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¢ Z0IM B4 MM (Gamma ray spectrometry)

= 2ot O & (matricesIU0ll U= d0id=E SHAAAO| Al(identification) &
M ¥ quantification)

= MA(sourcel=FH Bt&= Z201M0| =(number)@t 0l Xi(energy)
= 28 U0IMO| = = WAL=9] ZA(determination),
Z20rM0 WYXl = ZAIA sHF 9] AlH(identification)

0

¢ AHEH FAM(spectrum Analysis]
= M OIUXI S50 0HSOl= ABER [T B
= I3 ¥ Xlllocation) = ZOMMWHIUX = - ZAIEHS A E

- I3 MA(area) » H0IY B=&E =58 - A2 €8
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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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¢ MI1l=0] AHES(Pulse height spectrum)
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Monitoring in nuclear facilities
Health physics

Nuclear medicine

Research in materials
Bioscience

Environmental science, and
Industrial uses of radioisotopes
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4 gamma Spectroscopy Systeml(typicall
= HPGe detector (or Nal Detector)

High voltage power supply

Preamplifier

Amplifier

Analogue to Digital Converter(ADC)

Multi-Channel Analyzer(MCA)

The detector Block

to) e

-b N A
L, Amplifier — MCA

| Detector —> Preamplifier

S

"

PC
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4 NIM bin (Low voltage power supply)
= Nuclear Instrumentation module (Methods)
« HES}; M0 WS Mo|, o1J1XQH Y= DEO| 221X I
- QSS9 WHE 20|

- HISAAHO 7N =2

&l A typical HV Power supply and Amplifier

_9_



2. AIARIO] 74

¢ CAMAC (modular data handling system)

Compute Automated Measurement And Control

Defined by European Standards On Nuclear Electronics(ESONE) Committee of JRC

T =% : data acquisition (or remotely programmable trigger and logic applications)
HNAHIHCE HO 2= F2eit L= MAHAZO0MIA] 012

OI=32] NIM At & ESONEH 29| AIEE BEeHjoint)

HEQ; 2S00 st MJ1M 2 S2H ALY, 71719 housing & crates, crate backplane
(LeCroy model 8025 with 25 positions and model 8007 with 7 positions)

Interface directly with the GPIB or IEEE Std. 488-1978 bus

_10_
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¢ MXIS=)| (Pre-Ampifier)
= ASJIWH Yy motol =3
= AMEA HeHmatch); AE712] 11 LMIAQ} SHH0IS(EZIINIXNQ X YdWHA
= Moled™ MXISHEI(charge sensitive preamplifier)Jt J1& Q2| 0|2
= ASJ|Q JPZAI i Xi(to maximize performance)

>

a8l HPGe A&E7(2| MXIEZ7]|

M ARE
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& MEEZ)| (Linear Ampifier) ; Jls
= (ain adjust ; stability
= Input signal polarity change
= Shaping time adjust ; output puise shape
= Pole-Zero Cancellation
= Baseline Restoration
- Pulse Pile-up

» FREY;MEY SHAUS DY gain9] 2HE M, S/N H| S

(a) Overshoot (b) Undershoot (c) Unipolar pulse (d) Bipolar pulse

J8.  S=7|0| NS AR

_12_
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¢ O=MO2A17] (Multichannel Analyzer, MCA)

< Configurations
> ADC(Analogue to Digital Converter)
> Spectrum Memory ; collecting the data
> Display(and Printer) ; providing a visual and producing output

< PC-based MCA System
> ADC Board clips into the PC
» Clip-in board with an external ADC
»> Multichannel buffer(MCB) connected to the PC

-
R 4. SRS L '-'O;-

\ a-—wu -—-Lu & 8
- oummmmen -
- '7‘- -“1 -

-
>

,JL. . —“"-l-ﬂ’p Q-

&l Typical MCA card
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¢ 0IE=1-00X|EH2)]| (Analogue to Digital Conversion, ADC)

. UTHEZEAMAIAHUO] At ot

—_ O

--r-
I

b -——— = - -
1

L -
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37Cs(30 yr.) Decay Scheme

30 yr.

~163.0/-/10.078%

137 B a ~ stable
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}/ (2)

sHo| M| (nuclear isomer) w

ZOIF AtE(metastable) 2] 4XIeH ; 5L} O] A
EAMEf(excitation) 2 215t 74

> HXIME(Z), BL(A)E SUsxI
ENE JHRI= 25 0jye

Hxtel S

> QUHIXO| sHo| EESME= 102X (4= psec) HE
> 0|Msi2 Moz ZA|ZE SSEAME] ; EHEAE)
( E

> 137mBa(2.58&), 9mTc(6.0A|2ZH), 193mRh(57.58&),
133mXe(2.1L), 191mIr(4.9%)

S8HO|M | O0|(isomeric transition, IT)

> SHOo|dA7} AoiME WS (ZEYHEN0M ZO1S 1)

RELATIVE ENERGY

Energy

Radioactive Parent

Isobaric

Excited States

Ground state

Intermediate

b — Wit <
Transition G A

Isomeric
Transition

-]
P A AN
Daughter ’1‘1‘;'.,1'\
Wit ]k T
)’, AT L O
' 5
wspJs r
‘r‘ \'_
Sra L ,‘
~\"-}- ,9','

z ATOMIC NUMBER
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( (3) Z'olM HE= = (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%

_17_
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—

’ (4) Z0iM Yr=H|(emission rate)

