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Introduction

 Structure evolution of neutron-rich
nuclei at N=40.

* Light-mass region :
> HO shell closures : 2, 8, 20

* heavy-mass region :

> Spin-orbit shell closures : 50, 82..

W stable
B pHEC decay
[l F decay

[[] o decay
B pemission

[ spentanecus fission
[ predicted

= magle number
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°*Ni and Deformation in Fe et Cr
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°*Ni and Deformation in Fe et Cr
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°*Ni and Deformation in Fe et Cr

68 4.
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Island of inversion and quadrupole deformations

P32
fs5/2
Z 20 28 a0
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> Presence of quadrupole deformation
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Caurier et al. EPJ, A, 15, 2002, 145 orotors eutrons
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Island of inversion and quadrupole deformations
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Island of inversion and quadrupole deformations
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Island of inversion and quadrupole deformations

20 28

B The Physics around the doubly-magic “*Ni Nucleus
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°Nj : search for the 2d52neutron orbital
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°Nj : search for the 2d52neutron orbital

09 4. 2d S
Ni " 1712- =
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5/2+ neutron states are not observed =
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Uz- 1 0, SUT
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°Nj : search for the 2d52neutron orbital
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Beam production

VAMOS

EXOGAM
ORION

Primary beam : °Zn (@62.5 AMeV)
Primary beam intensity : 1.5 pAe
Production target : °Be (505um, 0°)
Wedge : °Be (1099um)

Wien filter at 1kV

Secondary beam intensity ~ 8.10* pps
@ 25.14 MeV/u

Purity ~ 86%
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Experimental set-up

CATS:
Beam Tracking
Detectors (MWPC)

Target: ] o
CD, (2.6mg/cm?) lon. Chamber + Plastic scintillator

68Ni

69Ni

|

MUST2+S1 :
Light Charged
Particle Detector

Exogam:
(DSSSD : SiLi)

Gamma Detectors
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Experimental set-up

Beam reconstruction
In the target plane

Y [mm]
s

-1 -10 -5 0 5 1)(2 [mn}‘?
CATS:

Target:

CD, (2.6mg/cm?) lon. Chamber + Plastic scintillator

Beam Tracking
Detectors (MWPC)

68Ni

69Ni

MUST2+S1 :
Light Charged
Particle Detectors
(DSSSD : SiLi)

Exogam:
Gamma Detectors

SMUVN 09.0ct.2012, Strasbourg, France Mohamad Moukaddam 7.2



Experimental set-up

MUST2 : Si(Li)
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Experimental set-up
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Excitation energy spectrum
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Excitation energy spectrum
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Excitation energy spectrum
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Excitation energy spectrum

80[
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| ] * Energy reference : S1
Hm * 3 bound states

\ e 2 resonances

‘\\ » Background reactions
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Excitation energy spectrum
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= Window function =W
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* Deuton Bkg. : Simulation
* Phase-space calculation
 « Kernel estimation » method
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Excitation energy spectrum
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Excitation energy spectrum

Events /(0.16)

* Energy reference : S1
* 3 bound states

e 2 resonances
* Background reactions
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Excitation energy spectrum
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Angular efficiency

Angular efficiency :

> Detec. Geometry

> Operational strips i

> Analysis method "4
= Simulation 02k

o Ll
100 110 120 130 140 150 160 170 180
6(Lab) []
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Angular efficiency

Angular efficiency :

> Detec. Geometry

> Operational strips i

> Analysis method "4
= Simulation 02k

o Ll
100 110 120 130 140 150 160 170 180

6(Lab) []

d_0'<9 ): Ndet(GLab) (1+€tempsmort) %10-_—]—
d Q e N faisceau N Cible A Q <9Lab) EMUSTZ,Sl 3
do do I
d—Q(QCM)=JaCOb.(9Lab) d_Q<9Lab) 1E

—+
——
——
——
015 20 s a0
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Analysed differential cross sections

CH89 (ADWA) ® KDO03
SF =0.53 = 0.13

¥ =042
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300 /
200 \
10F
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Events / (0.16)
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Analysed differential cross sections

