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@ TRIUMF Quadrupole Deformation in Nuclei

® Shape deformation enables the nucleus to minimize
its energy.
@ HFB calculation (left) shows expected quadrupole

deformation across nuclear chart.

Quadrupole deformation is a measure of nuclear shape.
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Q@ TRIUMF

Quadrupole Deformation in Nuclei

Plot source: M. Girod, CEA

® Shape deformation enables the nucleus to minimize
its energy. Nilsson model: Different deformations have different
single particle configurations
@ HFB calculation (left) shows expected quadrupole :
deformation across nuclear chart. -
Quadrupole deformation is a measure of nuclear shape. ._' A - T m——
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Shape Coexistence at Z~40 N~60

R TRIUMF

State of the art (beyond mean field) calculations predict binding energy as a function of deformation

Measurements of single particle levels in 9>°6:°7Sr essential for a detailed description of this

transitional region.

Binding energy curves
predict almost
degenerate potential
minima at N = 60.
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R TRIUMF

Shape Coexistence at Z~40 N~60

State of the art (beyond mean field) calculations predict binding energy as a function of deformation.

First excited 2+ state energy for Sr isotopes

Measurements of single particle levels in 9>°6:°7Sr essential for a detailed description of this
transitional region.
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@ TRIUMF Shape Coexistence at Z~40 N~60

o State of the art (beyond mean field) calculations predict binding energy as a function of deformation.
) Measurements of single particle levels in %>°697Sr essential for a detailed description of this
transitional region.
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Binding energy curves “I aes A" | Sudden increase in

charge radius suggests
change of ground
state shape

predict almost
degenerate potential
minima at N = 60.
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@ TRIUMF Shape Coexistence at Z~40 N~60

+
® The strong 03* (1465 keV) -0,* (1229 keV) EO 83125
transition is characteristic of coexisting shapes.
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[Rev. Mod. Phys. 83, 1467 (2011)]



Q@ TRIUMF

The strong 03* (1465 keV) -0,* (1229 keV) EO
transition is characteristic of coexisting shapes.

Shape Coexistence at Z~40 N~60
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Q@ TRIUMF

The strong 03* (1465 keV) -0,* (1229 keV) EO
transition is characteristic of coexisting shapes.

Shape Coexistence at Z~40 N~60
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Q@ TRIUMF

Shape Coexistence at Z~40 N~60

+
® The strong 03* (1465 keV) -0,* (1229 keV) EO ) 7~
transition is characteristic of coexisting shapes.
6+ 2466
The deformed 0s* state at 1465 keV is expected to 2020 .. o7
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Q@ TRIUMF Experimental Campaign

94,95,96gr(d,p) reactions to study evolution of
structure in Sr through low energy single
particle states.

04



Q@ TRIUMF Experimental Campaign

94,95,96gr(d,p) reactions to study evolution of
structure in Sr through low energy single
particle states.

Neutron populates one of the empty single particle orbitals
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QR TRIUMF Experimental Campaign

94,95,96gr(d,p) reactions to study evolution of
structure in Sr through low energy single
particle states.

® Measure angular momentum of Sr states.
. . . Neutron populates one of the empty single particle orbitals
o Measure cross section, which gives orbital

occupation number.

® Compare occupation numbers to large scale shell v
model calculations that will be carried out in
collaboration with shell model experts. : !! :
—0000 00—
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QR TRIUMF

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

o Extracted isotopes were laser ionized, mass
separated and transported to the CSB where the
isotopes were charge bred to 16*.

o Beam re-accelerated to 5.5 MeV/u and impinged
on 0.5mg/cm? CD; target (~10°8 p.p.s) .

*Sr Beam Delivery at TRIUMF

ISAC-I and ISAC-II Facility -

SR TRIUMF
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@ TRIUMF “Sr Beam Delivery at TRIUMF

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

o Extracted isotopes were laser ionized, mass
separated and transported to the CSB where the
isotopes were charge bred to 16*.

® Beam re-accelerated to 5.5 MeV/u and impinged
on 0.5mg/cm? CD; target (~10°8 p.p.s) .

