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From spherical vibrators.... ...to deformed with multiple shapes
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“Blue” states — the original
“intruder” band, triaxial shape in
110.112Cd from BMF calculations

“Red” states — oblate band in
110.112Cd from BMF calculations

A 40 (deg)
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The presumed shapes are based on systematics and similarities of decay
properties — but become increasingly uncertain towards the neutron rich isotopes
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54 74 76 What is happening
3= | | with the 0,* state in
N 120Cd? If the recent
N measurement is
< 29[ correct, it undergoes
% C 67 a6 a S|gn|f|_ca1r;;[) drop in
= 2 = energy in t2°Cd.
o N
0 — 4" There is no good
© 15— 2 candidate for the 2*
S 4 state built on the 0,*
© 1 state in 118Cd,
Q C oty implying that it
LLI - Tw--B--p--8-__g _ __ a2t remains unobserved,
0.5 . or other states must
- be re-interpreted.
o1 | | | | | | | | | | |

1OZCd 1OGCd 11DCd 114Cd 11BCd 122Cd

Just off stability, and we do not have a good understanding of the structure
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118Cd has been cited in texts (e.g., R.F. Casten
“Nuclear Structure from a Simple Perspective™)
as an example of spherical vibrational motion
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Knowledge of 18Cd has not substantially improved since the 1980s, when it was assigned as a “nearly
harmonic” vibrational nucleus
120Cd recently studied at ORNL — refuted the previous 0,* state at 1339 keV, and suggested a new 0*

state at 1136 keV

00]]

2322 (4"
[100]

_______ 191 6’1 o

1615 07

>13

______ 2206 2
+ 27033
6" 2033 1921 >
(<100] {820
2" ]323 [100]
F103 544 =055 1436 0
[0.1] 1100]
2506 .y Y Y.
B
26.7 120Cd

Transitions
labelled
with B(E2)
values
(W.u.) or
relative
values in [ ]



KU LEUVEN
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Knowledge of 18Cd has not substantially improved since the 1980s, when it was assigned as a “nearly
harmonic” vibrational nucleus
120Cd recently studied at ORNL — refuted the previous 0,* state at 1339 keV, and suggested a new 0*
state at 1136 keV

----------------- 23;‘)2.!:) Decay pattern drastically changed >+
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Level schemes of 1'%120Cd not firmly established o#GUELPH

Knowledge of 18Cd has not substantially improved since the 1980s, when it was assigned as a “nearly
harmonic” vibrational nucleus
120Cd recently studied at ORNL — refuted the previous 0,* state at 1339 keV, and suggested a new 0*

state at 1136 keV
Decay pattern of 4+ band member changed from

9327 ;4;1/ lighter isotopes, casting doubt on spin 4 assignment
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Level schemes of ''%12°Cd not firmly established o#GUELPH

Knowledge of 18Cd has not substantially improved since the 1980s, when it was assigned as a “nearly
harmonic” vibrational nucleus

120Cd recently studied at ORNL — refuted the previous 0,* state at 1339 keV, and suggested a new 0*
state at 1136 keV
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Level schemes of ''%120Cd not firmly established o*GUELPH

Knowledge of 18Cd has not substantially improved since the 1980s, when it was assigned as a “nearly

harmonic” vibrational nucleus
120Cd reCPnH\l ctiidinad a+ NDNII rafiitad thna nraviiniie N + etata a+ 1220 I,a\/ anAd crinnnctad a nnwe 0+

state at 11 In-band transitions not observed
Perhaps the 2* we are currently associating with the 0* intruder band head is
incorrect? It would imply a drastic change in structure....
Intensities expected to be <0.1%
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Populate excited states in 118120Cd via 3 decay of 118120Ag

Presence of

(6-7) ?s ?

(3*4%) 2.0(2)s 128

00 3.76(15s 0
118Ag

§

R.P. de Groote et al.,

Jyvaskyla

silver yields (UCx)

_ea®0efpRet,,

106 11 116

® ABRABLA Expt

4(T)
(0-17).0:24(10)s

0.44(5)s

2032+ y

multiple B
decaying

1.52(7)s

<— 68(10)%
e
‘I_\‘)
A
=
=

range in

IEUAg x‘

J. Batchelder et al., PRC

C Y )

86, 064311 (2012)

Measured yields —
‘o from UC, target with
. RILIS (Koster, 1999)

