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Introduction Motivation

. T=0
Electric GR isoscalar

Incompressibility modulus of

infinite nuclear matter K,
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Introduction status

From stable to exotic nuclei : the IVGDR/PDR has been measured in ®Ni, neutron rich Oxygen and Tin isotopes at GSI, in
%Ne at Riken. ..

1st measurement of the ISGMR in unstable nuclei *°Ni : *Ni(d,d”)**Ni*
Monrozeau et al., PRL 100, 042501 (2008)

Study of the ISGMR in a neutron rich Ni: 68Ni
Continue the study of the Ni isotopic chain

N = 126

N = 82 1 5"

Nb de protons Z

6677, 67
2

ggCu ggCu

OO0V O

)
200

>oFe *%Fe 5/Fe >tFe

09/01/2017 Cafés du lundi du SPhN 4



ISGMR in exotic nuclei at GANIL setup

* How to probe Isoscalar Giant Resonances in exotic nuclei?
= Inelastic scattering of isoscalar particles (@, ) or (d,d’) for example) in inverse kinematics around 50MeV/nucleon
> Detection of low energy recoiling o or d
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ISGMR in exotic nuclei at GANIL setup

* How to probe Isoscalar Giant Resonances in exotic nuclei?
= Inelastic scattering of isoscalar particles ((a,a’) or (d,d’) for example) in inverse kinematics around 50MeV/nucleon
> Detection of low energy recoiling o or d

Cathode @ -3 kV (-10 kV)

— Gas: He 95% + CF, 5% (D)

Frish grid
32 Anode wires @ 1200V (2300V)
32x32 Hexagonal pads 5 mm side

C. E. Demonchy etal., Nucl. Instrum. Meth. 573, 145 (2007)
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ISGMR in exotic nuclei at GANIL setup

* How to probe Isoscalar Giant Resonances in exotic nuclei?
= Inelastic scattering of isoscalar particles ((a,a’) or (d,d’) for example) in inverse kinematics around 50MeV/nucleon
> Detection of low energy recoiling o or d

* Use of a pioneering method: Active target MA&A

PR/ N Cathode @ -3 kV (-10 kV)

— Gas: He 95% + CF, 5% (D)

o : Frish grid

< : | 32 Anode wires @ 1200V (2300 V)
- 32x32 Hexagonal pads 5 mm side

C. E. Demonchy etal., Nucl. Instrum. Meth. 573, 145 (2007)

* Missing mass method
= Reconstruction of excitation energy EX(®Ni) and angular distribution
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ISGMR in exotic nuclei at GANIL setup
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Results Measurement of the ISGMR in 68N

* E*(®Ni) excitation energy spectrum of ®Ni obtained in (a,a)
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Results Measurement of the ISGMR in 68N

* E*(®Ni) excitation energy spectrum of ®Ni obtained in (a,a)

11 h d 1 1l
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* Angular distribution 5y 1.=0 identification
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et al., Phys. Rev. Lett. 113, 032504 (2014)

M. Vandebrouck et al., Phys. Rev. C. 92, 024316 (2015)
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Conclusion

* Measurement of ISGMR in exotic nuclei ®¥Ni at GANIL
£ Active targets particularly suited

*  Some difficulties
> Limited resolution
2> Measurement along isotopic chains are needed
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* Perspectives with ACTAR
B Increase efficiency and resolution
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Experiment:

B Fitting method
L MDA
Calculation:

4+ QRPA Skyrme interaction. J.F. Terasaki et al., PRC 74, 044301 (2006).
O QRPA Gogny D1S interaction. S. Péru.
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Outlook LOI “Study of giant and pygmy resonances in exotic nuclei at LISE”

* Combined setup at LISE

n detector
PARIS ELENS + ?7??

Ni a Z \H UU Ni DSSD

@ 50 AMeV \/,H 11 ﬁ .ﬂ |

CATS
D D' LaBr3

20r3
(a,a’) quadrupoles (p,n) (p,p") CH,
He+CF, target
target (v.Y)) Pb target

= Measurement of the ISGMR, PDR and AGDR along the Niisotopic chain from *Ni to "'Ni
5 Constrain EoS along isotopic chain including exotic nuclei
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E/:xﬂ\JaicJﬂ : Jii-/

Proton-neutron interaction towards the drip line
from study of %°F unbound states
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Introduction Motivation
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Extension of the neutron drip line between O and F
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Introduction Motivation

29§ |30§‘ 3ZSi 338i 34Si 3SSi 3GSi 37Si SSSi 3QSi 4OSi 41Si 4ZSi 43Si 448i

a1 a1 3041 Al 2a1 Bar a1l Bar ®a1 Al Bar Fal Al YAl A1 2Bl
27Mg stg 29Mg 30Mg 31Mg 32Mg 33Mg 34Mg 35Mg 36Mg 37Mg 38Mg 40Mg

