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Introducing the platform to calculate the cross-section.

Showing the example of the data analysis from the platform using

the real data.
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The cross-section

The cross-section of a nucleus is defined as the probability that a nuclear reaction will occur.

The cross-section measurements of the nuclear reaction interested are very important stage to

understand the production yield of the radioactive isotopes.

The process to calculate the cross section of a nuclear is not difficult. However, beginners can make a

lot of mistakes during the calculation of the cross-section.

If there is some platform to calculate the cross-section, beginners also can calculate the cross-section

easily without mistakes.

This is the main motivation to make some platform using the data analysis programs such as ROOT
and C++. In the future, Qt.

In this presentation, the algorithm of this platform to calculate the cross-section from the real beam

irradiation data will be described.

IR QI X} 210118l (2)
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Data measurement using HPGe

.
--------------------
.

(Step 1) (Step 2)
>4
S| Noore
) : tw tm
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= N : The number of radioactive nucleli

» N, : The initial number of nuclei
= ¢ :The cross-section in the reaction interested [cm?

_ L : #
¢ : The flux of incident particle sz_Sec]

T ETime) From S. C. Yang PhD thesis, p.18

There are two stages to calculate the cross-section : The first step is to irradiate the beam with the

target. The second step is to measure the number of radioactive nuclei, N in the target using HPGe.

The activity of the target after the beam irradiation is the following (Step 1) :
AO(ti) = NO 0 ¢(1 — e_)l'ti)

The number of radioactive nuclei in the target is calculated using the following (Step 2) :

N = e-ij
B t

( I."; KAERI  korea atomic Energy Research Institute

%)

1

Na-o-
Ap(t;) e Mt = ¢ - Iy 0 /10' ¢ (1 al e_)”'ti)e_)"tW(l i e_)“’tm)
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_— Beam irradiation Data measuremént using HPGe
(Step 1) (Step 2)

>4

E NO -0 ¢ ] ) )

2 : . = N :The number of radioactive nuclei

< —> —> - _

< = N, : The initial number of nuclei

= ¢ :The cross-section in the reaction interested [cm?]
f\ — : #
. | "
= ¢ : The flux of incident particles [sz_sec]
i t; t T (Time)| From S. C. Yang PhD thesis, p.18
» The equation to calculate the cross-section is following :

B N-A 1
N No-¢-€- Iy (1 — e~Ati)e—Atw(1 — e=Atm)

alcm?]

» The platform to calculate the cross-section needs and calculates the following variables :

Stage0: Ng,€, 1,4 ||:>I Stagel :t;, ¢ I¢I Stage2 : N I¢I Stage3d : o I
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After the beam irradiation to the target, the HPGe detector is used in order to measure the number of
radioactive nuclei in the target.

The result measured by HPGe detector is shown as y-spectrum with the counts per energies :

104 =
P+ 4n
103 =
g 102
o =
o T
10 | | |
i A S W A I |‘||||‘|J L
(0] :'““l"'J"'hr 600 800 1000 1200 1400
182 184 186 188 Energyl[keV]
Energy[keV]
(r K;‘::l E«ﬁqllxrea DL_r“FJ e

Planty En2rgy Claan Environmant  Healthy Life



« The real data to measure the cross-section of the nuclear reaction, "**Zn (p, X) ¢’ Cu performed by Dr.

Jun Kue Park(KOMAC) has been applied to this platform.

» The target used for this real data consists of 10 samples with Cu foil, Al foil, Zn foil, and degrader.

Cu Al Zn Degrader

proton beam » cm‘

—>

4
2 cm\.

—

SampleO1

» The Al foil in the target is used to calculate the proton beam flux, ¢ using the nuclear reaction,
natAl (p’ X) 24Na

- The Zn foil in the target is used to calculate the cross-section of the nuclear reaction, "**Zn(p, X)°’Cu.

