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Shapes, Symmetries a ndSpi n.

Jerzy Dudek is a Grand Master of Nuclear Structure Physics!
We would not be where we are now without his brilliant 6 decades of input.
| first met Jerzy/Jurek/Dudek in 1984 at Daresbury Laboratory.

Let us celebrate his 80t birthday in a special way and make mention of some
of his seminal contributions.

It is also the 40t birthday of the discrete superdeformed band in 1>2Dy which
changed our field forever! Brief SD primer for young folks ... It will be back!

Just celebrated 50 years since Nobel Prize for Bohr, Mottelson and Rainwater.

| will attempt to combine these three interlinked themes with some history
and of my own interactions with Jerzy through the past 40+ years.

There is spectacular discovery potential in the future to study nuclei at the
extremes. May the fun continue!
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AI Overwew

Jerzy Dudek and Nuclear Structure

* Jerzy Dudek is.a theoretrcal physrust recogmzed globally}'»'f.'..;
; _;:-'-..ffor his fou ndatlonal research on the diverse shapes
- exotic s symmetrles and extreme rotatlonal behav1ors of
'..f.f'fatomlc nuclél Worklng prlmarllyatthe Unlver5|ty of
| Strasbourg and the IPHC in France, his career: spans SIX L
o . decades of connécting theoretlcal models W|th e
- "'.experlmental nucléar phy5|cs e

- Local lad! © I\/Iaster S degree |n Theoretlcal Phy5|cs from?_.;'v‘
—=iofhe Jaglellonlan Umver5|ty in KrakQW Poland, and :
i _f";;-completed his Ph D.in Theoretlcal Nuclear Phy5|cs at the

Unlver5|ty of Warsaw Poland e T e e




| AI Ove rVIeW* - 'E zt 13'.':-‘ ff'f.i
Key Suentlflc COhtFIbUtIOnS

Deformed Woods Saxon Potentlal Unlversal Parameter set

i Dudek (along Wlth coIIaborators I|ke Wltold NazareW|cz)
'-’T,'_optlm1zed and popularlzed the aX|aIIy deformed Woods-
o "»Saxon potent|al to compute smgie partlcle nucleon
oenergiesst, T i 2G parameters' Truly Umrvensal'
° '.-,Compared to old Lmodels Dudek’s parameterlzatlon Was
N 'remarkably accurate at: descrlblng the subtle nuclear sheII

£ adjustments that occur when a nucleus stretches or: spms.;

; jt"_._-:"Thls bécame the global standard for predlctmg where . “
L new |sIands of stabmty and deformed shapes WOuId
_manlfest e L O s




o) AI Overwew
Key SC|ent|fi‘c Contrlbutlons

e Super- and Hyper Deformatlon He developed.
""--i_;;‘mlcroscoplc theones explalnlng atomlc nucIe| :
¢ f “that stretch into elongated hlghly deformed
T "shapes under-extreme rotatlon or. energy

."".',"'"'EXOtIC Point- Group Symmetr jes: He p|on*eeredj
'+ .-the study of nen- standard spatial symmetries ' -
. in'nuclei—such as tetrahedral and octahedral =
. ' fpomt -group Symmetrles—whlch affect nuclear -

'-stablllty and sheII structures 1 '
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VOLUME 88, No. 25 PHYSICAL REVIEW LETTERS 22 June 2002

Nuclear Tetrahedral Symmetry: Possibly Present
throughout the Periodic Table

J. Dudek, A. Gézdz, N. Schunck, and M. Miskiewicz

VOLUME 97, 072501 (2006) PHYSICAL REVIEW LETTERS 18 August 2006

Island of Rare Earth Nuclei with Tetrahedral and Octahedral
Symmetries: Possible Experimental Evidence

J. Dudek, D. Curien, N. Dubray, J. Dobaczewski, V. Pangon, P. Olbratowski, and N. Schunck

Qza = Iz = 0.1 Q390 = I3 = 0.2
Examples: Nuclear TETRAHEDRAL symmetry shapes




“Nuclear Pyramids”

: - . : _. . Physics News Update http-/fwww aip org/pnw/2002/5plit/593-1 himl

i . i i SHARCH
AIP American Institute of Physics

Number 593 #1, June 10, 2002 by Phil Schewe, James Riordon, and Ben Stein
Nuclear Pyramids

3 “‘Smallest Pyramids in the Universe”
Smallest Pyramids in the Universs - Physics News Updats 789 hetpe (www aip. org/pro 2006/Eplit Ta8-1 b ,

AP | e
ULJI_I:I SCIENCE uﬂww~;1u‘i?j" S News Update:

HWEMLMEHHM Bem Stein, and Davide Castebweochi
Smallest Fyr

Want o know more? Nicholas Schunck or DudekK' falk




e These two sequences represent the coexistence between tetrahedral and

octahedral symmetries. Curves represent the parabolic fit and are not meant

to guide the eye. This is the first evidence based on the experimental data

Experimental Results [Tq-vs.-Op|

Symmetry Hypotheses:
Tetrahedral: Ty

Ay — rm.s.—80.5 keV

Octahedral: 0Oy
Ay r.m.s.=1.6

> 6 7 8 9 10 11 12
Spin 7

FROM: Spectroscopic criteria for identification of nuclear
tetrahedral and octahedral symmetries: lllustration on a rare earth nucleus

J. Dudek et al.,

PHYSICAL REVIEW C 97, 021302(R) (2018)




AI Overwew
Key SC|ent|fi’c Contrlbutlons

. Voo N G.
- Nuclear Isomerlsm and Rotatlon H|s work -

: larlfled the nature of fission-isomers; yrast trapf"'_’
|somers (hlgh spln trapped states) and "
2 > ;_'_'collectlve nuclear rotatlon usmg mean fIE|d
:-if_'ftheory . i