TBragg spectrum, mass 95 beam
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6000 B *Rb Sr experiments were first high mass (A>30) experiment

5500 using secondary-accelerated beams at TRIUMF.
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Composition of radioactive beam was ~98% 9°Sr. 05



QR TRIUMF

SHARC

Silicon detector array.
Efficiency = 80%.
Coverage = 80% of 4.
Ang. res. = 1°.

TIGRESS

12 HPGe Clovers.

Efficiency (1 MeV) = 10%.
Coverage = 2r11.

Energy res. (1 MeV) = 2 keV.

Detector Systems

TIGRESS and SHARC detectors were used to enable p-Y coincidence measurements. .



QTRIUMF SHARC Data

Kinematics For *Sr
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QTRIUMF SHARC Data

Kinematics For *Sr
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Q@ TRIUMF SHARC + TIGRESS Data

%gr y-Ray Spectrum
-
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QR TRIUMF SHARC + TIGRESS Data

%gr y-Ray Spectrum
-
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® Many °°Sr transitions observed, indicating

that many levels are populated. o
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QR TRIUMF SHARC + TIGRESS Data

FOAW - New state

Iy
® Many °°Sr transitions observed, indicating <
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Q@ TRIUMF Angular Distribution Analysis

® Transferred neutron populates either 2s%, 1d%; or
0g’; orbital.

® Three different orbital angular momentum transfers;
£=0,2orA4.

® Each scenario has a characteristic angular distribution.

® Fit data to DWBA calculations to determine 7 and S.
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Q@ TRIUMF Angular Distribution Analysis

%Sr(d,p): **Sr E, . = 0 keV

i e T
‘ ‘ ‘ T—— Experimental Data

'

® Transferred neutron populates either 2s%, 1d%; or
0g’; orbital.

L=0 .m=l7+ Ji=0" y2N=2.14
3 v s

L=2 Jo=3" ut=2" ;Z/N=10.81
5* + 2

L=2 Jo=3" Jf=3" ;/N=10.54
7+ + .2

L=4 Jo=T' Ji=4" ;Z/N=27.52

do
o [mb/sr]
T T T TTT ‘+

® Three different orbital angular momentum transfers;

[s12]2 configuration ™,

£=0,2orA4.
107! :*
® Each scenario has a characteristic angular distribution. ]
. . . 0
® Fit data to DWBA calculations to determine Z and S,
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Q@ TRIUMF

Transferred neutron populates either 2s}, 1d% or

0g’; orbital.

Angular Distribution Analysis

%Sr(d,p): *sr

do
do [mb/sr]

Three different orbital angular momentum transfers;

£=0,2orA4.

107"

Each scenario has a characteristic angular distribution.

Fit data to DWBA calculations to determine # and S.

1+ or 2+ state -.
[s1/2][d3/2] configuration
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Q@ TRIUMF Angular Distribution Analysis

%Sr(d,p): *°Sr E,,, = 1793 keV

I ‘ ‘ ‘ ‘ T —— Experimental Data

—————— L=0 Jo=]" J1=0" x/N=4.58

® Transferred neutron populates either 2s%, 1d%; or
. L=2 Jo=%' Ji=2* 4#/N=6.76
Og7/2 Orb'ta | . 107" H + L=2 Jo=3' J1=3" x/N=6.32

do
o [mb/sr]

L=4 Jo=L' Jt=4" x?/N=1.32

® Three different orbital angular momentum transfers;
£=0,2orA4.
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® Fit data to DWBA calculations to determine 7 and S, Ocu [’
Sr(d,p): *°Sr E,,, = 3239 keV
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® Each scenario has a characteristic angular distribution.

—e— Experimental Data
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L=2 Jo=3 ut=" ;2N=3.16

do
do [mb/sr]

L=2 Jo=g' Jf=2" 22IN=3.92

3+ or 4+ state --.., .
[s12][g72] configuration
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QR TRIUMF Angular Distribution Results

® Angular distributions were extracted for £=4 a
12 °°Sr states. -
® Shell model calculations are being carried ¢=2 . s
: 2481
out to compare spectroscopic factors. 02 o ullz o
= (4 £y
. L I i 23R
® Insufficient statistics to measure angular /=5 o-.2) N Hd
. . . (1+,2%) | *’
distribution of 1465 keV °°Sr state. A i
f=2 “':’jl :Z‘:
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=0 — i . 129
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Bl 55 ¢
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QR TRIUMF Angular Distribution Results

£=0  ceerereeeeessenessneeeessnsenessnsnaennsnnansannnnes Y010
® Angular distributions were extracted for =4 -
12 °Sr states. .
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QR TRIUMF Mixing Between Excited 0* States in *°Sr

® Simulate decay of 1229 keV & 1465 keV states
using realistic Geant model and compare counts.