———

)
g _/ o =2 .
A L L (6 )
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» The following is the output file made a

—

fter measuring the targ

et using HPGe detector.

« The platform get ¢t,,,, t;, Energy calibration equation, and channel-count information from the output.

a004 UmpDeET01 1 1 o The maxchannel A004 Channel Cognt
A004 327.255523 AQO4USERDEFINED
A00412/12/17 14:08:04) Measurement start time ACO4 | O 00 o 10 20 30 4
A004 | -0.115201 0.18314 0 ACO4 | 5 050 60 70 8609
A004 393308 ‘0.00103019-9.27595&008 7.48049¢-012 1 A004 | 10 0 10 © 0 0 0
A004 Energy calibration equation iggj ;(5) g 15 g g g g
— *
iggj Energy = 0.18314*Ch - 0.115201 w004 | 25 0 0 o o o
A004 The result of the energy and efficiency calibration AQ04 } 30 0 0 0 0 0
AOO4SPARE ? A004 | 35 0 0 0 0 0
A004 12178 665.614 244.693 1336.68 A004 | 40 0 0 0 0 0
A004 344272 1880.44 411111 224551 A004 | 45 0 0 0 0 0
A004 443.979 242469 778.89 4253.79 ACD4 | 50 0 0 0 0 0
A004 86732 4736.33 964.01 5264.45 A004 | 35 0 0 0 0 0
A004 1085.78 5929.2 1112.02 6072.92 AC04 | 60 0 0 0 0 0
A004 1407.95 7688.72 0 0 ACD4 | 65 0 0 0 0 0
A004 0 0 0 0 AQ04 | 70 0 0 0 0 0
A004 0 0 0 0 A004 | 75 0 0 0 0 0
A004 0 0 0 0 Aco4 | 80 | J2s4 263 288 259 269
A004 0 0 0 0 Aco4 | 85 | J275 277 265 285 286
A004 0 0 0 0 Aco4 | 90 | Ja7e 275 291 263 253
A004 0 0 0 0 A004 | 95 | J2s0 262 277 214 251
A004 12178 452992 244.693 52289 AQQ04 | 100 245 249 268 250 267
A004 344272 5.54774 411.111 6.0331 ACD4 f105 246 242 244 235 273
A004 443.979 5.86901 778.89 7.64124 A0D4 1110 255 242 248 264 244
A004 867.32 6.50359 964.01 8.44569 ACD4 1115 243 247 267 219 230
A004 1085.78 851559 1112.02 830054 A004 120 271 236 251 255 246
A004 1407.95 974416 0 0 aco4 125 |275 256 251 224 217
AQ04 0 0 0 0 A004 130 J242 249 267 224 261
A004 0 0 0 0 A004 135 |243 242 229 220 @ 244
AQ04 0 0 0 0 A004 140 | |247 229 243 232 256
(_-74 SR RIXI210I AR —
(/K.Alnl 'GN%JE".LEQ';.E.?E
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The programming language used in the platt K=

The platform uses the following programming Iange ;
= Shell script : Setting the initial variables for the code

= Perl and sed : Extracting several necessary information from the HPGe output file

» ROOT and C++ : Analyzing the data after reading the input file made by Perl and sed

@6 skpark@skworld: ~/Programs/C_codes/PJK_project/CodeProHPGe
D

@ 5@ skpark@skworld: ~/Programs/C_codes/P

e OS5 skpark@skworld: ~/Programs/C_codes/PJK_project/CodeProHPGe/Input

[ES 243 242 229 220 244
140 247 229 243 232 256
145 246 237 249 227 261
150 259 241 240 210 230
155 229 250 234 225 231
160 230 241 252 233 253
165 226 215 249 255 232
170 246 218 256 236 255
175 246 216 247 259 226
180 244 223 217 233 247
185 217 240 208 224 210
190 232 256 239 227 261
195 248 225 231 236 248
200 246 242 263 224 241

=171211;
=170000;

