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Motivation — SD in #?Ca®?

—~ Superdeformed band in “°Ca (DSAM, ANL)

B(E2; 4"~ 2") =170 Wu
Qi=1.80(+10.39,-0.29) eb — B2=0.59(+0.11,-0.07)

(E. Ideguchi et al PRL 87, 222501 (2001), C.J. Chiara et al., PRC 67, 041303R (2003))
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Coulomb excitation of **Ca

* INFN LNL
- Beam: *Ca, 170 MeV oy ATIE 6
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- ?%Pb, 1 mg/cm? I ¢ e
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Results — spectrum of “*Ca
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Results — transition probabilities
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Results — transition probabilities
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Discussion:
Quadrupole Shape Invariants

(Q3cos(36))=:|2\/% L Z(5||E2||u)(u||E2||t)(t||E2||s){,25 i ,2}

K. Kumar, PRL 28, 249 (1972)
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Increasing deformation in GSB and stable in the side band
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Quadrupole Shape Invariants
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Discussion:

Quadrupole Shape Invariants

state|  (Q7)eap [10% e*fm?] : : [

0, | 500 (20) 205 n

27 | 900 (100) 15- (] w

+ N ] m ] i

0, | 1300 (230) “o. 10 ’ g 0-

25 | 1400 (250) Vv 5 . v
state|(cos(30))cqp 0 [ | | |

0° | 0.06 (10) 0 22 0, 2 1- |

05 | 0.79 (13) USTE 0. O,

STATE

0, $=0.26(2) and y=29(2)°
0, f=0.43(2) and y=13(6)°

2
8= = /L2

qo

v = MCCDS(CGS(SS))E

J. Srebrny and D. Cline, Int. J. Mod. Phys. E20, 422 (2011)



Discussion:

Quadrupole Shape Invariants
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Discussion:

Quadrupole Shape Invariants
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Discussion:

Shape parameters

Why non-zero deformation of the ground state?

— fluctuations about the spherical shape
— maximum triaxiality - effect of averaging over all possible quadrupole shapes
— the dispersion of Q?, o(Q?), should be comparable to Q* value

o(Q%) = V(@) — (Q%)?
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Discussion:

Shape parameters

We use the theoretical predictions and the full set of ME from the calculations:
- Large Scale Shell Model (F.Nowacki, H.Naidja, B.Bounthong - Strasbourg)
- Beyond Mean Field (T. R. Rodriguez - Madrid)

state| (Q%)ewp |(Q)snr |0(Q ) sm |[(Q7)Barr |0(Q7) prr

0; | 500 (20) 240 470 100 250
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state|(cos(30))cqp (cos(39)) sar (cos(38))gmr

0; | 0.06 (10) 0.34 0.34

0, | 0.79 (13) 0.67 0.49




Discussion:

Shape parameters

We use the theoretical predictions and the full set of ME from the calculations:
- Large Scale Shell Model (F.Nowacki, H.Naidja, B.Bounthong - Strasbourg)
- Beyond Mean Field (T. R. Rodriguez - Madrid)

state {QE)EIP
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state|(cos(30))cqp (cos(39)) sar (cos(38))gmr

0; | 0.06 (10) 0.34 0.34

0, | 0.79 (13) 0.67 0.49

0, - SPHERICAL with large fluctuations around minimum
0,- SUPERDEFORMED, SLIGHTLY TRIAXIAL/PROLATE shape



What does it mean SUPERDEFORMED?

— a quantitative definition of superdeformation does not seem to exist
— authors use various subjective criteria, rarely clearly defined
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— normal deformation: 1.3:1:1 (f ~ 0.3)



What does it mean SUPERDEFORMED?

— a quantitative definition of superdeformation does not seem to exist
— authors use various subjective criteria, rarely clearly defined

However:
— SD - a significant deviation from the spherical shape

— deformation corresponding to axes ratio between 3:2:1 and 2:1:1 — corresponding 3
parameter: 0.4-0.6: A~130 mass region, e.g. 52Dy, and some in the A~40 region:

B2=0.46+0.03 (3Ar),
B2=0.48+ 0.05 (“°Ar)

— the deformation parameters determined from quadrupole invariants in 42Ca:
B2=0.43(2) for 0. and B2=0.45(2) for 2, state



What does it mean SUPERDEFORMED?

