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ABSTRACT 

E lemental analysis by proton induced x-ray emi ss i on 

spectroscopy has neen developed at the tandem Van de Graaff 

accelerator 1n Zagreb . Construction of mu J t1purpose 

scattering cnamber t or routine P l XE analys i s  and chamber 

w i th proton beam co t111nated down to 100  µm 1s explained. 

1. I NTRODUCT ION

Since 1 �70. when Johansson C 1 l f irst reported that 

comb ination of pro�on beam excitation ot characteri stic

x-rays and their detect ion by a sem i conductor detector

resu lts 1n a powerf ul mult 1 e lementa 1 analyti cal techni que

( P I XE i . many groups demonstrated various applicat i ons of

th i s  method . D i f f erent experimental cont 1gurat1ons. studi ed

by many authors. resu lted 1n the P I XE use f or routine

mult i e lement analys i s  C 21 , measurement s  of element

d1str1butions with focused beams ( proton m1croprobe) C 3l .
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external beam ana lys i s  [ 4 1 and measurements with low energy 

protons and windowless S i ( L1 1  detectors. Combi nati on of the 

P I XE techn 1 que wi th some other nuc l ear analytical me thods 

prov ide poss ibi lity to ana l vze al l e'l ements 1n sample . 

from hydro9en to uranium . 

When the proton beam def i ned by colli mator slits . hits 

the targe t samp l e. x-ravs . r-ravs. scattered protons. 

nuc l ear reaction products. secondar y el ec tr ons . 

bremmstrah l u�g .  etc . are produced 1n the sample. For the 

P IXE spectroscopy , important 1s detection ot characterist i c  

x-rays. They ar e detected b y  a ti 1 ( Li l  sem i conductor 

detector . Ma in  source ot background is bremmstrahlung 

rad iation produced by secondary electrons. Character i s tic 

line i nl ensi li es are the measure of the corresponding 

e lement amount 1n the sample . M inimum detectabl e 

concentrati on of parti cular e lement depends -on the proton 

energy , element atomic number and the samp l e  matrix . Al l 

e lements whose characteristic  x-rays are detect ed can be 

analyzed s i multaneous ly. Quant i tat i ve measurements are 

possib l e  tor both t h i n  and inf i n i tely t h i ck samples C 5 l . 

With chemical pretreatment of' sampl e .  detection l i m i ts can 

be improved t or a f ew oraers of magn i tude. 

2. EXPER I MENTAL

EN tandem Van de uraa·tf acce 1 erator at the Ruder 

lioskov ic  Insti tute in Zagreb is in operat ion s ince 1987 . I n  

experi mental are a .  four beam lines are used . I n  figure 1.

layout of the accelerator 1s g iven . 
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Fi gur e 1 .  Shemali c l ayout of l he Tandem Van de Graaff 

accel er ator i n  Zagr eb. 

For the deve lopment of P I XE techn i que. proton beam 

with energi es t rom 1. 5 to 4. 0 MeV i s  used. I n  order to make 

use PlXE ana l it1c a l  capabilities as wide as possible . three 

scater1ng chambers were. constructed . 

The f irst target chamber l figure 2 . > 1s designed to 

provide routine work. and it is mounted at t he f irst beam 

l ine l 0° ) .  Up to eighteen samples can be mounted on the

samp l e  changer . Samp les are positioned at the 45° ang le to

the beam direct ion. The· semiconductor S1 < Li I x-ray detector 
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C 30 nun2 > i s  mounted at the , .r i ght ang l e  to t he beam 

d i re c t i on . l n  the s ame chamber the � -r.ay detector as we l l  

as the backsc aterr 1 ng part i c l e de t e c tor are mounted . I n  

order t o  i ndi rect l y  me asure t he tot a l  charge ac cuma l ated on 

the t arget . cc l l ima t ed be am 1 3  nun d i ameter ) i s  transmi t ted 

t nrouqn  a � h 1 n  qo l ct �n  t o 1 1 bef ore h 1 t t 1 ng t he s amp l e .  Th i s  

1 s  impor t ant when d i re c t  me asuremen t  o f  charge co l l ected  1 n  

Faradey cup  1 s  no t poss i b l e  I t h i ck t arget s amp l e s ) . 
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In order to optimize the system to  the problem invo l ved 

there 1 s  a poss 1 b 1 lity of placing vari ous absorber fo i l s 

between the sample and _ the x-ray de t ector . All f unct i ons . 

inc l uding t he cnangeing of t he samp l es .  are remote ly 

operated from the con trol room. 

