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N=40 Region : °°Ni
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N=40 Region : Deformation in
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* Fe et Cr : deformation increases
when approaching N = 40

* N = 40 HO shell-closure is
quickly washed out with removal
of proton pairs




N=40 Region : Deformation in Fe et Cr
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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
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°SNi : search for the 2d5/2 heutron orbital




°SNi : search for the 2d5/2 heutron orbital
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°SNi : search for the 2d5/2 heutron orbital
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Beam production
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Beam production

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%

_. x10
s 15
& r
— 14
0 [
o r
E 13— 10
Primary beam & =
- :;-"EM Vi CD, target (2.6mglcn’) 5 b
@ 62.5 MeVlu (Experimental setup) g L
3" Dipole Wien filter 21 |=
Ll C
Be production Target d < 10 !
wE gE JlllllllllIIIIIIIIIIIIIIIIIIIIII» L
505um f 4 “« oF-
Galette D4 l@ -
8
1" Dipole 2" Dipole C T 10,3?..
[ | | | oo by vy X
04 0.6 0.8 1 1.2 1.4
Tof [a.u.l



Experimental set-up

CATS:
Beam Tracking
Detectors (MWPC)

Target:

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

68Ni

MUST2+S1:
Light Charged

Particle Detector Exogam:

(DSSSD : SiLi) Gamma Detectors



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
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Light charged particle detectors : MUST2 and S1
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Heavy residue detector
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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
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« 2 resonances above Sn
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Excitation energy spectrum

Events/(0.32)

* 3 bound states
« 2 resonances above Sn

* Background reactions
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Excitation energy spectrum

* 3 bound states
« 2 resonances above Sn
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* Background reactions
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Distorted Waves Born Approximation (DWBA)

« Code DWUCK4, Zero-Range approximation

* Elastic channel = Global optical potentials
— ®Nji+d:
» E1:27 <A <238, 12 MeV < E, <90 MeV
Daehnick et al. PRC, 21, 2253, 1981
» E2: Adiabatic Distorted Waves Approximation (ADWA)
for the deuteron break-up
pour E > 20 MeV:V=Vp+Vn+Vpn(En= Ep= Ed/2)
Johnson and Soper, PRC, 1, 976, 1970
—®Ni+p:
» S1: 40 < A <209, 16 MeV < Ep < 65 MeV
Varner et al. Phys. Reports, 201, 57, 1991
» S2:24 <A <209, 1keV < Ep < 200 MeV
Koning and Delaroche. Nucl. Phys. A, 713, 231, 2003



Analysed differential cross sections : Ground state
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Analysed differential cross sections : Ground state

do/d < [mb/sr]

do/d [mb/sr]

—
(=4
TTTT

1=1,(2pl/2)1=4, (1g%72)
1=0, (3s1/2) 1=2, (2d5/2)
SF=0.56%0.19
v =0.63

10

SF=0.62+020
=010

R 1=1,2p12) 1=4, (139
2 1=0,(351/2) =2, (25/2)
al SF=0.52%0.17
3 1 =0.57
3
T
1:
10-1\|||||||\\\\\\\\‘\\\\‘\\IIIII
0 5 10 15 20 25 30 35
6(CM) ]
B I=1,(2pl/2) 1=4, (1g%2)
g 4. 1=0, (3512 1=2, (2452
s SF=0.52+0.17
T 2=
3 =027
T

* 4 combinations of optical pot.

*GS.: L=0,1,2and 4
> L=4, SF=0.56x0.19

» Weak dependency according
to the exit pot. parameterization

* Significant dependency
according to the entrance pot.
parameterization




Analysed differential cross sections : Ground state
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Analysed differential cross sections : 1*' excited state
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Analysed differential cross sections : 1*' excited state
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Shell-model calculations

proton  neutron ! 70 Emen

* LNPS Interaction
o fp shell + 199/2 and 2d5/2

Lenzi et al., PRC 82, 054301, 2010
Sieja and Nowacki, submitted




Shell-model calculations

proton neutron

* LNPS Interaction
o fp shell + 199/2 and 2d5/2

Lenzi et al., PRC 82, 054301, 2010
Sieja and Nowacki, submitted
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. 2d5/2 : Doublet of 5/2* states




Shell-model calculations
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Shell-model calculations
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Shell-model calculations
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Shell-model calculations
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Conclusion and perspective

+ Search for the 2d, , 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.

Energy L3 SF SF SF

[MeV] T (E2®S1) x2 (E2®S2) x2 average
000 | 4 92+ 0.624020 0,10 0.5240.17 028 @ 0.57+0.19
2.11 2 | 52+ 037+0.13 041 036£0.12 024 0.36+0.13
276 | 2 | 52+ 0.3940.14 0,58 0.3740.13 0,45  0.38+0.14

+ Good agreement with the shell model calculations,
+ Possibility to further constrain of the 2d5/2 orbital position,

+ Validation of the hypothesis postulated by Strasbourg on the small energy difference
(Caurier et al. EPJ, A, 15, 2002, 145)

¥+ |dentification of a neutron state at 4.2 MeV and two resonances at ~5.9 and ~6.9 MeV.

between the 199/2 and 2d5/2 orbitals,

¢+ Perspective : Data analysis of gamma rays (EXOGAM) for more accurate
determination of the excitation energies.
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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
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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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LISE (D4) beam identification

67Ni

(Coincidence with
694 keV gamma ray)




Beam tracker : CATS

CATS1 mask
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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
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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




Background reactions : Carbon background
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Background reactions : Deuteron break-up
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Excitation energy spectrum : no cuts
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Excitation energy spectrum : gated
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Angular efficiency
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Excitation energy spectrum : fit
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First excited state at 2.47 MeV : doublet structure
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Differential cross sections
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Diff. cross sections analysis : state @ 2.11 MeV
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Diff. cross sections analysis : state @ 2.76 MeV
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Experiment Vs Shell model calculations
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