°‘*"_Extreme Condftlons He |nvest|gated how , |
~ atomic nucle| behave under extreme condltlons e
Q jf,;},j':‘,|nclud|ng hlgh splns hlgh temperatures and |
i .;";'"_'_,'extreme neutron to proton*ratlos (|sosp|ns)

i o vy X b - . o o 4 » % L 3 ..
: & ’ S . . ’ . . g
g R v LR J $ . . . . 4 .
: . . * . 2 v _#
. MR - y > P . g . . F, . ..
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AI Overwew
Key Sclentlfi'c Contrlbutlons

N

4‘ e, You can read more about h|s recent Iectures ‘

:' ', -on- reallstlc models through the Zakopane |
< ],‘-2026 Conference on Nuclear thsrcs or:, ‘
".-.-,explore hls co- edlted coIIectlon on.the Focus '.:

5'4.'_|ssue on Nucle@r Sha pes and Svmmetrles |



https://indico.ifj.edu.pl/event/1430/contributions/6012/
https://indico.ifj.edu.pl/event/1430/contributions/6012/
https://iopscience.iop.org/journal/1402-4896/page/Focus-issue-on-Nuclear-Shapes-and-Symmetries-From-Experiment-to-Theory
https://iopscience.iop.org/journal/1402-4896/page/Focus-issue-on-Nuclear-Shapes-and-Symmetries-From-Experiment-to-Theory

» R _
Pushing atomic nuclei to new extremes is what we
are about!

e .-




- . Witek Nazarewicz: Rotationsin the Universe  *

molecules]  nuclei

mechanical hadrons|
tools
’ - - v 'i"(l
L & P (
N —— ~ meson
centrifuge
neutron
s_idereal rotatiox_gl stars ‘

galaxies|

Revolutions/sec- !~

a]axy |/'! ‘

clusters| /,
Andromeda
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Proton Number

_ NUCLEI AT THE EXTREMES:

The Chart of the Nuclides

Heavy Elements? .

[Fission
ILimit?

Proton

Drip Line?

100 120 140 160 180

Increasmg Angular Momentum and EXC|tat|on Energy:.. ;

Excellent way to mvestlgate nuclear strl’Jcture Remember these

' stud|es are ultra-sensmve to what the mtruder shells are domgl o




e ON THE
B TRANSMUTATION OF ATOMIC NUCLEI
BY IMPACT OF MATERIAL PARTICLES

Mathematisk-fysiske Meddelelser XIV, 10 1937

. GENERAL THEORETICAL REMARKS constituent particles of the nucleus in a way which resem-

BY
moment of Inerlia, we oblain

N. BOHR ano F. KALCKAR

MAY 135, 1938 PHYSICAL REVIEW | VOLUME 353

On the Rotation of the Atomic Nucleus

K. TruLER, George Washington University, Washington, D, C,
. AW

|, A WrrgLg, University of Novth Carolin, Chapel Hill, N. C.
(Received March 23, 1938)

We must in fact § i

assume that any orbilal momentum is shared by all the

bles that of the rotalion of a solid body. Denoling by J the |8



Physical Review 90 (1953) 717 - Letters to Editor

Rotational States in Even—Even Nuclei

AAGE BoHR AND BEN R. MOTTELSON*
I nstztute for Theoretwal Pkysws, Copenkagen, Dmmark

- ik 2 a - : P N
Er= k I(I+ 1), 1I=0,2, 4,86, (1)
' even parity

Bohr and Mottelson (Wlth Ralnwater) were awarded the 1975
. Nobel Prize for connectlng the s1ngle-part1cle and coHectlve
it aspects of nuclear behavmr lnto a cons;stent framework




..
..
.
.
.
e
.
.
.
R
.
e
.
)

¥ W

AL
.

LA

’
%
.
..
T
¥
a
e
T
.
$ .
5.
.
.
.

*
fe
e
v
.‘;

nuclear physics in the worldl

-
oo ;i ..
: »
- R
P "
e direw
. . ,.

Perhaps the most |mportant archlve for.w

. Slmpl.;

.
i

| A mazmg' P

. "..
: i
.
.




CeIebratmg the 40 year anmversary of the 19?5 Nobel Prlz.e to Bohr,
Mottelson and Ramwater ' ' ' . +

-°-PHYSICASCRIPTA2016 . a

.,"'Focus |ssue to celebrate thé 40
- year anmversary of the-1975 = .
; Nobel Prize-to Aage’NleIs Bohr,
“Ben Roy Mottelson and Leo G Nearly 140 SC|ent|StS
James Rainwater: , . " ;L-"-:from allover the world
_ Guest Edltor Jerzy DudeK T
-accepted our |nV|tat|on

i *and: we have over 50
:_‘,artldes includedin
‘ 'f-_'-.'-'th|s Spec:al Celebratlon .
"--.-,~Focu5 Issue' Al ..' | |

Phys SCF 91 (2016) G

LIPS
. .. %




IOP Edltor |q Chlef to Dudek

.. In comparlson wrth two other focus coIIectlons
for a coIIectl.on on a S|m|Iar toplc SN

|t |s 6 5 whereas the average C|tat|on for your

| coIIectlon |s 32 8

g Th|s cIearIy demonstrates that the coIIectlon has b
attracted S|gn|f|cgntly hlgher attention and’ =

,.., C|tat|ons makmg a substantral contrlbutlon to the
Journal R et T L

..’-




Taklng this opportumty, we Would Slscika

'._~.-._;.ask if you are interested in editing another
'..'y*'focus collectlon W|th th5|ca‘Scrlpta’?

Huan (Harley) |

Q Ms Huan WangIXA |Publlsher .

