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I do not know much about anything;
what I know is already commonplace.
Wouldn't it be nice to know just one fact,

for example the proportions of the spots of
the ladybird.

Jeg kender ikke megeft til megeft;

det jeg kender ftil er i forvejen meget udbredt.
Teenk at vide bare een bestemt ting,

for eksempel forholdet mellem mariehgnens
pletter.

Benny Andersen,
Viden 1965
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Light Nuclei in Nature

15|: 16|: 17|: 18|: 5 20|: 21|:
unbound | unbound [ 64.8s | 109.7 m 11s 4.16 s
12 13 14 15 0 19 20
Neutron Rich O OO 10O BUoRE/eRELe) © |~ O
unbound | 8.58 ms | 70.6s | 2.03m 27.1s 135s
Resonances 1IN 2N | 13N BY 16N | 17N | 18N | 1°N
unbound | 204 m | 20.4 m 7.13s 417 s 0.63s | 329 ms
Z 9 100 | 11 140 | 150 | 16 | 170 | 18
" C C|+C C|>C|*C|YC|*C
125ms | 19.3s | 204 m 5730y | 2.45s | 0.747s | 193 ms | 92 ms
8 9 12 13 14 15 16 17
B °B EUSEEI=Y 2B 3B | 14B | 15B | 16B | 7B
770 ms | unbound 20.20ms|17.33ms| 13.8 ms | 10.4 ms | unbound| 5.1 ms
7Be | °Be E:1Y'°Be|''Be|!“Be|'°Be|'“Be|°Be|°Be
unbound 1.6 10y | 13.8s | 23.6 ms | unbound | 4.35 ms | unbound | unbound
. 8L | OLi [20Li |11l | 12Lj |13Li
840ms | 179 ms |unbound | 8.5 ms | unbound | unbound
iy °He | °He | ‘He | °He | °He |°He
unbound | 808 ms | unbound | 119 ms | unbound | unbound
3H 5|_| 7H
12.323y unbound unbound
N » N

10.25 m




Experimental Studies of Dripline Nuclei
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unbound | 8.58 ms | 70.6s | 2.03m 27.1s 135s
11N 12N 13N / 16N 17N 18N 19N
unbound | 204 m | 20.4 m 7.13s 417 s 0.63s | 329 ms
9C 1OC 11C 14C 15C 16C 17C 18C
125ms | 19.3s | 204 m 5730y | 2.45s | 0.747s | 193ms | 92 ms
8 9 12 13 14 15 16 17
B °B EUSEEI=Y 2B 3B | 14B | 15B | 16B | 7B
770 ms | unbound 20.20ms|17.33ms| 13.8 ms | 10.4 ms | unbound| 5.1 ms
7Be | °Be E:1Y'°Be|''Be|!“Be|'°Be|'“Be|°Be|°Be
unbound 1.6 10y | 13.8s | 23.6 ms | unbound | 4.35 ms | unbound | unbound
. BLi | OLi | 10Li [ 1L |22Li | 3L
840ms | 179 ms |unbound | 8.5 ms | unbound | unbound
e °He | °He | 'He | °He | °He [°He
unbound | 808 ms |unbound [ 119 ms | unbound | unbound
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Morgan, G.L., Walter, R L.: Phys. Rev. 168, 1114 (1968)
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do 716 2
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L.V. Chulkov, G. Schrieder, Z. Phys A359 (97) 231
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Yu. Aksyutina et al., PLB 679 (2009) 191

K=.2ue
¢ =094(23)MeV
a=337(38) fm

ex S,

I'(E
do /dE, o En)

[E, +A(E) - Efn]2 +%FI2(Efn)

s-wave: Effective-range approximation
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Bertch et al., PRC 57 (1998) 1366
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B.V. Danilin et al., NPA 632 (98) 383
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do I1(Efm)
0.¢

dEfn  [Er + Ai(Efn) — Em]? + %I]Z(Em)

