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Onset of Deformation in Rare-Earth Isotopes
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Experimental data from NuDat 3.



Possible Structure in 190Eu

= f-decay at ATLAS facility at
ANL

= Hartley et al. first identified
f-decaying isomer and
ground-state

(1) 03 t,2=30.8(5)s

%’ (5-) 0 t1/2=42.6(5) S

Low-spin
states

High-spin
states

160G

D.J. Hartley et al., PRL, 120:182502 (2018).
D.J. Hartley et al., PRC, 101:044301 (2020).



K™ = 4% Bands in 190Gd

(5) 0
= Predominant de-excitation KT o— 4+
through K™ = 4* band- 1 i
heads . ©)_1999¥Y" 160,
mw —
= Multiple interpretations of K™ =4
K™ = 47 bands b 1483

= Double-y (Borner)
= Hexadecapole (Burke)

= Quasiparticle
excitations (Hartley)

4+ 1071

16OGd
H. Borner et al., PRL. 66:691 (1991). "
D.G. Burke, PRL, 73:1899 (1994). u D.J. Hartley et al., PRC, 101:044301 (2020).



p-decay of 19°Eu at TRIUMF-ISAC

* TRIUMF-ISAC radioactive beam facility
= Beam of 180Eu9-™ at ~3000 pps for 4 hours

= GRIFFIN facility for £- and y-decay
spectroscopy

=15 High-purity Ge detectors
= LaBr;(Ce) fast-timing array
= Conversion electron spectrometer

A.B. Garnsworthy et al., NIMA 918, 9 (2019).



Summary of Low-spin f-decay
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= All levels confirmed

= 86/94 transitions confirmed

= Different half-life of low-spin f-decay

. t1/2 — 260(8) S Data compared to:

" t = 30 8(9) S D.J. Hartley et al., PRL, 120:182502 (2018).
1/2,lit - D.J. Hartley et al., PRC, 101:044301 (2020).

~8x10° total B-decays
(low and high spin)



Summary of High-spin f-decay

(4,5,6) - 7
= All levels, most
transitions confirmed .
(Br6y) 28600
S+,6+ SC2E8T
=2 new levels
(4,5,6) ©
=10 new transitions o Setaian
= Confirmed half-life of .,
. . + w-u,-co_zm_o 1581,
high-spin f-decay Em— —
“tip=42.5(7) s — — I Lo i
. ll3%3§:§§®@
“ti05it= 42.6(9) s ra— = .
M " N + 1057,
=3 new mixing ratios — i ——
6+ & 514.8
=4 new lifetimes 4
Data compared to: 2 ) : =

D.J. Hartley et al., PRL, 120:182502 (2018). 160G
D.J. Hartley et al., PRC, 101:044301 (2020).



Lifetimes in 190Gd
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Spin of 1999 keV State in 19°Gd

= Constrain spin based on lifetime
7<100 ps

0

(5,6) <

4* V¥ 1483

160G

516

1999 7<100 ps

To states of
spin 4*, 5*, 6*
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516

Spin of 1999 keV State in 10Gd  (5.6) < 1999 7<100 ps
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. . . /4
= Constrain spin based on lifetime 1+W1483 | Tostatesof
<100 pPS e spin 4+, 5*, 6*
160G d
S No B(M2;450 keV) > 17 W.u.
6 No B(M2;516 keV) and B(E3;516 keV)
are unreasonably large
oF No B(M71) and B(E2) ok

No orbitals available to couple to 5* configuration

6* Yes B(oL) ok
Available Nilsson configuration



New Proposed Configuration of 19Eu g-decay

11

v5/2[523], 5/2[532]
2(7/2[523],5/2[532])

(57)

N
>
&/ v5/2[523] - n7/2[523]

Log(ft)ex, = 9.09(6)
(6%) 1999 - ~
— Estimated log(ft) = 4.8 (Bohr-Mottelson)

