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Producao de Raios-X de um elemento de volume

detectoiSi(Li) e

absorvedores /

energia k O‘/ ’

particula incidente

dN, = 43 £ o, (E)n(x y)p.T (2) dxdydz
7T
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Producao de Raios-X de um elemento de volume dy
feixe

dN, =n(X,y) pioy (E)T(2) dXdde >

dz= iS dE
Ui cosa'j- de” P
p send g, S(E”)

N, dE’
T g-e-cosx p A EO S(E’)

| refere elemento quimico, ou linha de raio-x do eleto;

p, densidade massa [g/éhdo elemento i;
p densidade de massa do material tqos , se monoelementar)

Gy = G,.0.K
Hj COSx j’ de”
E E).e” send) o S(E”) Inclui efeitos de
N'y; = (2 . Q A No jo-xi( ) © dE’ eficiéncia e angulo
' 47 'q-e-cosa p A £, S(E) sélido de deteccéo
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Grafico do numero (dN/dz) de fotons K gerados por um feixe de prétons com
energia inicial de 2,4 MeV em funcéo da profundidade em titanio.

1. Como varia a energia do feixe em funcéo da profundidade?

O

vale a pena
explorar

Contributions by H. Paul, D. J. Marwick,
(c] 1984.1989.1998. 2003, 2006 by J_ F. Ziegler. W

WWW.Srim.org

vale a pena
explorar

: Main Menu
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Cal cul ation using SRI M 2006
---> SRI M 2008. 03
---> agosto 24, 2008

SRI M ver si on
Calc. date

Disk File Name = SRI M Qut put s\ Hydrogen in Titanium

| on = Hydrogen [1] Mass = 1.008 anu
Target Density =
======= Tar get Q)n"posi ti on ========
Atom Atom Atonic Mass
Nane Nunb Per cent Per cent
Ti 22 100. 00 100. 00

Bragg Correction = 0.00%

4, 5189E+00 g/cnB8 = 5.6812E+22 at ons/cnB

Stopping Units = keV / mcron
I on dE/ dx dE/ dx °roj ected Longi tudinal Lat er al
Ener gy El ec. Nucl ear Range Straggling Straggling
10. 00 keV  8.673E+01 1.283E+00 935 A 489 A 429 A
11.00 keV  9.067E+01 1.222E+00 1016 A 509 A 451 A
2.00 MV 4.112E+01 2.619E-02 30.35 um 1.43 um 2.10 um
2.25 MV  3.810E+01 2. 368E-02 36. 60 um 1.78 um 2.49 um
2.40 MV  3.658E+01 2. 241E-02 40. 58 um 1.92 um 2.74 um
VMOTTTply Stoppl ng by for Stopping Units

0000E-01
0000E+00
2130E- 03
7602E- 01
3649E-01

eV / Angstrom
keV / mcron
keV / (ug/cnR)
eV / (1E15 atons/cnR)

L.S. S

reduced units

(C) 1984, 1989, 1992, 1998, 2008 by J.P. Biersack and J.F. Ziegler
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1. Como varia a energia do feixe em funcao da profundidade?

3000

2500 +

2000 +

1500 +

E (kev)
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500 +

0 5 10 15 20 25 30 35 40 45
X (um)

Inverter: 1/S E

W

Inverter e ajustar polinomio E(z)
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E(z) = A+ Bl*z + B2*Z2+ B3*z% + B4*z* +
B5*z°> + B6*z% + B7*z’

B Value Erro

A 2398 5

Bl -24.7 3.8

B2 -4.27 0.86
B3 0.474 0.078
B4 -0.0247 0.0033
B5 5.89E-4 6.7E-5
B6 -5.33E-6 5.2E-7

Determinar dE/dz E com SR do SRIM

Integrar de E=fa E=0 e obter z(E)



2. Como depende a secao de choque de ionizagcdo com a energia do feixe?

Ha varias possibilidades na literatura. A mais saa@ 0 ajuste semiempirico de
Johansson e Johanssoiocl. Instr. And Meth., 137, 476, 1976.

