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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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INTRODUCTION 

In a previous note (Patrick et al. 1975), we reported .a measurement 

of the efficiency, £, of 7 LiP thermoluminesc.ent dosimeters, relative to 

6 0 . +6 . Co y-rays, for measur1.ng 250 MeV/amu C 1.ons. The value of 
.)' 

£ = 0.89 ± 0.04 obtained, was dependent upon the value assumed for aver-

age energy required to create an ion pair, W, in nitrogen (the gas filling 

of the ionization chamber used to determine absorbed dose in the 7LiF). 

The present note describes an extension of this work to oxygen and neon 

ions over a range of linear energy transfer (LET) in 7LiF from 11.2 to 

25.9 keV/~m. Efficiencies reported here have been determined absolutely 

and are not dependent upon any assumed value for w. 

EXPERIMENTAL TECHNIQUE 

Lif TL0-700 chips (0.125 X 0.125 X 0.035 in.,25 mg mass) manufac-

tured by the Harshaw Chemical Company were used in these measurements. 

The manufacturer's recommended annealing procedures--including a post-

irradiation annealing at 100°C for 10 minutes--were adopted. Dosimeters 

were either read with a Mark IV series,· 110 TLD reader manufactured by 

the Radiation Detection Company, or with a Harshaw Series 3000 TLD reader. 

Dosimeter Response to Heavy Ions 

+ The Bevalac is capable of producing heavy ions as heavy as Ar , _up 

to energies as high as 2.1 GeV/amu (Grunder 1973). 7 LiF dosimeters were 

exposed to carbon, oxygen, and neon ions of energies shown in Table l. 

The energy absorbed in the dosimeters can be calculated from the 

expression 

-7 
D = 1.602 X 10 L ¢ rads (1) 
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where L is the linear energy transfer in LiF (keV/~) and ¢ is the incident 

heavy ion fluence. (The dosimeter package is so thin that heavy ion inter-

actions may be ignored.) 

Determinations of the incident heavy ion fluence were made by ex­

posing the thermoluminescent dosimeters simultaneously either with nuclear 

emulsions (Kodak Type NTA) or Ag-Cl crystal detectors of the type peveloped 

by Schopper and his colleagues (Schopper 1972). 

The carbon and neon ion irradiations used nuclear emulsion as the 

absolute particle detector and were carried out with two thermoluminescent 

dosimeters placed roughly at the center of the NTA film. A wide beam 

(FWHM - 12 em) was used so that the beam intensity was uniform over the 

dosimeters to about 0.2%. The films were exposed at an angle of 45° to 

the incident beam and the large specific ionization of the heavy ions pro­

duced dense tracks which were readily identifiable. Optimum exposures 

produced 40-120 tracks in a 245 ~m square field when viewed by an optical 

microscope. Details of the scanning data for the carbon and neon ion 

exposures have been reported elsewhere (McCaslin et al. 1974). 

In the case of irradiations with oxygen ions the absolute incident 

ion fluence was measured using Ag Cl crystals. Experimental details 

have been reported elsewhere (Patrick 1975). 

Table 2 summarizes values of thermoluminescent dosimeter sensitivity, 

T, in arbitrary units (TLU) per unit incident fluence divided by the 

sensitivity to 60 co y-rays, R, in TLU/roentgen. While the absolute values 

of T and R depend strongly on dosimeter reading settings and may there­

fore vary from experiment to experiment, the values of T/R (roentgen/unit 

fluence) presented in Table 2 are independent of reader settings. The 



0 0 0 ,;i "':I 0 3 7 ,,..:.a. 
\) !,') 8 

·, 

-3-

response to 6 °Co y-rays was determined by exposing dosimeters at the 

irradiation facility of the Biomedical Division of the Lawrence Berkeley 

Laboratory (Patrick et al. 1975). 

Calculation of Dosimeter Efficiency, £. The dosimeter efficiencies 

relative to 60 co y-rays is given by: 

£ 
0.805 

1.602 X 10- 7 L 

5.025 X 10 6 

L 

( 2) 

where L is the linear energy transfer of the ions in 7Lif and the 

factor 0.805 arises from the fact that an exposure of 1 roentgen deposits 

0.805 rads in 7LiF (Attix 1969). 

Table 2 summarizes the values of £ so determined. 

CONCLUSIONS 

Figure 1 shows the values of £ reported in this note plotted as 

a function of linear energy transfer in 7LiF, together with measure-

ments reported by Jahnert (1972) made with protons and alpha particles. 

Also shown on the figure are two theoretical models proposed by Jahnert. 

The new dat~ reported here are compatible with both models over the range 

of LET studied. Nevertheless, there is a suggestion that £ may not be 

a function of LET alone, but also depend upon the charge of the particle 

depositing energy in the crystal. More accurate measurements of £ as 

a function of both these parameters are planned. 
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FIGURE CAPTION 

Figure l~ Measured values of TLD efficiency relative to 60 co y-rays and 

comparison with theoretical models. 
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Table 1. Summary of heavy ion exposure. 

Ion species Energy Linear energy Absolute 
(MeV/amu) transfer detector 

in 7Li F 
(keV/~m) 

+6 252 11.6 NTA c 

0+8 300 18.6 AgC1 

+B 
0 1050 11.2 AgC1 

+ 1 0 
372 25.9 Ne NTA 

Table 2. Measurements of e:. 
• 

Ion species LET in 7LiF T/R 
(keV/ ~) (roentgen/unit ion 

f1uence) 

+6 -6 
0.89 ± 0.02 c 11.6 2.06 10 

+8 -6 
0.90 0.05 0 11.2 2.01 10 ± 

0 
+B 

18.6 3.03 10 
-6 

0.82 ± 0.05 

+1 0 -6 
0.73 0.03 Ne 25.9 3.76 10 ± 

-. 
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.---------LEGAL NOTICE-----------. 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned rights. 
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