160Gd 160E Yy

A. Bohr and B. Mottelson, Nuclear
Structure Vol. I, pp. 307 (1998).



Previously Proposed Structure of K™ = 4 Bands 4+ 1483

12

4+ 1071 K™ =4}
= Hartley et al proposed KT = 4}

= Band-heads result from ~50/50 mixing N
of nearly degenerate quasiparticle - :Zzz . \
=v2(5/2[523],3/2[521]) S o) \-\ P
=2(5/2[413],3/2[411]) et <
= 47 band quickly evolves to pure 2v ‘xf 1200 | \ {
quasiparticle band based on ’ I Ped

B(M1)/B(E2) ratios from Coulex S vE——

Neutron Number

D.J. Hartley et al., PRC 103:034322 (2021). D.J. Hartley et al., PRC, 101:044301 (2020).



Experiment
Simple Quantum Rotor for 4; Band
10" 1978
= Simple rotor reproduces K™ = 4]
band quite well
9* 1780
= Consistent with entire band mixed
or none of band mixed 8 1600
72 7+ 1438
Ero(D) = - U0+ D —KEK+D]
\ 5+ 1173
Ca|CU|ated fromy 4+ 1071

5* and 4* levels

Simple Rotor

10* 1998

o+ 1792

8* 1607

7+ 1442

6* 1298

95" 1173
4+ 1071
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New Lifetime Gives More Information on Bands

New lifetime of 47; state:

T = 97(22) ps
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New Lifetime Gives More Information on Bands

K™ = 4f
o+ 1780 )
K™ = 4},
=Strong mixing would 8 1600
suggest significant e 4+ 1483 1=97(22) ps
difference in band-head N N
+ S A
deformations IR S
5+ 1173 @«?\\@Q\
4+ 1071 Q’;@Y

1
(47 |E2]47) — (431E2]43)| =2 - [(2-]; + 1) - B(E2; 4f; — 47)]z = 53(12) efm?
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Unmixed quadrupole moments

Mixed transition rate

— AL=25(6)%



Alternate Interpretations: Hexadecapole Phonons
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last digit given for energy levels (x 50 keV).
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= Quasiparticle phonon nuclear
model (QPNM) calculations
reproduce K™ = 4% band-
head energies

= Dominant hexadecapole
component creating
admixture:

=v%(5/2[523],3/2[521))
« 12(5/2[413],3/2[411])
Experimental data from ENSDF.

QPNM data from Soloviev et al., Int. Journal
Mod. Physics E, 06(03):437 (1997).



Conclusions

= Structure of 19Gd measured via f-decay of 160Eu9™ at
TRIUMF-ISAC using GRIFFIN

= Confirmed most levels and transitions

" New:
= Excited states
= Transitions
= Lifetimes
= Mixing ratios
- If;g%pc?sed new configuration for "*9Eu and 1999 keV state in

= Data consistent with K™ = 4% band-heads as hexadecapole
phonons

17



THE UNIVERSITY
OF BRITISH COLUMBIA

2 TRIUMF

Thank you
Merci

D. Yates'2 R. Kriicken'2, |. Dillmann?-3,

F.A. Ali*, C. Andreiou®, W. Ashfield®, Z. Beadle®, N. Bernier'?,
S. Bhattacharjee', H. Bidaman#, V. Bildstein?, D. Bishop', M.
Bowry', C. Burbage?, R. Caballero-Folch', D.Z. Chaney’, D.
Cross®, A. Diaz Varela*, M. Dunlop?, R. Dunlop?, L. Evitts'2,
F.H. Garcia®, A.B. Garnsworthy', P.E. Garrett*, S. Georges', F. !
Ghazi Moradi*, S. Gillespie', J. Henderson', S. Jigmeddorj?,
C. Jones'8 K. Leach®, B.K. Luna’, A. MacLean?*, C. Natzke?®,

B. Olaizola', H. Patel19, C. Petrache'!, A. Radich?, M.M.
Rajabali’, P. Regang, Y. Saito’2, J. Smallcombe’, J.K. Smith®,

M. Spencer'8, M. Spieker'?, C.E. Svensson?, V. Vedia', K.

Whitmore®, T. Zidar?

