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Exploring the Neutron Driplineg
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RIKEN+NEBULA

⃝⃝⃝ correlations

unbound systems

multi-neutrons
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Knocking Out Nucleons from the Driplineg

2
4

6
8

10
12 1

2

3

4

5

6

7

0

10

N (neutrons) Z
 (p

ro
to

ns
)

➤

➤

➤

5H

9He

16B

0

20

40

0 1 2 3 4 5

E(16B) [MeV]

N
 [c

ou
nt

s]

17C+C
→15B+n

[Lecouey et al, PLB 672 (2009) 6]

Shell evolution around the limits !

Three-body ⃝⃝⃝ systems (interactions) :

17B (15B-n-n) ≡ 16B⊗ 2n

19B (17B-n-n) ≡ 18B⊗ 2n

Knock out from the dripline :

aaa −
(

−1 n

−1/2 p

)
→

a fragment (*)

a neutron(s)

fragment (γ)+ neutrons : Erel

direct, fast reactions : resonances (Jπ) ⊂ a

non-resonant distribution : event mixing (N⊗)

[FMM, PLB 476 (2000) 219]
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SAMURAI+NEBULA Day-One Experimentsg

The structure of Boron 19 & Carbon 22 :

The search for Oxygen 26

••
⃝ ≡ ⃝⃝⃝

{
(18)19B : 17,19B + 19,20C (100/s)
(21)22C : 20,22C + 22,23N (15/s)

Kondo, June 3
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Little-Known Isotopes : Boron 16 & 18g

10B 11B 12B 13B 14B 15B 17B 19B16B 18B

C C C C C C C C C C C C C

[Spyrou et al, PLB 683 (2010) 129]

Maxwellian + Egs = 60±20 keV Maxwellian + Egs < 10 keV ...
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Little-Known Isotopes : Boron 16 & 18g

10B 11B 12B 13B 14B 15B 17B 19B16B 18B

C C C C C C C C C C C C C

0

200

400

600

800

1000

1200

1400

0 1 2 3 4 5

Erel [MeV]

N
 [c

ou
nt

s]

(17B,15B+n)

N⊗

RIKEN+NEBULA : ∼ 90k evts !

global cross-check of analyses

N⊗ : event mixing ...

Maxwellian + Egs < 10 keV ...
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Egs ∼ (40± few) keV !

Erel ∼ 1.1 MeV & 2-4 MeV :

+ Eγ ∼ 1340 keV (15B
∗
+n) ...

Maxwellian + Egs < 10 keV ...
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Other channels (–1p & –2p) :

different resonances !

different, non arbitrary, N⊗ ...
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threshold state(s) . 150 keV !

Erel ∼ 0.8 MeV :

+ Eγ ∼ 1060 keV (17B
∗
+n) ...
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Into the Unknown : Boron 20 (& 21)g
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{19B+n} events : ̸= structures ...

22N (–2p) : peak(s) ∼ 2 (5) MeV ?

22C (–1pn) : plateau ∼ 0-2 MeV ...

→ 3-body 19B+n (+n) decay ?

Fit = K [ N⊗] + [ (ER,ΓR) 20/21 ]MC

minimize χ2 for {E,Γ, K} ...
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Into the Unknown : Boron 20 (& 21)g
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→ 3-body 19B+n (+n) decay ?

Fit = K [ N⊗] + [ (ER,ΓR) 20/21 ]MC

minimize χ2 for {E,Γ, K} ...

PRELIMINARY results ï
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Boron 20 E (Γ) ∼ 2.5 (1) MeV & E*∼ 4.8 MeV

Boron 21 Egs . 2.4 MeV (19B+n+n ...)

ARIS2014 - June 2 F.M. MARQUES - i 5/6



Summary : the Neutron Reefg

1n 4n

1H 2H 3H 4H 5H 6H 7H

3He 4He 5He 6He 7He 8He 9He 10He

5Li 6Li 7Li 8Li 9Li 10Li 11Li 12Li 13Li

7Be 8Be 9Be 10Be 11Be 12Be 13Be 14Be 15Be 16Be

8B 10B 11B 12B 13B 14B 15B 17B 19B16B 18B

9C 10C 11C 12C 13C 14C 15C 16C 17C 18C 19C 20C 21C 22C

12N 13N 14N 15N 16N 17N 18N 19N 20N 21N 22N 23N

13O 14O 15O 16O 17O 18O 19O 20O 21O 22O 23O 24O 25O 26O 27O 28O

17F 18F 19F 20F 21F 22F 23F 24F 25F 26F 27F 28F 29F 30F 31F

17Ne 18Ne 19Ne 20Ne 21Ne 22Ne 23Ne 24Ne 25Ne 26Ne 27Ne 28Ne 29Ne 30Ne 31Ne 32Ne

SAMURAI+NEBULA Commissioning & Day-One :

Structure of 18,19B, 21,22C & 25,26O : Kondo, June 3

Wide (PRELIMINARY) survey of the ‘neutron reef’ :

16,18B improved mass & new excited states (+γ)
20,21B measured for the first time !

other systems in progress (15,16Be, 12,13Li ...)
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