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Searching for Multi-neutron System

A long-standing question in nuclear physics 1s whether the
chargeless nuclear systems can exist.

2N ? 3n ? 4N ?

pion-induced double-charge-exchange (DCX) reactions
Some attempts:

Uranium fission reactions



The Reaction
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Set up of the Experiment
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Fig.2 | Experimental set-up and charged fragments momenta. Left:
schematic view of the experimental set-up. The ®He secondarybeam at 156 MeV
per nucleonistransported fromthe BigRIPS (Big RIKEN projectile-fragment
separator) intothe SAMURAI set-up, whereiit hits aliquid-hydrogen (LH,)
target. Inaquasi-elastic (p, p'He)reaction, the *He core is knocked out from the
*He projectile. Scintillator detectors and drift chambers are used for beam
identificationand tracking. The trajectories of the outgoing fragments are
tracked by threesilicon (Si) planes and bent afterwards through the SAMURAI
spectrometer towards the focal-plane detectors. Two neutron-detector arrays

°
/ . ., ¢
Yy NV
r~a “He 400 600 800

< / Fragment detectors

Beam and fragment momenta

“He 8He p

-

P (MeV/c per nucleon)

were placed ata forward anglebehind the SAMURALI. An additional scintillator
wall was placed at smaller bending angle to detect the unreacted ®He beam.
Right: measured momenta of the knocked-out *He and the scattered proton
after the quasi-elastic scattering (symbols). The momentum distribution of the
incoming *Hebeamis shown for comparison. Thesolid curves are the results
from the simulation. The cyan (magenta) dotted linerepresents the upper
(lower) limit of the *He (proton) momentum expected from the simulation
assuming a quasi-elastic scattering,and the orangelineindicates the central
beam momentum.



Calculation of the 4n Energy
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Resonance Peak

"~ @ SHe(p, p*He)
30 |- — “n resonance
. - -- Continuum !
Continuum = ~ — Background
. % _ — Total AL L4
L 20 . ® ¢ [ ®
Resonance S I
(7))
+ =S
S 10
Background i




Fitting the Data

Model for the whole spectrum: f (E4n) — afres T bfcon T Cfbga’
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Error Estimation

Statistical uncertainty: )(2 Minimization

Systematic uncertainty: Carrying out another experiment
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