B o MASSRE WEE OiX| EQI ZOfMO| EFIAIZEHL] (#) 5 7 /sec

> Zt1 ; 9ALs ERRl(Bqg) — radioactive decay per second?| 744

n2
R(E) =P,(E)-A=P,(E)" E

B '37Cs 1000Bq

> HOMMEE ; 8507 /=
> HWAIM HEI| D35 E WM |2 S

> Eff.=—~ , coships—

_18_
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(5) ZtojM E7|H|(branching ratio)

S0 X| ZoIMU=ET] T HILXELI0HIM & F0|E2] H]

> 1311 364.49keV — 27}X| ZEZ 27|(0keV, 284.31keV)
> P..(OkeV): 81.7%, P..(284.31keV): 6.14%

> Zkzto| 27|H| ; 81.7/87.84=0.93, 6.14/87.84=0.07
SAletit= 0 E-A| 1 S8t 7"

1
*1(8.0 day) Decay Scheme GAMMA-RAY ENERGIES AND INTENSITIES
- 28+0 day Nuclide: 131 Half Life: 8.02070(11) day
Detector: 55 cm3 coaxial Ge (Li)Method of Production: U(n,f) chem
E (keV) cE./ '7 (rel) l.((%) cl_( S
Q=970.8 80185 | 0002 | 28 262 004 | 2
| 8590 | 020 | | 00001 | [ a
| 163930 | 0008 | ‘ [ [ 4
2.10 /n 1o+ ) 701 [ 477214 | 0002 | 036 | 0270 | 0004 | 4
0651% I I ] [ 23218 | 015 | | 00032 | 0.0004 | 4
7 2791 7/2 0 — G [ 272498 | 0017 | 11 | 00578 | 00011 | 4
7/2+ e = i EPRUEECE AR EEREES - 284.305 0005 | 76 )6
| 20580 | 020 | | 00018 | 0.0008 | 4
30240 | 020 | | 00047 | 0.0006 | 4
© 318088 | 0016 | 040 | 00776 | 00017 | 4
b o 324.651 0025 | 00212 | 0.0025
| KR oy mE & aoagy D[ 325789 | o004 | %3 [ o2ra 0021 | *
89.9% ,2+ I o9y [  3p449 | 3840 | 020 | 0.016 0006 | 4
0.050%} ¥ L) _ 34114 364.489 0.005 | 100 1
I | 404814 | 0004 | 007 | 00547 00017 | 4
© ~ | 44960 | 020 | | 00074 | 00025 | 4
- 2 <= [ 503004 | 0004 | 046 | 0.360 0004 | 2
0.48%. O Eg,-«..mﬁv e SR ﬁ.&tﬁﬂﬁﬁﬁﬁ | 63989 | 0004 | 91 | 747 | 0.1 T
P © gqi N ay | e42719 | 0005 | 028 | 0217 | 0004 | 2
12+ N ¥ 303 £ ® 8019 [ 722.911 0.005 23 17728 0268 | 1

& <
R *&q— o ' 0005 | 23
3o+ ! - - !H i ' —rde 0 E,, of,, L, ol, = 1998 ENSDF Data
131 stable
s4Xe
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' (6) 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 ;

_20_
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o

’ (7) %9gtrM(random summing)

B StE YBAHSIAZRE ZiZte| ZniMS0| £

> Al=E20] Sel Wzt S7t

ok

AH(HSI|=26HAZE O|LHOIM)

ol

(8) A =& (pulse pileup)

B Discriminator?| ZEA|ZH500nsec) 0|AC| A|ZFXIO|IE 7}X|= 27H2Q] o2 &
>

[z

HEAQL SHEAO| FH

=
8E S8EL ;T

> =
> Pileup Rejector A=

i =0[0flM &2 H

0

topad

[
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\ (9) 2ZHAIZHdead time)

|28te| E2|AZE SHA

| =

B

B 2712 QUAMLARMO]| CHEHA 2702 EalE BAZ E8 ;
> AS80| 2 A AL Chst BHF0| B

> A (paralyzable) 1} H|A#A|& (nonparalyzable) 2&!

T
e = ,7 K-lﬁlg
% | y—l_—\h (Parglyzable)

dETIW fAE FAN Allt —>
T
2d HSA
N - -_-_ (Nonparalyzable)
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—

, (10) 8= Al$AlZH(ive time)

B MCAZS| SZIA|ZF = ADCO| X2 |A|Zt + 7|2ZzkX|e] 7|2A|ZE
> MCAZQ| 2EHA0|E ; ZXMEAO| “Busy” A|Z} SO0j= ADC= close AME|

[ 22| MCAE internal clock2 7}X|1 U2

2t Y XIEIS 2 2ME HIE2 SHELG HUSEHA

ZNOE E “0” o FXHE EHE LS| == MCA2| &= A=Azt
dead

vV ¥V VYV V V

Real time(elapsed time) = live time +

0l Suio| EHHAE ol MSHAL Bl YHAOISE Sol U2 0" ML IS
RS

_23_
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} (11) x| 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
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( (12) = S=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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(12) L% S2(detection efficiency)

- 7|12 &l events2| EM0| }E EF -

AMER M J|SE BE BAC| 5

MM SEE SARN ZAD e $

> ATER of2fel SBE ; BAZO|(OILIX) L BH0| 7ISE BE BAC|

B = S&2(total eff.) 5 ¢y =

OlILAX] 0l CES Sl T3 0lAIL] IS
OIEAXI7F 21 AP (TR o] MAC=HE S ==

> 24Md XL X|&%=(full energy absorption)S&

> Peak to total ratio( P/T) ; SA|EIAF EXF0f| 0|=
dN/dH

B I3 S&(peak eff.) ; cp0 =

Full energy peak
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