Existe um ajuste semelhante e um pouco mais prezasa cada elemento da tabela
periddica, por Campbell e usado no programa GUPIX .

O esquema JJ u. € a energia de ionizacdo da camada
c E, € a energia do proton (eV)
2\ n c em 104 cn?
In(suy) = Z; 0, X %=m/m.= 1836.1514
N=

1
X = In(Ep/ﬂUi) ULZZ(UL1+UL2+2UL3)

Coeficientes do polindmio para o calculo da secd® @¢hoque de ionizacdo da camada K e L.

Camada bO bl b2 b3 b4 b5
K 2.0471 -0.0065906 -0.47448 0.09919 0.046063 0.0060853
L 3.6082 0.37123 -0.36971 -0.78593x10-4 0.25063x10-2 @13210-2
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Secéao de choque de ionizacao do Titanio sob feixe de prétons com 2,4 MeV
Esquema JJ.

1-10

100
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oK(Eb,22) 1

(10_ 24(:1112). 01 k-

=

o
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Secao de choque de producao de raios-X

o, =0, ®K

o rendimento fluorescente
k probabilidade da linha no grupo

10 " "7

06~

04

K Fluorescence Yield

0.2
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Coeficientes do polinbmio para calculo
do rendimento fluorescente das camadas K e L.

K
(3.70 £ 0.52) x 10-2
(3.112 +0.044) x 10-2
(5.44 +0.11) x 10-5
-(1.25 +0.07) x 10-6

L

0.17765
2.98937 x 10-3
8.91297 x 10-5
-2.67184 x 10-7




Espectro M Espectro L  Espectro K
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Secéao de choque de producéo de raios-X do Titanio sob feixe de protons com 2,4 MeV
Esquema JJ.

o, =0, 0k

1-10° . | | | .

100

10 -

110

oxK(Eb,22) 1

. 2 100+
(10 24tc::m )

i 0]. B oK(Eb,22) 1f n
(10’2“(:111'2)I ol

0.01 - o 4

| | Elb (MeV). |
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Numero (dn/dz) de fotons Ka que chega num detector funcdo da profundidade
(z) numa amostra de Titanio para incidéncia normal

H COSOtj" de”

— -3 , send J S(E”)
Q_ 10> sr 0 0 o NOEO-Xi(E)°ep o ]
e=1 N’y = 2 g j S(E') dE
Prétons com 2,4 MeV T oq-ecosa p A g

Incidéncia normal

. M ZCosx
N’y _ 2 & QAN o, (E(2)oke » =
dz 4z q-e-cosa A

Todos elementos sao conhecidos exceto o termo
de absorcao:

Opcao 1: Determinar; usando XCOM.
Opcao 2: Usar “utilities” do QXAS.
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=10l x|

OXAS
Lo E,., (Ti) = 4.508keV

#* Fundamental parameters’ tahles

# Calculation of average atomic number H 2

=* Spectral distribution of H-ray tubes lLl (4_508(ev > TI) = 112C| II /g
# Absorption coefficients, absorption correction

#* Incident and take—off anglesz, Geometry constants,. *.zen file

ch AXIL.EXE — iq

#-RAY FUNDAMENTAL PARAMETER TIABLES — UER. 1.8

[
~

Mass—abhsorption coefficients:
K-series H—ray production cross—sec.: 11
L-series X—ray production cross—sec.: 28
Primary photon energy range [keUl: it

mnnn
ezl Bo Bro |
i R e Rk

B
Lot =R =]
& b o

AN

Arrows: move sSe

Enter the atomic

e AXIL.EXE
ELEMENT SYMBOL: Ti ATOMIC WEIGHT = 47.988 DEMSITY [g-scm3] = 4.5800E+480808

I II ITI v U Ul ULl
PHOTOELECTRIC ABSORPTION EDGES:
K-EDGE [keU] 4.966
L-EDGES [kel A.563 B.462 8.456

M-EDGES [kel

0-EDGES [kel
NATURAL EDGE WIDTHS:
K-EDGE [el]: A.948

L-EDGES . [el]: 2.348 B.248 8.228
FLUORESCENCE YIELDS:

M-EDGES [keU1: A.868 B.835 B.835

K-EDGE B.214
L—-EDGES fA.0688
COSTER—KRONIG YIELDS: &

P kN_LH PRRHHETE ELEMENT : Ti, EMERGY = 4.588 [keUl

A 1.435E+0081 1 .311E+@MASS—ABSORPTION COEFFICIENTS [cmZr/gl:
{ -1.663E+88EA —2 S2GE+@PEC = 1.@948E+PAB2 COH = 2_@66BE+BBBA INC = 5.3892E-6802 TOTAL = 1.1160E+80082
2 _3 315E-A@E1 —9 .572E—@nRAY PRODUCITOM CROSS—SECTIOMS:

= : K-SERIES

Entes photon enexqy E (FLINE SYNBOL/ ENERGY " RATE ~CROSS-SEC
& Ka2 4.504 @_BOBE +30

Kal 4.510 G.58 A . ARBE +

Kh3 4.931 E A .AAAE +

Khi 4.931 @.ARAE+

Kh511 A. P00 A.ARGE +

E .k . +E.,K S cmeme e

g o +

E _ Kol *Kal Ka2" *Ka?2 Kh21 A.A8R @ BEBE +

Kg — Kh4l I A. A0 A.ARGE +

“ K, +K B mim e

Kal Ka?2 Kh21U @.A8n

Enter photon energy E (1 kel < E < ZBB kelU):
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QXAS

E, (Ti) = 4.508keV

1(4.50%eV > Ti) =112cnm’ /g

. ZCOSx _[112] :
_% o abs(z) =e 45 ) 0,707

abs(z) =e
Incidéncia normal:o. = 0 1
Supondo deteccao edb°® 08

’§ 0.6
sen 45 =0,707 2

< 04
o(Ti) =45g/cm’ .

0 ‘ ‘ ‘ ‘
0 0.005 0.01 0.015 0.02 0.025
z (cm)
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Feixe de He com 9,6 MeV

Lei de escalas (Teoria do encontro binario)
oaz(E)= ZZ-0-1,1(E/ A)
0,,(96) =20, (96/4)

0,4,(96)=4.0,,(24)
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A reducao de um espectro de raios X

1000000

100000

10000 P

1000 v cr

Counts/uC

100

10

IAEA-356 diluted 33% in boric ac.
Boric ac. background contribution N

1

] ] ] ] ] ] ] 1
50 100 150 200 250 300 350 400
Channel

Espectro PIXE do padréo IAEA-356 (sedimento marinho) diluido 33% em acido
borico. A curva inferior € a componente do fundo continuo do acido borico puro.

Espectro multielementar de uma amostra com k elementos obtido com um
detetor tipo Si(Li) e linhas K, L e M pode ser modelado com um somatorio de
espectros caracteristicos elementares somados a um fundo continuo
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Um espectro multielementar de uma amostra com k elementos obtido com um
detetor tipo Si(Li) e linhas K, L e M pode ser modelado com um somatorio de
espectros caracteristicos elementares somados a um fundo continuo.

N(x) = Zan -F (x)+ A - BG(x) |+ SUM (x) + ESC(x)

principais picos escape

A\ 4

| principais picos soma

fundo continuo

A 4

n espectros independentes
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N(x) = {Z a, F(x)+ A - BG(K‘):| + UM (k) + ESC(x)

F, ()= Y .- G(E (x).T ()

A 4

~ : . calibracao energia x canal
Funcao gaussiana (ou similar
assimetrica) centrada em E Ei — Al + Az - K

com largura I

! calibracao resolucao x energia

. 2 2
Um elemento pode ter mais — .