%Na ®Na ®Na ?Na Na *Na **Na ®*'Na *>Na *Na **Na *Na 3Na

)& F>°Ne >*Ne ®Ne *Ne ?’Ne *®Ne *Ne *°Ne 32Ne

; ‘ 21p (22p (23 24 l2sp 2ep 27
) 188 190 (209 (219 (22 (23g hb\
1oy 1200 (21 22y sy \
180 g 200 26F
‘ 1'783 m

l \ o Vdsxz, \ 0.77 MeV

16

240 core

<+®®z

C.R. Hoffmannet al., PRL 100, 152502(2008) (**0 unbound)

e Extension of the neutron drip line between O and F
* %0 doubly magic
* 2F =20 cote + 1p + In: coupling (tds),)'(vds,,)! mmmp J© = 17,2+, 3* 4" multiplet.
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Introduction Parabola of interaction energy

*  Comparison between the exp. BE J* = 1%, 2* 3* 4% w/ 2O core + 1p + 1n
mm) definition of the interaction energy Int(])

250

A

240

168.18 MeV
Sn =-0.77 MeV

168.95 MeV
Sp =14.43 MeV

26F free

25F

A
3+

BE(MeV)'

18338 MeV oy

4+

26F o

Int(J)

184.15 MeV

* Representation of the p-n coupling w/ parabola of interaction energy
Mean value gives access to the average p-n interaction (monopole term)

Amplitude depends on the residual interaction
* Effect of the continuum

09/01/2017

mm) large p-n asymmetry of BE

Cafés du lundi du SPhN

Int(J) (MeV)

— Normal pn
=== Quenched pn

1+ 2+ 3+ 4+ Jr

X1

‘ reduced amplitude and mean value are expected
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Introduction state of the art
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Candidate for the 3" unbound state in 2°F

Resonance populated at 270 keV above the neutron threshold in 20F from
charge-exchange reaction
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40}
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0

. arn= h ¥ A
0 0.5 1.0 1.5 2.0 2.5 3.0
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N. Franket al., PRC 84, 037302(2011)

= Spin assignment ?

Cafés du lundi du SPhN
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Setup

40Ar

fragmentation

> 27Ne

490 MeV/nucleon

lon sources

Main control room

09/01/2017

Linear accelerator
UNILAC

Experimental hall |

FRS

from SIS

fragmentation
target

optical axis 52

D dipole magnet [Iﬂ :z:clrttézcr):ersmagnets l plastic scintillator

Fragment I
separator FRS I

Experimental
storage ring ESR

Experimental hall Il

LAND/R3B setup
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Setup

27Ne 1P, 10 26px ? 26F 4 vy
2F +n (+y)

DR R RARLRL822280202000800

Target area po

SSTs \W’///
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" Crystal ball

ROLU

from FRS
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Setup

27Ne 1P, -1p 26 F*
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Setup

-1
27Ne 2Py 26p* 26F 4
. 2F +n (+y)
Target area
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Crystal ball
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Setup

-1p
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Setup

_lF)
27 26 % 26
Ne —_— F ? F + ‘Y " LAND

from FRS 0 1 2 3 4 > 6
p multiplicity
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Setup

27Ne 1P, -1p 26 F*
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Invariant mass method

* Detection all beam like particles + momenta
> Study 2°F unbound states w/ invariant mass method

’\pp P, , LAND
. w2 Ly .
A
7 @ N\
@ 4 \
—_— —_— | “ l‘ — s “ — > Fragmentarm
\ / Pfragment
\\ 4
P(fragment+n) ~ -
Secondary 1 proton-knockout Unbound state Decay
beam reaction

* Relative energy of the system (fragment + n) = (PF+n) : E, =\/ m% +m2 + 2(EfEy, — pfpp cos 6)c?
—mypc® — mpc®

*  Width of the resonance ‘ Neutron configuration
* Shape of the Pgumenc+ny momentum distribution ‘ Proton configuration
- genesis of a resonance from its formation to its decay
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Analysis

* Resonances described by Breit-Wigner line shape

@ 1 —1=0
C (—
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< 0.6
u) —
€ 04 E, =2 MeV
o - [.=1MeV
O 02 P
= 1 1 | 1 ‘ 1 1 1 1 | 1 1 1 I | | 1 | |
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*  Check the analysis procedure on the channel
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M. Vandebrouck, A.Lepailleur, O.Sorlin et al., to be submitted
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v’ Strong cross-section around Er
v’ Shape depends on 1, = 0,1,2
v’ Characterized by Er et I'r

m») Convoluted by the LAND response matrix

®®) Functions used to fit the relative energy spectra

27 — F+n(+y)

24F

25F | ZGF

250

200
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100

Counts/20 keV

501 - TH

0 0.5 10 15

2.0

Decay Energy (MeV)
N. Franket al., PRC 84, 037302(2011)

