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Figure 3.49 Averaged occupancy of charged particles, p, � as a function of polar
angle in 132Sn + 124Sn at 18.5A MeV events from PHITS simulation.

Si-CsI detector unit coverage of polar 
angle tuned to be <occupancy> < 0.1
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(a) Charged particle polar angle distribution. (b) Proton polar angle distribution.

(c) Deuteron polar angle distribution. (d) Triton polar angle distribution.

Figure 3.47 Charged particle, p, d, t polar angle distributions in PHITS simu-
lated events.
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(a) 3He polar angle distribution. (b) 4He angle distribution.

(c) Neutron polar angle distribution. (d) � polar angle distribution.

Figure 3.48 3He, 4He, n, � angle distributions in PHITS simulated events.

132Sn + 124Sn @ 18.5A MeV
Particle and Heavy Ion Transport code System (PHITS) event simulation
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and the isospin neutral proton-neutron core. In Pygmy dipole resonance, the
symmetry energy acts as an excitation of the neutron-rich skin against the isospin
symmetry core.

Si-CsI Detector Produced charged particles from nucleus-nucleus collisions can
be measured and identified by the correlation between energy loss (�E) at Si
detector and deposited energy (E) at CsI detector. In addition to this, the energy
of gamma from Pygmy/Giant dipole resonances can be measured by CsI detector.

Particle and Heavy Ion Transport code System (PHITS) Simulation
If there are too many incident particles at detector at the same time, the detector
cannot resolve them and it can cause false information. One can avoid such a
problem with proper geometrical detector arrangement. In order to calculate proper
Si-CsI detector geometry, Particle and Heavy Ion Transport code System (PHITS)
was used for generating events from 132Sn + 124Sn collisions at 18.5A MeV. The
generated events were evaluated by looking at polar angle distributions of various
particle species and calculating particle occupancy of them within certain polar
angle ranges. The polar angle ranges were set to be averaged particle occupancy
below 0.1 for all particles and those polar angle ranges are criteria for proper Si-CsI
detector geometry.

Figures 3.47 and 3.48 show particle polar angle distributions of 132Sn+ 124Sn at
18.5A MeV events from PHITS simulation. Table 3.10 is the summary of particle
multiplicities per event in 4⇡ of 132Sn + 124Sn at 18.5A MeV events from PHITS
simulation.

Figure 3.49 shows the result of averaged occupancy for charged particles, p, �
given polar angle ranges and all of them is below 0.1 of averaged occupancy which
used for Si-CsI geometry.

Table 3.10 Particle multiplicity per event in 4⇡

Particle Species Multiplicity per Event (4⇡)
charged particle 16

p 10
d 2
t 2

3He 1
4He 2
n 33
� 3
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Ebeam < 18.5A MeV
For GDR Experiments (to test PDR measurements as well )

Beam

17.5o

145o

15o cone to allow 
neutron detection

25o cone to allow target installation

93 Si-CsI units at r = 40 cm

17.5o

145o

11.5o

11.5o

120 plastic scintillator neutron 
detector  units at z ~ 3.25 m
Solid angle = 133.3 msr 

50,54Ca, 68,70,72Ni, 106,112,124,130,132Sn RI beam
+ 197Au/208Pb (stable target)
+ 12C/no target (background control)
❖could be possible from ISOL
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17.5o

145o

10 cm wide window to allow 
neutron detection along equator

153 neutron detector units at r = 2.0 m
Solid angle = 382.5 msr 

17.5o

145o

- 4.0o

148o

86 Si-CsI units 

10 cm wide window to allow 
neutron detection along equator

Ebeam < 18.5A MeV
For Heavy-Ion Collision Experiments

50,54Ca, 68,70,72Ni, 106,112,124,130,132Sn RI beam
+ 40Ca, 58Ni, 112,118,124Sn stable target
❖could be possible from ISOL
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F0

F1

F2

F3

F4

F5

GDR(PDR) Measurements
-Reactions:

Photoabsorption collisions
106,112,124,130,132Sn + 197Au/208Pb
68,70,72Ni + 197Au/208Pb
50,54Ca + 197Au/208Pb

-Detectors: 
γ-array at F3
Spectrometer for beam fragments
(Δp/p better than 1/1000)
Neutron detector array at 0o

-Measurement:
Excitation energy E* from kinematically 
complete measurement of all outgoing particles 

