE=THAI2I 452 ; ET™A}
> A OIMO| B E HIHXIE HE™A ME - AL ZorMS o o o @
RS ¢ B o R i
= Photon gamma f NP
> %g th EEE auger EXI-7I- b(l)l-.g inci&cm o @ o L
A A A e > X
> YAZOH olLix|(hv)t & e olLixlel T3t AHEHY gt s al,
of MAM(EY I|3) (] o -
- full energy peak, photopeak o Ejection of a K-shell
' electron
> ZOFXA) LKA ES S50 ABNMOR 0|5l 21} ° '
dN/dE
AN "B
hv
|
hv E
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2. ZA0iME AEJ|2e] 8SEE X SEHET

hv

i (2) Z=E M2l (Compton scattering) w
B ARXAIL ZetEo] i< et HI= XAt S= 4sEE ; H=E XMA}, AEkziopM

(hv)

(hv)'= o (hv)
1+ (hv) > (1 —cos0) Ee = () = (hv)' = 14 mgc?
Mo¢ hv(l — cos 0)
B FHSE(6=r)e| 4 ; F=H XMXl= ZolM lAtrst, MAtol ZCHAHILXIZF HE
max  _— _ (V) max (V)
e mee o= by B = — 5

2hv
Atz OrMe| oL X7t 2 A=,
= h v >myC?/20{|M= 0] GIL{X|7} XI0|7} OF2HQt 20| LSt F2E +H

m,c?
E, = (= 0.256 MeV)
2
hv!
e 0
vVIWW/ o \
hv o < Compton continuum
Before After v

/
Compton edge
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2. ZA0iME AEJ|2e] 8SEE X SEHET

i (3) 4rAMM(pair production)

ds7

DHE AXIEH(GeXIEH) 2| ESZLH0AM

A ;

; XL, SEAL d2] 4y

- & S2S0LXI(MAIKE+SHMAIKE) ; YARZOIMOILX| EC} 2m,c? BHS Of2ol| $1x]

p

E + E = hv—2my’

OFX{ XA T HIAIM ; 0.511MeV ZHO}M 2747} 2hAl

- double escape peak, single escape peak

nucleus

El

Positron

+e

ezgan\k

K-

-e

dN/dE

hv

2m,C?

M

k4
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3. 2HEH FygdeL

i (1) MoL{X] E| A (full energy peak)

’ Q

full energy events
10000

1000

100

Counts (#)

0 160 260 350
Energy (keV)

400

500
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° mef‘s:

2

The scattered gamma-rays escape from the detector
6 =180°
0=0° “Compton Edge”

1000 /

® 100 —
@ | e
=
8 1w
1 T T T T T
0 100 200 300 400 500
Energy (keV)
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3. ABEH FHRA

} (3) M 1A (sum peak)

5+

¥Co

99.025% |\

2505.77

1332.52

0

stable

60Co Decay Scheme

Counts (#)

Counts (#)

1000000

100000

10000

1000

100

10

1

1000000

100000

10000

1000

100

10

1

bt e e ey
0 500 1000 1500 2000 2500 3000
Energy (keV)
Expected Spectra Based on Decay
PR tcavreopatitisow ™)
f—
0 500 1000 1500 2000 2500 3000

Energy (keV)

Actual Spectra

_45_



3A

B TdeL

(4)

Counts (#)

1000000

100000

10000

1000

100

0

1

Ctel 0|EF |3 (single escape peak)

/ Full Energy peak — 511keV

A
i, L T
v —
0 200 1000 1500 2000 2500 3000
Energy (keV)

Single Escape Peak
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3. ABER ML

(5) 0|= O|E} 1|3 (double escape peak)

)K
L~

Full Energy peak - 1022keV

1000000

100000

10000

100 hthyt byt

Nl | -
it

T
0 500 1000 1500 2000 2500 3000

Energy (keV)

Counts (#)

1

Double Escape Peak
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3. ABER ML

(6) &9 HIAIM H|A(Annihilation Peak)

¢ MI-ZE I &ddpair proudction)0l A=J1=8 XHHKMINIM Z20U= 32
= 2JH2 22 SAKM Ji24l oL 2V 1HE Al
= Ol AZ2ZAKM OI3JE 511keVOll &

