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® Shape deformation enables the nucleus to minimize its energy.

® FRDM calculation below shows expected deformation across nuclear chart.

Nilsson model: Different deformations have
Quadrupole deformation is a measure of nuclear shape. different single particle configurations

140 £ Ground-state quadrupole deformation
120 f I«
N E 040 N
o 100 E o35
_g = 0.30 ]
= 0.25 2
= 80 = 0.20
= 0.15
S 60 F
5t
O 40 E
20 g— FRDM (1992)
0 o MM N .
O 20 40 60 80 100 120 140 160 180 200
Neutron Number N
P. Moller, J.R. Nix, W.D. Myers and W.J Swiatecki, At. Data Nucl. Data Tables 59, 185 (1995) oblate spherical prolate
Plot source: R.F. Casten 2




R TRIUMF

@ This calculation of 186Pb shows how the
potential surface has minima close in energy
at different shapes.

® The potential minima are produced using
different single particle configurations.

@ Shape coexistence in nuclei occurs between
states with different deformations which can
have very close energies.

B, cos(y+30)

Andreyey, A. N., et al., Nature 405, 430 (2000).

Onset of deformation is driven by single particle levels
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State of the art (beyond mean field) calculations predict binding energy
as a function of deformation.

® Measurements of single particle levels in 2>:26Sr essential for a detailed
description of this transitional region.
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Experiment

?4Sr(d,p)?>Sr reaction to study evolution of structure in Sr through low
energy single particle states.

Aims
® Measure energies of excited states (single particle o . L oY wy
energies).

® Measure angular momentum transfer of 2°Sr states
(do/dQ).

® Measure cross section, which gives a orbital
occupation number.

Neutron populates one of the single particle orbitals
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Experiment

July-August 2013 TRIUMF successfully delivered first high mass rare isotope beam to

ISAC-II for a nuclear structure experiment.
ISAC- and ISAC-II Facility

@ A 500 MeV proton beam was impinged on a
UCx target.

@ Extracted isotopes were laser ionized, mass '~
separated and transported to the Charge State

Booster where the isotopes were charge bred % G
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Experiment

SHARC

A Silicon detectors.
Efficiency = 80%.
Coverage = 80% of 41r.
Ang. res. = 1°.

TIGRESS

12 HPGe Clovers.

Efficiency (1 MeV) = 10%.
Coverage = 2TI.

Energy res. (1 MeV) = 2 keV.

94Sr with an intensity of approximately 30,000 pps was impinged upon a 0.5 mg/cm?
deuterated polyethylene target (CD?2).
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Experiment

® TIGRESS and SHARC detectors used to enable proton-gamma coincidence
measurements.

® Inverse kinematics and other energy losses gives excited state energy
resolution ~ 200 keV.

Kinematic curves for various 94Sr reactions
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Experiment

® Proton intensities are different between states and vary with 0.
® Reaction code (FRESCO) predicts do/dQ.

@ do/dQ can be used to determine angular momentum transfer, {.
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Calibration challenges

® SHARC calibrated using triple alpha

(241Am / 239Pu / 244Cm) source,
>15,000 segments.

e 2mm beam collimator gives SHARC

position uncertainty, so fit using data.
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Ongoing analysis

Forward angles - lots of
reaction channels (e.g. elastic)

- (c,c)

Backward angles - transfer protons

40000

® We want to select
transfer protons only, so
need to characterize
particles and reactions.
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Ongoing analysis

® Use PID and kinematic cuts to select transfer protons for analysis.