Cafés du lundi du SPhN

30

24



Results

2Ne 2P 26px g 25p 4 n (+y)

> - 27Ne(-1p)25F —> 25F+n
x I
S 20 1\ E, = 350(50) keV (1.=2)
X =
€ 15
cC -
8 “ E, =1.75(15) MeV (l:=2)
3 10} '\ r
5 N
2N
O J,4/|/|| [ |~|\T~|_|"|‘|+|"r1-|-1--|—|-+—|-|- R REh IR A
0 1 2 3 4 5 6

E., [MeV]

M. Vandebrouck, A. Lepailleur, O. Sorlin et al., submitted to PRC

* 2 resonances observed for the system (*F+n)
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Results

-1
7Ne 25 26F% 5 25F 4 (+7)

> - 27Ne(-1p)25F —> 25F+n
x —
S 20 1\ E, = 350(50) keV (1.=2)
N -
% 15
S H
Q 10 E, =1.75(15) MeV (l:=2)
@)

5 2

O J,%| L |\|~|\T~|_|'T‘|+|‘r‘r-|-1--|—|-+—|-|- ol L[] o

0 1 2 3 4 5 6
E., [MeV]

M. Vandebrouck, A. Lepailleur, O. Sorlin et al., submitted to PRC

Resonance 1 at 350keV: I', = 569 X 484 keV
[',,(1,=0) =3080 keV
[,(1,=2) =74 keV

Resonance 2 at 1.75MeV :I', =4.2 £ 2.5 MeV

ZGF

(20)
—— @

* 2 resonances observed for the system (*F+n)

—'.'._ 231/2
1d5/2
® e @ Mol
1112
—.'.'.'.— —.'.'.'.— P3o
m \'

* Widths obtained assuming “simple Breit-Wigner”

Comparison to Iy,

09/01/2017

I®) =

n

le CS T, B)

- Resonance 350 keV mainly 1 = 2
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Results

2Ne 2P 26px g 25p 4 n (+y)

2’Ne(-1p)%6F —> 25F+n Resonance 1 at 350keV: I', = 569 X 484 keV
Fsp(ln:O) =3080 keV
FSP(IHZZ) =74 keV

20 E, = 350(50) keV (1,=2)

15¢ Resonance 2 at 1.75MeV: T, =4.2 + 2.5 MeV
| T,,(,=0) =7941 keV

Counts/200keV

101 1 E, = 1.75(15) MeV {l+=2) T, (,=2) =2966 keV
5
O L4/|/| | |\|\|~|\ ~|_|"|‘|+|‘r‘r-|-1--|—|-+—|-|- IR AEN
0 1 2 3 4 ) 6
E.. [MeV]

M. Vandebrouck, A. Lepailleur, O. Sorlin et al., submitted to PRC

* 2 resonances observed for the system (*F+n)

* Widths obtained assuming “simple Breit-Wigner”

Comparisonto I';: I'(E) = 2. C3S [0, B) Resonance 350 keV mainly 1, = 2
1 Resonance 1.75 MeV mix I = 0 and I, =2

n
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Comparisonto the models

;-5
Q
=,
% 4
wl
3
2
1
0

3+

o
2F
o (1%,2%,3%)
3+
™ 3
————— Sn =====5n
49 ot
4+
p A —
1+ l+
USDA IM-SRG Exp.

M. Vandebrouck, A. Lepailleur, O. Sorlin et al., submitted to PRC

* Comparison to : - USDA phenomenological shell-model
- ab initio valence space IM-SRG
e Shiftin energy ‘ Due to the lack of treatment of the continuum ?

09/01/2017
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Comparisonto the models

% - O Experiment % - O Experiment

=, [ mIM-SRG = [ mUSDA

S of S of

£ [ c [
-1 -1
ok . ok
_3—llllllllllllllllll|l _3—llllllll|lllllllll|l

0 5 10 15 20 0 5 10 15 20
J(J+1) J(J+1)

M. Vandebrouck, A. Lepailleur, O. Sorlin et al., submitted to PRC

* Effective monopole interaction (J-averaged interaction energy) : V&P = -1 .06 MeV

* Effective interaction weakened by about 30-40%

09/01/2017

VIMSRG=_ 1,41 MeV
VUSPA=-1.40 MeV

Cafés du lundi du SPhN

27



Conclusion

Study of the unbound states in °F
2"Ne(-1p)*F using the R3B/LLAND setup
Identification of the 3" state at 1.425 MeV

Several contributions around 2.8 MeV

Comparison to shell model using realistic interaction

Need treatment of the continuum

Data gives new opportunity to constrain the models

09/01/2017 Cafés du lundi du SPhN
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And the future ?
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Spectroscopic studies of the heaviest nuclei

Short term:
- Cross-section measurement of 2*Es (Thesis of Raphaél Briselet)

- Test SIRIUS (digital electronic, energy measurement without and with pile-up)

Middle term: commissioning S3
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