R - loP Pubhshmg Beulng Office = -

: _. Rl ks v 3 . : -'_. .'. s ...' : g ] : : : % ’.1. PN : . -.v'. ..-‘ «% :
. - . . d P . . 3 - . .. = .
»- . s e P ,'_-.~ & . ~; . ;. .. », o




Celebratmg the 40 year anmversary of the 1975 Nobel Prlz.e to Bohr,
Mottelson and Ralnwater B

PHYSICA SCRIPTA 201 g

§ Phys. Scr. 91 (2016) 123002 (19pp) doi:10.1088,/0031-8949/91,/12/123002

.

Focus lssue to celebrate thé 40
year annlversary of the-1975 - High resolution gamma-ray spectroscopy

No-b'el Prize to Aage’Nlels Bohr, and the fascinating angular momentum
Ban Roy Mottelson and LeO B realm of the atomic nucleus

-James Ralnwater o ' M A Riley", J Simpson’ and E S Paul’ OPEN ACCESS!!

Guest Ed |t0r Jerzy Dudek. ‘ ' : iDep.ﬂ'trn.m“‘oir Ijh\ms FlDl:ldd State Um\eml\ Td“d]‘l.iSSt‘E FL 32 1()6 USA FREE TO THE
WORLD! ©©©0©O

fsu.edu, john.simpson@stfc.ac.uk and esp@ns.ph.liv.ac.uk

¥ Invited Comment

-]6 Nm-;nt;cr 016 Downloaded over
8560 times!

In 1974 Aage Bohr and Ben Mottelson predicted the ditferent
deformed nuclei as a function of increasing angular momentum
up to the fission limit. While admitting their picture was highl
€ stated “..with the ingenious experimental approaches that are
forward with excitement to the detailed spectroscopic studies 1|
of the spinning quantised nucleus’. High resolution gamma-ray

y 1]LIL1€1 in the mdul ar momentum—excitation energy plane that continue to surprise
and fascinate scientists.

# Keywords: Gamma spectroscopy, Detector instrumentation, nuclear structure, collective
excitations, single particle excitations, high angular momentum

(Some figures may appear in colour only in the online journal)

Riley, Simpson & Paul, Phys. Scr. 91 (2016) 123002


https://iopscience.iop.org/article/10.1088/0031-8949/91/12/123002
https://iopscience.iop.org/article/10.1088/0031-8949/91/12/123002
https://iopscience.iop.org/article/10.1088/0031-8949/91/12/123002

o : R W Physica Scripta. Vol. 10 A, 13-20, 1974

Some Current Themes in Nuclear Research .

A. Bohr

The Niels Bohr Institute, University of Copenhagen, Denmark

B. R. Mottelson N S .
Nordita, Copenhagen, Denmark |

Received July 3, 1974
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Fig. I1. Nuclear phases a a function of angular momentum and excitation
energy (schematic).
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Ny The picture sketched in Fig. 11 is admittedly highly conjec- ot
: Gt St Los tural; however, with the ingenious experimental approaches that o
. NSRS are being developed, we may look forward with excitement to e 88

5 iy the detailed spectroscopic studies that will illuminate the behavior

bt e of the spinning quantized nucleus.
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Evolution of Gamma-Ray Spectroscopy
e Through the Decades - '

-

°New Detector Systemsq—; New Phy5|cs
°R|Iey, Slmpson and Paul, Phys Scr 91 (2016)
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The Importance of Discovery Potential!
A fr\a—’—JUS-C Alﬂ l’l&-—— USf
as | expcc’tec{ as expectec{

%&

AL] lr\a—f J\th
as {

/rf*caw \

LOT OF THESE

{§  Novel instrumentation always forms an explosive “"discovery”
; mixture! i



The Angular Momentum World of the Nucleus

complete
spectroscopy,
rotational
continuum,
chaos

high-K isomers

hyper-
\@? deformation

: *
backbending 1| 3 %60

magnetic
rotation

identical

—

Al=4
; o o Fingihs e . bifurcation
pair gap o 6\0\ reduced »////~— e

- QQQ moments

OPEN ACCESS!! © © ©
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< of inertia

Riley, Simpson & Paul, Phys. Scr. 91 (2016) 123002 I
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70 S EXCITING TIIVIES

Wa rsaw GrOUp Ied by Syzmanzkr form
+ strong interactions with Lund and .~ ~
Copenhagen wrth spectacular results

and creatlen of future Jedl I\/Iasters'




The Angular Momentum World of the Nucleus

complete
spectroscopy,
rotational
continuum,
chaos

fission

high-K isomers

magnetic
rotation

—|

identical
bands

: R " N ) ifarcation
pair gap ro &o‘ < educen ;\‘,\{’/ o
o et ZXY / OPENACCESS!'© © ©
ol Ineraa

Riley, Simpson & Paul, Phys. Scr. 91 (2016) 123002 '
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BLEGDAMSVE] 17, 2100 KOBEMNHAVN @ % R *-y . % .
TELEFOM: (01) TRia 1616 A S, L >
TELEGRAMADR.: FHYSICUM, KOS ENHAYMN . e ey £ P '
16 October, 1970 AT A e LaE AR >
Dear Arne and Hans, £ : " . e v

Thank you for the preprint of your note which indeed makes EE e e e FR0%, o8 "_',
a very exciting story. It appears that you have rather convincing .,:.~1:;r 'm‘f;'. ?; y
evidence for the occurrence of Bomething gquite remarkable for - Belate s 4 .":: .oxf
angular momentum values in the region I a 16; this is exhibited, o ; i ’Z .
pPerhaps, even more dramatically in a plot of the moment of inertia . : o : : :
as a function of the rotational frequency (see the enclosed figure). Y o & ";.~- ';f
The frequency is defined by the canonical relation appropriate for 4 «}-' ; ey ok Vi
an axial symmetric rotor ) v ‘ ': 5 o
ANT (T
oxr 2

cat = & T «1) (‘i—igezr“))

In the last expression, the energy derivative is taken from the
observed transition energies

&3 =

ae . e(T,)— S4Lx,-2)
AT T wii )I 4T - 2

(i) « 1‘.2—2‘-1-! ~

The moment of inertia is also defined in terms of the derivative
of the observed energy

y!
(d'.l:(l—e- L ] -~

Another interesting feature of your data concerns the
value of F at the singular point. If the pairing correlation were

to completely disappear, one would expect 3 = ‘3...'( - However, i
since the transition frequency for neutromn and protonsmay be gquite Ben an age

"_Aﬂ— p- & Y & Py T, =2 202,70) ) ) . In 1 970

- » ¢

different, the value of F is likely to be somewhat below 3‘..:.. after % R A " .
the first transition. : 2

We send our compliments and best wishes for continued success— ¢
ful hunting in this exciting field. e Rk .

