Observation of a long regular band
structure in 3%Zr
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Ground state deformation of the nuclear landscape

-

Deformed band has
been observed

In *6Nj

Phys. Rev. Lett. 82,
3763-3766 (1999)
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Experimental Details

> 24 CS clover HPGe Detectors INGA@TIFR

» Efficiency 5% @ 1MeV

» Detectors at 23°, 40°, 65°,
90°, 115°, 140° and 157¢:
Angular distribution

> Polarisation and DCO
s
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Reaction mechanism
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Fusion evaporation reaction to produce high spin
states

Reaction: 13C + 80Se @ 50, 60 MeV

Detectors: INGA with 18 clovers.

A total of 1x10° coincidence events with fold f > 2 were collected.

Target details: 1) Thick Target 800 pg/cm?28°Se on 9 mg/cm?Au foil
2) Thin Target 500 pg/cm?2%Se on 80 pg/cm? Al foil
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Search for higher spin states: problem and solution
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If the residue is allowed to escape the target
Doppler shift of emitted Y-ray can be corrected.
Resolution of fast transitions improves.

Thin target
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DCO and polarisation asymmetry

measurement
J, For INGA geometry
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Eexp - Ecalculation (keV)
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The shell model calculation systematically
deviates from above spin 35/2- .

Contribution from excitation across N=50 shell
gap?

Requires larger model space?
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Configuration dependent
Cranked Nilsson Strutinsky (CNS) approach

hgo = ho — hwj;

h, is the nucleon hamiltonianinthe

lab frame

Jj, i1sthe component of total angular
momentum of individual

nucleon in the rotational axis
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FIG. 4: (Color online) Calculated excitation energy relative
to a rotating liquid drop energy as a funetion of spin in **Zr.
The closed and the open circles represents the (a = 1 ) and the
(a=0) states respectively. The dashed lines are for negative
parity states whereas the solid lines represent configurations
with positive parity. The various cominbation of signature
and parity for the yrast energies in **Zr is shown by +, + and
s0 on. Aligned states are encircled.

Nomenclature: [plp2, n1n2]

pl-> proton holesin fp

p2 -> proton particles in gq,
nl-> neutron holesin gy,
n2 -> neutron particlein gd

Filled markers rep. a=0
Open markersrep. a =1

Solid line rep. n=+1
Dashedlinerep. mn= -1
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Nomenclature: [p1p2, n1n2]

pl-> proton holesin fp

p2 -> proton particles in gq/,
nl->neutron holesin gy,
n2 -> neutron particlein gd
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Cranking calculations using Multi-quasi-particle configurations

Excitation energy relativeto a rotatingliquid
Drop w.r.t. spin for the observed negative parity
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Potential Energy Surface —The Lund Convention

The Lund convention

Sector 6
Short axis rotation

T=120
(prolate)

Sector 5
Intermediate axis rotatio

y= 180"
(oblate)

Sector 4
Long axis rotation

v=60° (oblate)

Sector 1

Short axis rotation

y=0°
(prolate)

Sector 2

Intermediate axis rotation

r= 60"
(oblate)

Sector 3

Long axis rotation

v=-120° (prolate)

Illllll'llllllllllllll

-1 -0.5

0

Tlfl'II'II'II'IllllI]IIII

0.5 1

e cos(y+ 30°)




=14.5"

Rotation
around short
axis §
% Rotation
@, around long
axis
The axis of . ‘o
: 014 » y = -750
rotation seems to .
be changing from D | )
) t Bt - A
collective P
shortest to & 01 - /ﬁ;g; —
ool (@I™=2257| | (9i"=245"

01 02 0 01 02
e,cos(y+30 ) e,cos(y+30 )



Lifetime measurement using
Doppler Shift Attenuation Method
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Summary

The excited levels of 8Zr have been observed up to ~ 12 MeV
excitation energy.

Shell model calculation provide good agreement up to 35/2" h.
Evidence of cross shell excitation is observed at higher spin.
Lifetime measurement has been performed for 5 levels.

A regular band with 10 transition is observed at high spin — outside
the scope of f.pg, model space.

CNS calculation gives good agreement to the observation.
Particle excitation across N=50 shell gap is expected.

The Potential energy surface (PES) plot indicates axis of rotation
changing from shortest to longest axis of rotation before termination.
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