300.000000 327.256623 8192

=171211;
=174000;

@2 ® skpark@skworld: ~/Programs/C_codes/H

File Edit Options Buffers Tools Text Hel
12 12 17 14 08 04

Measurement start time

I 205 245 247 248 235 256
210 PEYS 275 - &
54 o 280 Channel and count information

--F1 HPGeData-Tar02-5am@8-Iter0l1 20171211.txt 2% L42

-0.115201 0.18314

=S((1+ (s -2) /5
=5((s )

DAY
TAR_Max
SAMPLE_Max
ITER_Max
CHA_Max
XMAX_Ene

-F1 StartlJob L1
Indentatlon setup for shell type bash

. The shell script
fame EREIII T (8)
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using the energy calibration equation.

Count

Count

/KAERI

10

10?

The platform has made the histogram with the channel as the x-

Channel

‘Bu-(00s]-J--F1  HPGeData-Tar02-Sarww-rerwacwarmcas s

i

O
SO

éxis and the histogram with the energy

kparkmskwaorld: ~/p PIK nroiect/CadePraHPGe/Input

Count

TuU LS

dptions Buffers
243 242
247 229
246 237
259 241
229 250
230 241
226 215
246 218
246 216
244 223
240
256
225
242
247
275
280
647

icaL e
229
243
249
240
234
FAY
249
256
247
217
208
239
231
263
240
278

135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215

220

244
256
261
230
231
253
232
255
226
247
210
261
248
241
256
235

Channel and count information

217
232
248
246
245
237
234
416

LLLLL

Energy

Channel

0.18314*Channel — 0.115201

2000

skpark@skworld: ~/Programs/C_codes/PJK_project/CodeProHPGe/Input

----F1 ECal-Tar02-Sam08-Iter01 20171211.txt
i h A - o he Y -

Korea Atomic Energy Research Institute
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 In the several kinds of energy peaks in the y-spectrum, two peaks W|th the energy 93.3 keV and 184.6

keV are used to calculate the cross-section of the nuclear reaction, "**Zn(p,X)®” Cu

Count

Count

o /KAERI

10

10?

o nath(p’ X)67Cu

Korea Atomic Energy Research Institute

Energy (keV) | Intensity (%) | Energy (keV) | Intensity (%)
91.266 7.00 208.951 0.115
93.311 16.10 300,219 0.797
184.577 48.7 393.529 0.220
1000
Channel ° nath(p’ X)67Ga
184.6 keV
Energy (keV) | Intensity (%) | Energy (keV) | Intensity (%)
91.265 3.1 393.527 4.56
93.310 38.81 494.166 0.0684
184.576 21.410 703.106 0.0105
208.950 2.460 794.381 0.0540
, 300.217 16.64 887.688 0.148
Energgci:ke\r]
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- Bt

—spectrum 93.3 keV

1600__ ............... ............... ................ —Msas—data ................. 1000 i """" — Msas—data ________________ SampleO8
— Fltting Iunctlon ? ? ? — Fntlng -function

5 5 5 BKG- 5|gnal j w10 BKG-signal

1400} ..................................................... +1x Peak01-signal

Equ : [0]+[1]*x+[2]*x?

_____ T
[3 : = BKG
[1] 0.744 ;

[2] 0.000, e i

Equ:pre ™ . j

[3] : 780.347
[4] : 1007.528 r Peak01

[sj £ 2.180 .

i : Equ [0]+[1] x+[2] & _ 800 ........ .......
1200} SR S — T 63‘59"41‘6 ................. - 5
b ]’BKG

[1] 26. ms

1000_ ............... ........... ..[2] 0(126...[4]), ............... '
i : ; ; ; Equ [3]. 205F :
] 14{]618{}

[4] 509104
[5] 1955 '

600 _______

ount
T

°800§ _
. Peakdl |

400§

wm T
Equ ..... [6]" ..... z-B] .................. ,
18] 152 319 '
[7] 49? 889

8]:-1.726

600+

Peak02 ?
200/

400/

200+ ........... .............