% B. Mottelson PO RN e A S R



i) 1.D.1: Nuclear Pihriysics A183 (1972) 257284, © North-Holland Publishing Co.. Amstercdamn:
1.D.2 Mot 1o be reproduced by photoprint or microfilon without written permission from the publisher

CORIOLIS EFFECTS IN THE YRAST STATES

. dpeed F. S. STEPHENS ' and R. S. SIMON

" Sekirion Physik, Universitédgr Miinchen, Miinchen, Germany 1Y
Received 19 November 1971

Abstract: We have investigaled the Coriolis effects at high angular momentum in a system

Vg consisting of two (or four) particles in the igp orbital coupled to a deformed core. As the
2 angular momentum is increased in this system, we find that the particies tend to decouple
& from the core and add their angular momenta, ultimately 27— 1 for two particles, directly to that
g produced by the rotation of the core. In our calculations, enough encrgy is gained in this
. partial decoupling so that somewhere between 7 = 10 and f = 20 these states become lower
5 in cnergy than those involving just rotation of the initial system. Such a change in the
! character of the lowest-lying, or yrast, level in this spin region is consistent, in so far as we can
g rell, with existing experimental data on rotational-level spacings and de-excitation cascades.

¥ 4 o
Fig. 4. The Coriolis eflects on a spinning wheel constrained o turn with a turniable {a) tend to
produce the configuration shown in (b).

=a. - g
N “

O TO e Z0 30

’:z ves Fie. 6. Excitation cnergy versus angular momentum for a doubly even rotationul nucleus. -

’
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CORIOLIS EFFECTS IN THE YRAST STATES ; '4 SR . W S R Fts ; o ar ik
F. S. STEPHENS * and R. S. SIMON A 4 2y oo &%
Sekirion Physik, Universitédgr Miinchen, Miinchen, Germany 1Y . " : By S oy B e
. Received 19 November 1971 o ¥ > & ek " .
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y Abstract: We have investigaled the Coriolis effects at high angular um in a syste FA “ S e : S

consisting of two (or four) paricles in the ip orbital coupled to a deformed cor
angular momentum is increased in this system, we find that the particies tend to
from the core and add their angular r nta, ulti tely 27— 1 for two particles, direc
produced by the rotation of the core. In our calculations, enough encrgy is gaine

L]
* partial decoupling so that somewhere between 7 = 10 and / = 20 these stales beco PS
in cnergy than those involving just rotation of the initial system. Such a chany
character of the lowest-lying, or yrast, level in this spin region is consistent, in so far . f

rell, with existing experimental data on rotational-leve!l spacings and de-excitation
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: Fig. 4. The Coriolis eflects on a spinning wheel constrained o turn with a turniable
produce the configuration shown in (b).
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Available for download at
www.physics.fsu.edu/The
BackBender

Or via Open Access
journal:

Riley, Simpson & Paul,
Phys. Scr. 91 (2016)
123002

Fig. 14: A short movie about backbending or rotationall

’ R R - [io1iment in nuclei [77] can be downloaded and viewed at

_ http://www.physics.fsu.edu/TheBackBender [78]. It con-J%
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Sl ;Al._* D'u.d‘ek'at'baresjlou}ry"for.'_fi;ij%t,_tim;é'19';8.4; i
In 1984 promlnent PO||Sh theoretlcal
nuclear phy5|C|st Jerzy Dudek spent tlme

:..',I".,;;-Facﬂltv (NSF) L e L I ;
His visit comuded W|th a Iandmark

fperrod in nuclear physucs hlstory

Th|s coIIaboratlve grldge in 1984 between Dudek 5%

- structural caIcuIatlons and Daresbury S. hlgh resqutlon
. '_.;.g”am ma-ray spectroscopy is widely recognlzed asa

. "_.-‘ffoundatlonal moment that kicked off the global race to
s stucLy superdeformed %uclel throughout the Iate 19805 ~.
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John FranC|s Sharpey-*hafer helped change everythlng'
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'Flrs’r expemmem‘s at Daresbur'y Er-158 and
ijy 152, proposed Shar'pey Schafer and Twm
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8Er expt at Daresbury -Sharpey-Schafer et al - Mid-80's

Paired nucleons 158 E r
%) Aligned neutrons
= The 12 valence particles move in
> 42000 4" Nioned meunan,  €Quatorial orbits, driving the
1 igned neutr
Q andprotons ~ nucleus to an oblate shapel!
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L
O
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W 2000
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Simpson, Riley, JFSS et al., Phys. Rev. Lett. (1984) - prolate-oblate shape change
EBLBL ,P.O.Tjom et al., PRL 55 (1985) 2405 - beautiful lifetime measurement Syl

-



I 158Er expt at Daresbur'y Sharpey-Schafer/Riley/Simpson/Mid-80's

T T =1

| +i :Rf’j Sum of Gates 18—-32" »
] E 158 The Compton
| p 185y o : ; . "I
U, | bw T Suppression Revolution!!!
3%% utrons
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FIG. 1. Coincident y-ray spectra from the reaction
1225n(4%Ar, 42)!%8Er obtained with indicated gates.