gue um grupo de espectros
“independentes” O espectro L
tem 3 grupos: L1, L2e L3

Parametros alteram a gaussina de
forma nao linear: ajuste iterativo
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O programa AXIL (QXAS) para ajuste nao linear de

espectros de raios-x
http://www.iaea.or.at/programmes/ripc/physics/faznic/wingxas.htm

ct Shorbcut bo axil.bat

QXAs Quantitative ¥—ray Analy=zis System

Developed under the auspices of the
International Atomic Energu Agency

In cooperation with

The University of Antwerp. Belgium

La Direccion Macional de Tecnologia Muclear, Uruguay
La Direccion General de Energia Muclear. Guatemala
Ruder Boszkovic Institute. ¥Yugoslavia

Instituto de Asuntos Mucleares. Colombia

Current Directory: CivARIL
Set directory: _

LEnter>=5ave_Change & done +Esc>=Done F1=HELF replace on <Ins*

Diretdrio com 0s seus espectros.
Acrescentar o arquivo de parametros .inp
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#*# Suystem hardware setup

#*# Execute DOE command

= Spectrum analyzis

= Simple guantitative analusis
#* Utilities

Axil X—ray Analysiz Package

. — - T T T T T T T T T T T T T T T T T e

1
L}
L]
1
1
L}
L]
1
1
L}
—H

Spectrum analusis

#* Pepform spectrum fitting
# Specify parameters for spectrum analysis
=* B—pay library management

# o

Select parameter file

i®* Create new parameter File

i* Belect parameter file
i* Create new parameter file

definindo o
arquivo de
parametros el o R

i®* Belect parameter file
i* Create new parameter file

H=* Excitation mode

i* Excitation conditions

definindo as Ty
o~ e Dqtectur charaqterlstlcs
COﬂd]goes i* Filter absorption

i* Funny filter absorption
i*= Path length

experimentals e
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Condicoes experimentais

rent parameter file:

Set excitation mode

U Proton induced ¥—ray emission (PIRE}

Excitation mode

Excitation conditions .
Detector characteristics Fl at|Va
Filter absorption

Funny filter absorption Help

Toggle with the + or — keys to select the appropriate  — —————

excitation mode: XRF. PIXE or EPMA. The choice you make Contextual
iz dirrelevant for the current version of the spectrum

analysis procedure. [t is implemented for compatibility

with further releases.

i Current parameter file:
1

i* Belect parameter file

i Angle of incidence (degreesl 45 _BBB6E
i Detector take—off angle (degrees? 45 . @dd@
i* Detector characteristics
i* Filter absorption
i* Funny filter absorption
i* Path length

a
1
&+

Set detector characteristics

H Beryllium window Cmicron? = 2. 6Z2HERA i
do deteCtor \ i Gold layer Cmicron? = 8. 8208808 H=mmmeaee
i Detector type : SicLdi>
H Detector dead layer <micron? = 8. 38808668
E Detector active depth <mm>» = 3 . AnRRE

P T e p——

Pulse pileup resolution time Cmicro sec> 2_08H
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Condicoes experimentais

: Absorvedor de
____________ : raios-X. Influi

———————————— apenas na razao de

Excitation mode = PIEE i

Ehickness Cgsom™2y = H . BEEER i
omposzition = H . .
element Eagaaatﬂ: E |ntenS|dade daS

8. 88686E
Enter the mass per unit area Cg-/cm™2? of any Filter that ~ — ——
iz placed hetween the sample and the detector.
Enter a value of =zero if no filter is used.
Thiz information will be used to correct the Fitting
model for the absorption that take place when the ¥-ravs
leaving the sample travel through this Filter.

linhas.