18

1 TRIUMF 5 SFU 9 Colorado Mines
2UBC 6 Reed College 10 Waterloo

3 UVic 7 Tennessee Tech 11 Orsay

4 Guelph 8 Surrey 12 NSCL

NSERC
CRING

INNOVATION.CA

CANADA FOUNDATION | FONDATION CANADIENNE
FOR INNOVATION POURLINNOVATION

Discovery,
accelerated




Backup Slides



p-decaying half-lives

= Confirmed half-life of high-spin
f-decay
“t,,=42.5(7) s
"t = 42.6(5) s
= Different half-life of low-spin (-
decay
=t,,=26.0(8) s
"t = 30.8(9) s

Counts/500ms

Counts

103[/}11:%% spin: t1/p = 42.5(7)\

1024

Low spin: t;,5 = 26.0(8) s

0%
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0 100 200 300
Time (s)
D.J. Hartley et al., PRL, 120:182502 (2018).
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y-y Angular Correlations

= AC performed for two intense

cascades
= 516-413 keV
(6+)—>4+—>4+
= 822-173 keV
474727

= Constraints on mixing ratios
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Spin of Parent 1°Eu Ground State?

= log(ft)=5.0 indicates allowed transition

= Option 1: Parent is 57, populates a 6
state just above the 1999 keV state

= Highly-converted E1 transition to
1999 keV state

(6°)
(6%)

X 1999+X
1999
160Gd

/66
0

O

(5)
>



Spin of Parent *°Eu Ground State?

= log(ft)=5.0 indicates allowed transition

= Option 1: Parent is 57, populates a 6
state just above the 1999 keV state

= Highly-converted E1 transition to
1999 keV state

= No evidence of this

= Option 2: Parent is positive parity (likely
5*) and decays directly to 1999 keV 5*
state

(6°)
(6%)

(6%)

X 1999+X
1999
160Gd

1999
160G

®

(5)

cf‘ﬁ

/66

(5%)
>

e



No Evidence for 6- State

*B(E71)<102 W.u. requires E, >50 keV

= No viable conversion electron
observed

= No associated y-ray

f-gated conversion electron spectrum

Counts/keV

173 L

= Hidden under the 75 keV 27 — 07
transition? S50 505005 T35 TaeTen o0 300

Energy (keV)
= No excess intensity in 75 keV y-ray




(5*,6%) § 2560

(9*,6%) § 2490
No Evidence for 6- State »
(6) 4 1999+X

= Conversion electron peak
from this hypothetical
transition would appear in the

516 keV y-ray gate and g‘”; =1 Ty
wouldn’t in the 491 and 560 §6°§: — 1 (491 koY)
keV y-ray gates a0
=No obvious peak 20
s 0 k0200

electron energy (keV)



Two Quasiproton Configuration of 1999 keV State
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v5/2[523],m5/2[413] v5/2[523],75/2[532]

> I n2(7/2[523],5/2[532]) =)
160Eu
|
,bQ)
| (6%) 1999)f
I 16OGd
D.J. Hartley et al., PRL, I _
120:182502 (2018). | This work.




160Eu Parent has Positive Parity

= What is Nilsson
configuration?

= Look nearby to 1>°Sm /1>°Eu

75/2[413]

5/2*

75/2[532]

5/2-

159Eu

27

v5/2[523]

5/2- 0
7 /2[523] »

v5/2[523]
l
7/2[523]

7/2- 1052

1599 m

190



10Eu Ground/isomeric States are Reversed

v5/2[523], 5/2[532]
w2(7/2[523],5/2[532])

(9%) 93

Séﬁs

& v5/2[523] 0

l (1)
7 /2|523]
(6%) 1999

160G(d 160E
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0 I Newby Shift?



Expected Structure with Band-head mixing

K" =4

7+

6+

5+
4+

Unmixed

K™ =4
7+
6+

5+
4+
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Mixed band-heads
K™ = 4},
7+

T _ g+

K™ = 4;
7 5
5+
6" T

5+ Driven up /

A+ -~ Driven down



Transitions Into y-band Consistent with
Hexadecapole Interpretation

= Expected to produce strong transitions
into y-band due to small double-y
component in the configuration
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