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Development of a silicon detector array with large dynamic range

M. Kurokawa,∗1 H. Baba,∗1 J. Blackmon,∗2 J. Elson,∗3 M. McCleskey,∗4 T. Motobayashi,∗1 H. Murakami,∗1

T. Murakami,∗5 H. Otsu,∗1 C. Rasco,∗2 A. Saastamoinen,∗4 L. Sobotka,∗3 L. Trache,∗6 R. Tribble,∗4

K. Yoneda,∗1 and J. Zenihiro∗1

We have developed an array of strip silicon detectors
for the Coulomb beakup experiments with proton-rich
heavy nuclei at intermediate energies. The breakup
reaction, where the final state consists of one or two
protons and the residual heavy charged particle, is an
inverse reaction of the radiative proton capture and has
been considered one of the most promising methods to
extract the reaction rate of the capture process. The
extracted rate gives us insight into the nucelosynthesis
through the rp process, consisting of sequential proton
captures on nuclei for producing heavier ones. The ar-
ray measures the four momentum of each particle in
the final state for specifying the excitation energy of
the state along with the SAMURAI spectrometer. We
plan to build an experimental setup capable of measur-
ing the rates involving nuclei with masses up to 100.

The heaviest case is the breakup of a 101Sb nucleus.
The energy deposit of the breakup fragment 100Sn is
502 times that of a proton. The dynamic range of the
array must be larger than the difference in the energy
deposit. The design value for the upper and lower de-
tection limits were set to 1 GeV and 200 keV, respec-
tively, after taking into consideration the possibility of
the pile-up of events.

The total number of signal channels becomes more
than one thousand for sufficient momentum resolution.
In order to effectively treat such a large number of
signal channels and to suppress the cost per channel,
we need to employ the Application Specific Integrated
Circuits (ASIC) technology for the array.

In view of the above requirements, we constructed
an array consisting of newly developed preamplifier
ASIC providing a large dynamic range by implement-
ing high- and low-gain channels,1) another ASIC sys-
tem called HINP for subsequent pulse shaping,2) and
the silicon detector developed for the GLAST mis-
sion.3) The items in the following list were examined
for the characterization of the array by irradiating the
detector directly at the HIMAC facility .

(1) Linearity in the range from 390 keV to 300 MeV
(2) Cross talk between neighboring strips
(3) Yields of δ rays for the irradiation of heavy
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Fig. 1. Energy peak at around 390 keV obtained from the

irradiation of a 150-MeV proton beam.

Fig. 2. Measured energy as a function of calculated energy.

The slope of the line is 1.

charged particles

The smallest energy deposit 390 keV was made by
a 150-MeV proton beam(Fig. 1). For larger deposits,
56Fe and 84Kr ions were accelerated as primary beams
and we selected secondary beams having a mass-to-
charge ratio of two. The linear response of the low-
gain channel shown in Fig. 2 indicates that the dual
gain system of the preamplifier ASIC succeeded in ex-
tending the upper limit to higher than 100 MeV, which
is the limit of the high-gain channel. The results ob-
tained for the last two items will be used for the estima-
tion of the background rates for the proton detection.
The determination of the upper and lower limits is the
subject for the next irradiation.
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Development of a γ-ray calorimeter for the measurement of highly
excited states

Y. Togano,∗1,∗2 M. Shikata,∗1 Y. Kondo,∗1,∗2 and T. Nakamura∗1,∗2

The γ-ray calorimeter CATANA (CAlorimeter for
γ-ray Transitions in Atomic Nuclei at high isospin
Asymmetry) has been developed to measure highly
excited states such as the pygmy dipole resonance
and/or the giant dipole resonance. CATANA will
be used with the SAMURAI facility at RIBF.1) The
excitation energy spectrum will be reconstructed by
combining the invariant mass of the reaction prod-
ucts measured by SAMURAI and γ-ray energies from
CATANA. CATANA is focused on achieving a high
detection efficiency because the probability of multiple
γ-ray emissions is high in the decay of the highly ex-
cited states. Our goal is to achieve 55% photo peak
efficiency for a 1 MeV γ ray from a beam with velocity
β = 0.6.

The cross-sectional view of the CATANA array is
shown in Fig.1. The array consists of 200 CsI crystals,
whose thickness ranges from 9 cm to 15 cm. The col-
ors indicate the different crystal shapes. The array is
composed of six crystal shapes to minimize the empty
space between the crystals. The crystals at the for-
ward angle are thicker to cope with the Doppler shift
of the γ energy. The array covers angles from 10◦ to
120◦ along the beam axis. The angular coverage per
one crystal along the beam axis is about 9 degrees, and
perpendicular to the beam axis, it is 18 degrees. The
space inside the array is of ellipsoidal shape, whose ma-
jor radius is 25 cm and minor radius is 20 cm. R11265
(Hamamatsu) PMTs will be used for two types of for-
ward detectors, shown as yellow and saffron yellow in
Fig. 1, and R580 (Hamamatsu) PMTs will be used
for other detector shapes. Signal from a PMT will

Fig. 1. Cross-sectional view of the CATANA array. Colors

of crystals correspond to their shapes.
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be processed in the spectroscopic amplifier 4494 from
Clear Pulse Corporation. The pulse height information
from the amplifier is digitized by a Mesytec MADC32
ADC. The timing information is processed in the 4494
amplifier using a build-in constant fraction discrimina-
tor, and digitized by a CAEN V1190A TDC. The logic
trigger signal is generated as an “or” signal from the
timing information.

The detection efficiency and the energy resolution of
the CATANA array was estimated by using a Monte-
Carlo simulation based on the code GEANT4. The
thickness of the crystal housing and the space between
the housing and crystal were assumed to be 1 mm in
the simulation. The efficiency was calculated as 56%
and 36% for 1 MeV and 10 MeV γ rays, respectively,
from a beam with velocity of β = 0.6.

The prototype CsI crystal was tested at the Tokyo
Institute of Technology. Fig. 2 shows the prototype
CsI(Tl) crystal. The thickness of the crystal is 9 cm,
and the shape of the prototype crystal corresponds to
the blue one in Fig.1. The R11265 PMT is attached at
the top side of the crystal. The crystal is wrapped by
the ESR film (3M) of 65 µm and Teflon tape as reflec-
tors. An energy resolution of 8.5% was achieved for the
662 keV γ ray with the prototype crystal. Based on the
measured resolution, the energy resolution (FWHM) of
13% and 9% for 1 MeV and 10 MeV γ rays, respec-
tively, from a beam at β = 0.6 is expected with the
entire CATANA array.

The fabrication of 200 crystals will commence in
spring 2014, and the entire system will be completed
by spring 2015.

Fig. 2. Photograph of the prototype CsI(Tl) crystal.
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