Predicted yields
taking into account t,,

: Expected ion beam
| . rate of ~10%—10°%/s

R.P. de Groote et al., INTC-P-551

isomeric states
cover wide spin

daughters

Cd daughters long-lived, enabling
straightforward separation of decay lines

118In 119In 120In 121In 122In 123In
50s 2.4 min 3.08s 23.1s 15s 6.17s
B =100.00% B =100.00% B =100.00% B =100.00% P =100.00% B =100.00%
119Cd 121Cd 122¢d
2.69 min 135s 5.24s
100.00 =100.00% B~ =100.00%
116Ag 117Ag 118Ag 119Ag 120Ag 121Ag
237s 72.8s 3.76s 6.0s 1.23s 0.78 s
B~ =100.00% B =100.00% B =100.00% B =100.00% P =100.00% B =100.00%
Bn<3.063% Bn=0.08%

120Pd
492 ms

119Pd
0.92s

115Pd 116Pd 117Pd 118Pd
25s 11.8s 43s 19s

Identify weak, unobserved transitions, pushing y-ray
intensity sensitivity to better than 1x10-° per decay

Use y-y coincidences to track the bands, especially for
those weak transitions

Study angular correlations in decay cascades to firmly
establish the spins of all the intermediary states, and
multipolarities to extract mixing ratios o

Measure conversion electrons, using combination of
singles and y-ray coincidences to extract conversion

coefficients: note to extract J—J EO components, we
need the mixing ratios 9, since the transition can be

E2+M1+EQ!
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Use of PI-LIST to achieve separation of isomers

Use hyperfine structure of m1 (spin 0), m2 (spin 3 or 4), and m3 (spin 6 or 7) states to enhance selectivity

Compromise between selectivity and beam rate — we will sacrifice the separation of m2 and m3 in order to

optimise coincidence rate — achieved with 2 GHz resolution
Take advantage of proposal 1285 approved at JYFL (M. Stryjczyk et al.) using laser and trap purified beams that will unambiguously assign

y-rays to specific isomer decays down to ~1% relative intensity
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Already possible with the 5 clover HPGe detectors in geometry optimized for y-y angular correlations
L W

the asymmetric five-clover detector configuration at IDS, used here

8 ,'.“ TABLE I. Number of crystal-crystal pairs per 5° angular bin for Angular Correlatlons In 207T|

for angular correlation measurements. Angles are symmetric around 186 - —— 16 : -
O F o . _ = - Normalized fit to data = (i) Normalized fit to data— (i)
90°, so, e.g., 0°=5° also includes 175°-180°. 1.4} E1-E2,J(2676)=7/2 14 E3-M1
< E1-E2, J(2676)<5/2
1.2} ; ) 12
Angle  0°-5° 5°-10°  10°=15" 15°=20° 20°-25" 25°=-30r 1wr - ] ] 1'{#’1'1} 4 ¥ @*1»,1,} AT
Pairs 0 1 2 1 1 3 08l %os LA
2°_258 & 5 6_ace  ASo_SMP  S(P_S5° &S0 Wit WaiO)
30°=35" 35°—40° 40°-45° 45°-50" 50°-55" 55°-00 06 A;E'?m 72 06 A;g[om(z)
3 7 10 2 14 12 04552 04 08 08 1%%0 02 04 06 08 1
60°—65° 65°-70° 70°-75° 75°-80° 80°-85° 85°-90° 16 : - : — 16 : : - —
_ . Normalized fit to data — (III) Normalized fit to data— (IV)
15 8 19 24 18 20 145 M1-E2, J(2013)=7/2 1.4 E3-M1

o} ) .
13 ¥+ ‘+*+-f—.} 4 'H'.lr*'

o -
o = v
-

.../
o -
@ — ]

o5l W20 ¥ W, (0)
A, =-029(2) A, =-0.08(2)

Use of SPEDE for conversion electrons T L L L I L B

Normalized fit to data — (v) Normalized fit to data — (vi)
0.100 - T
0.095 ¢
> W, (0) W,(0)
2 0.090 1 061 Al=-0.16(3) 081 a2 0.12(3)
Q
S + 045—53 07 06 08 1°% 0z 04 06 08 1
£ 0.085 16 _ 16 :
T Normalized fit to data =— (VII) Normalized fit to data =— (\.’III)
14| E2-M1, J(3634)=13/2 14 M1-E3, J(3634)=9/2 - -
M1-E3, J(3634)=11/2
0.080 A 124 4
W(O) 1
E b 0.075 A 0.8 8
. ) : T T T T T 06 Wi(01) 06 W,(0)
B, ; ‘ ! - 100 200 300 400 500 600 ’ Ay =-0.37(3) ’ Az =0.16(6)
i i Energy {keV) 0.4 0.4
PhD thesis M. Stryjczyk (KU Leuven, 2021) gy et W L A R