1000000
100000
511keV
s 10000 L /
8 ML/\"'\
= 1000 -
>
P i
100
© Yo
10
1 | | | | Mk Ll
0 500 1000 1500 2000 2500 3000

Energy (keV)
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3. ABER ML

' (7) s=drr2l m|3(Backscattering Peak) l

¢ S| XHHHM(S0M &= Z201M0] HEIIUE Al
= OF 180 SHIOZ Al

T O —-L

= =88 ke\/(few hundred keV) £20IAM UES

77777 J—— |
—~ ~200keV
Dt 1000000 //
100000
& 10000
1000
5 N
(&) 100 \/ WWWWWW
10
1 ‘ | | | L Lol
0 500 1000 1500 2000 2500 3000
Energy (keV)
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3. ABER ML

‘ (8) EM X-M(Characteristic X-rays Peak) 1

& I XHHIKIE)C] SEAM| OISt 0|23} M IA] 2 s XL HEJIUHE Al
= EM X-M2 HIEHXIO] MO|transition)E C10HM M
= Fill the lower empty shell

)
70~80keV
1000000 //
{ 100000
)
& 10000
2 s ™ ey
1000
5 i
B0
100
© v N’
10
1 ‘ | | | L Lol
0 500 1000 1500 2000 2500 3000
Energy (keV)
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4. Z&EI| 27100 IHE BORMABER B4

(1) 28 H=7|(small detectors)
m 27}

\

tOjMo| HEAIGAEE HO} 22 37[(<2cm) ; SR}

HAPAA Y

"double escape”
Compton edge e} e
i ;I(j— 3 £ AL
dN/dE \/, {’EULTIF'#JLEWI o3) dN/dE (HojHx m3)

Compton Compton continuum

continuum

| | |
hv E (hv - 2m,c?) hv E

< 2
hv < 2mgc hv >> 2myc?
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4. A&E7| 370 HHE AOMMAMER

MAHEER §Y

\ (2) =L Hd=7|(very large detectors)

B 2z Z0IM 2571 AS7] FAAELHOIM

o

MASEZ ; £ cm O|AL] HET| AT
HdE7|9] SE2 Ox| Aelel AlzopMo| Sl CHAOIA thest 24X S+E st Zinl S st 21}
- 8oj8o=
ASAEY |9 A= &M LA (photoelectric peak)
CHAEZAE7|2] A= ML X]| Z|A(full energy peak) EE= FEL m|3A(full absorption peak) =& st £
dN/dE Hoj4x| o3
-—> dHET |
«—d/WW>  mzEuE hv E
L. FHAPA M
AN AN %Fxl_-le—“'ﬁ%
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4. d=71 3710 o= ZOMAHER §Y

-m (ot
>
o]

(il

oF
3
ox

ra
b
B 0
2

HEV|QEZ o|E
(&BEAM)

HOHA o3 oA 3
o oj2m=2
aN/dE dN/dE 0|F olg¢m=a
] | |
O HZE MEF events hv E (hv - myc?) hv E
hv < 2mgc? [HS ZH=H Ak

hv >> 2mOC2 events
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oL x| 23

EtHEE dOIMA OIS

2000

1800 4

1600 -+

1400 A+

1200 +

Energy(keV)=0.0611+0.2443xC-6.714x10°8x C?

3

8= OfILAX] (keV) ]
Am-241 59.5

Cd-109 88.04 a
Co-57 122.06 a o 1 Channel

Ce-139 165.86 CleEg g 24 2 8

N 08 & c g g STD spec.

Hg-203 279.2 2 i

Sn-113 391.7 tera -

Sr-85 514.01

Cs-137 661.66 § e -

Y-88 898.04 ° ““J”'M

Co-60 1173.24 o

Co-60 1332.5 o

Y-88 1836.06

le+1 =

4000 6000 8000

Channel




AB 20| w1312 S/xtei s Zo| of L{X|T0| 2 0| 8

3000

Nuclide Energy | Nuclide Energy

) (keV) (keV) 2500 1
Pb-210 46.5 T1-208 511.0 2000
Th-234 63.3 Ann 511.2 1500 -

pb-212 750 | TL208  583.0
Pb-214 746 | Bi214  609.3

Th-234D 926 | Bi212 7270

Ra-226 1862 | Ac-228 7947 10000+
U-235 1857 | TI-208 8604
Ac-228  209.3 | Ac228  911.2
Pb-214 2384 | Bi214 11203
71208 2780 | Bi-214 12381
Pb-214 2952 | Bi214 13777
Ac-228 2702 | K40  1460.8
71208 2780 | T-208 15925 10 ]
Pb-214 2952 | Bi212 16206
Ac-228 3383 | Bi214 17296

