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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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Since the use of Li-drifted silicon counters for the detection of
charged particles having a range greater than =3 mm 1s severely hampered by

' |
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 partiéles. Recent developments in

1)

producing thin-window Li-drifted germanium counters ’ 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 1s certainly less than 5u, and is probably about 0.5u.

The depletion region of the detector, pictured in‘fig. 1, is about
1 X1 X0.5cm. This small size was choseﬁ tovreduée the gamma-ray background.
To further reduce the background the\beam was stopped about 4.5 m behind the
térget, and the coﬁnter was shielded b& lead from the Faraday cup and beam pipe.

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

~ After energy analysis, the protohs were scattered from either a gold or carbon
,f01l—-both of which were about 200 ug/cm thlck All measurements were made at

a fixed scatterlng angle of 19. 7 ; and with the detector, preceded by a 2.5-by-

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

detector from the relatively dirty scatbering-chamber vacuum system, a 2.5u
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Havar window separated the counter holder from the system. The counter was

operated at 77OK in a vacuum of lO-D mm Hg, in a holder that has been described
previouslyg). .

Resolutions of L1 and 52 keV (FWHM) were obtainea when 30- and 40-MeV
protons, respectively; were scattered off gold. To determine the contribution:
from the germanium counter itseif one must correct for the energy spread intro-
duced by: (a) the spread of the beam energy, assumed to bé 0.08%, and thus 24
and 32 keV for the two energies used; (b) the thin.window, calculatedE) to
éause a FWHM of 12.3 and 9.5 keV for 30- and 40-MeV protons, respectively; (c)
electronic noise, determined by observation of many pulser peéks to be 23 .and
26 keV for the system adjusted for BO‘and L0 MeV, respectively. (No correction
for the angular resolution contribution 1s neceésary because with the geometry
used such a correction is less than 1 keV.) After subtracﬁing these contribu-
tions the remaining spread is 21 keV for 30-MeV protons and 56 keV for L4O-MeV
Lérotons.

Knowledge of the Fano factor F and the average energy-per-hole-
electron pair € enables one to determine the theoretical limitation of the
energy resolution. Figure 2 presents this limitation as a function of the energy
deposited in a germanium crystal for different nondetector contributions. This
calculation.-was based on F:= 0.30 and % = 2,98 eVu). For‘jo 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.
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Methods (to be published)

Figure Captions
Fig. 1. A thin-window lithium-drifted germanium detector.
Fig. 2. Energy resolution as a function of the energy less in the detector

for different nondetector contributions.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, 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.