SF =0.53 = 0.13
SF =0.86 + 0.22

805
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Events / (0.16)

Analysed differential cross sections

CH89 (ADWA) ® KDO03

SF =0.53 = 0.13
SF =0.86 + 0.22

do/d 2 [mb/sr]

da/d<C [mb/sr]
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5 10

—
(=]
TTTT

0

(e 2arve)

15 20 25 30 35
0(CM) [°]

SMUVN 09.0ct.2012, Strasbourg, France

Mohamad Moukaddam

103



Analysed differential cross sections

CH89 (ADWA) ® KDO03
SF =0.53 = 0.13
SF =0.86 + 0.22
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Analysed differential cross sections

CH89 (ADWA) ® KDO03
SF =0.53 = 0.13
SF =0.86 + 0.22

g £10
801 3 3

Events / (0.16)
-
T

50[ | ] ' ’ H
B \ - 0
40__ oty * —
: ‘ . E* = 2.47 Me
30} ' ) I \\ 10-1 |||||||||||| f
- ! 1 0 15 20 25 30 35
2ol | 'I \‘ o(CM) I°1
: - \ = % 2
10 fdeak by g 1 =053
i y .
Qe A N // AN L)\ E. E 10
2 0 2 4 6 8 a a F
Eexc. [MeV] kej e
B 3
T T

E*=2.05 Me) I
15 1

20 25 30 35 199 5 10 15 20 25 30 35
8(CM) [] 8(CM) []

'1 1| 11 ‘ Il 11 Il ‘ Il Il 1 1
05 10

SMUVN 09.0ct.2012, Strasbourg, France Mohamad Moukaddam 10.5



Shell-model calculations

5" EXPp. —L=4
0.8
- —L=2
04
0

* Interaction LNPS
Lenzi et al., PRC 82, 054301, 2010

}

. fp shell + {199/2 ,2d

5/2
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Shell-model calculations
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Shell-model calculations
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Conclusion

Search for the 2d5/2 neutron orbital in the °*Ni nucleus,

Study of the d(°®Ni,p)*°’Ni transfer reaction at GANIL,
Experimental set-up : CATS/MUST2-S1/Plastic,

Spin and parity assignement 9/2* for the G.S. and 5/2* for

the doublet at 2.47 MeV, with an important spectroscopic factor,
|dentification of a neutron state at E* = 4.2 MeV and two
resonances E* > 5 MeV.

Good agreement with the shell model calculations,
Validation of the hypothesis on the small energy difference
between the 199/2 and 2d5/2, orbitals playing a major role in

the island of inversion at N = 40.

Data analysis of gamma rays (EXOGAM) for more accurate
determination of the excitation energies.
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Back up
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Island of inversion at N = 40 : Deformation in Fe
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Island of inversion - N=20 and N=40
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Experimental setup : Inverse kinematics

@
P W
d
e T @ axe du faiscsau
68)(; A
n, I, ’.
JE= SCENT
x10°
140 d( 6N Lp)

‘ Zoom on backward angles (90° - 180°)

7

Eproton (LaD) [keV]

I....I.."\"..I.H‘\....I‘H‘I....‘\H.’.I....I
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proton (Lab) [0]

**Ni (T = 29s)
= Inverse kinematics
Forward CM angles
S
Backward lab angles

Interesting angular range :
12° - 30° (CM) & 110° - 140° (Lab.)
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Kinematic lines
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Variation of E_ _ with respect to proton's energy and angle of emission
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Beam trackers : CATS

* Event by event Reconstruction
* Reconstruction algorithms:
« Center of gravity
* Analytical fit
* Uncert. ~ 0.65mm (X)
~ 0.40 mm (Y)
* Uncert. on incidence angle
~0.1°
* CATS2 : Time of flight stop signal

Beam reconstruction
In the target plane

SMUVN 09.0ct.2012, Strasbourg, France MolQniad- Moasitadéaet al., NIM A, 431, 476, 1999) ‘