Pb-214 3519 | Bi214 17645 " 2000 4000 e 2000
Ac-228  463.0 71-208  2614.4 Channel

1000 4

Energy(ke\)

500

04

4] 2000 4000 G000 2000

Channel

Th-234
Ra-226 + L-235

Pb-212

Pb-214
Annihilatioon

1000 4

Bi-214
K-40

100 4

Count




=H =] — i
T':OHEI'L§:

X~ o
oliLiz] Eofis2 E21F 20| auxse = LM

e M2 7t7to| @l 2749l |3 7 & SE £
o OLiX| Ealls2 ATl 25 (%) = Holiii(keV)2 2 T #

- Nal AZ=7|9] 2dlls : 2 50 keV for Cs-137 661keV

- HPGe Z=7(9| Edlls : 2F 1.5 keV for Cs-137 661 keV

= R0l #E8+5 HUXIZHS0| &
= HUXI2HS « B9 HUXES dd5= ELHEXNL =

dN/dH Good
resolutit{"n

Poor
esolution

Hr 1




FWHM(keV)

FWHM 38 =2M

2.0

1.8 -

1.6 -

1.4 A

1.2 A

1.0 4

0.8 +

0.6

FWHM=0.7711+0.0004392*E+0.01179*E2

r?=0.9999

0 200 400 600 800 1000 1200
Energy(keV)

n =7 | E&IE2|, Poor peak 7}52A|

1400







HESE5§Y

HESE
ML S Z(Absolute full-energy peak efficiency)
Eabs.= N¢ /N)/

AF=2Z(Intrinsic full-energy peak efficiency)

N¢

Eintr. —

Nincidenty

ML E & (Relative efficiency)

e = Absolute full—energy peak efficiency
rel™ Absolute full—energy peak efficiency of 3" x 3" Nal(Tl)

where detector-to-source distance : 25 cm, gamma-ray energy : 1332 keV (Co-60)
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e HPGe &l&7|2| ES584

1.0E-03

100+

n-type

(thin outer

contact)

1.0E-04

Efficiency

INTRINSIC FULL ENERGY
PEAK EFFICIENCY IN %
S
I

{ . : : 1.0E-05
1 10 100 keV 1 MeV 10 10

PHOTON ENERGY

100 Energy (keV) 1000

10000
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* HPGe d&7| SR LIE SE28Y

10,0}

Typical Resolution vs. Energy

3keV /|
gI.O - /
z g it
g 2 1kev B
: g REGe| _ |_ E°°_"‘/§/
o1 b ~ "XiRa //
: ‘g Lm%:—;
BEGe
[
100 &V
5g 10 100 4, 1332
0.01 : Energy (keV)
5 10 20 50 100 200 500 1000 2000
Energy (keV)

Typical absolute efficiency curves for various Ge detactors with 2.5 om source 1o end-cap spacing

© reGe. 15% Retative Efficiency XtRa, € LEGe. 200 mm x 10 mm thick
13% Relative Etficlency o Coaxial Ge, 10% Relative Efficiency -
©  LeGe, 10cv x 15 mm thick ©  Bece, 5000 rm x 30 mm thick From Canberra website
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S5YBIIY SR

Marinelli 1 L

Marinelli 0.5 L

For well-type De.
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Cvlindrical 1 L w7 Cylindrical bottles Sealed bottle
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20 oL X| O EEw 3

£ = y
N &A% e HEES
ts : HZAIZk(Live time) [, : &0 HES
A: HALS(Bg)
K, : EEMAO WAls & 7|EU0| CHet Sa|=HIX}
Kn : ZEAIZ S22| S1|EHOIX}
Ky . SHASAIEMED 2FEIXL
Ko : SALASAIRIA 231 BEIXL




d=ZE2 AT J1o=E (301, 25, AR HEIKC Hel S0l =00 HE0l
&l =ZotlXt ol= &Zit SEo TAHAUM u=EE =%

