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Development of the Tagging Counter

for Heavy Ions
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Abstract

Recently, a variety of heavy ion beams have been ap-
plied for studies of nuclear physics. Furthermorg, experi-
ments with unstable nuclear beams have just beganl!). Since
unsatble nuclei have some different properties?) from stable
ones concerning spins, isospins or nuclear radii etc., ex-
periments with unstable nuclear beams are of great interest
in the study of nuclear structures and nucleus-nicleus in-
teractions.

Unfortunately, there are two difficulties for using

unstable nu

9]

lear beams. Firstly, unstable nuclear peams are
produced in a production target by a bombardment of stable

nuclear beams from an accelerator and are focused again onto
the second target for experiments. Due to an energy strag-
gling and a reaction kinematics, a practical energy resolu-
tion in the measurement is considerably worse compare to one

obtained using the stable nuclear beams. Secondary, an 1in-
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tensity of unstable nuclear beams is much lower (~ 10-5)

than that of stable ones. Therefore, experiments of

unstable beams should be specially designed to improve both
an energy resolution and a detection efficiency.

Our research group has carried out experiments with un-
satble nuclear beams of the "Be (T 1/2=53d) at the Research
Center for Nuclear Physics (RCNP), Osaka University3}). 1In
these experiments a magnetic spectrograph?’ "DUMAS" is used
to focus the 7Be beams produced at the first target onto the
second target. There is a momentum dispersive focal plane
at the mid point in the DUMAS. Produced particles, 7Be are
distributed at this plane according to each momentum. In-
serting a position sensitive detector ("Tagging Counter")
along this focal plane we can measure simultanecusly inci-
dent energies of secondary particles as well as energies of
scattered particles at the second target in every events.
Getting for these two quantities we can carry out experi-
ments with a good energy resolution. Furthermore, we can
perform experiments at many different incident energies at
the same time. This results an improvement of an efficiency
of the measurement.

So far, multiwire or singlewire proportional chambers
have widely been used for a ray tracing in the spectrograph

in the liéht lons reaction (p,d,etc.)3). These counters
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should have two windows (2 4m§/cm2) to fill gas and a gas
pressure of 2 0.5 atm. 1is necessary to obtain a sufficient
factor of a gas multiplication. A total thickness of these
counters exceeds at least 5mg/cm?. For heavy ions this
amount of thickness is too large and a resulting energy
straggling (Landau fluctuation) is estimated to be larger
than 540 kev at the incident energy of 150 Mev of 7Be. With
such a large energy straggling a beam spot size can not tune
to a sufficiently small size, typically ~ 2 mm X 2 mm at
the second ﬁarget.

In the present work we developed a new type of the tag-
ging counter. Since an energy loss of the beams in this
counter was designed to be very small this counter was well
suited for heavy ion experimenfs. The basic principle of
this counter was the detectionvof secondary electrons
ejected from an interaction of the beams with a very thin
foil. These electrons were accelerated, then deflected by
90° with an electric field onto an electron detector of a
microchannel plate (MCP). The presence of this counter
arose a negligible perturbation to the beam optics. We ex-
aminsd this counter with a -particles from ?%*!lAm source and
with "Be ions beam of 150 Mev in the spectrograph.

We have developed a tagging counter for an orbit trac-

ing of heavy ions in the magnetic spectrograph at the first
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time. We have designed the counter in which an energy loss
of ions is very small (200 kev for 7Be beams) and a dif-
ference of the beam orbit between with and without the coun-
ter is small enough. The emission point of the secondary
electrons from a thin foil bombarded by ions is determined
from the measurement with a position sensitive micro-channel
plate. The counter is magnetically shielded with an iron
box and even in the maximum magnetic field of the
spectrograph no problem arises in the detection of the
secondary electrons. We have observed the performance of
the tagging counter with an a -particles from the 241Am
source and with beams of ®Li, "Li and "Be in the
spectrograph.

The detection efficiencies of this counter for « , 8L1,
"Li and "Be particles are 60, 13, 23 and 20 %, respectivelv.
The position resolution for « , ¢Li and "Be particles are
8.2, 5 and 10 mm, respectively. The observed time Tesolu-
tion for a -particles is 9.6 nsec. This time resolution is
improved up to 3 nsec by changing the time constant of the
charge division circuit.

It is found that the detection efficiency and the posi-

tion resolution of the tagging counter strongly depend on
the yield and the collection'efficiency of the secondary

electrons. This arises from the fact that the secondary
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electrons have large spreads in an energy and in an angle.
Applying a high acceleration potential for the secondary
electrons the detection efficiency will reach to 100% and
the position resolution will be much improved, even for ions
of a small energy loss. Since the energy loss of heavier
ions ( A2 10 ) is very large, a good position resolution
and the detector efficiency are expected with the present
tagging counter.
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