/F = 2P;(Efy)y? A

v = $h*/iuR?
2
kSn — yobs/ysp

/

Yu. Aksyutina et al.,
PLB 679 (2009) 191

SHE :ngbs — J/S;-;}
"He: SHe(0t) +n S, = 0.61(3)

mmm) not a pure single-particle ps3/,-state
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Transverse Momentum Distribution
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BORROMEAN

Isola Bella, Lago Maggiore
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3-body Ann Resonances Modify 3-Body Loss
- E Free Atoms Energy
S BORROMEAN REGION 1 Repulsive Attractive
-8 4 u_a)l] L AL 20 @® a<0
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I i / x22.7
T «(22.7)2
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L ]
e r 4
> Weakly% -
bound .+.+.=.'i}j,&
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r 2 -bod eakly
| No bound ¢ Y bound
AN 3 -body 1 trimer
three-body
| @ + 0 = é / atom loss
2-body An “atom-dimer resonance”
P.G. Hansen et al. i . \ . 1 .

Ann.Rev.Nucl.Part. Sci. 45 (1995) 591 An S.E. Pollack et al. Science 326 (2009) 1683



GSI, 287 MeV/u 1Li
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Simon, et al., Nucl. Phys. A791 (2007) 267.
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P(Es) (MeV/c)

do/dE (mb/MeV)
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Aksyutina et al.
PLB 718 (2013) 1309
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13Li

840ms | 179 ms |unbound | 85 ms |unbound | unbound
|"=3/2 |"=3/2-
N
ion beam .
g ion beqm charge NMR field
deflection exg};ﬁngg ﬁ't9|9500p9
@ ~ ——  gumn —
@ u_@ @ C‘)/-wf ﬁnﬁ?"l' II||“| RF-coil
® O D0 T Gd',\ll" i IL.H" + crystal holder
.... l_' 0000000000000 000000000000 000000000
& ring electrodes guiding field
for doppler tuning p-telescope
laser beam
D. Borremans et al., PRC 72 (2005) 044309 7
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Il'r'ﬂ.I ry m:31'f2
Y V-

iyt r 'L m=1/2

1=3/2 v,
Y — -m=1/2

vt A
X __ -m=3/2

Staticfield + EFG

Si [LiF] s p(ULi) =3.6712(3) p,

Zn [LiNbO,] =====p |Q('Li)| =33.3(5) mb

R. Neugart et al., PRL 101(2008) 132502

| Q(HLi)/Q(LI)| = 1.088(15)




10Be|1'Be|!°Be|1*Be

1.6 106y | 13.8s | 23.6 ms | unbound
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unbound
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J.L. Lecouey, Few Body Systems 34 (2004)21
G. Randisi, Thesis Uni. Caen (2011)
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Spyrou et al.,,
PRL 108(2012) 102501
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Snyder et al.,,
PRC 88(2013) 031303
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INTERFERENCE ?

2Be(0") = «['"Be ® (1s1,2)°] + B['"Be ® (0p2)°]
+y['"Be ® (0ds)2)°],

a’=0.35, b°=0.31 ¢ =0.34

- ot
3/27;5/2 5

PBe(1/2) = u['"Be® (0p12)* ® (Is1)2)]
—A['"Be ® (0ds2)* ® (1s1)2)]

BBe(1/27) = A['Be ® (0p12)* ® (151)2)]

) vz 2.9
+1['"Be ® (0ds2)° @ (1s12)]. " 4/
T, =331ns OI i 2.24

2 , * 2.0
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+ 2 ' , 1286 1386
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Efn(MeV) Yu. Aksyutina et al.,
Phys. Rev. C 87 (2013) 064316
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14Be

4.35ms

15Be

unbound

1GBe

unbound

11Li

8.5 ms

12Li

unbound

13Li

unbound

°He

119 ms

"He

unbound

1%He

unbound

unbound

H

unbound




117 3.

l14Be:

8He:

Dripline nuclei as stepping stones towards the unbound

Neutron knock-out reaction -> 10Li
Proton knock-out reactions -> 210He

Neutron knock-out reaction -> 3Be
Proton knock-out reactions -> 12131

Neutron knock-out reaction -> “"He

Be KJz¥4 1°Be|'Be|!°Be|°Be|!*Be
unbound 1.6 108y | 13.8s | 23.6 ms | unbound | 4.35 ms
BLi | OLi | 20Li| L |22Li | 13L]
840ms | 179 ms | unbound | 8.5 ms |unbound | unbound
"He | 8He | °He |He
unbound | 808 ms | unbound | 119 ms | unbound | unbound
H
unbound




Energy loss, MeV
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Yu. Aksyutina et al., Phys. Lett. B 666 (2008) 430
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Forssen et al. Nucl. Phys. A 673(2000) 143




°He | °He | 'He | ®He | °He |1°He

unbound | 808 ms | unbound | 119 ms | unbound | unbound

*He(d,p)’He

2 110— T
iyl
10— %

Counts/220 keV

Efn (MCV)

Johansson et al., Nucl. Phys. A842 (2010) 15

Al Kalanee et al., PRC 88 (2013) 034301



RPN >He | °He | 'He | ®He | °He ['°He
unbound | 808 ms | unbound | 119 ms | unbound {unbound

¢ In=1 SHe+n+n | 2/,=064 |

o o o
SN (@)) (00}
]

ds /dE (mb/MeV)

o
N

(MeV) E._(MeV)

f2n(

Ef2n
Johansson et al., Nucl. Phys. A842 (2010) 15

N2 - 2 -1 =- 156

Neyman-Pearson test
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T-system

&= En/E

11Li

8.5 ms

"He

unbound

1%He

unbound

(S1/2)2~ 37 %
(P1,)>~ 47 %
(P3/)*~ 9%

N.B. Shulgina et al., Nucl. Phys. A825 (2009) 175




Energy and angular correlations

: 020 0.40 0.60 0.80 10 05 0.0 0.5
) 9 cos 0

i i
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3 | Lt |-
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Epn (MeV)

Restricted series of hyperspherical
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I"=0"and K <2

1.0

W+ (g, cosf)
4
= ;ﬁa(] — e](lAggO|2 —|—4|A330|[(1 — 28]'14%80‘ cosgogom
_ 2«.@3(1 — 3](1 — 300528)|Aggﬂ|cosqogzm] +4[(l — 28]‘14200'2
—4«.@8(1 —&)(3 — 28}(1 —3cos’ @ |A2mHA ‘cos — Qs }
4 2e(1 — 8)((1 —coszﬂ}lA%}l‘ +4e(l — E)(l — 3cos? 19 ‘Azz
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Energy and angular correlations
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Restricted series of hyperspherical
harmonics assuming
I"=2"and K <4
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ds /dE (mb/MeV)

o
o
T

o
N

SHe+n+n
Ground state I’ =07
Excited state I’ =2

Johansson et al., Nucl. Phys. A847 (2010) 66
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8Be

unbound

(a)

Erel (MEV}

Sugimoto et al.,
Phys. Lett. B654 (2007) 160

1OBe 1lBe 1ZBe 13Be 14Be 1SBe 1GBe
1.6 108y | 13.8s | 23.6 ms |unbound | 4.35 ms | unbound | unbound
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E |
S 10%
~ :
=]
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1, .,
ID{]
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14 12
Be("“Be+n+n)
2.0 H |
S
% 15+ 10 i
S Be+4n
é x1/10
c A
E10f; +’ _
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= H §
© osf o] : _
..g ......................... LN ”-_*__ - -a|o
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Yu. Aksyutina et al.,
PRL 111, 242501 (2013)
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2 MeV < Eq, <3 MeV

