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Abstract

NEBULA (”NEutron Detection system for Breakup of Unstable Nuclei with Large Acceptance”) is a large Neutron-
Detector array which now being constructed in RIKEN Nishina Center for Accelerator-Based Science. NEBULA
has a large effective area (1800mm (V) x 3600m(W)). NEBULA is expected to be located at about 10m from the
target position, which corresponds to the angular acceptance of 4/-10deg(H) x 4 /-deg(V). NEBULA is composed
of 2 layers, each of which has 30*2 neutron detector modules associated with 12 VETO detectors, are each module
is made of fast plastic scintillator(BC-408), with both ends being coupled to a photo-multiplier tube. So NEBULA
also has high intrinsic detection-efficiency for neutrons of 40

NEBULA Detector is planned as a part of multi-particle spectrometer “SAMURAI(Superconducting Analyzer
for Multi particles from Radiolsotope Beams)”. This is a detector complex for RI-Beam experiment. It aims very
broad physical topics, and NEBULA especially play an important role for (,n)-type invariant-mass spectroscopy
experiment. NEBULA is just suitable to detect fast neutrons(100-300MeV) emitted for a wide solid angle in such
as experiment.

In this thesis, I have evaluated particle-detection performance of NEBULA’s neutron detectors and also aimed
at establishing a method to evaluate basic performance of NEBULA by an offline test experiment. I have used
only off-line event-sources such as cosmic rays and RI source. I have constructed electronics and data-acquisition
system(DAQ), tested and calibrated electronics modules. I used 3 event sources — Time Calibrator Module,
Cosmic Ray and RI Source. The Calibrator was only used for th timing. Cosmic Ray is used for general
purposes. RI Source 241 Am-Be was used for the energy calibration. Using these sources, I calibrated time and
energy scales. For position calibration, I used external reference detectors. I obtained exact reference for timing-
to-position calibration. Using calibrated position and geometrical analysis, slew corrections were made as well to
obtain better timing resolution. Finally the obtained position and timing resolutions are shown.
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[ ID | 0OMeV | 4.2MeV [ 30MeV[[ID | 0MeV | 4.2MeV | 30MeV
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107 0 124.95 826.2 |[207 0 128.60 852.7
108 0 129.22 843.4 ||208 0 130.34 847.1
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Y Coincide with Horizon Detector
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tiw+tia  tout+tea  dty+dtg
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— H H
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Residual Correction
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Constant Fraction Triggering

T T
Input Pulse
Delayed Pulse -~
\ Inverted and Attenuated Pulse --------

0.8 - \ Synthesized pulse T

0.6 | / \ \ 4

/ \
0.4 q

02 F 4

Pulse Height

.04 F 4

-0.6

O 4.21: CFT(Constant Fraction Triggering) 00000000 GaussianO0O 0000000000 (Input Pulse)
000000000 Delayed Pulse, 0100000000 OOO Inverted and Attenuated PulseD OO0 20000
00000000 (Synthesized Pulse)DCFTUOOO0O00D0OO00O0ODOOOOOOOOOO

gbooobooogo

000000000 20000000000DDO00ddYy00DOO0OOODOO0O0ODO 20000020000
gboooboooboooboobooboobooboobooboobobbobboboboboboobobooboo
ubobobgbobooobobbobooooobdobobobobobobobooboboboboboon
OOslewOOOOOOODOOOOOOODOOOOOODODOOOOOOOODODOOODODODOOODODOO
coooooooooooooOoOoOboOOo0o0oOoooboOOobOOoO0OooooooDOOobOOoOoOoooDoDoObody O
coooooooooobooooOooooogoooobooooobo o, 0DOOO

O = f(dAY) (4.62)
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ID | o, Odt, H ot, Ot, H o(T)
101 | 0.348 0.296 || 0.312 0.260 || 0.203
102 | 0.262 0.224 || 0.212 0.174 || 0.137
103 | 0.225 0.207 || 0.164 0.151 || 0.111
104 | 0.370 0.342 || 0.337 0.311 || 0.229
105 | 0.242 0.216 || 0.187 0.163 || 0.124
106 | 0.299 0.278 || 0.256 0.239 || 0.175
107 | 0.348 0.306 || 0.312 0.271 || 0.207
108 | — — || 0.154 0.142 || 0.105
109 | 0.270 0.217 || 0.222 0.165 || 0.138
110 | 0.238 0.216 || 0.182 0.163 | 0.122
111 | 0.213 0.199 || 0.147 0.140 | 0.101
112 | 0.247 0.241 || 0.193 0.195 || 0.137
113 | 0.193 0.199 || 0.117 0.140 || 0.091
114 | 0.186 0.214 || 0.105 0.161 || 0.096
115 | 0.189 0.238 || 0.110 0.191 || 0.110

201 | 0.232 0.220 || 0.178 0.172 || 0.124
202 | 0.250 0.230 || 0.201 0.184 || 0.136
203 | 0.219 0.206 || 0.160 0.153 | 0.111
204 | 0.305 0.278 || 0.266 0.242 || 0.180
205 | 0.301 0.280 || 0.261 0.244 || 0.179
206 | 0.352 0.316 || 0.319 0.285 || 0.214
207 | 0.314 0.275 || 0.276 0.238 || 0.182
208 | — — || 0.150 0.138 || 0.102
209 | 0.308 0.243 || 0.269 0.200 || 0.168
210 | 0.336 0.262 || 0.301 0.223 || 0.187
211 | 0.243 0.221 || 0.192 0.173 || 0.129
212 | 0.243 0.206 || 0.192 0.153 || 0.123
213 | 0.224 0.220 || 0.167 0.172 || 0.120
214 | 0.225 0.193 || 0.168 0.135 || 0.108
215 | 0.191 0.205 || 0.119 0.152 || 0.097
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ID oy
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103 17.6
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107  33.6
108 17.5
109 21.8
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114 15.9
1202 21.0
203 174
204 28.5
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206 33.3
207 28.8
208 16.7
209 27.2
210 294
211  20.1
212 194
213 19.1
214 16.9
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