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o First met in lallabassee, circa 1995
* Robert taught me a thing or two about
properly setting up a Compton-Suppressed

system (in less than 2 minutes)
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In the beginning (for
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o Systematic study of signature splitting

[E(D—-E-1)]/2I (keV)

o Likely associated with triaxial deformation

163Lu
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Experimental Evidence for Low-Spin Members of “Upper” Bands in !*°Dy
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Abstract. Study of the energy levels of 13°Dy through the !*°Tb(p, 4n)!*°Dy reaction has
revealed the existence of six states with excitation energies between 1.8 and 2.8 MeV and
spins between 6 and 12. Some of them can tentatively be assigned as low-spin members of
“upper” bands which are thought to be responsible for the backbending phenomenon
experimentally observed in the ground-state and p-vibrational bands of this nucleus.
Others could be levels of a negative-parity octupole band.
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In the beginning (for
Robert).
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In the beginning (for
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PHYSICAL REVIEW C 95, 014321 (2017)

Investigation of negative-parity states in 1**Dy: Search for evidence of tetrahedral symmetry

D.J. Hartley,1 L.L. Riedinger,2 R. V. F. Janssens,> S. N. T. Majola,4 M. A. Riley,5 J. M. Allmond,>” C. W. Beausang,6
M. P. Carpenter,® C. J. Chiara,>%°" N. Cooper,'? D. Curien,'"!'? B. J. P. Gall,'"!? P. E. Garrett,"® F. G. Kondev,” W. D. Kulp,'*
T. Lauritsen,® E. A. McCutchan,>'> D. Miller,>' S. Miller, J. Piot,!""'> N. Redon,'® J. F. Sharpey-Schafer,'” J. Simpson, '8
I. Stefanescu,>® X. Wang,>* V. Werner,'*-* J. L. Wood,'# C.-H. Yu,” S. Zhu,? and J. Dudek'""”

PHYSICAL REVIEW C 91, 034330 (2015)

Observation of y vibrations and alignments built on non-ground-state configurations in 1>Dy

S. N. T. Majola,’>" D. J. Hartley,? L. L. Riedinger,* J. F. Sharpey-Schafer,’ J. M. Allmond,*!” C. Beausang,®
M. P. Carpenter,” C. J. Chiara,® N. Cooper,” D. Curien,'° B. J. P. Gall,'° P. E. Garrett,'' R. V. F. Janssens,’ F. G. Kondev,®
W. D. Kulp,'? T. Lauritsen,’” E. A. McCutchan,”!? D. Miller,* J. Piot,'° N. Redon,'* M. A. Riley,!® J. Simpson,'® I. Stefanescu,’
V. Werner,” X. Wang," J. L. Wood,'? C.-H. Yu,'” and S. Zhu’

Roberts Golden Rule:

Always do an experiment on 5Dy
every 15-20 years
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Mutli-nucleon transfer reactions 332 5/2[642] ...,
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Origin of Energy Staggering
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* Only K =1/2 orbital has decoupling
constant, a, that produces energy
staggering

* Higher K orbitals are mixed and will
have K = 1/2 component

o The amount of K = 1/2 admixture is
dependent on the location of the Fermi
surface

o Low p, = large K mix = large splitting
High p, = low K mix = low splitting




(—

—_ /_\ ~ a |

/—\ “
| — \\/ \ rd -~/ -/ | -/ /\ / : /
/\—//\/\ vdkfﬁ \/ - \/v/ﬁ/ﬁ \\/J\ /‘\J\/\/\ﬁ A N NN \_/ _

/
- L\ _JS Lo »

1 OOO | ! | ! | | |
31/2% _
33/2* I ' (a) N'=9
I 647 500 | —_
629 07/2+ Dy
163Yp **= 3
580 :\C/ S
557 23/2+ :
25/2+ ~—"
489 P
463 19/2%
21/2+ i i —500 |- _
370
g i 15/27
iz ! 220  q1q/0+
1372+ 203 > | | | | |
A4 == —1000 ' '
9/27" 4.5 6.5 8.5 10.5 12.5

Spin

—v— 163Yb
161Ey
159Dy
157Gd
1558 m
193N
151Ce

DN 4 2od Nl obrs R g Mot b4 b



“J'/"/’*J'f"' (N-fva I”J -—-/» ’ Jv/ew mJ va qn--fv/-v ﬂ--n-dfv/ep -:—-o/va lev/an ’mJﬂ'f@"‘”J"fl‘ J”ofv/f-v! l"'-!/."/m