20 EHEEME 011X Ot A WIUX] SH0l 2HM FE=UUXIE 21 A= L0RMAE
EMUH)E ARE0 ST F 2 (fidXIol tigt 2834ASE R

SENFEE A2 A0 (lUXIZ2 8 OlU 2 HEE D HALSE ARE0 210 A OF 2HT
- H0RM0IUX & 2EE - S0 0l
- BAlS  MEMZAIM HIS

2HMOZ % 100 keV F20IM BE=2E0] HB™EM HU, B=I] 371 ol X101)
1 019 oiUXICIME=E EEz0 24 X AZJI0AMC OIE(FIN S22 280 &4

St HOIEXIOIAM100 kev 010K MM = dead layer®l 2Tt MWL 242 2E0] 24




A&7\ 58 DY

¢ A= ZH0I= A XHfactors)

A= XHAIOIM @] E==(self absorption)

> Attenuation of photons inside the source due to absorption in the sample material
> &0 2571 1g/cmd 0I0H0111 AIZ 2l FHIJL 2cm OI0HY! 3L FAJlS

AEI| ANl HE
> Attenuation of photons in the canning material over the entrance face of the
detector
> UARSOl A % M, 200N STt 23
> 100KeV O1&t0l ZORMOILIXIOl 2L L2 0lE HZOIME 028 TS FAITHs

d=)12 YA IO H X

> The fraction of the photons emitted by the source that hits the effective volume of
the detector

> dE)|1Q9 MU0 R Hd S
d=)12 EdH 31

> The fraction of the photons hitting the detector that contributes to the full energy
peak

> d&J10 g Z2arM0iuXIo det 23
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SHASAIEIHH(Random summing, Pile up) B3 (K,.)

£2 Hiss0 AUEH
QOIZA| BHM0|DE M
B HHOIN S

OflA{ 22

Count

le+6

le+5 -+

le+4 -

le+2 4

le+l -+

le+0

le-1

1le+3 N

Pile-up

/

Cs-137

1000

T
1200

T
1400

T
1600

T
1800

Channel

T
2000

T T
2200 2400
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SXHASAIBHREE(K,.)
ZAISAASA| A (True Coincidence Summing, or Cascade Summing) 21}
- 2HIEZ0|E{2| EolA[ZF O|LHO| 5771 O] &F2| EX}(photon)S WE5dt= HE |

CH 5t0{ SAletit=no} Erder = UCt.
= MOILIX|EI2] SAZE << HET|2| M5+l A2t
- SAl =7} 2dstH, stikEl oILX] 3712 7|KEICE
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=
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Calculation of total efficiency; Monte Carlo simulation

60Co Point—like source

Distance (cm)

Total efficiency

Correction Factor

o A W D

15
20
22
25
30
35
40
45
50

0.13660
0.08650
0.05852
0.04191
0.03149
0.02444
0.00958
0.00515
0.00313
0.00268
0.00211
0.00152
0.00115
0.00091
0.00071
0.00053

1.15822
1.09470
1.06216
1.04375
1.03251
1.02505
1.00967
1.00517
1.00314
1.00269
1.00212
1.00152
1.00115
1.00091
1.00071
1.00053

Correction factor

1.18

1.16 A r?=0.9984

1.14 -
1.12 - T e
1.10 -

1.08 A

1.06 -

1.04 A

1.02 A

1.00 A

0.98 T T T T T T
0 10 20 30 40 50

Source to detector distance (cm)

Correction factors for cascade coincidence
summing effect as the variation of detector
to source distance for 1173 keVof 60Co

C1173=1/(1 — & 1332)