Counts / keV

10?

10?

ol b b o il | N
400 500 600 700 800 900 1000
E, [keV]

200 300
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QR TRIUMF Mixing Between Excited 0* States in *°Sr

® Simulate decay of 1229 keV & 1465 keV states
using realistic Geant model and compare counts.

® Mixing amplitude of 0s*: 0,* states, a = 0.5(2).

y-Rays Gated on Excitation Energy Range 900-1900 keV 96Sl‘ v-Rays From Excited 0" States

= L e e e e s BN > I o T I o e o
2 2 £t E
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2 B E L i

£ i
3 . S 10° E
102 E
™ ]
(41
a |
102 = 10E E
ol b b b ﬁ Coovo bbb b b b o G MR db v Py
400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900 1000
E, [keV] E, [keV]
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Q@ TRIUMF

Mixing Between Excited 0* States in *Sr
® Simulate decay of 1229 keV & 1465 keV states

using realistic Geant model and compare counts.
® Mixing amplitude of 0s*: 0,* states, a = 0.5(2).

® Constrains deformation: B = 0.30(5).

Relationship between [} and a for p*(E0) = 0.185(50
y-Rays Gated on Excitation Energy Range 900-1900 keV P f rp(E0) = 5(50) 96Sr Y-Rays From Excited 0* States
E ] — ) — l E T T T T TTTTTTTT T T T
4 ~
SOF _ |167%p (E0) , 2 i 2
£ B=|—"9p2 @ (1—a%) { £
3 ] 8 10°
o i E
[ 10
102 10E
N B E N E N S B ﬁ 0.2 ! W T B WS S DU BT i | N
400 500 600 700 800 900 f 1 0 100 200 300 400 500 600 700 800 900 1000
E, lkeV] 0.1 : E, [keV]
0!

0 01 02 03 04 05 06 07 08 09 1 11
mixing amplitude, a



QR TRIUMF Mixing Between Excited 0* States in *°Sr

® Simulate decay of 1229 keV & 1465 keV states
using realistic Geant model and compare counts.

® Mixing amplitude of 0s*: 0,* states, a = 0.5(2).

® Constrains deformation: B = 0.30(5).
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G. Lhersonneau et al., Phys. Rev. C 49, (1994) 1379



2>Sr(d,p) to investigate single particle structure of °°Sr states.
First high mass (A>30) experiments of this kind at TRIUMF.

Measured 12 angular distributions, including a new state at ~3.5 MeV.

Extracted information about the state spins and underlying single particle
configurations.

® Use Y-ray analysis to measure mixing between excited 0* states in °°Sr.
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Thank you!
Merci!

Follow us at TRIUMFLab
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R TRIUMF Experimental Campaign

943r(d.,t) >Sr(d,t) %°3r(d,t)



Q@ TRIUMF Angular Distribution Analysis

coincident with 1180 keV Y-ray.

Gamma Singles Gated on Excitation Energy Range 1505.0 - 2505.0 keV Gammma Energy Coincident With Gated Gam & Exc Energy
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R TRIUMF Angular Distribution Analysis

Gamma Singles Gated on Excitation Energy Range 1505.0 - 2505.0 keV Gammma Energy Coincident With Gated Gam & Exc Energy
[ Upper left: Identified 1180 keV Y-ray 3 T o mm 2 A AL
& 300 — I g s e E
A < E . BgConstant : 210.2710 +/- 39.6990 ~ E =
transition RN s BgSlope : -0.1254 +/- 0.0338 £ Wb 3
8 *'F i Area : 3587.2935 +/- 119.2282 8 E E
. L. 200 - i Mean : 1179.8932 +/- 0.2292 0= E
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Comparison of (d,p) Calculations Between Global and Fitted OM
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