DSSD 128+128
300um

Si(Li)
4.5mm

Light charged par

CsI(TI)
4cm

ASICs
16 channels
Eand T

Pollaco et al., NIM A, 25, 287, 2005

« DSSD (300 um)and Si(Li) (4.5 mm)

e Active surface: 100mm*100mm
e 128 stripsin X and Y (0.76 mm)

ticle detectors : MUST2 and S1

Micron semi-conductors

« DSSD (500 um)
* Active surface : 53mm?
* 64 strip 0, 16 sectors ¢

MUST2 : DSSD

. preton . -

alpha

deuteron
and triton

10

AE [keV]
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= 120
2

10000 ,
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= : 10?
1301
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i 10
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[0 and triton o
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Heavy residue detector

___18><103
Si6- I
E" L
214F —0
12F -
10 7
8:_ T =10
65 i
na I
- - 1
2 - -
?; E30 B T R o '_;,'; 35 '3>6<103
* Plastic scintillator ‘ ‘ Tof [a.u.]
» Active surface : 60mm*60mm
* Energy and time (ToF)
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LISE (D4) beam identification

67Ni

( Coincidence with
694 keV gamma ray )




Beam tracker : CATS
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Beam tracker : CATS
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Construction with CATS : systematic errors
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Plastic deterioration
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Calculated parameters

Heawvy
residue

CATS1 CATSZ

S1

Reconstruction of angle of emission 6(Lab) (uncert. ~ 0.5°)

Beam energy correction taking into account the energy losses in the:
> Beam trackers CATS
> Target

Proton energy correction taking into account the energy losses in the :
> Target
~ Detector dead layers

Reconstruction of excitation energy using missing mass method
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Background reactions : Carbon background

250

Events /(0.16)

200

150

100

50

[
off

sl | | | | | | | | | | | | | | | | | | | | | [ym—

O 5 10 15 20
EExc [M eV]

» CD2 Target = Carbon background
* Poor statistics

e Estimated with:
> Linear back-ground
> « Kernel estimation»
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Excitation energy spectrum : no cuts
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Excitation energy spectrum : gated
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Efficacité angulaire simulée
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Excitation energy spectrum

s M0 Pic Energy FWHM
g 120 # [MeV] [MeV]
% 100 G.S 0.00 1.04
s0F 1 2.47 1.43
0 2 4.19 1.27
0 - 3 5.88 1.39
: 4 6.89 1.39
S 6 8 [Me‘llllo
3 Pic Energy | FWHM
;T ] # [MeV] [MeV]
e ] ]H G.S | 0.000(27) 1.032(42)
o ) N MH 1 | 2.478(49) | 1.474(100)
0 / \ A 2 4.195(91) | 1.257(34)
5 ' I
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L: v e 4 6.391(46) = 1.401(31)
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Deuteron break-ur

W ®
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Excitation energy : spectra analysis
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Events / (0.16 )

Excitation energy : spectra analysis
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Excitation energy : spectra analysis (split)
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Differential cross sections
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Distorted Wave Born Approximation

e Code DWUCK4, Zero-Range approximation
* Pas de mesure de diffusion élastique °*Ni + d

et ®°Ni +p = Potentiels optiques globaux
« ®Ni+d:
— DWBA : 27 < A <238, 12 MeV < Ed<90 MeV
Daehnick et al. PRC, 21, 2253, 1981 I R %‘gé,},,ﬁ%*‘
— ADWA:V=Vp+Vn+Vpn(En=Ep=Ed/2)
pour le break-up deuton quand E, > 20 MeV

do/d2 [mb/sr]

do/d [mb/sr]
=
TT T

Johnson and Soper, PRC, 1, 976, 1970
e “Nj+p:
— KD03:24 <A <209, 1 keV < Ep <200 MeV

Koning and Delaroche. Nucl. Phys. A, 713, 231,
2003
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Analysed differential cross sections

CH89 (ADWA) ® KDO03
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Analysed differential cross sections : 1*' excited state
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Diff. cross sections analysis : state ~ 2.5 MeV
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Diff. cross sections analysis : states ~ 2.5 MeV (old)
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Diff. cross sections analysis : states ~ 2.5 MeV (new)
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Experiment Vs Shell model calculations
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Diff. cross section analysis @ 4.19 MeV
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Diff. cross section analysis > Sn MeV
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