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Compilation of Excitation Functions for the Production of 
the Radionuclides * 2 3I, •'•23Xe and 123Cs by Charged-Particle 

Induced Reactions 

Abstract 

Available experimental data of charged-part icle induced nuclear reactions 
for the production of the radionuclides 1 2 3 I , 123Xe and 1 2 3Cs are 
reviewed and presented in graphical courves. Included are the react ions 
1 2 4 Te(p ,2n ) 1 2 3 I , 1 2 7 I (p ,5n) 1 2 3 Xe, l2 4Xe(p,pn)1 2 3Xe, 1 2 2 T e ( d , n ) 1 2 3 I , 
1 2 7 I (d ,6n) 1 2 3 Xe, 1 2 7 I ( d , p 5 n ) 1 2 3 I , 1 2 1 Sb(a .2n ) 1 2 3 I , 1 3 3 Cs(p ,spa l la t ion) 1 2 3 Xe, 
n a t Ba(p , spa l l a t ion ) 1 2 3 Xe, n a t La(p , spa l l a t ion) 1 2 3 Xe, 1 2 4Xe(p,2n)1 2 3Cs, 
n a t L a ( p , s p a l l a t i o n ) 1 1 6 - 1 3 6 C s , 1 0 9Ag(1 80,4n)1 2 3 mCs. 

I . I n t r o d u c t i o n 
12 3 Owing t o t h e s u i t a b l e n u c l e a r d e c a y p r o p e r t i e s , i & v i i s 

c o n s i d e r e d one of t h e b e s t r a d i o n u c l i d e s f o r i n v i v o d i a g n o s t i c 

n u c l e a r - m e d i c a l s t u d i e s u s i n g s i n g l e - p h o t o n e m i s s i o n computed 

tomography . A l though more t h a n t w e n t y k i n d s of r e a c t i o n s have 
1 O Q 

been proposed for the production of I, selection should be 

made from several essential points of view, that is, the cost of 

enriched isotope for a target, ease of recovery and recovery 

percentage of the isotope after irradiation, beam requirements 

whether the kind of incident beam and its energy are easily 

available, production yield rate, chemical separation yield, ease 

of chemical process after irradiation and impurities of other 

radioactive iodine isotopes in the final product. Among them, 

excitation function is one of important factors to determine the 
12 3 production method. The excitation functions to produce " I, 

12 3 123 
Xe and Cs were compiled in this report. 

12 3 12 3 II. Reactions to produce 1&-Jl and 6'Xe 

124 
T e ( p , 2 n ) r e a c t i o n : T h i s r e a c t i o n h a s b e e n u s e d m o s t 

12 3 e x t e n s i v e l y i n t h e r o u t i n e p r o d u c t i o n of I . I t s e x c i t a t i o n 

f u n c t i o n was o b t a i n e d by Kondo ' and i s shown i n F i g . 1. In t h e 

f i g u r e , ' i n d ' shows i n d e p e n d e n t c r o s s s e c t i o n . By u s i n g a 99 .87 % 
12 4 i s o t o p i c a l l y e n r i c h e d Te t a r g e t , c r o s s s e c t i o n s w e r e 

d e t e r m i n e d w i t h u n c e r t a i n t i e s o f 4 - 1 2 % e x c e p t a t t h e l o w e s t 



energy. The cross sections were also measured with a 91.86 % 

enriched isotope as a target.1' As a whole, the cross sections 

were obtained at precision of about 10 %. 

There are many reports concerning practical production 
12 3 yields of *~ I . The reported values are scattered in a wide 

range. A part of the reasons may be attributed to the loss of 

123 
I during irradiation. If the precaution is not taken, the 

product yield will be depend on the beam intensity because of 

loss of iodine during irradiation. 

12 7 12 3 
I(p,5n) Xe reaction: The excitation functions have 

2 — fi \ 
been reported by five different authors. ' Their functions are 

shown in Fig. 2. The values reported by Lagunas-Solar et al. • ' 

are most elaborated ones by taking into account various errors in 

the measurement. Each author took precautions against the loss of 

the target or reaction products during irradiation. Paans and 

Wilkins have measured the beam current directly; Diksic ' and 
c \ n n 2 4 

S y m e v ' u s e d m o n i t o r r e a c t i o n s s u c h a s A l ( p , 3 p n ) Na a n d 
1 2 C ( p , p n ) C. One of t h e r e a s o n s f o r d i f f e r e n c e s among t h e s e 

a b s o l u t e c r o s s s e c t i o n s may b e a t t r i b u t e d t o beam c u r r e n t 

integration. 

12 4 12 3 
Xe(p,pn) Xe reaction: The (p,pn) and (p,2n) reactions 

12 3 12 3 

are important to obtain 6 Xe, ancestor of I, from practical 

point of view. However their cross sections had not been measured 

until recently. In 1989, Kurenkov' ' measured cross sections 

between the proton energy 17 and 33 MeV with precision of about 

18 % using 99.9 % isotopically enriched 1 2 4 X e target. The 

excitation function is shown in Fig. 3. In his measurements, the 

threshold is not so clear. The yield curve obtained by 
(8 ) Firouzbakht. ' with thin target shows sharp rise from 16 MeV to 

20 MeV. 
12 2 12 3 

Deuteron induced reactions: The Te(d,n) ""I, 

1 2 7 I ( d , 6 n ) 1 2 3 X e and X 2 7 I ( d , p 5 n ) X 2 3 I reactions have been 

reported. 9' 1 0^ Zaidi9* insisted that the 1 2 2Te(d,n) reaction 
-190 

could produce 16--i with higher purity than obtaining from the 



124 
Te(p,n) reaction. The cross sections are plotted in Fig. 4-6, 

There is only one measurement, concerning the absolute value for 

(d,n) reaction. 

