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‘He(8He,3Be)*n kIt @ IEFARIBF 2
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E (8 H e) =186 MeV/u 10 wave packet g3 L background x 10 -
~ just after reaction -
> ] o _
é) i B resonance A" "4 direct decay i
S 6f % -
= & & :
O 4r -

o=
i \ — \ W\
| e i g

-20 -10 i 10 20 30 40 50 60
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E,, = [m(4n3R) —4m, |c*

E=0.83£0.65+1.25 MeV, '<2.6 MeV

https://www.u-tokyo.ac.jp/focus/ja/articles/a_00448.html K. Kisamori et al., Phys. Rev. Lett. 116 (2016) 052501
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7Li(7Li,1°C)4n Rt @ Garching/Miinchen

1 10 4
E(7Li)=46 MeV B, Cas * 1

4n|FIERAE (E=2.9 MeV)

E*('°C+4n) / MeV
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T. Faestermann et al., Phys. Lett. B 824 (2022) 136799 https://www.tum.de/en/about-tum/news/press-releases/details/37068
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 T(n) = 165 MeV : ¢ |
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I'LPC Caen, Normandie Université, ENSICAEN, Université de Caen, CNRS/IN2P3, 14050 Caen, France +
2 Université Paris-Saclay, CNRS/IN2P3, IJCLab, 91405 Orsay, France P(m’) [MeV/c]
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1255515 (Green Function Monte Carlo)
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12C IL2 result is preliminary.

S. C. Pieper, Nucl. Phys. A 751, 516c (2005) inclusion of extra 3N or 4N interaction

drastically changes
energies of A>4 nuclides

modified NN interaction
changes energies of other nuclides,
including di-neutron

S. C. Pieper, Phys. Rev. Lett. 90, 252501 (2003)
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o 4He(8He,8Be)*n: TRDIE LV\HLISIREE (E>0) ? [20165F]
o 7Li(7Li,10C): SRAZIREE (E<0) ? [20224F]

o IBRETE (GFHIZ p.6 DL E a1—mXEEMRE)
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O B> 0785 |XFEINRE
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O B < 078 5IXIEFREIRRE
BWVEBEEAET*n > n+n+n+n CEIFE|CBRIE
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o FEETXRILFX—BD LEPR{EB < 1.5MeV
19B (FREA2.92ms) DAFREFREET RILF— S, =1.5MeV
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To be, or not to be,
that is the guestion.



To be bound, or not to be bound,
that will be the guestion.

E= 0.83X0.65X1.25 MeV (RIBF)
E=—0.42+0.16 MeV (Munchen)
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B3+ ML EIC & B bound tetraneutron 3R

Schiffer et al.

Cierjacks et al.

Détraz

Turkevich et al.

De Boer et al.

V.K. Rao et al.

K. Otozai et al.

Novatsky et al.

thermal n+235U

50 MeV d+238U

24 GeV p +W
700 MeV p+238U
130 MeV 3He+Te

thermal n+235U

thermal n+235U,

n+9Be—6He(—a+2n)+a

62 MeV a+238U

(27Al—>28Mg)

27A[—)28Mg

14N— 17N
2TA|—>28Mg
14N, 160—17N
26Mg—28Mg
103Rh—105Rh
209Bj—>211RBj, 212Bj

Tokyo Tech

64,66,67,68,707n—>727

130Te—132Te

208Ph—>212Ph

' 206,208Ph—>212,213Ph

85,87TRb—91,92Rb

885r—>925r
27A[—)28Mg
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Schiffer et al. DEER

o 14N(4n,n)17N, 27Al(4n,t)28Mg IR I D ERH) 17N, 28Mg Z FR3R
o MMERDIHH S8CMDIET
7= bA—)L CoHaN4 3.5¢ (CEE5Y
o MEIEZEZRFILDYVTILAT
SHEDTILI = L1l.4g (ZHEE
o TN DEFEPMF, 28MgDHVIRIFBERICERA NG
o INEFATCTHEE—D. ARIFICEITAT T2 a— FOVEKERE

J.P. Schiffer and R. Vandenbosch, Phys. Lett. 5, 292 (1963) 13


https://doi.org/10.1016/S0375-9601(63)96134-6

Schiffer et al. DEER

Table 1
Relative frequencies of various known and postulated par-
ticles in fission.

[1RE]
= IC i
14N(4n,n)’N ... 50mb
27Al(4n,t)28Mg... 40mb

Particle | Number observed per 10° fissions

500 (U239 + thermal n)
330 (Cf252  spontaneous fission)
7.4 (Cf252)

< 1.5 (Cf252)

EKICEEFNBEF#*% (D, O)
O R IGERETE -+ 0.5 b
(‘FXIBHB1TEE 25cm)

20 (Cf252) 17
< 0.002(from N*‘ activity and the 1] 4=
two assumptions stated ZIRBIZD O
< 0.04 in the text) FhSZa—bFOYERSR
< 0.0005 (from Mg28 activity) <55 10-
< 0.0005 (from Mg28 activity) X
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¢ . Ulli Kdster, Ph.D thesis,
te 'na ry f|SS|On "Ausbeuten und Spektroskopie radioaktiver Isotope 5O UEE

bei LOHENGRIN und ISOLDE"
https://mediatum.ub.tum.de/doc/602843/document.pdf

® FL\* 75:1:':93{2'_{*? \F1 n_|_235U N AZ_l_A/ ,+Au
° 7(*‘14He (~0.2% per fission), triton LRV TS L)

|'|'.'|'|'|'|'|'| """ |'|'|'|'|'|'|' IR AR SRR R B R N2X103/fISSIOn

Valskl P|k Pichak B EXxp. [Vor72]
Rubchenya - E --------- Faust A Exp. [Bau92a]
A Ext. Halpern ® Exp. this work

S

~2x%x10-7 /fission

—h
-
|

—h
-
|

—l
o

~2x%x10-10 /fission

LRA = Long Range Alpha
Yield (per 10000 LRA)
|
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ternary fission

Asymmetric and Superasymmetric Fission
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BINARY FRAGMENTS
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F. Gonnenwein, Nucl. Phys. A 734, 213 (2004)
W. von Oertzen, A.K. Nasirov, Eur. Phys. J. 56, 299 (2020) 18
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