[0 )
SN B iELRNGL

b — | GEMEINSCHAFT

Studying nuclei at the dripline
and unbound nuclei

NUSTAR Week 2013
University of Helsinki ( Kumpula Campus )
October 10, 2013

(;_:;A 3\/\/{) Ymwvyv—>



Light Nuclei in Nature ISp | 16F 20F | 21F
unbound | unbound 11s 4.16s
. 120 130 140 150 190 200
Neutron Rich unbound [N 27.1s || 1355
Resonances N 12N | BN 16N 18N | 19N
unbound | 20.4 m 7.13 s 417 s 0.63s | 329 ms
AZ oC | 10C | 11 14C | 15C | 16C | 17C | 18C
125ms | 193 s 5730y | 245s | 0.747s | 193 ms | 92 ms
8B 9B 12B 13B 14B ISB 16B 17B
770 ms | unbound 2020 ms [17.33 ms| 13.8 ms | 10.4 ms | unbound | 5.1 ms
1Be | °Be 10Be|!1Be|!?Be|1’Be|1“Be|°Be|1°Be
unbound 1.6 10y | 13.8s | 23.6 ms |unbound | 4.35 ms | unbound | unbound
oLi | 10Li | MLg | 1201 | BLi
179 ms |unbound [ 8.5 ms |unbound [ unbound
®He SHe | °"He |1°He
unbound | 808 ms |unbound | 119 ms | unbound | unbound
H H
unbound unbound




do/dE;, (mb/MeV)

SHe | °He | "He | 3He | °He |1He

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

- ' I T ]
K. Markenroth et al., NPA 679 (2001) 462 E 15 H
0
Rl ! 8 ¥ T T g
150 |- - G
5
He % /
5 10
100 | ¥ -
§ cos(, )
sol il L.V. Chulkov ef al., PRL 79 (1997) 201
j
X - 2
§ W(0,,) =1+ 1.5cos*(0,,)
0 ’ 1 1 1 1 1 5
0 1 2 3 (pq /2) ~7%
Ecn (MeV)

L.V. Chulkov, G. Schrieder, Z. Phys A359 (97) 231

(Pn = —P1)



do/dE (mb/MeV)

100

80

60

40

20

I'(E
do/dE, « ()

. [Er +A1(Efn)_Efn]2 +%F12(Efn)

0.5 1.0 1.5 2.0 2.5 3.0 3.5
E _(MeV)
on

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

k =.2ue
e=094(23)MeV
a=337(38) fm

s-wave: Effective-range approximation

2 2
do k.
—— X p, cos(0) + —sin(0)
dE, K +p,’ P

1 1
Py cOUO) ==+ Eropff +0(p,")

Bertch et al., PRC 57 (1998) 1366

(P3/2)* ~ 86 %
(p1/2)2 ~ 5%
—— (51/2)2 ~ 79

B.V. Danilin et al., NPA 632 (98) 383



Ab initio no-core shell model l

10

(a) |

S,

rnn—a

Ton—o 1]

C

0 S 1
rn_n [fm]

(1s,,)* =4%

Saaf and Forssén, to be published



"N

3Be

unbound | 4.35 ms

IOLi

unbound

llLi

8.5 ms

8He

119 ms




o
©

o
o

arb. untits

o o
N £~

o
o

| 7He T T T T T T
16 - I
70 | 7
— O60F
>
)
= 50}
~
o)
1 1 1 E 40 |
-1.0 -0.5 0.0 0.5 1.0 =
cos (9) [
o 30F
K. Markenroth et al., NP A679 (2001) 462 E
o |
W (96p30_) ~ 1 +0.7(1) cos® Yoy ) 20
10
O 1

=
o

05 1.0 1.5 2.0 25 3.0
E, (MeV)
n

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

T T T d } v T T y
-200 -100 0 100 200
P tn (MeV/c)



do I1(Efp)
XX

dEn  [Er + Al(Em) — Em]? + 5172 (En)

/n = 2P1<Efn>y2\

yszp — %hz/MRz

o 2

Sn = Yobs / ysp
Yu. Aksyutina et al.,

k / PLB 679 (2009) 191

2 _ .,2
SHe yobs - )/Sp

’He: ®He(0t) +n S, =0.61(3)

mm) not a pure single-particle p3/,-state



rb. untit

— f
-200 -100 0 100 200
P*ten (MeV/c)

Momentum Profile Function

2
P(E,,) = \/<<p;i +p)") = () + p)))
Transverse Momentum Distribution
dN 5 5
d—(l =0) x K[ (5 -K, (8
P

P.G. Hansen, PRL 77 (1996) 1016
D. Basin et al., Phys. Rev. 57 (1998) 2156



140

3120

V/

80

P(Efn) (

60

40

D 100

%94

¢4

Yu. Aksyutina et al.,
PLB 718 (2013) 1309



PEy,) (MeV/c)

dd/dE,, (mb/MeV)

T4 o]
Y R i | -
IOOMM%FII rreCm) =

) p 004 ¢ '
o ] I \/0650'52 + (1 — OZS)O'g‘
O S_---mmTTTTTT '. f f
“r —tt | l:O l:]

| 2, t4d
60 2 | SR X Ht
40 L _Oo.. .

1 1 L 1 L
0.0 0.5 1.0 1

j N | [12% (151)2)?

