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Shapes and excitation in transitional nuclei

Interplay of single particle and collective excitation

Band structures based on multi-quasiparticle excitation

Role of
infruder shape driving orbitals
triaxial degrees of freedom

New modes of excitation

Magnetic rotation
Chiral bands
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‘ Rotation in weakly deformed system : MR band

Novel way of generating
angular momentum in a
weakly deformed system
with  low  quadrupole
collectivity.

Tilted Axis Cranking (TAC)

S. Frauendorf
NPA677, 115 (2000).

Very regular band structure (AT = 1)
with a few valance particles (holes)
in high j orbital

November 7-8, 2011




‘Non-axial deformation > y-soft or rigid triaxial ?

TRIAXIAL RCTOR y =30 y - unstable
( Wilets - Jean )

Prolate

N.V. Zamfir and R.F. Casten
PLB 260, 265 (1991)
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Non-axial deformation - triaxiality

Signature inversion

explained as a manifestation of the drift of the rotation axis  pengrsson et al,

in the intrinsic frame when a triaxial nucleus rotates. Winter meeting on
- degree of triaxiality in a deformed basis E\I't;g-z)PhYS- Bromino

phase of the staggering of S(I) = E(I) - E(I-1) reverses

. . . 1 I. Hamamoto,
can as well be consistent with an axially symmetric shape PLB235, 221 (1990)

Wobbling excitation
TSD bands in 163165y

Chiral bands

based on the specific geometry of three components
of the total angular momentum
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Nuclear chirality

A Nucleus becomes if it
rotates about an axis that lies outside the
three planes spanned by the principal axes
of it's triaxial ellipsoidal shape.

almost same Energy and Parity
De-excitation of the partner bands
in a very similar way

A~130 A~105

Odd-0dd ( ) Odd-0Odd (

134pp 136Pyy 130Cs 128(Cs 106Ag, 106Rh,104Rh 102Rh
Odd-A ( ) Odd-A (

135\|d 1O7A9,105Rh, 103Rh

intermediate )
]y

longv
S. Frauendorf, J. Meng,
NPA 617, 131 (1997)

S. Frauendorf,
Rev. Mod. Phys 73, 463 (2001)

A~190

Odd-0dd ( )
188Tr (?)

198

T. Koike,NPA 834, 36¢ (2010)
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Nuclei with few particles or holes around Z/N = 82
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Transitional nuclei in A~130 region

Multi-quasiparticle excitations with
valance protons and neutrons
- Shape driving effects, y softness

Presence of high-j hy/, orbital
for both protons and neutrons

Prolate driving nhii/2 & Oblate driving vhi/2
- Structutre associated with ©hy;,, ® vhy;,,

configuration in odd-odd nuclei

Magnetic rotation (1°°Pb, °7Pb, 134Ba, 134Ce,!3¢Ce, '38Ce ... )
triaxial bands ( 13°Nd, 49Nd )
Chiral bands ( 13%Pr, 130Cs, 135Nd )
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Properties of band structure in 138Ce

130T€(1 2C , Xﬂ) 137,138Ce

Eoeam: 63 MeV

0.8 mg/cm? 130Te on
4.8 g/cm? Au backing

Estimates from PACE2 for "**Te(*C, xn)"*""**'*Ce

—e— 139Ce
—m—138Ce
—A—137Ce

Cross Section (mb)

18 Clover Ge
Indian National Gamma Array
@ IUAC, New Delhi
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Level structure of 138Ce

Shears band : (thy;,,97,2)®(vh;1/272)

/9:;:0 (21-) 897f.2 B - T BhGTTGChGPJee et GI.,
[erte  edf®0a ] ) NPA 825, 16 (2009)
' ] B4

7744.1 e
r 75023 2118 (17 (184
I 347.1 / y .

+ p 16 ,37225-1‘J,f U 7ora0 (17
sagee 9223 - 05 (234 / 7185.2 | RE

T ) 1518.0 6738.3 _(167) g7+
66354 | 2055. 16 ! 2621 5144400 | : o

.4 N ~
1485, / / z [PH08.5 15T (1gny
/
5955.2 57143 (144
+ 2540 S00.1
2.8 L
1 45429
4830
1112 1120 1128 ¥
[2] 11181 ke¥ [E1]
gate: 254.0 ke

para.
erp.
Rerp 2764.4 (87

25171 54—7.35_

80.4¢

390.9
-

g

8

G T . Ener‘gy Spll‘l"l’lﬂg
above 14+ -

8

E(l) - E(I-1) (keV)

8

16

Spin (k)




Multi-quasiparticle band in 138Ce

Four quasi particle structure
nds/2 972 ® vh11172 vd 442
oblate deformation :
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Heavier rare earth nuclei in A~190-200

Role of low-Q rhy,2 orbital o generate the band structure
- similar as the hi1/2 states for lighter rare-earth nuclei.

Rotational bands built on the intruder
states i13/2 at higher spin.

