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Since the use of Li-drifted silicon counters for tne detection of 

charged particles having a range greater than ~3 mm is severely hampered by 

I 
the inability to collect all the charge within a reasonable period of time, 

it is of considerable interest to evaluate the ability of Li-drifted germanium 

counters for detecting long-range charged particles. Recent developments in 

producing thin-windm.,r Li-drifted germanium counters
1

) have enabled us to in-

vestigate the response of such counters to 30- and 40-MeV protons. Although 

'an accurate measurement of the effective window thickness has not been made, 

the window is certainly less than 5~, and is probably about 0.5~. 

The depletion region of the detector, pictured in fig. l, is about 

l X l X 0.5 em. This small size was chosen to reduce the gamma-ray background. 

To further reduce the background the beam was stopped about 4.5 m behind the 

target, and the counter was shielded by lead from the Faraday cup and beam pipe. 

The Berkeley 88-in. variable-energy cyclotron was used for these.experiments. 

After energy analysis, the protons were scattered from either a gold or carbon 

.foil-both of which were about 200 ~g/cm2 thick. All measurements were made at 
,, .... - '.".. 

a fixed scattering;_angle of 19.7°, and vith the detector, preceded by a 2.5-by-

5-mm collimator, approximately 65 em from the target. To protect the germanium 

detector from the relatively dirty scattering-chamber vacuum system, a 2.·5~ 

1'7'~-i '\P~'i ( Y..1' 
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Havar window separated the counter holder from the system. The counter was 

0 -5 
operated at 77 K in a vacuum of 10 ~~ Hg, in a holder that has been described 

2) 
previously . 

Resolutions of 41 and 52 keV (FWHM) were obtained when 30- and 40-MeV 

protons, respectively, were scattered off gold. To determine the contribution: 

from the germanium counter itself one must correct for the energy spread intra-

duced by: (a) the spread of the beam energy, asslli~ed to be 0.08%, and thus 24 

and 32 keV for the two energies used; (b) the thin.window, calculated3 ) to 

cause a FWHM of 12.3 and 9.5 keV for 30- and 40-MeV protons, respectively; (c) 
I 

electronic noise, determined by observation of many pulser peaks to be 23 and 

26 keV for the system adjusted for 30 and 40 MeV, respectively. (No correction 

for the angular resolution contribution is necessary because with the geometry 

used such a correction is less than l keV.) After subtracting these contribu-

tions the remaining spread is 21 keV for 30-MeV protons and 30 keV for 40-MeV 

'protons. 

Knowledge of the Fano factor F and the average energy-per-hole-

electron pair E enables one to determine the theoretical limitation of the 

energy resolution. Figure 2 presents this liinitation as a function of the energy 

deposited in a germanium crystal for different nondetector contributions. This 

calculation. was based on F = 0.30 and E = 2.98 ~v4 ). For 30 and 40 MeV the 

theoretical limit is 12.2 and 14.0 keV, respectively. Thus our results are 

somewhat worse than the theoretical limit. However, the detector used was 

rather poor--it would not operate at more than 400 V bias, and exhibited a 

relatively broad satellite peak of slightly lower energy than the main peak. 

Nevertheless, the use of Li-drifted germanium counters for the detection of 

long-range charged particles appears very promising. 

I 
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Figure Captions 

Fig. 1. A thin-window lithium-drifted germanium detector. 

Fig. 2. Energy resolution. as a function of the energy loss in the detector 

for different nondetector contributions. 



'"' ! : 

' 

i 
' .. i 

j_ 

i 
I 

j 
I 

l 
\ 
I 

1 

I 
l 

·I 
l 

l 
l 

I 
J 

; . -

l 
i 

~ 
I 

l 
\ 
I 

: 

t 

-, . .. 
-4-

---- -..- ~·- ----

' Fig. 1 

UCRL-16477 

/ 

l 
I .. 
I 

I 
I 

--------~-----------~ 



'-' 

.s.•• -· 

.~. 

N 
0 

~ 
0 

·o 
0 

N 
0 

~ 
0 

\ ' 

\ 
\ 

' 

I -, 
- oo 

~ 
\ 

~ 
0 
c 

\ 
\ 
\ _, """'•' 

~ 
\ 

co 
0 
0 

-

-5-

\ 
\ 
~ 

\ 

N 
0 
0 

.. -

\ 

' 
,. ' 

(j) 
0 
0 

-z.\ 
~\ 
%.\ '<].. 

0 

--~, 
0 
?..I _.. 

~ 
~· g 
" 

N 
0 
0 
0 

\ \ 
p 

~ 0 
~ 

\ \ ~\ ~ 

·\ 
II ~.\ " ~ \ 

'i\ ~-\ z\ 

\ \ r\ 

' \ J 
\ \ _\ 
\ \ ' 11\ I ~ I I ~ I I 

N N 0J 0J ()J()J ~ ~ ~ 
o (}l o 0J cncooN~ 

FWHM Resolution (keV) 

Fi.g .. 2 

UCRL-16477 



This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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