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Fill the levels and geta Spherical nuclei ...
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To break the ngmetries we can act on:
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Nucleonic content ... lsosl:)in
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Self Consnstency
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What is the core reaction ?
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Outline

B Preliminarg considerations

a Excitations of the nuclei; case of

rotationnal bands
a Etfect of Nuclear deformation

A3 Experimental toolboxes & selected cases
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Fig. 12.18. The gamma-ray spectrum of the superdeformed band in 2Dy as origi-
nally identified in the 1986 Daresbury experiment (from Twin et al., 1986).
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Fig. 12.19. The full spectrum observed for the nucleus **Dy showing the low-spin : . : _ _
nogn-collective yrast sItJatcs in the middle, a collective normallzdefonne% band to ]ghe Fll.g' 11.3.tngergat:c ‘u“sga“on.c’f the two extreme coupling schemes; deformation
left and the superdeformed band to the right. The inset in the upper left corner ?—Ilglgm;n ,g; &) g;re)l a;h rota:ilonﬁhgnment (right figure) (from R.M. Lieder and
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Nuclear Rotation
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Experimental Routhians
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Experimental Routhians
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Inertia and Rigicl Rotor
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Paired nucleons
- 158,
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Fig. 11.12. Observed y-ray energies of ®Er formed in a reaction like the one
illustrated in fig. 11.11. For I ~ 14 two ij; s2 neutrons become aligned resulting in a
backbend while a second irregularity caused by the alignment of two hyy/; prote--

is scen for I = 32. The features for I > 38 with the final band termj
I = 46 are discussed in chapter 12.
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ig. 11.13. Yrast energies in the I = 0-18 range of "*®Er and !7*Hf plotted versus
(I +1) and corresponding back-bending plots with the moment of inertia # versus
1e squared rotational frequency, w? (from R.M. Lieder and H. Ryde, Adv. in Nucl.
'hys., eds. M. Baranger and E. Vogt (Plenum Publ. Corp., New York) vol. 10 (1978)

Fig. 11.3. Schematic illustration of the two extreme coupling schemes; deformation
alignment (left figure) and rotation alignment (right figure) (from R.M. Lieder and

H. Ryde, Adv. in Nucl. Phys., eds. M. Baranger and E. Vogt (Plenum Publ. Corp.,
New York) vol. 10 (1978) p. 1).
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Nuclear Pairing clel:)enclance on
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Nuclear Pairing clcPenclance on
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Nuclear Pairing clel:)enclance on
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lmProvements of the nuclear

SD-Bands in L Qe

... Nuclear Pairing still alive !
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Experimental toolbox
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A - 100 Neutron-rich Nuclei
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Nuclear Pairing clcl:)enclance on
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17.5 06 - 193078 | 0,612 (0,029) remains but relatlve errors are sma”

17,5 04 SO0 : 18,9174 0,582 (0,029)
s HFB-LN (SLy4, Pub, 2 cuts) Calculations

Good agreement with exPerimental

quadrupolar moments

Config Experiment

[301]11/2,-1/2
[301]1/2,+1/2

l mPortant Influence of

lclentlcal bands correspond to similar quaclrupole moments iﬂtrUCl@rS Orbitals

]Dut to sllghtlg clnCFerent deformation (see last FOW)
| PhD Thesis of H. SAVAJOL & C. RIGOLLET




&=k sgmmetrg Staggering...

PO R A B A TPt GRS s DA T4 Kt S O BT R e e I st s S - B

| 199Gd (bande 1)

/,/

\/erg small Phenomenon
60 +/-10 eV @ 20 MeV

excitation ENORIL S

S AT A e T S(AE,) = AE, (1) - AE}*()
Fréquence de rotation (MeV) AE;ef(I) = [AEY(I+2) ' ZAEY(I) ~ AEY(I-Z)]/4

: %_149Gd(])

Ey.(l o+8)

X

Ey'(lo+6)

X AE ref (k€V)

it

EUROGAM I

05T Dl P Rl R0 DO 0.
’ Fréquence de rotation (MeV)

) [Flibotte et al., PRL71 (1993)]
%) [N. Kintz These IReS/ULP 2000]

2 sequences de spin :

@ [I. Hamamoto, B. Mottelson, Phys. Lett. B333 (1994)]

I+2,1+6,1+10, ...