60
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2351

True coincidence summing 2d; GESPECOR
AEE

DETECTOR .
Available:
Selected: DTOO.DET
DTO7 det
Detector File= Decay Data Files CALCULATION:
Selected: Awvailable: 0 -
Geometry File= . . GEOMETRY Available:
CO60_1332 ded -~ Single Multiple :
Material File for the Matrix of the C532.ded set sets Selected: GMO0.GED
Sample-= —_ ‘ — ‘ CS326 ded v uB-50mm.geo
Density (gfcm”3)=
Shield File= bkt
w.  [ext File Display Available:
Output files TW.FONT PRINT AIR.MAT
Bzt CAgamma\GESPECORVresults\07mmS0IL.sco 74 lines beginning with line 1 AL MAT
07mmS0IL.sco BE.MAT
Next Calc: Source volume {(cm"3): -~
9.04779E+01 |
SAMPLE COMPOSITION DATA IN THE FILE: SOIL(d=1.mat DEHWSITY: 1.04900E+00 gfcm"3 Available:
SHO0.SHI
SHIELD DATA IN THE FILE: SHIELD#7.shi SHIELD#7 shi
Start Calcul
Next Calculation: Huclide Decay Energy ¥Yield Fco Hsec Hsum IdealEff. Exr. (%) ‘clory:
C5-134 BETA- 604.69 0.9763E+00 O0,.89040E4+0D0 8 1] 0.19436E-D1 0.22E+00
C5-134 BETA- 604.69 0.9763E+00 O0.89040E4+0D0 8 1] 0.19436E-D1 0.22E+00

SAMPLE COMPOSITION DATA IN THE FILE: SOIL{d=2.mat DENSITY: 2.01670E+00 gfcm"3

c5-134 BETA- 604.69 0.9763E+00 0.88141E+00 8 1] 0.1687T0E-01 0.30E+00
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S| ®|D)d| x| (O] [ a| (50 824w |

&8t True coincidence summing 28; GammaVision

HES

feci

Save Calibration File

FE SR |_; User

) Cxt =) MisGam100mm, Clb
) CxtBzd =) MixGarn250mem, Clb
[ naZZspectrum =) TCC_Demo. Clb

T Mal =) TCCtst.Clb

= 12323.Clb

=) GvDermo.Clb

[ MixEul00mm, Clb

=) MixEu 100mm, Clb

=) MixEuzE0mm, Clb

=) MixGam0omm, Clb

- Pulse Ht. Analyziz
a a L—i] Start: 23

E
F
F B
CHANNEL ENERGY
E
o Tce Calibrated
H
b
ENERGY ENERGY
EdiEneigy |  Save Caliration |  Edit Eficiency |
e | om | 2 |

1591-06-07
o [Tog
L]d Real  4.219.80

Live: 3.600.00
Dead: 1469 %

ROI
ﬂ Dl ﬂ
Peak.

8 | 2
ﬁﬂ mmwgﬂ

ORTEC g v - i ( 63) wan32 GS53W2.06 O7-APR-2014 B4:30:43 Page

Marker: 11,243 = 183606 kel 10,649 Cnts

TCC_FIT_EFFIC: Chisg = 340.6

Energy Calibration

1 Spectrum name: GuDemo.Ant
Min. step backg. energy a.000

Corrections Status Comments
Decay correct to date: YES A7-Apr-2014 A4:81:54
Decay during acquisition: YES
Decay during collection: HO
True coincidence correction: YES
Peaked background correction: HO
Absorption {Internal): HO
Geometry correction: HO
Random summing: HD

Mormalized diff: 0.0194

2
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M T2IUS 0|8

gt True coincidence summing 28; Genie2K

Slei| F| ¢ [@E| oo |4 W]«
Idle Channel: 176 : 59.1 keV Counts: 1755 Preset: 200000/200000.00
eque |} 3
] [
Expand On
"_ Peak-to-Total Efficiency Calibration Curves
Energy keV P/T Error Cross Peak Edits
88.0304 0.695 0.706 ) Accept i |—L0w€nex‘2,' o Measued High Energy
19774 0.5 0,537 Enegy: [0 v = o 1 S8 fimd L
s b e oy A -
115,192 0186 0,396 Eror(ey: [UTsrss ~ HewRecord | | i BA—— [ 1]
Cross-oyer | e Ordes of the w
0 polynomial 2 | _}
Help 0K \ Cancel | ! = 150 Em:?:kew 2 2500 pesk0 [ Q
Datasource: EATCC_Genie2k\PT2014\G2BDH40.CNF
W(Ef) =-1.814e+001 +9.807e+000(E) - 1.724e+000"E)"2 + 9.441e-002E]"3
0K I Cancel Help List Pks. Print |
Huclide Id Energy Yield fActivity fActivity
................ D —— Hame Confidence (kel) (%) (Bg kg ) Uncertainty
TIME INFO
Next
Lagsera CO-68 8.997 1173.24=  99.97 3.70813E+062 3.68011E+0060
1332 .50= 99._99 3.734B5E+802 3 _87473E+00A
Zn-65 a.94Aa 511.00= 2.9A4 2_11773E+0802 7 _835085E+00A
1115 .55= 5a.68 1.92147E+088 4 _71133E-0M1
SR-85 a_o7g 1. 31= 26.008 7.A3990E+0802 6.60276E+00A
CE-139 a_995 165 . 86% 20.088 1.150853E+8082 1_.30985E+006A
HG-283 a.956a 279.20= 21.088 S.42943E+002 5_.96788E+00A