® Reconstruct excitation energy using kinematics.
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Ongoing analysis

Lab Frame Gamma Spectrum gated on Transfer Protons
250
® Doppler corrected gamma :
spectra gated on transfer | _f lab frame Account for
t ! the fact that
p rotons. i gamma source
3 %0 is not at rest
g E’'=E(1-BcosB)Y
i i 8 100
@ Evidence for direct
population of 2>Sr states. |
(12%, 312, 5/2) 1439 B
= - O_L.lllllllllllllllllAlllllllll.llJLllllllllll!.
Q 95 0 100 200 300 400 500 600 700 800 900 1000
(12", 3/2, 5/2) SI' 1260 _ Energy (keV)
o 577738 1239 Doppler corrected y-rays gated on transfer proton
312" 10729 1121 _
— >
(112*, 32", 5/2%) 1012 400 L
(12%, 372, 5/2) 1004 - §
350 — Doppler corrected
g12123]128]| A =
(=3 BN=N By BNs) R¥s] 300 :_
+ + > -
ar®, sizh 681 %, 250
o | ss6 | |2 o--
| & §l 8 F
. 150 — > -
(32" Y Vvvyvly 352 = 2 22
— N~ -
100 — o p
. : g2
O E l 1 1 1 1 1 1 1 1 1 1
12* v 0 0 400 600 800 1000 1200 1400
Energy [keV]

Adapted from NNDC.bnl.gov

14


http://NNDC.bnl.gov

R TRIUMF

Ongoing analysis

Gate on transfer proton states using gamma coincidences.

Excitation energy of 94Sr(d,p)95Sr [Mev]
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Ongoing analysis

Gate on transfer proton states using gamma coincidences.

Excitation energy vs gamma energies (DC) for identified transfer protons Excitation energy of identified transfer proton 352keV state
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Looking to the future

Extract angular distributions.

® Measure absolute cross
sections.

® Determine single particle
occupations and compare to
theoretical calculations.

® Continue high mass Sr(d,p)
campaign with 2>Sr beam
(begins next week!).
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I. University of British Columbia, 2. TRIUME, 3. Central Michigan University, 4. Simon Fraser University, 5. University of
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Theory (deformed mean field)

* |nthe presence of a deformed mean field potential, single
particle energies are shifted.

 The delicate energy balance between spherical and deformed
configurations depends crucially on the size of these energy
gaps and the occupations of the single particle levels.
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Theory (changes in radii

Changing nuclear radius in even Sr isotopes

® A dramatic occurrence of 7 —
evolving shape is seen around
Z =40, N = 60 1],

4.5

® The sudden change in radius
suggests competing shapes in
ground states of Sr isotopes 4.

‘¢3-
® We are investigating how -

changes in occupations of

orbitals affect this transitional PPy Bl
. . 50 52 54 56 58 60 62 64 66 68
region in Sr.

N

[1] K. Heyde, J. L. Wood Rev. Mod. Phys. 83, 1467 (2011).
[2] Nucl.Phys. A873 (2012) 1-16.
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Theory (Sr calculations)

® Relativistic mean-field Skyrme-Hartree- L *
8Bgy \_\40 ng. 40

Fock calculations of the structure of
strontium predict coexisting shapes.
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Theory (coexisting 0* states)

8" 3125
® The rotational band built on top of the
third O* states at 1465 keV indicates
deformation. OF 2306
49 2120 4+ 1975
® The strong Ot (1465 keV) =-0* (1229 2 s
. . . 2+ 1507 0r___ 1465
keV) transition is characteristic of ot 1220 =
coexisting shapes.
2+ 815
® Coexistence is next seen in 28Sr.
0+ 0
96
388r58

Shape coexistence in atomic nuclei [Rev. Mod. Phys. 83, 1467 (2011)]
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Experiment (selection techniques)

15 A/Q minimises contamination of
beam.

® Anticipated (on target);
— 2e5 p.p.s. of ?4Sr
— 1le5 p.p.s. of ?4Rb
— 1leb p.p.s. of ?*Mo
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Experiment (beam composition)

® The main component in the spectrum is the radioactive 2#Sr beam,
the major contaminant is 11°Sn.

® The measurement of the beam composition has been repeated
several times during the experiment, the composition of the beam
was stable throughout the experiment.
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Experiment (trifoil veto)

® Beam contaminants with A>94 or Z>38 were suppressed using a
scintillator-degrader configuration called the trifoil

pad (1500um)
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