Eq, (MeV)



do /dp, (mb/MeV/c)

GSI, 287 MeV/u 11Li

N

p—y
™TTT

o
)

o
N

-150 -100 -50 0 50 100 150

p (MeV/c)

P.1= (PnotPori)

do/dQ (mb/sr)

24 g T

2 lig A

ol 16

o}

6|

14 -

2}

o}

§1.0 ‘ -01.‘5 . 0.10 ‘ 0.15 . 1.0
cos (0 )

W(6,) = 1-1.03cos (0,¢) + 1.41cos%(0, )

Simon, ef al., Nucl. Phys. A791 (2007) 267.



E. (MeV)

Momentum Profile Function

2

P(E,,) = \/<(pji +p)") = (s + p)))



P(E,,) (MeV/c)

do/dE (mb/MeV)

Pr.e.(Efn) —

\/ 08 + (1 — as)of

Old:(P

2

exp Prg.e.)/(O'dz B Pr?.e.)

Eg (MeV)

(0ds),)?
11(2) %

Aksyutina et al.
PLB 718 (2013) 1309




SLi

°Li | 1OLi| "'Li BLi

840ms | 179 ms [unbound | 8.5 ms [unbound | unbound
|7=3/2 |7=3/2-
N\
ion beam .
g ion beam charge NMR field E >
deflection exchange L B-telescape
I
@ & % IIIIIL]
@ RF-coil
@ ® @O O$O:>O;VO/JCM “.5!k + crystal holder
(TTT] |—|°°°°°"°°°°°°":j°°°°°°‘f’°°°|°(;°°°°°°°°
\Q, ina electrod guiding fie
fgp goepgclzeﬁuﬁisng [ p-telescope
laser beam
D. Borremans et al., PRC 72 (2005) 044309 N
L] . 11 . —-
(@) — _ o Si [LiF] ) U(1LI) = 3.6712(3) wy
V, V=
; L L —
i s L 4 m=1/2
1=3/2 [/ v
{ L . 1115} =
% _ 12 Zn [LiNbO,] mes) | Q(MLi)| =33.3(5) mb
+
itA R. Neugart et al., PRL 101(2008) 132502
~ _  -m=3/2
Static field + EFG

| Q(*'Li)/Q(°Li)| = 1.088(15)




Be | ‘Be E:Y¥'°Be|''Be|'“Be|!°Be|!“Be| °Be|!°Be
unbound 1.6 10°y | 13.8s | 23.6 ms |unbound | 4.35 ms | unbound | unbound
41 MeV/u 4B, C target
B ) Spyrou et al.,,
300 | (a) PRL 108(2012) 102501
- — Ez=075 T=1,70 (MeV) (80 %)
w 250 :— . 15Be
g‘ - XIN=139 Snyder et al.,,
8 200 PRC 88(2013) 031303
=
o 150
i
-g !
100 §
> 4B
“ af 13
50 —_
: "B(3/27) ® (sd)
0 T T T N TR T T N WO TN TR NN WO N U A H -
0 1 2 3 4 5 6 7
E, (MeV)

J.L. Lecouey, Few Body Systems 34 (2004)21
G. Randisi, Thesis Uni. Caen (2011)



RIKEN

69 MeV/u “Be, Lq H target

100

50

do/dE.,; (mb/MeV)

BBe - 12Be+'n,+‘)'
20

%
=Ir-
\}

b
e}

*
antadg2003800 4

Y. Kondo et al., PLB 690 (2010) 245

do/dP, [mb/(MeV/c)]

| (a)

02| 0-25MeV<E,<0.75MeV _

0.0- L-x".":‘; I_J“:~'.“r-
—-200 0 200
F, (MeV/c)

n—vy coincidences
2.11 MeV and 2.71 MeV




do/dE (mb/MeV)

140

P(E;,)(MeV/c)

(@)
o

N
o

— — N
(=) 9} o

a1

o

N
o
™
+
>

. Yu. Aksyutina et al.,
Phys. Rev. C 87 (2013) 064316

W"m ]
W.p " o oo
il VS NRPYPY
3 4 > 3/27; 5/2F
Es,(MeV) | 5

GSI

304 MeV/u “Be, Lq H target

S —

2%+ 1/2

) 1/2” 29
T,,=331ns 0 2.24

2" -‘ =211 52 2.0
iy
'y / /
x W7 7 0.45
0+ " 0.0 1/2
12

Be 13Be



Ratio

45

40

351

3.0

251

201

1.5+

IS 22E

RIKEN 69 MeV/u

do/dEg,(mb/MeV)

20

GSI 304 MeV/u




INTERFERENCE ?

“Be(0") = «['"Be ® (1s1,2)*] + B["Be ® (0p1,2)"]
+y['"Be ® (0ds/2)’], :
a2=0.35,[3’2=0.31,y2=0.34

) 1/2~ 2.9
PBe(1/27) = u['"Be ® (0p1)2)° @ (1s1)2)] st l %

—1[""Be ® (0ds,2)* ® (1s1)2)] T S ey

i 7/
PBe(1/27) = A['"Be ® (0p1,2)* ® (1s1)2)] i 77

0.0

+ u['"Be ® (0ds)2)* ® (1s1)]. 2B Be




150

50

20

15

10

Pczalc(Efn) — psasz + ppalz + pdgj

(b)

Yu. Aksyutina et al.,
Phys. Rev. C 87 (2013) 064316



"N

15Be

unbound

16B€

unbound

SHe

119 ms

unbound

unbound

°H

unbound

H

unbound




117 3.

l14Be:

8He:

Dripline nuclei as stepping stones towards the unbound
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Energy and angular correlations
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Shell evolution and nuclear forces
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