OTIIllillllilfilr"b'."l;LLiJTI:’-Llillllillllilllli 0|IIIIiLJLJL':I-IIIiI:‘h.JLjLJLJiIIIIi
470 480 490 500 510 520 530 540 550 980 990 1000 1010 1020 1030 1040
Channel Channel

« Two peaks of the y-spectrum are fitted by the function with a polynomial and Gaussian function.

* The number of radioactive nuclei from ®7Cu and ®”Ga are mixed together in both peaks.
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Yy —spectrum : 93.3 keV

Yy —spectrum : 184.6 keV

— Fitt;ing-siglhal
e BKzG.signajl

" Peak01-signal

+++ Peak02-signal

Mgaﬁdﬁa ................. %
— Fitting-sfignal E
+ BKG-signal
wues: Peak01-signal

= Meas-data:......

| Fitting-Condition

..il?ittjngscéton.diti:;n ...........

Chi?: 43.606
Proba ; 0.403

NDF42000 ..... ...............

Chi2/NDF : 1.038

Chi : 27.016

Proba : 0.831

NDF : 35.000 :
"'Cﬁl’iszDF":ﬁ;m ...........

Hist-Area(Count)

H|st.Ar93(Count) ...........

Peak : 9949

L-BKG : 3048
‘Peak - BKG : 688

Count

Peak : 8472
R-BKG : 4129 :
L-.BKG :4164 ................... .

: 4265

;-i;-'-:-:-IIIIiIIIIi

00 510 520

R-BKG and L-BKG around the peak are similar.

Planty En2rgy Claan Environmant  Healthy Life

530 540 550 1030

1040

« As the result of the fitting, Chi2zand NDF shown can be the condition to determine the state of fitting.
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» Another method to calculate the net peak area is the autbrhai‘tic'pa‘ksiéarch method used in the gamma
vision software.

» The background, B presented at the bottom of the peak is calculated from the middle point in the
average for three channel of each side at the region of interest (ROI).

* The adjusted gross area, A,, means the sum of all the channel marked by the ROl except the

background of three channels on each side. 1+2 h

h—1 -5
B = z Ci + z Ci X 6
i=l i=h-2
h-3
Aag = Z Ci

i+3

» The netarea (signal) is the following :

Apn= Agg — B
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« In order to use the automatic peak search method, the boundary pc¥)»i'nt between the signal and BKG

should be determined on the y-spectrum interested.

» How does the platform know where is the peak or BKG on the y-spectrum?

» Near the peak, the slop is increased or decreased continuously.

y —spectrum : 93.3 keV

1600 s Meas-data
" — Diff.
1400 ? * o BgUndary point
1200F * *
1000|- * *
800} f ‘
= [
3600 WV
400} f *
200 :__uJ'I_I"L. -;_j\ -JJ‘ ....... i o |
Opn PRy Ijhﬂn,-wﬂrvuums
-200+
_4007\\\|||||||||||||.!r|\\\HIIIIIIIII
470 480 490 500 510 520 530 540 550
Channel
—)
— CIZRIX}20INL
< /KaERI mﬁﬁﬂ;@ﬂ:ﬂ

Yy —spectrum : 184.6 keV

1000 : ' s Meas-data
f * —— Diff.
* * Boundary point
800 I = °
600 4 ¥
- @ l “ .
= H
5400 f *
J 10% of max
_ il |
200 ‘JJ” e 1!
[ ]
o] L Lyl
_200 L1 ]| L1l L1 : L1 [ L1l
980 990 1000 1010 1020 1030 1040

Channel

Planty En2rgy Claan Environmant  Healthy Life

In the left side of the peak, the
slop is increased continuously.

In the right side of the peak, the
slop is decreased continuously.