Octupole Deformation in 25Pa

Gamma-rays spectrum Tagged by the 2 alpha lines of 292fPa
SRR A A, Tt K P Tt T S ety = O ST SO KR Vs e N st meh A .u‘NEﬁ JUBQ.GAM 8- ' P E

Gamma gated spectra Tagged by the 2 alpha lines of 223Pa

95 (X Pa) .
= Known lines

U)400 [ I New Lines
300 |
3

Q200
U |

gamma tagged by the 2 alphas of **Pa | -

75 (X Pb)

gate on the 166 keV line | -

Reaction:

[ w ] v/c =0.8 %,

I ] e=150-250 ugkm?2,
Illllilh Ihllll*d” |I il ‘I‘ IIIHII‘IIMI JII lLII IIIIIII\‘I 1 ll l|| II‘II Ih III |I| ug

| | ~40 pnA,

gate on the 201 keV line | 6 ~ 100 pb

100 150 200 250 300 350 400
E (keV)
PhD Thesis F HOELLINGER & F KHALFALLAH




Higher order sgmmetrg :

Tetrahec]ral Sha J)es K

2 DA Py B BT DT 4 Tty o IV ST AL IR W s g N . Sy

Tetrahedral Fingerprints:

— Vanishing Q2 (rotational bands without E2's)

— Large B(E1;I --> I-1)
-- Branching ratios are spin dependent
(difference with usual octupole)

- r\f\l Ilf\\l’)

X e W ALS I

* Transfert ?

* Fusion évaporation

:Ann IA. IIFA!\’)
IVIIVU IVUL UV .

lons légers?

18*

16*

14+

S- ADEHLILMO
3-ABCDEGHIILMNO
1"ABCDEIJKNO

E2)|n / B(E l)out

E=154Sm(a,2nY)




Higher order sgmmetrg

Tetrahedral 5]"18]?65 L

e u‘.r‘ima‘,' o Mwm%w

: : Corresponding to the doubly magic nuclei:
The tetrahedral nuclei are predicted around S e oo

the following new shell closures: Ge (z=32) Zr (2=40) Ba (z=56)

B ERE A Al L, Tt B Prman o SOt T $ A ety " N ST R ey

(Zt, Nt) = (32, 40, 56, 64, 70, 90, 136) 134,154 160 226
Gd z=64) Yb@z=700 Th (z=90)

Candidates ?

Tetrahedral Islands

(possibly confirmed experimentally)

\;\‘

. 156Gd

Proton Number

30 40 50 60 70 80 90 100 110 120 130 140 150

Neutron Number
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B Preliminarg considerations

a Excitations of the nuclei; case of

rotationnal bands
a Etfect of Nuclear deformation

A Exl:)erimental toolboxes & selected cases
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Pairing Correlations in Rotating Nuclei and the Frequency-
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Alsiraci

The dynimical painng cornclabon are disomsed sing e PoLibeig b Focei
eaillaser model ard the RPA Tormalism. The dependence of the pairang
wimgth dutnbstion o rolstionsl leequency and delormation i@ pen
wenial giienten e paricular. 1he thfaicr of ouphing beiseen doferern
encillates ahelln it anafyeed in deiail. Explien formulss are prven o the
exveilap mative clemenia botwren ihe totatesg sred nossoialing ¥ascs of the
cFmenl il Bl P cricalllin cor