Coinc
Corr

a.981
a.98a
free
free
free
free
free
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EZHA|Z0| CHEt True coincidence summing 28

Energy
Nuclide Correction factor
(keV)
Cs-134 605 0.88
Bi-214 609.3 0.91
T1-208 583 0.89
Ac-228 911 0.98

— 113 ml Cylindrical sample (30 mm diameter, 40 mm height) on top of the p-type detector window
— p-type HPGe detector with 30% of relative efficiency
— Sample material: Soil with 1.6 g/cm3
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A
AL

A

SAS

A= y

N :&AF e  HEERS
t.: S™A|ZH(Live time) I, . ZOMUESR
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SARSEM -KHZI ST 2

Kpall s = v
> WM EMCjHA=2| SEtR] 2R I BT X10]0f 2foH E-WE = U=
tIALHolIAM 2] ZinfMZt2lE Alo] 23

Marinelli
beaker

Cylindrical
bottle

Environmental samples
with different matrix




SARSEA - XEHZIAIE THE

GESPECOR :; Self-attenuation correction

B - =[]
DETECTOR
Available:
SELF-ATTENUATION COMPUTATIONS Selected: DTO00DET
Tutorial Typical Calc, Expt, Att, Coeff, Special Transm,Ex=p, Close DTO07.det DTO07 det
Detector File= DT0?7 det Matrix of calibration source CALCULATION:
Geometry File= uf-50mm.geo Selected: Available: i+ - GEOMETRY
A ' Available:
. - . WATERSOL MAT S0IL{d=1 mat -~ Single Multiple
ch;algzarar:pFlgz for the Marix of SO0IL(d=1.mat ) SOIL.MAT set sets Selected: GM00.GED
Density: WATERSOL.MAT v uB-50mm.geo u8-50mm.geo
Density (gfcm”~3)= 1.049 _
SOURCE MATRIx
Output files Energy List File Selected: Available:
Selected: Awvailable: Selected: Available: S0IL(d=1.mat AR MAT -
ENDO_ENE Density: AL MAT
BE MAT ¥
Next Calc: 1.049
07mmS0ILaco [Efws WL
- . SHIELD 8
w.  Text File Display Available:
i Selected: SHOO_SHI
T.WEONT I SHIELD#7.shi SHIELD#?.shi
CAgammat\GESPECORYresults\07mmS0IL1.aco 72 lines beginning with line 1
1] o’ View File from Directory:
File name for material and Density (gfcom"3):
POLYPROP.1n 9.00000E-01
Distance from the end cap to the hottom of the container: Y GESPECOR
0.200

Source volume {cm"3):
9.04779E+01

Standard source composition file: WATERSOL.MAT Density: 1.00000E+00 gfcm”3 ENLOG.GES
Current sample composition file: S0IL({d=1.mat Density: 1.04900E+00 gfcm"3 GELNATEN.GES
GELNFOTO.GES
GELNPER.GES
Energy Muistd) Mu{sample) Fal Fal Fca ohs.
50.00 0.20771 0.33150 0.67815 0.55865 0.82379
100.00 0.16538 0.17131 0.72903 0.72154 0.98972
200.00 0.13563 0.13018 0.76859 0.77620 1.00991
500.00 0.09664 0.09184 0.82582 0.83332 1.00909
1000.00 0.07066 0.06712 0.86777 0.87374 1.00688
2000.00 0.04940 0.04716 0.90460 0.90862 1.00445




SARSEA - XEHZIAIE T

EY Al=0]| CHEt XEAIZ2] Y OIXE

1.2

1.0 A
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