Alpha, induced reactions: The 121Sb(o(, 2n) 1 2 3I , 1 2 3Sb( c* , 4n) 
100 122 12^ 

"I and a l s o Te((X,3n) Xe r e a c t i o n s were drawn a t t e n t i o n 
among a l p h a i n d u c e d r e a c t i o n s . The e x c i t a t i o n f u n c t i o n f o r 
191 12 3 

Sb(o(,2n) I has been measured from the interest in comparing 

them with a nuclear reaction theory, ' As shown in Fig, 7, 

absolute cross sections in the energy range from threshold to 27 

MeV have been measured and compared with a statistical theory 

being taken into account the competition with Jf-decay. 
1 O Q 

The production yield rate of Sb(0(,4n) has been measured in 
1 2 ) the incident energy range between 50 and 7 5 MeV, 

12 2 1 ̂  ̂  

The Te(o/,3n) reaction ' is one of methods to produce 

"Xe with small impurities such as ~ I, "I and others; 

however its cross section is not found in our survey. 

Other reactions: Among other reactions explained above, *" He 
122 12T 123 

induced reactions with Te, and Te targets have a high Xe 

yield compared with alpha particle induced reactions. ' However 

there are no reports on measurements of cross sections. 

It is known that the spallation reaction induced by high 
12 3 1 4 ) 

energy protons have relatively high yield of Xe. Peek ; and 

Adilbish *" ' reported spallation cross sections when "~""Cs, "Ba 

and n a "La were bombarded by high energy protons. The results are 

shown in Fig, 8-10. In the figure, 'cum' indicate that cross 
1 R \ 1 O O 

sections are cumulative. A d i l b i s h ' also reported Xe 
12 7 producing cross sections when I was bombarded by 660 MeV 

protons. The value is 3.8x0,4 mb. As there is one point for 
12 7 

I + p reaction, this deta is not presented in a figure. The 
12 3 cumulative cross sections for producing Xe decrease slowly 

with increasing incident proton energies from 300 MeV to 660 MeV. 



III. Reactions to produce Cs 

1 2 4Xe(p,2n) 1 2 3Cs reaction: The precursor of 1 2 3Xe is 1 2 3Cs 
1 0 0 

(Tl/2 = 5'%7 m ) , A s Cs is far apart from the nuclear stability 

12 4 12 3 
line, the Xe(p,2n) '~Cs reaction is an only possible reaction 

12 3 ( 7 ) 
'"Xe(p,pn) reaction was studied by Firouzbakhtv '. Thf 

type with light and low energy ions. Yield curve including 

le cross 

sections were measured by Kurenkov' ' which was shown in Fig. 11. 

Sharp rise of curve is suggested from 16.0 MeV which is 

experimental threshold obtained by extrapolating to zero point in 

linear representation of excitation curve. The theoretical 

threshold obtained from Wapstra's table' ', is 15.58 MeV. 

Spallation: High energy protons or ""He incident ions 

combined with on line isotope separator have been used to produce 

12 3 
'"Cs, but there is only a report for absolute cross section 

i 7 \ 
measurements ' in our survey. Cross sections to produce Cs 

isotopes by La + p(600 MeV) was shown in Fig. 12. 

Heavy ion induced reactions: many combinations of targets 

and incident ions such as "B, C, N and "O have been 

utilized to produce Cs. However, no cross section was 

reported in our survey except a relative value of excitation 

function for 1 0 9Ag( 1 80,4n) 1 2 3 mCs reaction.18) Figure 13 shows 

relative cross sections for this reaction. 

IV. Eye guide curves for excitation functions 

The smooth lines in the Fig. 1-10 are made for eye guide which 

were obtained by unweighted least squares fit to some order of 

poweres of exponent or a combination of several Gaussian 

127 12 3 distribution functions. In case of the I(p,5n) "Xe reaction, 

the curve between 68 and 85 MeV is not a real least squares fit 

but is connected smoothly by hand and this curve was replaced by 

a combination of Gaussian distribution functions. This procedure 

was needed because the experimental points were very dispersed 

between those obtained by Paans and- by Diksic. It seems there is 

no reason that sharp resonances are observed in this energy range 



and in this mass region. More experimental data are necessary in 

this energy range to solve the discrepancies. 

V, Experimental conditions 

Kinds of reactions, beam energies employed and methods of 

degrading the energies and method of beam current measurements 

reported are shown in Table I, Here, each report has been 

numbered in the second column and these numbers correspond to the 

first, column in Table II and III, The targets, kinds of 

radiation detectors used, stopping powers employed are shown in 

Table II. The half-lives, energies of radiations detected, their 

intensities employed and errors are shown in Table III. 
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