L

*Simpsori et al., Phys Rev Lett. (1 984) pr'olate oblate shape change s ST
. LBL group, .P. 0. Tjom et al.; PRL 55 (1985) 2405 - beautiful lifetime measurements,
* . T.Bengtssonkand:I. Ragnar'sson Physica Scr':pta 5 (1983) 165 -+
- Ragnarsson, Xing, -Bengtsson and Riley, Phys. ipta 34 (1 986) 651 LG R,
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" rotation:;
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Beautiful wor'k aT T o

ANL WlTh 154Dg e prolate — triaxial — oblate .

"ORNL too.on'! éYb | [, =40-50Mh

Gnd LBL On 156 158Er' [ =m+m, +my +

T. Beng‘rsson and T. Ragnarsson Physuca Scr'lp‘ra T5 (1983) 165

I. Ragnarsson, T. Bengtsson, W. Nazarewicz, J. Dudek, and 6. A. Leander; PRL 54, (1985) 982 -
I. Ragnarsson, T. Xing, T. Bengtsson and M.A. Riley, Phys. Scripta 34 (1986) 651.




Ear'ly 1985 Wl'rek and J er'zy r'emmd me. 'rha’r fabulous

calculaf‘ons on’ 15‘-"Er' come from: Poland too! .

Original hand- drawmgs For the famous 1985 article
Phys Rev 631 (1985) 298 ot more: of ThIS paper la‘rer'




Ear'ly 1985 W|1'ek and J er'zy r'emmd#me 1'h01' fabulous

“calculations on 5Er come from Poland fook ot M
- Original hand drawmgs for the famous 1985 article. el
Phys Rev 31 (1985) 298 il more. of ThIS paper later * e iy




PSEr: Filled orbitals relative
to 1*°Gd core.

Protons. Z=68 Neutrons, N=90)




| _‘;Tltled Ferml Surfaces - Used to. great effect in Iate 70 sby Dudek and Warsaw/Lund
: | collaboratlon group in explalnlng hlgh spm yrast traps in rare—earth nucle| »
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' yar's later (194 .. |
- 153Er agaln at Daresbury but now with EUROGAM (37 ESS) |

: Slmpson Rlley,JFSS etal, Phys Lett B327 (1994) 187
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PHYSICAL REVIEW C VOLUME 31, NUMBER 1 JANUARY 1985

Shape evolution in the transitional gadolinium, dysprosium, erbium, and

ytterbium nuclei

J. Dudek
Centre de Recherches Nucl'eaires, F-67037 Strasbourg Cedex, France

W. Nazarewicz”
Department of Mathematical Physics, Lund Institute of Technology S-22007

Lund, Sweden
(Received 25 June 1984)

Shape evolution in / = 30 /# high-spin states of 144-1%0 Gq, 190-156 py 162-158 g, 44 154-160 vy
predicted theoretically within the cranking approximation using the generalised Strutinsky method. A
comparison with available experimental data is provided.

Jerzy DUDEK, Univeity of Strasbourg and IPHC/IReS
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Figure: Predicted competition between the super-deformed, together with
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marked with circles.
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The Angular Momentum World of the Nucleus

complete
spectroscopy,
rotational
continuum,
chaos

fission

identical

INF Al=4
£ . & bifurcati
A\
e 2§/ oPEN ACCESSI @ © ©
ol Ineraa =

Riley, Simpson & Paul, Phys. Scr. 91 (2016) 123002 l



Most Famous Rotational Structure EVER!

Superdeformed Band in >2Dy: (Twin, Nyako, JFSS et al)

Exptal data Note the dlagonal rldge

: rotor Nyako et al PRL ( 1 984)
=
:: IME 52, NUMBER 7 PHYSICA L REVIE W LETTERS 13 FEBRUARY
o
Observation of Superdeformation in 152Dy
B. M. Nyakd,® J. R. Cresswell, P. D. Forsyth, D. Howe, P. J. Nolan, M. A. Riley,
J. F. Sharpey-Schafer, J. Simpson, and N. J. Ward
Oliver Lodge Labovatory, The University vevpool, Livevrpool L693BX, United Kingdom
07 0.9 141 13 15
and
ElY4)[Mev]
P, J. Twin
The¥ -ray energy correlation spectrum of Ey, against E., for 1520 obtained using Science and Engineeving Reseavch Council, {Jm'esb.. Labovatory, Warringlon WA4 4AD, Unifed Kingdom
TESSA2. The horizontal and vertical stripes are discrete ¥ -rays below spin 40fi. (Received 15 November 1983)
The superdeformed structure is identified by the two parallsl ridges close to the High-resolution, low-background, two-dimensional y-ray energy correlations E(y) vs
Ty = Ty 45° diagonal. E (y5) have been measured at high spin in 152Dy with the spectrometer TESSA2, Ridges
characteristic of rotational behavior are observed for y-ray energies 0,8<E(y)=<1.,35
PERFECT ROTORS MeV. The separation of the ridges gives a dynamical moment of inertai Sbandm = (85
Ey Ey, . +2) 72 MeV-! indicating a quadrupole deformation of €~ 0.51 for a rigid body assuming
=] = s s w BA o~ o -
A . ¥ =0.
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Most Famous Rotational Structure EVER! Superdeformed

Band in 152Dy (Twm Nyako, JFSS, Bentley et aI)

Exptal dta: Note the diagonak “ri dge i)
"’,.Structur e expectedfor a hlghly collectzve
rotor, Nyako et al: PRL (1984) .

Then 2 years later (after detector upgrade i)
- TESSA3) the first discrete high-spin SD 3
o band reyealed. itself to the. human: race’

07 0-9 .
E{Y1)[Mev]

The ¥ -ray energy correlation spectrum of !n against !“ for l'szmr abtained using

TESSA2. The horizontal and vertical stripes are discrete ¥ -rays below spin 40fi.