In the 10% range of the maximum,
the slop <= 0 (in the left side) and
the slop >= 0 (in the right side)

(10
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» After determining the boundary point, the net areé of the §i§

peak search method.

» The following show the detail process done in the platform.

Y —spectrum : 184.6 keV

1000 i | = 996 —— Meas-data
h _ 1019 Boundary point
800
~ 600 1o
S o
i h
el
B 1_r'_‘—|ll—l ................. T |
200 '|_|-|_|—'—|_|_'-|_I- I ._,r
B
%80 990 1000 1010 1020 1030 1040
Channel
o

Planty En2rgy Cla2an Environmant
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l+2
B, = ) C, =705
=l
h
B, = Z & — T
i=h-2
_]—
B = (B, + Bg) X :
h-3
Agg = Z C, = 8472
i=10+3

Ap = Agy —B=4179

—

(15
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» The net peak areas calculated by the fitting method and the autma;é peak search method have the

similar values. This fact shows the result of the data analysis done by this platform is reliable.

e

(_‘_.
(l,r"'nim

Yy —spectrum : 93.3 keV

—Fitting-éignal

o BKG-signal

i-list-lntégral(céu nt)

*Total(F/H) : 0.99
Hist:§17851
Fit :17617 |

*Peak01(F/H) : 0.98
. Hist:9949
:_Fit..: 9764

*Peak0?2 : 2905
*R-BKG : 2966

- (-198-¥}ountj'¢h) .........

*L-BKG : 3048
(203 Count/Ch)

*Signal(F/H) : 1.00
. Hist:6919

*BKG{FH) : 28:73
i (192 Count/Ch)

. 'istHAreia(C'ounit) ........... 0

Wl ............. .

470 480 490 500 510 520 530 540 550

PIRQIX|=II R
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Channel
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1000| |— Meas-data -

Count

800}

400}

0
980 990

Yy —spectrum : 184.6 keV

— — Fitfing-signai
L [aeens BKEG-signaI

500_ .....................

----- Peak01-signal

*Total(F/H) : 0.98

-Peak01(FH): 0.97 |
Hist: 84720 ...

*R-BKG : 4129

*L-BKG : 4164 5
(231 Cou nﬂch) .........
Hist-Area(Count) |
_*Signal(F/H) : 1.02

Hist : 13853
Fit :13594

Fit :8232

(229 Count/Ch)

Hist : 4179:

Fit : 4265

“BKG(FIT) : 3967

(220 Coun

1000

1010
Channel

1020

1030

1040 -

Sample08
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« The net peak areas calculated by the fitting method and the automatic peakqsme—ai‘rch method have also
the similar values in the result made from 10 samples.

» There is the unusual data area at the sample04 with the energy 184.6 keV.

y —spectrum : 93.3 keV Yy —spectrum : 184.6 keV
14000 B == - SignaliBKG - = = = SignaliBKG
- ey 10000 el
— = = = Signalifitting) S R N Pl e, = = = Signalifitting)
12000 B ... BKG(fitting). R B BK!
10000 T e gy T e s i 8000 . ;
"E’ 8000 - "E’ 6000
= I SECEEENE P, . P —— P FRPPEH) #azl s L
= L pEEE] LI RT TP Y T AL K S L Meonsn -1‘-.:: .
QO 6000 (&) L T e 'v..'-'-I'-'\s-.-:-:-ll.'s-u-n-.-qr----'-"-“-‘"""‘-\---u-ll.ﬁ.-.-h-,-_‘“.'l_‘ ,,,,,,,,
- 4000 *---veee, et R i
4000 - ’
O gt I L R SOTIIIIIIT 2000
2000 B
OT\\I\\\II\I\\I\I\\\\IIII\I\II\I\\I\I\\\\ 0\\\I\\\II\I\\I\I\\\\IIII\I\II\I\\I\I\\
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
The number of samples The number of samples
) -
S rEaRiEmo — (17
/n [ v s e Plenty Enargy Clean Environment Healthy Life
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» The net peak areas calculated by the fitting method and the autorﬁéﬁé péék search method have also

the similar values in the result made from 10 samples.

