Magnetic and Quadrupole moments of Cu isotopes
With collinear laser spectroscopy
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Motivation: The region of the nuclear chart
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Laser spectroscopy: experimental technique
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Laser spectroscopy: experimental setup

Dye laser

Wavelength 648nm,
Doubled to 324nm
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"2Cu: spin confirmation of 2, a challenge for nuclear shell model

2007, without ISCOOL buncher
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2008, with ISCOOL buncher
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"2Cu: spin confirmation of 2, a challenge for nuclear shell model

72Cu
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What would we expect?
empirical magnetic moments

n(fs, VEops 2)
Hemp (2) =-1.94 py

W(TtP3, VP12 ' on™t 27):
Hemp (2%) = +1.44 py

Moy (72C0)= -1.3460(5) iy




SCu: Spin assignment
Flanagan et al., PRLI03, 142501 (2009)
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Comparison odd magnetic moments with theory
Flanagan et al., PRLI03, 142501 (2009)

N=40 N=50
3.5 i | lgg)
o R Mo (mP3p)| |,
““““““““““““““““““““““ : . Pin
’;z \ ! gs,eﬁ_0'7 gs,free 1f
= 25 1 i ' 52
% 5 . : 2P @
AP S A o B (Ms2) L 1 1e o0 0008
T | |
g) 1 ¢ Exp )
g . | Pin 0
0.5 - A 1=3/2 Ifs),
-o-1=5/2
0 | 2p3p
67 69 71 73 75 77 79 8 8 8
Cu isotope
Model space: 1f5/5 2p35, 2Py, 189p for both proton and neutron orbits, S6NI1 core
Interaction: jj4b, by Brown and Lisetskiy(private communication),

— S
gs,eﬁ_0'7 gs,free



Comparison with theoretical calculations

odd-Cu magnetic moments
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Comparison with theoretical calculations

Quadrupole Moment(b)

odd-Cu quadrupole moments
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- J34b 1s doing a fair job in reproducing the trend
-Again N=40 behaves more or less like a magic shell closure
- No sign of increased deformation after N=40



Conclusions and Outlook
Conclusions

* The copper isotopes °'Cu - 7>Cu have been measured at COLLAPS, ISOLDE.
During the 2008 experiment 11 different isotopes were measured.

 Background reduction of 10° and more due to the RFQ beam cooler/buncher
allows measurements on more exotic isotopes.

 The spin of 72Cu presents a challenge for shell model calculations

* N=40 exhibits magic properties for the magnetic and quadrupole moments thanks
to parity considerations

e Quadrupole moments reveal no sign of increased deformation after N=40

Outlook

* 9 shifts of beamtime on neutron-deficient Cu isotopes
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magnetic moment (py)

Evolution of the 1+ magnetic moments
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w(rtfs, veon; 27) = write as a function of p(nfs,) and pw(vgy,?; 9/2+) using additivity

=T 32« 3-8 WD )
H Vit da I(I+1)
Schmidt value exp. value (ADNDT, Stone)
+0.86 +1.58(16) °As, Z=33, 5/2

w(rfs) = 1y
+1.674(2) "tAs

+1.63(10) T3As
(-) 1.097(9) 7Zn, N=37, 9/2+
(-) 1.157(2) 69Zn, N=39
(-) 1.052(6) 7'Zn, N=41

H(vEen’; 9/2)= n(vgyp) = 1y -1.91

Uiee(2)=210.5(0.86/2.5 -1.91/4.5) + 0.5 (0.86/2.5 +1.91/4.5)(35/4-99/4)/6 ]
=2[0.5(-0.08) + 0.5 (0.77)(-16)/6 ]
=21-0.04 - 1.027]

Hiee(2) = -2.13 py

Memp (2 =2[0.5 (1.63/2.5 -1.05/4.5) + 0.5 (1.63/2.5 +1.05/4.5)(35/4-99/4)/6 ]
=2[0.5(+0.42) + 0.5 (0.885)(-16)/6 ]
=210.21-1.18]

Hemp (2) =-1.94 uy




W(TtP3 VP o~ gop™s 2%) > write as function of u(np;,) and p(mp; ™)

Schmidt value exp. value (ADNDT, Stone)
n(mps,) = 1, 3.79 +2.5135(8) 7Cu, Z=29, 3/2-
+2.8372(9) °Cu
+2.28(3) "'Cu
0.64 0.601(5) ©9’Ni, N=39, V»-

nvpy ™ =1,

HUiee(27) =2 [0.5 (3.79/1.5 + 0.64/0.5) + 0.5 (3.79/1.5 - 0.64/0.5) (15/4-3/4)/6 ]
=210.5@3.81)+0.5(1.25) 3/6 ]
=2[191+0.31]

Mfree(2+) = +4.44 UN

Memp (27) =2 [ 0.5 (2.28/1.5 + 0.6/0.5) + 0.5 (2.28/1.5 - 0.6/0.5) (15/4-3/4)/6 |
=2[0.5(2.72) + 0.5 (0.32) 3/6 ]
=2[1.36+0.08]

Hemp (2%) =+1.44 py
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Normalized Q-moment

and B(E2) values
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Magnetic moment (uy)

Even Cu magnetic moments
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Quadrupole moment (efm2)
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