The ground state of odd-A Tl nuclei are 1/2*
- occupation of the unpaired proton
in the 3s1/2 orbital below the Z = 82.

nthg,2 orbital above the Z = 82 shell closure,
is accessible by the odd-proton in Tl nuclei
for oblate deformation.

For heavy Tl isotopes, the neutron numbers
favor the oblate deformation as they occupy
the upper part of the i3/, orbital.
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Core (Hg) systematics

Even Hg isotopes

LB8.6
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Possible chirality in the doubly-odd 98Tl

E. A. Lawrie et al,
PRC 78, 021305(R) (2008)

Band 2

g 2094
g T

T hep ® Vi_113/2 aty~ 30°
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High spin structure of 200TI|, 201iT]

198P+(7Li, xn) 200.201T|
Epear: 49 MeV

198Pt (alpha, xn) 199.201Hg
From incomplete fusion

(a) Double gate : 319 & 443

100 200 300 400 500 600 700 800 !

Energy (keV)

15 Cloygr Ge detectors INGA @TIFR

Trigger : . 7 -

y-vy at Clover level ‘ \
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Band structure
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nthe/2 ® vi13/2 Two minima with similar deformation of B2 = 0.12

at near oblate shape (y = -64°)
_)>

A.J. Kreiner et al

PRC 23, 748 (1981) at triaxial shape (y = 48°)

_;>

November 7-8, 2011




201T| : states above ho/> isomer
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What is happening away from stability ?

- Magic Number : spin-orbit interaction

- Evolution of new Magic Number ?
weakening of spin-orbit interaction
- Development of collectivity

Shell Mode

... 80
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New region of deformation near N=28

Breakdown of N=28 shell gap at Z=14
Y-soft

D. Sohler et al/.
PRC 66, 054302 (2002)

—_—
a»

—
—
==
B
a
=
a»

+
4

Shape mixing in

B. Bastin et al. PRL 99, 022503 (2007) low energy states

Coexistence of
1p-1h and 2p-2h
Configuration

D. Santiago-Gonzalez et al
PRC, 83, 061305(R) (2011)

26 28 30

neutron number N

- high collectivity
- strong deformation (B=0.45)
=~ ho magicity Erosion of N=28 shell closure at Z=16
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Development of collectivity near N=28

deformed
spherical g Ca|"Cal **  (nonaxial)

onset of deformation

E
3
o

sl/2

d3/2 0880 — ¢4 s1/2
shape coexistence ; d5/2_”.‘“._m.“_d5/2
TT V

well deformed (axial)

Strong presence of N, excitations from vf,,, orbital

Role of neutron proton correlation on collective motion
Strong quadrupole interaction between Protons in sd and neutrons in pf
Rapid development of collectivity
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Deep inelastic reaction in inverse kinematics
@GANIL
238y @ 5.5 MeV/u

(N/Z=1.58) 48Ca (1 mg/cm?)
~ 12% above barrier (N/Z=1.4)

11 Nos. segmented Clover detectors
High v/c (~ 14%) of fragments

Accurate Doppler correction is must //
Determination of Angle event by event
Velocity of fragment (VAMOS Reconstruction)

and segments of EXOGAM Clover

Identification
M/q ~ Bp x TOF

== Drift Chamber SED (TOF) M ~ E x TOF?
g Tracking (X;.Y,) \Energy loss (AE) Z ~ E x AE

| Silicon Wall
Bl ' 7 x 3 (500 tm)
/ Hi.l ()

¥ i.
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http://www.ganil.fr/exogam/centre.html

Signature of triaxiality in 48Ar

1041 (c) 48Ar
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Signature of triaxiality :
E(2+,)/E(2*,) = 2.1
E(4*,)/E(2*,) = 2.6

Appear'nce of a
low lying y-band

B=0.25, y=40°

S. Bhattacharyya et al., PRL 101, 032501 (2008)
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Properties of calculated states

46 Ar 47 Ar 48 Ar
Number of neutron holes in f75 (1)

0 2 4 6 0 2 4 6
II.-—
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Summary and conclusion

Transitional nuclei in A~130 and A~200
Role of
shape driving intruder orbitals
triaxial degrees of freedom
Magnetic Rotation and multi-quasiparticle bands in 138Ce

High spin spectroscopy of 200201T]

Development of collectivity near N=28 for neutron rich nuclei
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Collaboration

S. Chanda : F. C. College, Diamon Harbour

A. Srivastava, A. Chatterjee, L.S. Danu, S.K. Pandit : BARC, Mumbai

iy
EC o

R. Palit, V. Nanal, R. 6. Pillay, S. Thakur, S. Saha : TIFR, Mumbai (@ o

A. Goswami, S. Ray : SINP, Kolkata

S. S. Ghugre, R. Chakrabarty : UGC-DAE-CSR, Kolkata @
R.K. Bhowmik, R.P. Singh, J. J. Das, S. Muralithar : IUAC, New Delhi
M. Rejmund, N. Alahari : GANIL, France

E. Caurier, F. Nowacki : IPHC, IN2P3 CNRS, Strasbourg, France
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