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The paper describes the details of the 
CllRlldigLirI’ L’nr?nblo Enorgy Cyclotron and its 
application to trace element anulysis using 
PiXE Technique. The various samples of 
water and Air of Chandlgarh and nearby 
regions have been analyzed using 2-4 MeV 
Proton beam from this Cyclotron. The 
importance uf the analysis of a few 
Biological and Archeological samples has 
also been discussed. The application of 
this technique is also being exploited for 
Identification of forged ancient coins. 

I. LNTODUCTION 

The Vuriable k’norgy Cyclotron at 
Chuncligarh [I] has now been functiorling wit11 

resolved beams of protons, deuteroris, alphns 
n II d Ile-3. The beams of :;rotons of energy 
from 1 to 5 MeV, dcuterons of 4 MeV, alphas 
f ram 7 to 8 MQV and 110-3 upto il MoV have 
bcorl obtelnod at the turget. 'rhis papor 

describes the various features of the 
cyclotron and the characteristics of the 
accelerated particles. The recent use SP 
ttlts mnctllne for tr.acc element analysis 
usillg Proton Induc-d X-ray ‘Technique has 
also beer: discusse!i 

II. MAIN FLA’I’llr~i:‘S OF THE CYCLOTRON 

1’110 m~kchine at Chnndigarh is udapted 
(L n :I :,~1ilt out of the components of the 
vrkriable erlel’gy cyclotron at the University 
0 f Hochestc*r, Rochester, New York, USA. It 
1s stngle Dee classical cyclotron with 
arrangement for vnrinblc frequencies from 10 
to 20 Mllz, and A main magnetic field upto a 
maxinium c i 14 K Qiuss. This permits the 
variability of the energy of the various 

accelerated ions. The layout plan of the 
whole set-(Jr) is shown in figure 1. Figure 2 
shows the variation of the typical beam 
currents of the various ions at different 
rudi I from the center of the cyclotron * 
Figure 3 and 4 shows the gamma-ray and 
charged Particle spectra taken with protons 
on the specpure Al target. The y-ray 
spectra were taken at 90’ to the beam 
direction with the help of 50 cc Ge(Li) 
detector to avoid broadening of the peaks 
due to Doppler shiIt nnd chnrKod pRrticlo 
spcctru 6~~21’0 lalccn wlttl 3OU ul11 tllick SillCOIl 

surfrcco bat-riot- dotoctor. 

111. I’:Xl’EI’II MINR: W IT1 I MAC11 1 NI: 

A t p I‘ u s 13 I: t tt1r ?IJ Lypes of uxperimen ts 
ure beiilg dOlIe witii +:his machine which are 
described below. 

(A> 10-g Warn sPf?CtrOS(!Opy Using proton and 
He induced reactions. 

In these experiments, we have studied 
the angular distribution of resulting -f- 
rays from the excited nuclei formed by (P,~’ 

r$u.. I. ac,,,era, loyou, phn of tho cyclolron Inbor~lory. 
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rig. 2 L~ARIATION OF INT!:RNAL BEAM CURRENTS 

INSIDE TltC CIIACIUERS 

7),(p,n7 ),(p,qy) reactlons and similarly 
with alphas by (o<,p*/),(d,ny) and (cf,q’, 

7) reactions. The angular momentum and 
lifetimes of various excited states are 
measured using the computer code CINDY and 
DSAM technique[2-41. 

(11) Coulomb Excitation 

The phenomena of Coulomb oxci tation 
takes place v/hen protons or o( - particles 
interact with r.he target nucleus with the 
energy lower t!:<i:I the Coulomb barrier. Many 
cases of Coulomb excitation have been 
studied and r:![,orted in llteraturo[ 5-61 
using protons as projectiles. 
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(C) Proton Induced X-ray Emission Technique 

I n t I1 1 5 t F C 11 i1 I 4 li (5 , the interaction 
l~ctwccn target material. and the incident 
t,csm ‘.!f Pr~1.01:~ or Alphas reslllts in the 
emission cf X-rays. These Y-rays ure ti1en 
detected hv a Si(l.1) detector at Liquid 
Nitrogeel tcn~porRtUrC. The rqvryies and 
irltcnsit!cs of the charr~ctertsltc X-rclqs 
gives the irli3rillLttiOrl ubout t!‘.? FreSellCe and 
the concentration 0 f the tract eIr.:r;iert in 
the target matericil. 

Figure 5 show. ile .‘IAE s:w~~~u.,I 0f N8s 
stundurd Spinach timp’.e. The unolysis 01’ 
s pi I1 u c h s tanciu rd *y 7 f- 9, r !.!lC prcscrlr’: :,r Al, 
Cl, K, c :1 1) (I (1 i,’ c . ‘iU L. 0 I‘ t IICSC K IIU s 
in * x i rn u “I relative percentage of 63.48% 
fO~lCW~?d by cn (30.65%\, Cl (3.83%), Fe 
(1.30%) and Al (0.91;4). These results are 
in !\ y I- (3 e I” c I, : w ? t + t!:c :5 tandard data and 
herico A:. lows ttlc conlldence in our results. 
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1 

As u rirst CIIHC, t t1 i 63 toctlrl Lc,uu w,,s 

used to sttidy the wuter pollution of the 
different places in Patiala District in 
India[7]. The PIXE spectrum of typical two 
~0 tcr samples nre shown in Figure G-7. The 
‘lable 1 shows various polluents and their 
relative percentage in there two samples In 
all the samples, the cumm3r! polluents are 
found to be K, Ca, S with the relative 
percentage of K as maximum. 
S, Cr, 

Element K, Ca, 
Fe are essential for manI defficiency 

disease is krown for each but may net always 
result from an n L’ d,, q II a t e d i e t . co is 
phvsiological -.c:tive only in the form of 
;;.tamin B12. In aiiition to these Mn, V, 

Si have been ,shown by highly artificial 
IsAlator system to be essential for animals. 
Human defficiency disease is not known for 
many of these m I n0.r trace elements. 
Therefore, trace element analysis of water 
samples using PIXE technique is quite useful 
in the diagnosis of various types of 
diseases in animals and human beings. 
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Tnis technique is also being used for 
the study of Ancient coins, pottery and 
other artifacts of Archaeological importance 
\yith a special emphasis on 
Irlzttkification of forged Indian coins. 

the 

RELATIVE PERCENTAGE OF METALLIC POLLUENTS ---- _____ - 
PRESENT IN WATER SAMPLES -- -- 

--. --- I___- 

Water Metaliic A(n:ass per unit Relative 
Sample polluents 

~~e::,R;cx:~~;"s 
% of 

prcsa1, I. (>OllllOlltS 

si 0 . 0 0 2 1 .80 
(KiialChi;nkj c. h , 0. 0.2347 0035 89.34 1.33 
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Si 0.0013 0.61 
S 0.0087 4.11 
Ar 0.0103 4.87 

2. 
(Ragho Mazra)ka 
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