» However, there are no singularity found in the histograms fitted.

i

1000

200¢

98

800

Yy —spectrum : 184.6 keV

o Ms%as—data

N Fitiing-signal

Hi#t-lntsgral(:Count}
*Total(F/H) : 0.98

Hist : 14316

Sample04

Fit : 14051
-Peak01(F/H) : 0.98

Hist : 9631

Fit :9413

"R-BKG i 48;
(230 Count/Ch)

*L-BKG : 4839
(230 Count/Ch)

-Hist-Area(Count)
*Signal(F/H) : 1.05
Hist : 4546
Fit :4761

*BKG(Fit) : 4652

ng)

(222 Count/Ch)

990

1000

1010
Channel

1020

1030

1040

Channel

10000

8000

6000

4000

2000

Yy —spectrum : 184.6 keV
- = =% = SignaliBKG
== = Signal
=== "BKG
I e, e == = Signalfitting)
.... BK
R TP P .
| g ek N TS SACRELTr N
...................
b
B b ey 1 - .
[ Lot o CEY e B e e g,
____ - :I e e e "_"}h""*' L LTI
..... = L h W
R R B LT P
I N O T T T T B
1 2 3 4 5 6 7 8 9 10

By Clean Environmeant Healthy Life

The number of samples




* When t,, is increased, there are no unusual data

area found.

fluctuation and if the data size is small, the BKG and signal can be ovepped.

Yy —spectrum : 93.3 keV

t,, : 300 sec

Yy —spectrum : 184.6 keV

t,, - 3600 sec

T

[ - SignaliBKG ]
10000 e
F e b
tm:300sec | oo e Ll
2 6000
c -
2 L I
© [ o - Lo .:“’::T Rertrvanadhings oo - 8
e B T
2000
0
1 2 3 4 5 6 7 8 9 10
The number of samples
60000

14000 BT C—
L == Signal
I =<9 = BKG
o
BKG(fitting).
TO000|— sy e s
2 8000
% I EERXEEFEY PR P [N WSO SR L
s r RRRLLLit TR RRRRRRRIRT Tt
© 6000
4000}
T e eSS SRS Soos SO S
2000 -
07 T T T N T T T N N Y v
1 2 3 4 5 6 7 8 9 10
The number of samples
80000 bR Lot
f— BKG
~ -» - Signalffitting)
- iting)
.......
\\\\\\\\\
550000 R e B e e
£ =
E beererces PO
£90000 s S pwporp S (LS IS — -
30000} SRR SRS SHE SO S ST SO S NP S
20000 v, o
- VRREREE SEEEEEE] LEPERRC R NS ST S |
10000
) i AN N AR A W WA N SR N
1 2 3 4 6 7 8 9 10
The number of samples
BHRA X201
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t,, : 3600 sec l [N I A R ce S B
o L
=
530000 s,
= — ey,
(%) r Brrraserrons, & JISITEELY 3 - H -
20000— ! & AL = e S S—
1 0000 I — i S—
T AN I AVAFATIN ARV IS I AN AIAR IFI A WA
1 2 3 4 6 7 8 9 10
The number of samples
J—



Summary and future plan \ -

The platform to calculate the cross section is still developed.

The good agreement of the net peak areas calculated from two kinds of methods shows that
the process of the data analysis of the platform can be reliable.

Any criteria to determine the fitting condition done in the platform is needed like a chi-

square test for goodness of fit. e

No sample description was entered.
$SPEC_REM:

The platform should be upgraded to use the different Kinds of  foeroescs coe wies 129 mput
$DATE_MEA: o

input files. sz 91059
;SDZ?&O 1802.98
0 My goal is that everyone can understand the process to °
calculate the cross-section easily.
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