2.0 r + .
| () | * + (d) |
1.5 1 |
Ol + + ! + :
; 1.0 ¢ o0 | "‘é.- +
F12.00 S 7 [0,21N 1 +
0.5 e’ Lem TR e L oeem el
,o'::.t..z..' ........ P T <™ )
0.0 Lo, | O 1
0.2 0.4 0.6 08 0.0 0.2 0.4 0.6 0.8
efn eﬂ']
L.M. Delves, Nucl. Phys. 20 (1960) 275 2+ (181/2,0d 5/2)
11 11
Wie) ~ E AZelrTa(1—€)lut2
i 2+
E* = 3.54(16) MeV, I’ = 1.5 MeV 1280491
I= = 2*
(151 0515) = 90 % 0"




0.5 MeV < E; < 1.0 MeV
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PBe(07) =" Be® [ﬁ'(lsuzﬁzo + B(0p1/2)7=0 + - (0035/2)%:0]

14Be(2%) =1 Be® [{ aa(0py o)

{ a1(1lsq/)
a3(0ds/2)

il Sl Ll

> 51.(0p1 )}
_o +(0ds0)7_ +{-'.1 1"“—'3‘}1 . 0ds j9) 1=
_E }( EfZ)I_E‘ 52(0(}35!2)%:0 ( 51/25 5,?’2)1' 2

ata+ oo +asy | =2
518 + B2y [=0,2



Sequential Decay '

] 7 MeV
(3)
2.0
- 5.25(19) 3/2';5/2
_______________________ )
OBe+4n % 15
3.54(16)
2" 5/2° 10
1.54(13 *
2+---‘i-(-)-- I 1/2 0.5
12 12
Be+2n +
. Be+n 0.0




Production

GSI

20F | 21F | 22F | 23F | 24F | 35F | 26F | 27F
11s | 4.16s | 4.236s | 223s | 034s | S0ms | 10.2ms | 429 ms

1901200 (210 | 220 | 230 | 40O

27.1s | 135s | 34s | 225s | 82ms | 61ms

I8N | I9N | 20N | 2IN | 22N | 23N

0.63s | 329ms | 142ms | 95ms | 24ms | 14.5ms

7C | 18C | 19C | 20C 22C

193ms | 92ms | 49ms | 14ms 6.2ms

do/dPy (mb/MeV/c)

plastic

s
scintillator |

plastic scintillator

=3 N
LT

(o]
—
o
Q

* S=1.74(19)

./ r
06 b s-wave (S=1.74+0.07)
05 F
[ 3
04 -
03 F
[ d-wave (5=1.0)
0.2 -
01 - ______________ I
0 koo |.||I|.||I.|..I||||_n_-i‘i:
-150 -100 -50 0 50 100 150

P (MeVic)

. Kanungo et al., PRL 102 (2009) 152501

Counts / 180 keV

2* Energy (MeV)

60

50

E

2.6 ms

31F

=260 ns

280

unbound

Decay energy (MeV)

8
[ -~ Carbon (Z=6)
7F u ~M- Oxygen (Z=8)
| I/,’ @ Neon (Z=10)
4 @ - Magnesium (Z=12)
6F /
/
1 /
/
5t /
/ ]
i v /
| ]
E u / - *
T~ 2 A .
r .. @ ® S
® e v
L L L L L . L .
4 6 8 10 12 14 16 18

Neutron Number (N)

C.R. Hoffman et al.,
PLB 672 (2009) 17

MSU

2+ 4.7 MeV



Shell evolution and nuclear forces
N.A. Smirnova et al., PLB 686 (2010) 109
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To view the world in this way

Is to see it with the eyes of a gambler.

Our best choice is to cast the die again and again.
To let it keep rolling in the hope

That it will give returns high enough

To inspire new expectations.

A1t betrakta vdrlden sa dr att se

pa den med tdrningségon.

Vart bdsta val dr att kasta tdrningen ofta, ofta.
Att stdndigt lata den rulla, att den md falla ut
med en kvot stor nog

for en ny férvdntan att andas. Harry Martinson

Tarningspelet, 1971