i. Intreducibon

The competition between the shoft-range paifing fonce giving
rise 10 & superflusd siructure and the Coriolis and centrilagal
forces acting in @ rolating alomic naclews has boen discussed
for several years starting with a classical work by Modichion
and Valatin [1]. At very high spins the Coriolis and centrifu-
gal foroes may become strong enough as 1o desiroy 10 & large
extent the superflaid pairing correlations. In the description
of muclear structare in terms of @ mean-field approximatien
fsuch ax, e.g. the Hariree-Fock-Bogolyubov-Cranking
model or its simpler veriion = the Rotating-BCS model,
REBCE) this effect manifeses itsell by the existence of & critical
angular requency w, of rotation below which the pairing-gap
A collapses. In thas pictune the static pair deformation {cosre-
sponding 1o A # 0) disappears, Mevertheless, the shori-
range pasfing interactions may still play an imponant role
by creating a dynamical iype of correlations wsually referred
I @8 & parr-vibrations [2]. Ad ihis point it s worthwhile to
itresa that the conventional division inta the “static™ and
“dynamic” pairing makes sense only within the mean ficld
theary where correlations are neglecied and the particle num-
ber symmetry s sponlancously brokem. The mean Beld
approach i weelol i correlations can be added and the
broken symmietry restored with only minor pertarbation of
the intrinsic state. In a general case some more powerful
miethods such as for example the particle number projection
before variation (FBCS) or the generater coordinate method
(CGCM jcould be employed. For a system with a finiie aumber
of particles, like the alomic nucleus, the mean field approxi-
mation breaks down around the pairing phase transtion
Irom superfluid 1o normal phase (for more details concerning
this point we refer reader 1o Ref, [3] and refs. guoted therein),
Consequently, the vibrational corrections obtained within
the RPA method cannot cure this pathological behaviour
near the critical point. However, boih below and above w, the

vibrational approximation has proved 1o be very Bccurale
[4-4]

The systematics of high-spin experimental dots indicare
that af large rodational frequencies a gradusl irarsition 1o the
unpaired regime takes place [7). Indeed, the near-yrast excita-

tiops observed in the 40-30 spin region have characteristic ?

features that are not consistent with the guasiparticle pécture
%]

The recemt discovery of superdelormed (500 rotational
bands in the rare carth nucles around "Dy (see, e.g. Rel. [9))
apens a posability to study a competition between rodation,
deformation and pairing in wery extreme conditions. Duc 1o
the particularly low density of single-particle siates in the 5D
configurations [10-13] paining correlations are seriously
guenched already ai low rotational frequencies, A Tuther
reduction of pairing is then caused by the angular momentum
alignment of high-f nucheons [14, 15] amd the Coriplis-
antipairing effect (CAP), The rotational lrequencics in the SD
bands are in the range of 300keV < hoy < BODkeV, Al such
high angular momenta the static pairing is gone [13, 15-17]
and pairing Auctuations become important. When dynamical
correlations anc taken into account in calculations, the agree-
ment between caloulated S rotational bands and experimen-
tal data i improved [14, 15, 17, 18] This & due to the
additienal {negative) contribution fo the toial spin coming
from the frequency-dependent pairing cornelation energy

In the previous paper [19] the importance of pairing fluc-
tuntions in fast rotating and well delormed nuclel was studied
using the rotating harmonic oscillator model {rho). It has
been shown that the paining encrgy and the associated :ru_..uln:

mamentum (dejalignment depend on e through the ratio wE,
where ¢ I3 a quadrupole deformation parameier. Such e
rotation-deformation scaling can be easily undersiond as the
Coridis foree is proportional (o e while the splitting between
Malsson orbitals is roaghly proportional 10 . However, in
Refl, [19] the couplings between different oscillator shells were
neghected, an approximation that could modify some resulis
for very clongated shapes. For example, the contributions
becausse of the AN = 3 coupling give around 10% of the total
moment i inertia a1 ¢ = 0.6 [20] and they can influsnce the
calculated equilibrium deformations at very hagh spins [21)
The main objective of this study was, therefore, 1o check
whether the concept of scaling can still be applied in the
peneral case. As a by-produci the explicit expressions for the
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