The superdeformed structure is identified by the two parallsl ridges close to the

251 = ESZ 45° diagonal.

1.0 1.2 1.4

Gamma-ray Energy (MeV)

P. Twin et. al
Phys. Rev. Lett. 57 (1986)



Most Famous Rotational Structure EVER! Superdeformed

Band in 1°2Dy: (Twin, Nyako, JFSS, Bentley et al)

VOLUME 59, NUMBER 19 PHYSICAL REVIEW LETTERS 9 NOVEMBER 1987

Intrinsic Quadrupole Moment of the Superdeformed Band in 32Dy

M. A. Bentley, G. C. Ball,(a) H. W. Cranmer-Gordon, P. D. Forsyth, D. Howe, A. R. Mokhtar,
J. D. Morrison, and J. F. Sharpey-Schafer
Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 3BX, United Kingdom

P. J. Twin, B. Fant,® C. A. Kalfas,© A. H. Nelson, and J. Simpson
Science and Engineering Research Council, Daresbury Laboratory, Daresbury, Warrington WA4 4AD, United Kingdom

. Qu=19+/-3eb

Niels Bohr Institutet, DK-4000 Roskilde, Denmark
(Received 9 February 1987; revised manuscript received 3 June 1987)

The attenuation of the Doppler shift has been measured for y rays emitted from the superdeformed
states in the nucleus '*?Dy, recoiling in a '%®Pd target and its gold backing. The transitions from the
high-spin members of the superdeformed band are fully shifted, indicating feeding times of not more
than a few femtoseconds. The partially shifted low-spin transitions yield a quadrupole moment of
19 £ 3 e-b, in excellent agreement with the value expected for a superdeformed shape.
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Gamma-ray Energy (MeV)

P. Twin et. al
Phys. Rev. Lett. 57 (1986)




»}The Nucleus at Extreme Deformatlon *

Second mlmmum in the nuclear potentlal energy' '

Extremely deformed nucleus 2*1 prqlate (football shaped)

! .
Let us 1nvest1gate thls brave new World' Surprlses galore" B




A\l; r] Nuclear Superdetformation — A Major Discovery

“Top unexpected physics discoveries of the
H ".l'.l

last five years! Daniel Kleppner

Lester Wolfe Professor

PHYSICS TODAY December 1991 of Physics at MIT

High temperature superconductivity

Atom cooling and atom optics

Large-scale structure of the universe

Supernova 1987A J. Garrett

Superdeformed nuclei “Superdeformation -
Nuclear Physics’ Supernova™

Buckyballs
B. Mottelson
_ ...one of Nuclear Structures finest
Slide stolen hours ..

from Paul Fallon




J. Phys. G: Nucl. Part. Phys. 17 (1991) 481-510. Printed in the UK

Gamma-ray spectroscopy of superdeformed states

3
L1

nucleus *Dy =
| M A Bentleyt, A Aldersont, G C Ball§, HW Cranmer—fz

P Falloni, B Fantj}, P D Forsythi, B Herskind¥, D How!

C A Kalfas*, A R Mokhtari, J D Morrisont®, A H Nels..
B M Nyaké#, K Schiffer{|", J F Sharpey-Schaferf, J Sim—
G Sletteny] and P J Twin
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Figure 4. The "Dy decay scheme showing the coexistence of three distinct structures.
On the lefi-hand side, a prolate rotational band is built on the ground-state band (Nyakd
et al 1986) with a low deformation (f;~0.3, y ~25%). In the centre of the level scheme,
an oblate single particle structure is shown (8;~0.1, ¥ = 60°) up to spins =36k (Howe
1986). On the right-hand side is the superdeformed band (8, ~ 0.6, y = () extending up
t a spin of 60h. (The values of §, and y arc taken from Dudek 1987.) The link between
this band and the known scheme is not observed.

e films about nuclear physics
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GRETA & AGATA |
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- trackmg arrays
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Evolutlon of detector systems O

Wyss & Riley; Nuc. Phys, News Vol.32, No.2 2022+
(W|tH br|II|ant help from JthSlmpson and Augusto Macchlavelll)
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VOLUME 57, No. 7 PHYSICAL REVIEW LETTERS SEPTEMBER 1987

Abundance and systematics of nuclear superdeformed states; relation to
the pseudospin and pseudo-SU(3) symmetries
J. Dudek, W. Nazarewicz, Z. Szymanski, and G. A. Leander
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Read the Figure - and Write in Words What It Says ...

Theoretical Predictions for SD's
. Existence Z=28, 30, 32

SU(3) Multiplets
Existence /=38, 40, 42, 44, 46
Existence Z=58, 60, 62, 64, 66
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Existence Z=80, 82, ... Actinide

Jerzy DUDEK, University of Strasbourg and IPHC/IReS In Memory of Professor Zdzistaw Szymanski
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Read the Figure - and Write in Words What It Says ...

Experimental Situation Theoretical Predictions for SD’s

Z=28, Ni, N=30
Z=30, Zn, N=30, 32, 38 (1)

Existence /=28, 30, 32

Z=38, Sr, N=44
Z=40, Zr, N=44, 46
Z=42, Mo, N=46

Existence Z=38, 40, 42, 44, 46

/=46, Pd, N=58, 60

Existence Z=58, 60, 62, 64, 66
Z=58, Ce, N=72, 74

Z=60, Nd, N=72, 74, 76

Z=62, Sm, N=74, 80
Z=64, Gd, N=80, 82, 84, 86

Z=66, Dy, N=86, 88

/=68, Er, N=86

Existence Z=72

2 Lo = B b s G8 pY)

Existence Z=80, 82, ... Actinide

=72, Hf, N=96

/=80, Hg, N=110, 112, 114
Z=82, Pb, N=112, 114, 116

Jerzy DUDEK, University of Strasbourg and IPHC/IReS In Memory of Professor Zdzistaw Szymanski