On the second experimental l 1 ne l l5° l ,  the t arget

chamber w i th the graphite collimator that reduces the beam 

diame ter down to  1 00 µm m1 1 1 1 probe 1 s  mounted . 

Poss 1 b 1l 1 ty of the transversal t arge t  disp l acement , provi de 

option r or the P I XE element distr 1 but 1 on measurements . 

Shemat1 c  wiev of the chamber is given 1 n  f igure 3. 
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D i st ance between t arget and detector can be e as ily 

changed i n  both chambers . Thi s  opt i on i s  very important 

when small spec imens are analyzed and therefore the best 

sens i t iv i ty is desi red .  

The thi rd chamber where P I XE measurements will be 

made . is planned to be i nstalled �t the fourth be am · l i ne 

( 45° ) .  where now a focus i ng system < mi croprobe ) i s  under

construct i on .  A system cons ists of object  C defln1ng )  sli ts . 

beam scan·ning coi l s  and magnetic quadropo l e  dublet w ith a 

poss i bil i ty of focus i ng the beam down to the 1 µm di ameter . 

3 .  DATA ANALYS I S  AND STORAGE 

Af ter amplif icat ion. pu lses from the x-ray .  r-ray or 

part i c l e  detectors are transformed by the ADC < analog to 

d i g i t al converter ) into d i gi t al values. and st.ored i n  

mult i channe l analyzer .  When spectrum co l lect i on i s  

f i n i shed . data are stored 1 n  a PDP 11/ 34 computer. The 

analysis of the P I XE spectra i s  performed by AXI L  [ 6 1 . 

nonlinear least squares f i t t ing program .  Result of the 

ana l ys i s  are the i ntens i t i es of the caracter i s tic l i nes. 

For the thi n  targe t samples . quant i f i cat i on of data i s  

rather s imp l e. The PI XE system i s  cali brated by u� i ng th i n  

film standard samples . 

Quant if i cat i on of data for the thi ck t arget samples i s  

not strai ghtforward because of the x-ray absorpt i on eff ects 

and change i n  the x-ray product i on cross sect i on when 

protons are stopped in the samp l e. Two bas i cal ly d i f ferent 
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approaches are usual ly perf ormed . The use of doped 

s tandards of the same matrix is the mo·st accurate . but 

invo l ves a rather great number of chemica lly prep ared 

standard samp les . The other pos s ibi lity 1 s  to compute the 

spec i f ic x-ray y i e l d  of the e l ement of interest f or the 

g i ven experimenta l cond itions ( accumulated charge , · proton 

energy , detector used . samp l e  matrix ! . l n  our cas e  the 

THI CK prograrmne C 7 � t or the computat ion of x-ray yie l ds use 

proton s topping power data of Andersen and Z i eg l er C 8J , 

proton cross section provided by Cohen and Harri gan C 9l 

and attenuation coef f i cients by Th i esen and Vollath C l Ol . 

4 .  D I SCUSS I ON 

With the P I XE systems exp l a i ned . especia l ly when 

combined with the RBS l Rutherf ord backscaterring ) and P I GE 

( proton induced r emission ) . it is possible to obtain a 

complete p i cture of the s ample constituents . By using of 

col l imated l mi l l 1 probe J and t ocfissed l mi croprobe ) beams . 

measurements of e l ements concentrat ion distributions are 

possib l e  too. 
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