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Tetra-neutron system produced by exothermic
double-charge exchange reaction (NP1012-SHARAQOS)
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(n n+) reaction @ 165 MeV:; 6_, = 0 degree
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We have measured the momentum spectrum of 7t
produced at 0° by 165 MeV 7~ on 4He. A AP/P =
1% beam of 10® 7~ per second was provided by the
P3 line of the Los Alamos Meson Physics Facility,
and a cell of 910 mg/cm? liquid 4He with windows of
18 mg/cm? Kapton served as the target [15]. An
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Fig. 3. The experimental results are plotted against the exci-
tation of the final four-neutron state. The solid curve corre-
sponds to the pure four-neutron phase space, while the dot—
dashed and dashed curves are the four-neutron phase space
curves with singlet state interactions in, respectively, one
and both of the final state neutron pairs.
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Double charge exchange (DCX) reaction of HI
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HI DCX reaction can be used for
spectroscopy for exotic nuclei
(q is not so small >80 MeV/c)
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12C(180,18Ne)!?Be @ 80A MeV [RCNP]
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¢ Angular distribution is consistent with two-step
GT transition for Gnd and 2-MeV peaks
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Reaction Mechanism
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Multi-neutron system

4He(8He,8Be)4n ‘He+8He CX Reaction at 200 4 MeV
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RI Beam Factory at RIKEN

3 injectors + cascade of 4 cyclotrons

= several to 345 MeV/nucleon
A variety of primary beams ( d(pol) to U )
World highest-intensity RI beams
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SHARAQ spectrometer s s s oo s

RIBEE20 Room

Maximum rigidity
Momentum resolution
Angular resolution
Momentum acceptance
Angular acceptance

6.8 Tm

dp/p =1/14700
~ 1 mrad

+ 1%

~ 5 msr NS ﬁﬁ\*
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Preliminary data (absolute scale has systematic error)
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momentum correlation between 8He beam and 8Be ejectile
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Preliminary missing mass data & discussion
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4n wave packet
Continuum spectrum from Gaussian wave packet just after DCX

with n-n FSI
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Fig. 2(b) of L.V. Grigorenko, N.K. Timofeyuk,

M.V. Zhukov, Eur. Phys. J. A 19, 187-201 (2004)
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Investigation of the 4n system at SAMURAT by measuring
(p,pa) quasi-free scattering at large momentum transfer in

complete kinematics S. Paschalis (TUD) for SAMURAL collab.
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Direct measurement of multi-neutrons
Multi-neutron tracker
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Range of proton above 30 MeV > 9mm
Tracking of recoil protons -> identification of cross talk from a single neutron



Present design
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Prototype module (micro-hodoscope)

« 3tx6¥x100' mm? plastic scintillator (BC408) x 16
 MPPC (S12572) for sensing scintillation
« Supporting frame for Four micro-hodoscopes
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MPPC (Multi-Pixel Photon Counter)
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Readout (under consideration)

Hit / Charge / Timing
« TDC (V1290) from “pulse-width over threshold” or “QTC” signal
» Delay-line readout may be used (if “timing planes” are introduced)
« Timing plane without segmentation (100x100 mm?) for better timing resolution