/ N /"“’z /“’"z /’"’x f"”/ /"’/ /“’x /"‘"z N /"""z /""1 /“‘ /”1 /"’f /""'1 /"‘"/ f”(z /""’} /"/ /‘Jf""f‘"z“‘f’“’x

: m—

7

:J(ﬂ‘q-f-_s

pege

nergy Staggering in §/2{624} Band

1000

599

29/2%

5438
518

23/2%

25/2"

425 % 19/2+
21/2+ i i

340
17/0+ 3%7 $ 15/2*

13/2+ 199 212 qq/2+
~ 1> 78 T 8() e
9/2* 7/2F

J. D. Garrett et al., PLB 118, 297 (1982)




__\ /\“ P - /’ ———\ —d i
- YD ONSY \\(A‘/“~/‘—/“%ﬂ:\/fV’/V\ Ty 41 /”/ ) < /::/“\ | B - ) N M

-y o < \/ @ L& &7 P | |\
- N AN J\/\ \/v/ﬁ/\ J\JKJ\J\/H p @9 W S / AR .

1000 T T ] T I T I T I
—v— 163Yb
—o— 161ET
33/2+ 31/2+ 159
+
| | 500 . Dy
157Gd
553 580 ~~
159Dy 29/2+ * * 27/2* % 1558 m
— 153
478 501 S 080 - Nd
b - — 1510
D5/2 i 23/2 — e
p,
394 414
21/2+ t t 19/2+ —500 -
303
17/2+ 17 3}7 15/2+
13/2+ 210 215 q1/2+ ;
el 12608 T 1198 ~1000
e L 7/27F %

A. Jungclaus et al., PRC 67, 034302 (2003)




D £\ ~ ~ f D g <l |
lJ S J 6 / |
./\_/4‘\/\ \\/J\/\\; b \-»/uv/ﬁ/ﬁ \/Jka)\J\/; Fp @ W S \/ Y oo NS _/——/_ y W /uv; Q@ W
/\/»/ /\//\/ /\_/ .

1000 — - . - | . . . |

—v— 163Yb

&= 151y
29/2+ —=— 139Dy
—o— 157Gd

1558 m

I 27/2+ 500
482 I

el il

406
21/2* i 409

19/2F
& e
17/2F ! 323 -500

15/2+
3 237 Siilzs

s :
L 1? 2,)— 157 7/2*

151Ce

(1) (keV)

—1000

T. Hayakawa et al., PLB 551, 79 (2003)

] ]
Y
@)
W




o’ A B TAT ) SN JE oy SO gty o 28 (g I R ¥R N2 o 5 as
i L el L e K Ferr 20 _ FEas LT ) e e
. NG S .,,/L\» Yol -./ KOsy ROIMTINNE = i
- >

v v \_/ ‘
./\—/J‘\/\ \/J\/\ \_/ \//\/v/ﬁ/\v/\/kd\d\/ﬁ 4 2 . p W /uv/\/\ \_
4 7 ¢ 4

— ~
\ /\1 ~ ~ /- -\ |
\ 4 \ /

L)/ o/ W G >

1000 | ! | ! | ! | ! | 163Yb
161EY
29/2+ 159
| 27/2+ 500 | Dy
496 I />\ 157Gd
155Sm 25/2+ i 496 O 155G m
23/2+ e 153Nd
424 =
21/2+ i 416 = l2lCe
19/2+
1725 94 i o
4 _e00 L
! 3% 15/2+ o
13/2+ 248
¥ 252 11/2+
g9/2t 206 L.
ey 174 7/2+
5/2 135 = _1 OOO I 1 I 1 I 1 I I I ;
4.5 6.5 8.5 105 125 3
Spin
S.J. Asztalos et al., PRC 60, 044307 (1999)




mfv/-r/lm-f»f- lm-fwfvt I-v-f '/" nu-q/'fr nJ"P w--fvf- l-ud(\vfp lq—ac/.v/uw lwu/va Imqf ’F ('-vw-f ’r/w- luq--f'fv l-#J r—/mp la-v--{'-—/-v n-fe-/v$ J*J»r mqf -rf. ”J wfv lvarv;ﬁt«Jvrkﬁvarfl«J 'f' ln-vqﬁ,n-fw "J’rf