To use RI beam from 
In-Flight at KOBRA 
& from ISOL

Charged Particle Measurements
-Reactions:

Central and peripheral collisions
50,54Ca + 40Ca
68,70,72Ni + 58Ni
106,112,124,130,132Sn + 112,118,124Sn

Under Study
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SSD + VA1TA
Data readout 
board

Power distribution 
board

Si detector: R&D with Kyungpook Natl. Univ.
CsI detector: 1st prototype in preparation

Si-CsI detector:
(ΔE-E technique for charged particle 
measurement as well as γ measurement)
•Energy resolution from simulation study

!Si: 0.5% of FWHM
(Energy resolution < 2% required for charged particle)

!CsI: 2.0% of FWHM
(Energy resolution < 5% required for max. 30 MeV γ-
ray)

GEANT4 Simulation is going on
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500 µm

500 µm

Si-CsI module
Si: 2 x 8 pad readouts
CsI: 4 x 4 APD readouts
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Figure 3.80 shows the Correlation between �E and E
tot

. (a) is for �E = E
1

,
(b) is for �E = E

1

+ E
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, (c) is for �E = E
1

+ E
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+ E
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, respectively. All cases are
for energy resolution = 0 which means ideal case. The results show that particle
identification looks better with more Si layers used for �E but limitation of low
energy particle identification is getting larger due to short penetration range of
heavier particles. Thus, �E = E

1

has to be used for low energy particles and
�E = E

1

+ E
2

+ E
3

is better to use for high energy particles, in order to identify
lager Z particles.

Figure 3.81 Similar as 3.80 but with finite energy resolutions of Si and CsI(Tl).
Finite energy resolutions of Si and CsI(Tl) used in simulations are indicated inside
plots. �E is E

1

+ E
2

+ E
3

.

Figure 3.81 shows the Correlation between �E = E
1

+ E
2

+ E
3

and E
tot

with
finite energy resolutions of Si and CsI(Tl) detectors. Plots (a) ⇠ in Figure 3.81 are
shown for the case of 0.5% FWHM of energy resolution for Si layers and varying
from 0.5% to 5.0% FWHM energy resolution for CsI(Tl) detector. The results are
clearly indicated that there is strong dependence with energy resolution of detectors.
For instance, energy resolution of CsI(Tl) is required below 2.0% FWHM in order
to separate oxygen isotopes (Z = 6) up to 500 MeV. In addition to this, plot (d)
in Figure 3.81 is shown for the comparison with others in case of 2.0% FWHM
of energy resolution for Si layers and 0.5% FWHM energy resolution for CsI(Tl)
detector. The results shows that energy resolution of Si layer is more important
than one of CsI(Tl) detector.
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Figure 3.82 Magnified plots of 3.81(b) for small Z particles without veto Si layer
(a) and with veto Si layer (b).

Figure 3.82 shows the magnified plots of 3.81(b) for small Z particles without
veto Si layer (a) and with veto Si layer (b). There are unexpected correlation
band around 100 ⇠ 300 MeV for Z = 1 and 450 ⇠ 900 MeV for Z = 2 in plot (a)
of Figure 3.82. The cause of these bands are from punch through (not stopped)
particles at Si-CsI(Tl) and they make a di�culty of particle identification due to
overlap with real bands. In order to remove unexpected correlation bands, 300 µm
thick veto Si layer is employed after CsI(Tl) block as shown 3.79(d). If veto Si layer
sees any particle, particles are removed from the calculation of �E�E

tot

correlation
and plot (b) of 3.82 shows the result. One can clearly see that unexpected bands
can be removed by veto Si layer.

Figure 3.83 shows the detection e�ciency as a function of kinetic energy for
proton, deuteron, and triton in case of �E = E

1

+ E
2

+ E
3

. In the estimation of
detection e�ciency, di↵erence between produced energy and deposited energy E

tot

has to be below 5% and the result shows that e�ciency is getting higher at higher
kinetic energy for heavier particles. For instance, e�ciency of triton is over 70%
up to 300 MeV for triton but e�ciency and energy range of proton are much lower
than triton.

veto Si detector can clean up 
unexpected correlation

350 msr each

(14o - 19o)

(19o - 24o)

Based on IQMD Au+Au@250A MeV 
& GEANT4  Simulation
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Input: IQMD Au+Au @ 250A MeV
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Thank for your attention!