But'do éhellgaps 'p'erS|st W|th rdatlci)n' in 152Dy'>

-e g Dudek et aI

o

The European Physical Journal A

{16}[7,6,11 3/2
{16}[7,6,11 3/2
{38}[4,0,2] 5/2
{38}[4,0,2] 5/2
{27}[6,4,0] V2
{27)6,4,0] 1/2

{20}[5,2,1] 3/2
{20}[5,2,1] 3/2

{27}(7,7,0] V2
{27}[7,7,0] V2 x_ e, ”

{35)[6,4,2] 5/2 %
{35}[6,4,2] 5/2 \ .
{38}[4,1,1]1 /2 >

{38}[4,1,1] /2

Fig. 1. The superdeformed nucleus *?Dy, according to the
measurements of ref. [8] has the quadrupole moment Q2 = 17.2

eb. The corresponding deformation o = 0.61 and a0 = 0.11 {36)[4.1.3] 5/2

obtained, e.g., from the calculations with the Woods-Saxon 1 gg%;:ﬂ ?jlg

potential as in ref. [9] reproduces the measured dynamical mo- 1] (R IB AL NN RN FRNEE FREES EREE |

ments and the quadrupole moment. The shape presented in 152D 0 2 4 6 8 1.0 12
the figure corresponds to the above deformation. Yse Rotational Frequency [MeV]
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Fig. 2. The neutron single-particle levels as a function of the
rotational frequency. The results correspond to the superde-
formed nucleus 2Dy at the equilibrium deformation calcu-
lated using the deformed Woods-Saxon potential. The num-
bers in curly brackets give the percentages of validity of the
attached Nilsson labels.

the introduction. Below, just a few selected aspects will
be mentioned that we consider particularly relevant also
in the hyperdeformation context.
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1987 Legendary Gordon Conferen'oe meetlng

R ’AWoodstqck Momentt . - i

. .'-’,*Dlscovery of Superdeformatlon mam theme of

- conference Pl e e S
'_,--..,J;,F rank Stephens proposes next generatlon array

. GAMMASPHERE! - Sl e
Dudek at eploenter of extra sesS|ons devoted to f',fji
% _:i-j_maklng the physu:s Case .

R e R it o Lo S B et ". -".'Woodstotk 969: aPGBCGfUll' o
e R B e g S T P i erome e thePed WOV -
RIS & I Ol ede R ’ " aniconic moment rarely
seen in today’s world




Tools  Document X D B XK Q ™ @ o5 (14s50f219) B ¢ & 3

Summary and Conclusions (2)

Physics Issues from the Gordon-Conference Series
Main Lines in J. Dudek Gordon presentations (GEMINI)
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e 1987: Theoretical Framework of Super-deformation, °2Dy,
e 1991: From Super-deformation to Hyper-deformation,
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Dudek plot on the front page of the original proposal
| was the one posting them off to Frank Stephens!

Jerzy DUDEK, University of Strasbourg & CNRS, France Universal Phenomenological Mean Field for Nuclear Structure
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Universal Pictures ents The Hulk, directed by Ang Lee,
opening June 20, 2003.

Credit: ILM/Universal
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Argonne ATLAS

NATIONAL LABORATORY Argonne Tandem Linear Accelerator System

The prime nhational facility for nuclear structure research

The ATLAS facility is a Ie ding facility for nuclear structure
research in the Ul ovides a wide range of
beams for nuclear acu:)n and structure research to a large
community of users from the US and abroad. The full range
of all stable ions can be produced in ECR ion sources,
s first superconducting linear
q\e: nf? 17 MeV per nucleon

g e ondary radioact
beams. These beams are used mostly to study nuclear
reactions of astrophysical interest and for nuclear structure
investigations

User community

ATLAS provides beams and experimental instruments for a
large community of ni scientists. In 2006,
5 graduate stude

tific journals every year.
ba ed on KI‘IG- re-cr)mmemjallom ofa

TLAS Beams for FY2i

fundamental inte
astrophysical imp:
and 8) accelerator mass spe

Future developments

5, the ATLAS facility has continually
) be at the forefront of nuclear
it, the Californium Rare lon Breeder
is being built. This facility will provide for
ation of neutron-rich fission fragments from a one
Cf source to study neutron- X
ance for the astrophysical rapid neutron capt
Rt B cormpeiand 17 >pon ibl the production of a large fraction of
Distribution of ATLAS b : ements in the Ur('lffrf‘e A novel ;;‘g’f;}’:‘;ﬂ\;‘g
is under
Iso unde
acurrent

Research programs

) o way. munier to fuuw plore neutron-rich nuc
The ATLA ch programs focus on the key questic frontier in nuclear phvr\ct. research, a majc
that are central to our understanding of baryonic matter and beame of ra Janning

the description of the astrophysical processes that eams ot ra planning

energy and produce elements in the stars. The Contact
is of research have been endorsed in several major

roviews of the scie ific issues being a ed are Robert V. F. Janssens
1) the quantum structure of nuclei, 2) nuclear shape:

Argonne National Laboratory is a
U.S. Department of Energy laboratory

UChicago» W55, Oftice of
Science managed by UChicago Argonne, LLC

U.S. DEPARTMENT OF ENERGY
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—

Observation of a Discrete-Line Superdeformed Band up to 60# in 2Dy

P. J. Twin, B. M. Nyaké,("" A. H. Nelson, and J. Simpson
Science and Engineering Research Council, Daresbury Laboratory, Warrington WA4 44D, United Kingdom

M. A. Bentley, H. W. Cranmer-Gordon, P. D. Forsyth, D. Howe, A. R. Mokhtar, J. D. Morrison, and
J. F. Sharpey-Schafer
Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 3BX, United Kingdom

and

G. Sletten
Niels Bohr Institute, Risp, Roskilde, DK-2100 Copenhagen, Denmark
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Dtrect links betweenJ‘ugh spm
superdeformed and normal

energy minima finally . observed
Khoo et al, PRL 76(96)1583
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Gamma ray spectrum for band 1 1n i“‘Hj_'
showing the weak direct one-step discrete high
energy (3.4 - 4.5 MeV) decays linking the
\upudg formed and normal deformed minima,