| ALY ]
Path length <cm> 3 . 8RR

Excitation conditions
Detector characteristics
Filter absopption

Funny filter absorption
Fath length

yd

Em PIXE também se usa um tipo de absorvedor chamado “funny filter”. E
um filtro com furo. O objetivo € modelar a curva de absorcao de forma
gue néo tenda a -0 quando a energia tende a zero.
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Parametros de analise

i* Belect parameter file

i®* Create new parameter file
H=* Specify spectrum analysis parameters

i* Specifyu experimental parameters

i*18pecifyu spectrum analusis parameteps

-
% Background parameteps

i® Calibration parameters

i* Fitting control parameteps

i* Sample absorption

= Select
Um espectro PIXE varia sobre até 6 PR ; set background type T
AR ——————— Specify exponential background parameters ——————— +
ordens de grandeza. O modelo de =i——F - : :
+— % pEat Order of linear poluynomial z g H
fundo tem que acompanhar essa i ga Order of exponential polynomial : 4 :
. ~ . i= FiH H
variacao. Para isso usa-se um fundo I= Ea. The higher order terms of the Exponential polynomial E
exponencial de um polinémio. Seu SRR GANRE RO SRR e 5 :
uso exige paciencia. Um fundo i Earameter %: g_ggggg Earameter E: g_ggggg i
i A i H arametepr 2: 5 arameter 6: 5 H
simples e ¢ o filtro, que calcula : Parameter 3: 0.0B0BB0 Parancter ?: B.0HHG0 ;
iniUmeras médias moveis do E Pavameter 4: B.80808 Pavameter 8: B.80808 E
espectro e com isso alisa os piCOS: 0 : Initialize parameters automatically Cy~snd: y :
H Energy near background maximum <kell): 6. 66666 i
+

gue sobra é o fundo. Aumentar o
namero de iteracdes abaixa o fundo.
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Parametros de analise

+ Specify calibration constants +

=1 5pH i
it i Energy calibration : E = ZERQD + Channel = GAIN i
bam 8! Resolution calibration = FWHM™2 = HOISE™2 + 2_.35 = FANO = E |
HE N i
. M: ZERO cel> : i _ REEE NOISE «Cel) : 128 _8680 i
e D_ZERO <el> = 1688686868 D_MNOISECelU> = 46 . A86H i
pomm: GAIN CelUrsch>: 20 _#AB6A FANO—-factor = B_114606 i

i D_GAIN<eU ch: 2 . 88888 D_FANG H a.8586808 i

+

Estes sao os parametros de calibracao de energia e resolucéo.
Controla-se o ajuste “liberando” ou “amarrando” os desvios dos
parametros: D_ZERO, D_GAIN, D_NOISE e D_FANO. Em espectros
de poucos picos especialmente se concentrados numa regiao, o
modelo pode correr os parametros de calibracao. Nesse caso, ou
guando os parametros sao bem conhecidos, convém reduzir os D_s
para algo em torno de 1% ou menos, evitando assim que o modelo de
ajuste seja fisicamente irreal.
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Os arquivos do QXAS

np

elementos

para <
analise

calibracao

fundo

condicoes

experimentais
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detector

$FIT_ROI:

80 600
$PEAK:
4 1
1 14 10001
1.7400  1.0000 1
2 16 10001
23070  .9419 1
2.4640  .0581 3
2 20 10001
3.6910  .8883 1
40130  .1117 3
2 26 10001
6.3990  .8816 1
7.0500  .1184 3
$SPEC_CAL:

-2.2806E+002 1.9714E+001 1.0800E+002 3.6100E-002
1.0000E+002 2.0000E+000 4.0000E+001 5.0000E-002
$BACK:

204

0 0.000000 200 1

0.00000E+000 0.00000E+000 0.00000E+000 0.00000E+000
0.00000E+000 0.00000E+000 0.00000E+000 0.00000E+000
$FIT_CON:

0.000000 20 0.100000 1

$EX_COND:

1

45.000000 45.000000 2400.000000

$DETEC:

7.6200E-004 2.0000E-006 3.0000E-005 3.0000E-001

14 2.0000E+000

$DET_PATH:

0 0.0000E+000 2.0000E+000



Os arquivos do QXAS

.spe
$SPEC_ID:
zr02 = 2% sco?2 remover
$MEAS_TIM: ' brancos a
600 direita
$DATA: J
0 1023
600 584 31 1 07 15 32 0 0 1024
o 0 0O 0 0 0 © 0 1 1
0O 13 85 337 783 1381 1737 1912 1795 1575
1353 1329 1030 861 721 559 46 1 387 339 328
301 312 284 288 281 266 294 286 297 274
280 285 254 294 271 238 251 197 212 199
226 220 247 221 219 228 236 200 228 202
193 209 180 207 229 198 201 175 207 219
225 246 270 263 323 315 361 337 348 414
498 618 803 982 1157 1171 1364 1462 1755 2264
2848 3234 3397 3265 3073 2846 282 6 3482 5885 12183
24647 45706 72309 98021 114557 117995 1094 71 96379 82432 69027
55697 43051 31866 22693 15140 9810 57 04 3408 2065 1269

980 663 596 588 658 851 975 1153 1196 1094
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Os arquivos do QXAS

.out

| AXIL IBM-PC V3.00 01-31-2007
| Spectrum: B3147.SPE

| Fitting Region: channels 150 -1000;  ChiSgr =

| Line | Ener. (KeV)| Peak area st.dev. |

|Ca-Ka|  3.691| 375. f 18.| 1.3

|Sc-Ka|  4.089| 189407. i 177.] 7.
| Ti-Ka| 4.509|  4373.7 50.| 16.5
|V-Ka| 4.950|  -407.7 10.| 4.1

| Fe-Ka|  6.399 | 174. 8.| 1.95
| Zr-Ka| 15.746|  37870. i 76.] 1.1
|Hf-La|  7.894|  2690. fi 15.| 15.3
B
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600.s |

Saida tipo “breaf” (note que tanto full como breaf usam a terminacgao .out)



.asr

ideal para calculos posteriores

$SPEC _ID:
Zro2 + 13% sco?2
SMEAS_TIM:
600
0 0) 0) 0
$PEAKS:
7
20 1 3.691 375. 18. 1.33
21 1 4.089 189407. 177. 7.47
22 1 4509 4373. 50. 16.56
23 1 4950 -407. 10. 4.11
26 1 6.399 174. 8. 1.95
40 1 15.746 37870. 76. 1.14
2

72 7.894  2690. 15. 15.38

IFUSP - PGF5207 - 2010 — Prof. Manfredo Tabacniks



.out tipo “full”

| AXIL IBM-PC V3.00 12-17-20

| Spectrum: B630.SPE
Fitting Region: channels 45 - 800 5 itera
ChiSquare = 4.6 lastchange= .04% lam

CALIBRATION DATA

| Initial estimate | Fina
| ZERO (eV) | -141.417 5 | -141.4#
| GAIN (eV/ch) | 19.486 fi .100 19.486 fi
| det NOISE (eV)| 117.611 1.0 | 11761
| FANO factor | .028 i .000 | .0281i
| PEAK DATA
1
I
| #Line E(KeV) rel. int. peak area st.
| chan# fwhm (eV) backgr
|
|
| 1A-K 654676. il 812.
| KA1 1.487 1.00000 654676. i 814.
| 83.563 121.37 3186.
|
| 2Fe-K 1709. fi 42.
| KA1 6.399 .87732 1499. i 38.
| 335.635 132.94 39.
| KB1 7.059 .12268 210. 7 7.
| 369.505 134.42 28.
|
| 3Au-L1 9.7 9.
| L1IM3 11.610 .39333 4. A 4.
| 603.051 144.21 7.
| L1IM2 11.205 .33863 3.f 4.
| 582.268 143.37 3.
| LIN3 13.809 .11133 1. 1.
| 715.899 148.71 7.
| LIN2 13.710 .08815 0.f 0.
| 710.818 148.51 1.
| L103 14.291 .03574 0.7 0.
| 740.634 149.67 0.
| L1IM5 12.147 .01704 0.f 1.
| 630.609 145.32 1.
| L1M4 12.062 .01135 0.f 1.
| 626.247 145.14 2.
| LINS 14.020 .00272 2.1 2.
| 726.727 149.13 8.
| LIN4 13.999 .00171 1. 1.
| 725.649 149.09 1.
|
| 4 Au-L2 128. A 13.
|
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200.s |

tions done |
bda= 1.E-07 |

dev chi-sq |
s|

|
212 |
4.33E-05 |
|
|
45 |
8.53E-01 |
36 |
8.89E-01 |
|
|
1.4 |
9.74E-01 |
7
9.71E-01 |
4
9.78E-01 |
3
9.79E-01 |
0]
9.80E-01 |
4
9.70E-01 |
7
9.70E-01 |
0]
9.79E-01 |
0]
9.79E-01 |
|
|

