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A new E E CAlorimeter TElescope, CATE, has been developed to
identify the reaction products from secondary fragmentation reactions or
Coulomb excitation. Radioactive relativistic beams with energies between
90 and 400 MeV/u and instantaneous rates of up to5 10* particles/s
bombarded the detector system. CATE distinguishes the reatton channels
in terms of charge ) and mass (@A) and gives position information about
the impinging ions, used for impact parameter determinatian.

PACS numbers: 07.20.Fw, 95.55. n, 25.75. g, 29.40.Mc

1. Introduction and motivation

During the recent RISING [1] campaign at GSI, stable and radbactive
heavy-ion beams separated by the FRS [2] at relativistic engies between
90 and 410 MeV/u have been used to perform fragmentation reactions and
Coulomb excitation on secondary targets. To identify the ougoing reaction
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products and to get an information about their scattering angle, a new

E E CAlorimeter TElescope (CATE [3]) has been designed. The CAE
detector was so far employed for the detection of heavy ionsdm °°Ni up to
1382xe. The performance for°®Ni primary beam particles and *°Ni secondary
fragments is described.

2. The CATE detectors

The CATE array consists of nine Si-Csl(Tl) E E telescopes. Down-
stream from the secondary target position, the array coversn opening angle
from 0 to 3 degrees in . The size of each Si detector iS50 50) mm?, the
active thickness is 300 m and the resistive sheet amounts to 2 k/cm?. The
energy resolution of such a detector is typically 80 keV for 5 MeV 2*1Am

particles. The intrinsic position resolution, measured wih the same -
source ( X; V), is better than 3 mm in x and y. Each CsI(TI) scintillator
has a size of 54 54) mm? and a nominal thickness of 10 mm. It is read
out by a photodiode with a size of (18 18) mm?, attached to an integrated
low gain preampli er [4]. The nine telescopes are arrangechithree by three
con guration. Because of the dead layer of 4mm between each twtele-
scopes the geometrical e ciency of the total array is 92 % wih respect to
the incoming particles.

3. The position measurement

When a reaction product impinges on the Si resistive sheet itreates
charge carriers. They migrate to the four corners, where theontacts for
the outgoing signals are located. By a relative comparison dhe produced
pulses the position of that particle can be obtained followng a simple ge-
ometrical algorithm. As the detector response is not everywere linear,
several linearization procedures have to be performed in der to obtain the
square geometrical shape from the detector response [3].

4. The energy measurement

The energy E, deposited in the Si detector, is measured at the back
contact. Therefore the atomic numberZ of the impinging particle can be
deduced. The CsI(Tl) measures the particle's residual engy, Ees, Which
together with  E is proportional to its mass, A, under the assumption that
all particles with the same mass have the same velocity. Sena e ects in-
uence the energy measurementj.e. position, velocity distribution, beam
intensity, and the reaction mechanism. The position dependnce of the im-
pinging particle is an e ect connected to the nature of the deectors, while
the velocity spread and the ion intensity are beam related eects. With



Calorimeter Telescope for Identi cation of Relativistic Heavy lon ... 1247

58Ni primary beam, the measured mean energy resolution valuesf CATE
of 2.0 % (FWHM) for the Si and 0.8% (FWHM) for the CsI(TI) detec tors
were determined using only position corrections. In orderd obtain a precise
energy determination with a °Ni fragment beam and hence unambiguous
identi cation, the e ect of the velocity spread also needs o be corrected for.
After applying an absolute energy calibration, the experinental data were
compared with a simulation. Such E E spectra are shown in gure 1. A
simulation (using the code LISE++[5]), corresponding to the experimental
conditions, is plotted on the left and the experimental spetrum is plotted
on the right. A unique Z identi cation can be expected from the simulation

Fig. 1. Comparison of a simulation (left) and the experimental data (right) for the
reaction °Be(*°Ni,xn; yp).

and is observed in the experimental data. For the®®Ni beam the nuclear
charge is determined with an accuracy Z=Z = 0:7 (FWHM). From the
simulation no separation of two neighboring masses (A=A 1) for this
(A 55) region can be expected, what is conrmed by the experimenta
spectrum. The reason is the reaction mechanism, an e ect thain case of
fragmentation reactions turns to be severe. When th&Ni fragment particle
interacts with a target nucleus (in this case®Be) its momentum distribution
is broadened. By removing nucleons the broadening of the ergyr distribu-
tion can reach up to several percent. This e ect was descrilzkin the past
by Goldhaber [6] and later parametrized to match experimenal data by
Tarasov [5,7]. Furthermore, the measured energy distribubn of relativistic
heavy ions according to the Universal parametrisation of Taasov [7], does
not follow a Gaussian shape, but is slightly asymmetric. Fora singleZ, i.e.
Z = 25, the all produced isotopes are overlapping and creating oneommon
E E distribution according to the simulation. When a separate @lcula-
tion for each single isotope is performed, a clear shift in ta centroid of the
total ( E + Ees) energy distribution is observed. To compare the expected
energy distributions with the experimental data, a linearization procedure
is applied as described in reference [3]. Simulated total engy distributions
for each Mn isotope are shown on the left of gure 2. The total nass dis-
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Fig.2. A simulated single mass distribution spectrum (leff), for the Mn isotopes,
produced in the reaction®Be(*°Ni,xn; yp), is compared with the experimental single
mass distribution spectrum (right). The total mass distrib ution for all 4” 5Mn in

both cases are plotted as top curves.

tribution for Z = 25 is plotted as an envelope curve. The corresponding
experimental data are shown on the right. The total experimatal mass dis-
tribution can be decomposed to single mass distributions bgomparison of
the peak positions and widths with the simulation. The di er ent masses of
Mn isotopes are indicated by the arrows. Obviously the meagsed resolution
is signi cantly better compared to the theoretical model. The parametriza-
tion used in the model had been optimized for lower particle eergies. Our
new data allow now to improve the model parametrization.

5. Summary

The newly developed E E calorimeter telescope identi es relativistic
heavy ions at energies around 100 MeW. It has a good position resolu-
tion of 3 mm for scattering angle reconstruction, an unique oclear charge
resolution Z=Z of 0.7 (FWHM) and a mass resolution for fragmentation
reactions of 2 3 % (FWHM).
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