#0283 #5104
2004 4E 10 A

R RN Vol.28, No.10

HICH ENERCY PHYSICS AND NUCLEAR PHYSICS Oct., 2004

A Set of Ionization Chamber Telescope Used
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in Dissipative Heavy Ion Reaction Measurement
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Abstract In order to identify the charge number Z of the projectile-like fragments emitted from the dissipative heavy ion reactions,

a set of AE-F telescope has been constructed, which consists of two ionization chambers for AE| and AE, in series followed by a po-

sition sensitive semiconductor silicon detector to deposit residual energy E. The trajectory of the incident particles is parallel to the

direction of the electric field in the ionization chamber. The detector system has a lower energy detection threshold, compact configu-

ration and capability against the disturbance from the electromagnetic wave. The charge resolution of Z/AZ =30 of the telescope has

been achieved in an experimental measurement of excitation functions of dissipative heavy ion reaction.
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The experimental study of dissipative heavy ion colli-

sions requires the identification of the nuclear charge
number Z of the reaction products. For this purpose, a
gas-filled ionization chamber AE-F telescope detection
system with longitudinal electric field has heen construet- -
ed. The basic principle of the ionization chamber-! is
shown in Fig.1.

A charge ¢ is generated at a distance of x from the

Anode

- R - -
anode when charged particle passes through the sensitive -J_— o a L o
volume of the chamber. The inducted current on the an-
ode of the ionization chamber is given by, Fig. 1. Principle scheme of the lengthwise

d
I= E(th’udr/a’

where vy, is the dnift velocity of the electron, @ is the dis-
tance between cathode and anode. Then the corresponding

voltage signal can be derived as,
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electric field ionization chamber.

where C is the capacitance of the chamber. A uniform
ionization process of the incident particle in the gas can
be assumed, if the energy loss of the charged particle in
, the chamber is much smaller than the total energy of the
U(r) = g% =C JO I(1)de = gg ’ particle . Therefore, inducted voltage pulse on the anode of
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the chamber is given by:

Ne

2¢°

where N, is the total number of the electrons generated by

Um =

a charged particle passing through the sensitive volume of
the chamber which is proportional to the total energy loss
of the incident particle in the gas. Hence, the extracted
output pulse height is also proportional to the energy loss
of the particle in the chamber.

Accordingly, a set of AE-E ionization chamber tele-
scope system is constructed. The schematical drawing of
the telescope is shown in Fig. 2. The container of the
telescope is a pyramid-shaped chamber made of brass. It
was machined with accuracy by cutting as a whole to en-
sure a signal against the disturbance from electromagnetic
wave and ensure a vacuum in chamber against leskage.
The ionization chamber that has a sensitive length of about
60mm, is divided into two sequentially arranged parts of
AE; and AE,(30mm in length for each) . The anodes of
AE; and AE; are hoth rectangular empty metallic frames.

A 2um thick Mylar foil, evaporated with about 30
pg/cm® aluminum on the inner chamber side which is
electrically grounded, is acted as the entrance window of
the chamber and the cathode of AE;. The ionization
chamber AE (AE| and AE,in series) is followed by a

3

Fig. 2. Configuration of the double-AE lengthwise

electric field ionization chamber.
1.AK; anode,2. ground,3.AK, anode,4. £ detector,

5. frame, 6. copper crust, 7. isotonic pole, 8. entrance.

position sensitive surface barrier silicon detector of 300um
in thickness with an active area of 8mm x 45mm to de-
posit the residual energy E of the incident particle inside
the telescope. In order to collect ionized charge produced
by the incident particle inside the ionization chamber ef-
fectively, two equipotential frame-shape electrodes are
placed on both side of the anode to form a strong electric
focusing field toward the anode. The simulation of the
electric field distribution inside the chamber is shown in
Fig. 3.
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Fig. 3. Eleciric field distribution inside the ionization chamber.

The performance of the ionization chamber has been
tested by using a Th-Th’ Ca source. The chamber was
filled with a mixture-gas of 90% argon and 10% methane

at a pressure of 200mb in flowing mode. Optimum voltage
ratio between the anode and the equipotential frames of

the chamber was selected by measuring the voltage plateau
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curve. The bias voltages at the anode and the equipoten-
tial electrodes were 300V and 100V, respectively. The
position sensitive silicon detector was cooled by using a
semiconductor cooler. The energy signals of AE-E and
position signal derived from the detector system were am-
plified and then sent to a multi — channel analyzer. In or-
der to measure the position resolution of the telescope sys-
tem, a collimator with 16 slits with 0.5mm in width and 3
mm interval between two slits, placed in front of the sili-
con detector. The test result is that, for the a particles of
8.78MeV and 6. 04MeV, the energy resolutions of the
ionization chamber AF and the silicon detector £ are 7%
and 0.6% , respectively. The deduced charge resolution
Z/AZ of the detection system is about 30. The position
resolution of the silicon detector is 0.5 mm.

Recenily an experiment of excitation function mea-
surement in dissipative heavy ion collision of F + 27 Al
has been carried out at the China Institute of Atomic En-
ergy, Beijing. The “F8* beam was provided by the HI-13
tandem accelerator. The beam energies were varied from
110 to 118.75 MeV in steps of 250keV. The target was a
ZTAl foil with a thickness of 60ug/cm”. Four sets of this
type of AE-E ionization chamber telescope system were
installed at ,,;, = 50°,30°, — 15° and - 30° in the mea-
surement to identify the charge number Z of the projec-
tile-like fragments. The ionization chamber was filled with
a mixture-gas of 90% argon and 10% methane at 100mb
pressure in flowing gas mode. The bias voltage of the an-
ode and equipotential electrodes were 300V and 100V, re-
spectively. A pair of permanent magnets were put in front
of the chamber entrance window to reduce the strong in-
fluence of electrons emitted from the target.

A typical scattering plot of (AE, + AE,)-E two di-
mensional spectrum is given in Fig.4. It is seen that the
projectile-like fragments from the F + 2" Al reaction can
be separated very well. The distribution of production ele-
ments obtained from the Fig.4 is presented in Fig.5. The
charge resolution Z/AZ =~ 30 of the telescope detection
system is deduced. The better charge resolution should be
obtained for the higher gas pressure but it will induce
higher detection threshold. As an example of the primary
data analysis, Fig.6 shows the experimental angular distri-
butions for dissipative produet F,Ne and Na elements mea-

sured at beam energy 114MeV . The angular distribution
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Fig.4. A typical (AE-E) scatter-plot obtained at
E3(PF8*) = 114.25MeV for "°F + 7 Al reaction.
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Fig. 5. Charge distribution of the projectile-like
fragments from the reaction of °F + 7 Al at
E L (PF* ) = 114.25MeV and 0, = 15°.
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Fig. 6. Angular distributions for different projectile-like

fragments measured in the reaction of °F + % Al

at Eyy(°F8*) = 114.00MeV .
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shows a typical feature of dissipative heavy ion reactions,
which can be fitted by two different slopes. The AE-E
telescope system was successfully used in the excitation
function measurement of dissipative products from the re-
action of °F + %Al

The advantages of the detection system are lower en-
ergy detection threshold and wide dynamical range which

allows the detection of the light particles as well as the

heavy elements with good resolution. Moreover, the good
position resolution makes it to cover a large solid angle
with a relative compact detector and the brass outer box
makes it with the capability against the disturbance from
electromagnetic wave. In fact, this type of AE-E ioniza-
tion chamber telescopes have been successfully and widely
used in our experimental measurements of excitation func-

tions of the dissipative heavy ion collisions 23!
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