Use of LaBr, detectors for fast timing (at a further radial distance so as to not T.A. Berry et al., PRC 101, 054311 (2020)
compromise HPGe efficiency, may not provide sufficient statistics)
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IF AN ORDER OF MAGNITUDE LESS IF AN ORDER OF MAGNITUDE MORE
In 18Ag, observation of 2* — 07 transition in Extend sensitivity in angular correlation analysis to
intruder band should still be possible (~500 counts transitions with 0.01% intensity
In photopeak) but with considerable uncertainty Obtain mixing ratios for most low-lying transitions
on Intensity Extend sensitivity for weaker in-band transitions in
Seek additional 2* candidates in level scheme higher-lying 0* bands
Perform angular correlation analysis for In 112Cd, 2.*—0,* transition at level of ~4x10-7 per
transitions for transitions at level of few % decay
Intensity, €.g., 2,"—2," with unknown mixing Enhance statistics in conversion electron
ratio o and 4.5% relative intensity — important to spectra, permitting a far more accurate
AL relatlve_) B(E2) : extraction of the EO components of J—J
In 120Ag, confirm candidate 0,* level at 1133 keV transition (we must subtract the M1+E2

contributions)
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Table 1: Yield estimates for 11%120A o

Species  Yield pC=!  current pA isomer fraction LIST eff duty factor  ions s}

EA T 1.7 % 108 17 0.1 103 0.67 1.94 x 104
U8 Aem2 17 % 108 1.7 0.45 10-3 0.67 R.7 x 104
U8 Aem3 17 % 108 1.7 045 10-3 0.67 3.7 x 104
P0Ag™ 43 x 107 1.7 0.1 1077 0.67 4.9 x 10°
B20Ag™m2 4.3 x 107 1.7 0.45 1072 0.67 2.2 x 10*
B20Ag™3 4.3 x 107 1.7 0.45 1072 0.67 2.2 x 10*
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JYFL (M. STRYJCZYK ET AL.) ISOLDE

Use of trap and laser purified beams (in flight)
at IGISOL to achieve nearly 100% separation
of m1, m2, and m3

Assign y ray transitions to specific isomers,
with B-y-y coincidences, for y-rays down to
level of 1% intensity — important for close
lying doublets of levels with different spins
(appearance of doublets of states within 1 keV
In Cd Isotopes not uncommon)

Aim for decay of 2x10° ions for each isomer
Use of BEGe + coaxial HPGe detectors
provides superior energy resolution

Use of PI-LIST for beam purification, nearly
100% separation of m1, little or no separation
of m2 and m3

Rely on coincidences for assignment to
specific isomer decays, using knowledge from
JYFL data, to level of 0.01 — 0.001% intensity
Perform y-y angular correlation analysis for
sufficiently strong cascades (~0.5%)

Aim for decay of (1.4 — 10)x10°ions (amount
depends on specific goals for each isomer)
Use of HPGe clover enhances high-energy
efficiency, LaBr, detectors for timing
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4 distinct shapes predicted for 0" bands oGUELPH

0, — B = 0.20 prolate
0,"—B=0.4,y=20° .
O3+ — B ~ 0.30 oblate 6+ 4521 6+—-—|—4626 %
0,"— B =~ 0.25 prolate BN j L4196 °:

117 6" 4167 3 02 04 06p 224

+ + . 83 3.2p-5.2h (ma)
Favoured decays of 0,"—>2,*, 4 %3899 | w8 4w isopaon o AN,
0,*>2,*, 0,/>2;* reproduced s 6 5662 8 3579

8+ 3579
o¥ i346l 82
ground

Y band  gite band 2

+
4+ 2894 6* 2021 ,ge; g+ [0 930

4+ 2711 intruder intruder 2666

I v band 2572 6*

7760 4 32403 I <48 f<240

l 2+ 2231 .
2+ 2156 »+ $2721 /“_;‘__‘ <77 | L“‘\? 2168 6+ 2

34(15) 8.2"(15) ““ \ )
0+ §1871 yoo/ \ 1871 ¢ 4+ 3* 2065

%6 60 710.9p-2.9h
114.5p-0.5h

[100] J 68 (21
6.6(11) \ 58 (21)
‘ o [T R ) - /T’u 1176 4 W = gt e e e
\ 1433 o* 51(12) 2+¢ ¢ 1312
[ 3.()(\\3 )| 0
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e \o N e | A
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P.E. Garrett et al., PRL 123 (2019) 142502
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PHYSICAL REVIEW LETTERS 123, 142502 (2019)
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