Shell configuration in A~40 region

— complex particle-hole configuration

2Ca, B2=0.43(2) (0,) and B2=0.45(2) (2,)

L 2p0h ap2h 6pah 8p6h
0_1* 40% 40% 17% 3%
2.1+ 45% 36% 16% 3%
40Ca: 8p-8h, B2=0.6 4.1+ 55% 35% 9% 1%

6_1+ 55% 35% 9% 1%

TABLE 1V. Percentage of np-nh components and energy of the
first three Ot states (GS, ND, and SD) of *’Ca.

ap [») o, Q, Q
Op-Oh 2p2h 4p-d4h 6p-6h Sp8h E(th) E(exp) 0.2 10% 18% 49% 23%
2_2+ 12% 13% 50% 24%
0o & » 5 - - 0 0 23+ 0% 14% 59% 26%
Ot 1 64 25 9 349 335 - .
0%p - 9 4 87 480 521 3.1+ 0% 4% 66% 30%
4 2+ 1% 15% 62% 22%

6_2+ 1% 24% 61% 14%

4p-4h: 3640Ar, 32=0.46 and (32=0.48
3p-3h:35Cl: (2=0.37



Summary and outlook

 the properties of low-lying states in *“Ca were studied using low-energy Coulomb
excitation — 0%, 2" and 4" states observed in both bands

» the quadrupole deformation parameters of the 0*and 2" states in GSB and SDB in
*Ca were determined from the measured reduced matrix elements

* the results were compared with SM and BMF calculations

« the non-zero deformation of the ground state has been attributed to the
fluctuations around the spherical shape

- alarge static deformation of 3=0.43(2) and 3=0.45(2), for 0,*and 2 *was
observed, proving the superdeformed character of the side band

- the cos(30) parameter measured for O, brings the first experimental evidence for
non-axial character of SD bands in the A~40 mass region

« COULEX of SD bands in other A~40 nuclei: 4°Ca, 3%4°Ar, 4Ti — projects in
preparation/ongoing
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Motivation — SD in #?Ca?

Low energy branch of **Ti Giant Dipole
Resonance decay feeding the states in
the side band in **Ca (M.Kmiecik et al,
Acta Phys. Pol. B36, 1169(2005))

Moments of inertia of states in the side
band in **Ca look very similar to states
in SD-band in **Ca, (AMaj et al. Key
Topics in MNuclear Structure, page 417,
(2005), M.Lach et al. EPJ A 16, 3, 309-311
(2003))
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Theory

Large Scale Shell Model Beyond Mean Field

F.Nowacki, H.Naidja, B.Bounthong T. R. Rodriguez

Université de Strasbourg, France Universidad Autonoma de Madrid, Spain

ANTOINE code RVAMPIRE code

6 particle-hole excitations froms_,and d,, T.R.Rodriguez and J.L.Egido,

orbitals to pf orbitals Phys. Rev. C 81, 064323 (2010)

Effective charges: 1.5e (protons) and 0.5e HFB, Gogny D1S interaction to define the energy

(neutrons) density functional

Same method as the one used for SD in “°Ca: — Particle number and angular momentum symmetry

E.Caurier, J.Menendez, F.Nowacki and A.Poves, | restoration _ _ N

Phys. Rev. C 75, 054317 (2007) — Quadrupole (axial and non-axial) shape mixing
within generator coordinate method

MeV
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, H Both approaches predict:
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What does it mean SUPERDEFORMED?

Shell configuration in A~40 region

— complex particle-hole configuration

2Ca, B2=0.43(2) (0,) and B2=0.45(2) (2,)

L 2p0h ap2h 6pah 8p6h
0_1° 40% 40% 17% 3%
2.1+ 45% 36% 16% 3%
40Ca: 8p-8h, B2=0.6 4.1+ 55% 35% 9% 1%

6_1+ 55% 35% 9% 1%

TABLE 1V. Percentage of np-nh components and energy of the
first three Ot states (GS, ND, and SD) of *’Ca.

0_2+ 10% 18% 49% 23%

Op-Oh  2p-2h  4p-4h 6p-6h 8p-8h  E(th) E(exp)

N 2 2+ 12% 13% 50% 24%
Oos 5 2 S 0 2.3+ 0% 14% 59% 26%
O 1 64 25 9 349 335 .

0% - 9 4 87 480 521 31+ 0% 4% 66% 30%
4_2+ 1% 15% 62% 22%

6_2+ 1% 24% 61% 14%

4p-4h: 3640Ar, 32=0.46 and 32=0.48
3p-3h:35Cl: B2=0.37 Conclusion:

a quantitative definition of superdeformation
does not seem to exist
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