4 Au-L2 128. A
L2M4 11.442 .78883 101.
594.430 143.86 6.
L2N4 13.382 .16499 21. A
693.986 147.84 1.
L2M1 10.308 .02136 3.f
536.236 141.48 3.
L2N1 12.974 .00561 0.f
673.049 147.02 2.
L204 13.730 .01730 2.fA
711.845 148.55 1.
L201 13.626 .00111 0.7
706.508 148.34 5.
L2M3 10.992 .00080 0.f
571.337 142.92 0.
5Au-L3 475. A
L3M5 9.716 .69912 332. 1
505.856 140.22 8.
L3M4 9.628 .07941 38. 1
501.340 140.03 8.
L3N5 11.585 .13995 66. fi
601.768 144.16 7.
L3N4 11.567 .01555 7.1
600.845 144.12 7.
L3M1 8.494 .03843 18. f
443.146 137.58 12.
L3N1 11.160 .00983 5. f
579.958 143.27 2.
L301 11.811 .00193 0.7
613.366 144.63 6.
L305 11.916 .01579 7.0
618.755 144.84 4.
6 Au-M 8683. fi
M1 2.120 .53159 4616. fi
116.047 122.92 4762.
M2 2.200 .46841 4067. fi
120.153 123.12 4735.
7 GRO1 1525. f
2.435 1.00000 1525. fi
132.212 123.69 4400
8 GR02 3433. 1
2.766 1.00000 3433. 1
149.198 124.49 3360
9 Pile_up
2.974 .95576 7500. fi
159.872 124.99 2523.
3.644 .02535 199. fi
194.280 126.58 745.
4.253 .01004 79. A
225.508 128.02 336.
3.922 .00445 35.f
208.522 127.24 502.
7.886 .00440 35.f
411.945 136.25 19.

FILTER BACKGROUND

13.

23.
17.

119.
93.

88.

71.
97.

79.

98.

111.

18.

22.

7847. A

|
11|
9.73E-01 |
9|
9.77E-01 |
4
9.63E-01 |
5
9.75E-01 |
3
9.79E-01 |
3
9.79E-01 |
2]
9.69E-01 |
|
|
11|
9.56E-01 |
1.1 |
9.54E-01 |

9.34E-01 |
5
9.70E-01 |
1.1 |
9.75E-01 |
8|
9.76E-01 |
|

|
3.2 |
1.92E-02 |
3.9 |
2.82E-02 |
|
|
10.4 |
6.36E-02 |
|
|
545 |
1.47E-01 |
|

|

89.3 |
2.14E-01 |

35 |
4.25E-01 |

103.




Resultados: alvo fino

elem

Ca
Sc
Ti

Fe
Zr
Hf

y4

20
21
22
26
40
72

M

40
44.96
47.9
56
91.22
178.5

pks

N R R R R PR

keV

3.691
4.089
4.509
6.399
15.746
7.894

saida do axil (gxas): area dos picos
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' &8 N
counts | stdstat chi
650 19 1.69
26766 69 2.65
2285 31 2.74
171 7 1.52
47297 85 0.88
3273 16 21.56

uC

0.1389
0.1389
0.1389
0.1389
0.1389
0.1389

Calibracéao (Fator
de resposta de
alvo fino)

c(fino)
ug/cm2

4.03E-01
2.10E+01
2.20E+00

3.49E+03
3.40E+01

F(clara)
g/cm2

1.58E-03
1.98E-03
2.45E-03

6.48E-03
5.53E-03

ppm
massa

256
10585
899

538035
6137



Resultados: alvo grosso usando CLARA

elem

Ca
Sc
Ti

Fe
Zr
Hf

y4

20
21
22
26
40
72

M

40
44.96
47.9
56
91.22
178.5

pks

N R R R R PR

keV

3.691
4.089
4.509
6.399
15.746
7.894
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R=r-F