//"’f i~ i /""/ /'"'1""7"'""1 /""x /’""/ /""/ /""x /”'z /""1 /"""’1 /—’f f"f /"’1 /""f’”/“'z /""/ f"‘/ N\ S N /”"’1 /""‘"x

Energy Staggering in 5/2{624} Band

1000

29/2

| 27/2+
478 |

153Nd 25/2+ 470 i

23/2* R\ Za\ AN
414 ~

21/2%+ i 308
i 19/2+

170+ %
! 324

_|_
. 278 ! 15/2

132+ “y 289 11
g/o+ 209 Y
5/27 138 1760

10.5 12.5




> P ~ ~ f D - |
lJ S J 6 / |
./\_/4‘\/\ \\/J\/\\; b \-»/uv/ﬁ/ﬁ \/Jka)\J\/; i i \/ /_/ L A _/——/_ y W /uv; Q@ W
/\/»/ /\//\/ /\_/ >

29/27"

I 2255 500

483
. Ce - i 4£i6 23/2%

412
21/2% i 420

S(l) (keV)

335
17/27 ! 337 500

13/2+ 238

250 i
s 157 1172

5/2F 122

1000l 4—s—t— .

G. S. Simpson et al., PRC 81, 024313 (2010) Spin




/“f N R JEON SR O S R O O SO SR S SIS S /Jﬁ A0S LIRS

Energy Staggering in 5/2[624] Band

1000

Energy staggering of the 5/2[642) band in

this region is an indicator of deformation

See same trend in N = 95 nucle:

i
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Maximum deformation is not at midshell
(Z = 66, Dy), but appears to be located at
Z =60 (Nd)
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* -20 years ago, Dracoulis, Kondev, & Lane
ran a series of multi-nucleon transter
reactions to produce neutron-rich nuclei

that are likely to have isomers

e 136Xe + 176YDb at 820 MeV, performed at

ATLAS

* 1/10 pulsing (825 ns between beam bursts)
* Gammasphere had 101 detectors

operating - focus on out-of-beam
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‘Two-quasiparticle Isomer in 178YDb

Most neutron-rich Yb nucleus with known excited states
Spectra are from cube resulting from data between beam bursts

Sum of the 83/193, 83/953, and 193/953 gates

Observed coincident x rays are from Yb
/Yb X rays
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Multiple 3-quasiparticle EERETZN
isomers in 17°Lu
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* No ys previously known, excited .
states up to 13/2 from proton spectra 200

Burke & Garrett, NPA 550, 179 (1992)
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Thank You, Robert!!

Hawve bad a terrific time exploring rare-earth nuclei at high spin and not-so-

high spin together

You bave greatly aided me in my scientific and professional endeavors
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Congratulations on your retirement!!
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DOE (DE-ACoz-06CH11357, DE-FGo2-97ER 41041, DE-FGo02-97ER 41033)
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Half lives

o Six cubes were constructed dividing
the out-of-beam period into ~110 ns
intervals

* 10 obtain enough statistics, a single
(clean) gate was placed to track the
intensity of a y in the decay sequence
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Systematics of E1 Reduced Hindrance Factors

fo= @112/tV12)""

e Note that the K = 4 isomers
are a factor of 10 higher

- v2(1/2[510].9/2[624]
- v2(1/2[521],7/2[633

)
)
- 2(1/2[411],7/2[523))
)

- v2(5/2[512],7/2[633

o The re-coupling of particles is

an effective
1/2[510] —> 9/2[624]

transition

- v2(7/2[514].7/2[633))
v2(7/2[514].9/2[624])

160 164 168 172 176 180 184

o This AK=AA=4 transition is A
greatly hindered by Alaga
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* Understand conditions to sustain r-process

* Reproducing the rare-earth peak may be a

)

key component to this understanding

—

Abundances (Y(Si)= 10°)

Rare-earth Peak

* ~20 years ago, Dracoulis, Kondev, & Lane
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ran a series of multi-nucleon transfer

reactions to produce neutron-rich nuclei that
9. 9. Cowan et al., Rev. Mod. ?ﬁys. 93, 015002 (2021)

are likely to have isomers
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