saida do axil
(gxas): area
dos picos Calibracéo (Fator
de resposta de
alvo fino)
A
~
Rbx c(fino) F(clara) ppm
counts stdstat  chi uC cm2/ug/uC ug/cm2 g/cm2 massa
650 19 1.69 0.1389 1.16E+04 4.03E-01 1.58E-0 256
26766 69 2.65 0.1389 9.18E+03 2.10E+01 1.98E-0 10585
2285 31 2.74 0.1389 7.48E+03 2.20E+00 2.45E-0 899
171 7 1.52 0.1389
47297 85 0.88 0.1389 9.77E+01 3.49E+03 6.48E-03\ 538035
3273 21.56  0.1389 6.94E+02 3.40E+01 5.53E-03 6137
\\
Pn
N.=Q-r.-F -



CLARA

@ X-ray yield calc

interaction paint '

— Geomety— 5 — Cale mode
Alpha - [deq]: pi| geom. factor | Initial energy - ke".":| 11EIEI|
Theta - [deq]: h 1732 " Thin target

=10l x|

— Stopping Power model
% Ziegler [1985)
r

{7 Effective final energy
{-I

% Final energy - kv | 25|

— lonization crozs-section mode|
¢ Johanzon and Johanson

" Campbell

— Effect final eneray attentation

— Fluorescense vigld madel
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“'\-_, - 110 - [Z]: 1]|| * Bambynek
proton o phiotor h - [cm]): 2 520E-03 € Wil médio
—Line of interest rho * t t — Matris compozition
lo/cimz) Lem] ) mass % ;I
Photon: 3246E-03 2 BO3E-03fH (1, 5 gzag
FProton: 4 570E-03 2.664E-031 || 14.07z24
¥ 3 — [ntedral step 2 2
Elenent=s: 2
I mh’[hﬂ = [t:mzfg]: I 13??E +I:|3 IF 'ﬂ.‘utgmatic | Ftug:l '||:||:|| DEnSit—‘_‘f of bulk: 1.Z8ZZ
o em3
— Thin target results -
* Proton = Omega [£] b [£] Sigma K = Sigma X
ket B ambunek k.a [emZ] = [2mz]
—Feszil=
final energy h photon't proton t rho™t 1/lo Integral Integral X
kel (] | lcm) (izm] [g/emz] % [g] [a]
Correction tactor L I
I
Calc Integral X / Sigma = ST
[g¢cm?) |




CLARA

#k: Matrix composition ! 3 |EII£I
= Mainma{r;u-.- = Secqndarg..! mat’ri.;-s
I.-'f-.c. barico j I j
Z  |Symb Mame Mass mass % _ Z |Symb Mame Mass mass &
1 1[H Hudrogen 10679 2 26238 j 1 00000} =
2 5(B Baran 10811 1 14.0724 | 2 0.0000}==
3 al0 Depgen 15:9594 4 83,3037 3 0.0000
4 00000 4 0.0000
5 00000 h 0.0000
5 00000 b 0.0000
7 00000 i 0.0000
8 00000 8 0.0000
9 00000 9 0.0000
10 00000 =4 (] 10 00000} =
I - S [ " :
kain matrix concentration [Z]; To0;0000 Secandary matry concentration (5] 1]
Diensity - [a/cmd): | 12822 1 12522 Density - [aema): | 0.0000] 0 {0,000

ABURAYA, Jim Heiji; ADDED, Nemitala; TABACNIKS, Manfredo Harri; RIZZUTTO, Marcia de
Almeida; BARBOSA, Marcel Dupret Lopes. X-ray production yield in standardized thick target
PIXE. Nuclear Instruments and Methods in Physics Research B - Beam Interactions With
Materials and Atoms,v. 249, p. 792-795, 2006.
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