152 P )- : o
, And Dy' T‘ La urltsen Et d |'I This observation unambiguously defined the
. excitauon energies. spins and probable pariues
PRI— 88 (2002) 042501 c.\l':upcrdcl'\n'mcd bands in l;lc A= 190 region

for the first tume.
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Activity Report i s
1997-2003 ..,spectacu1ar
- physics

| : _performed' 'back

W. Korten and S. Lunardi (Eds.)

on behalf of the EUROBALL Collaboration ‘_ 'i | h Om e |n E U rO pe

and the EUROBALL Cordination Committee - .
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Superdeformed Feast of épectroscopy... , ""f
Nuclear Bands Known Reglons Of ‘
and Fission Isomers e B

WWW Edition. Updated June, 1997 e Superdeformatlan

by Balraj Singh, Richard B. Firestone, and S.Y. Frank Cht (as Dudek ’s. predlctlonS)

» -

- >500 SD bands now
iknown'

Fission Isomers

1997 much more

[l = nOW' Superdeformed Bands

'-Each reglon IS ]

unique! - ReaiSEEASSEREASEEman mumid_

'i"-Amazmegrlch L L L e

Spectroscopy! L
Butonlyacouple R .

- LINKED! ®. .. ST e

- .-sonolHorEx' - L T

ESSENTIAL TO SOLVE IDENTICAL BANDS & C4 STAGGERING MYSTERIE -



1990 Then thmgs becamé even more
super-strange |n SD nucle|'




The Angular Momentum World of the Nucleus

complete
spectroscopy,
rotational
continuum,
chaos

fission

magnetic
rotation

bifurcation

pair gap 0"& 0.}6reduced o LI R e, pardcles S
moments / (Z>X\) / OPENACCESS!!© © ©

of inertia

Riley, Simpson & Paul, Phys. Scr. 91 (2016) 123002 l
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| ..-876 876 1990 Bentley + FaIIon :
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1970970 s 5 SD Royalty!
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Then 1997 thmgs became even more
super-strange MEGA-STRANGEll




IDENTICAL BANDS ARE OFTEN FOUND
IN NEIGHBORING NUCLEI

Classic GS expt
by Haslip et al.,
PRL 78(97)3447

Lots of new bands'

We can use
other bands
as a
reference!

%
-4
S
%
]

e also Haslip et al.,
PRC 58(98)R2649
for systematic survey

Rotanonal Frequency (MeV)




Al = 4 bifurcation occurs
when alternate levels in a
superdeformed band are
perturbed by one partin a
million. in opposite
directions.

Excitation energy (MeV)

Al=4 Bifurcation in Identical
Superdeformed Bands

[+6———T€

Counts

i 4}
%.‘ i 7* "‘-;" ,"_-7';.@ Poddhg

The transitions in these
neighboring nuclei are
nearly identical. but the
” direction of the tiny shift
- is reversed.

1400

When the small shifts in
three bands are plotted as
a function of spin. they
show a remarkable
correlation which is not
understood at this time.

v-ray Energy (keV)

AE, - Ref. (keV)

Assumed Spin (h)

thotte et al PRL 71
(93)429% ;-
Hashp et al., PRL 78
3447. (1997):-

‘Haslip ét al. PRC
'58(98)R2649 '




Dudek publlshed a sugmfléant number
of papers on 'these toplcs e. g -

'”- Abundance and Systematlcs of Nuclear Superdeformed States: ReIatlon'-:

*' ‘tothe Pseudospln and Pseudo-SU(3) Symmetnes" (1987) Authors J
""{-"Dudek W. NazareW|cz Z. Szymanski, andG A I;eander "

Phys:cal Review Letters, 59 1405

_"Addlthlty of Quadrupole Moments in Supe.rdeFormed Bands Slngle-
- Particle Motlon at Extreme Cendltlons" (1996) Authors W, Satu’fa J.

'.' Dobaczewskr J. Dudek, and W.-Nazarewicz, - LRl v e e ’

Phys:cal Rewew Letters 77(26) 5183

. ”Tlme odd component&"m the rotatlng mean f|eld and |dent|cal bands” J :
-Dobaczewsk| and J; Dudek ; - Ca

Acta Phys PoI B 27 45 (1996)

Sl [Y]4 type symmetry effects in nuclel pro S and contra’s; Dudek
e Dobaczewsk1 J. Luo7 W.D.; Bouguettoucha A L| X

. -/. s N

A BUTSTILL VERYMUCHA MYSTERY ' | i
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1988: HYPERDEFORMATION
PREDICTION AT THE. HIGHEST
- SPINSY il t

-’ ?'. "pred|ct|on of hypéerdeformed nuclear states at very"'-'_f

hrgh sprns (1988) i e
- J, Dudek, T.R. Werner and LL Rledlnger N
Physrcs Letters B Volume 211 Issue 3, p 252 258.; :
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' 'Jacobl Shapes' Sllde from Adam s SSNE1*2017 talk @

_Adam and Dudek worked closely together on thls toplcr
EXpEcted shape evolutlon for 46T| inLSD. model ' !

Critical Spin and the Jacobi Instability
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~_Extreme spin and deformation . .
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(will be inserted by the editor)

Chapter 4: Exploring the extremes of nuclear deformation (J. Wilson)
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Extreme spin and de_'

Chapter 4: Exploring the extremes of nuclear deformat/on (J Wllson)

ENERGY {Me\r'}

'-“;i ﬂ"'-::;"::. ,:l'?h- '33 "'Ir -
ELONGATION

Dudek et al.

Facial is CORRECT: Let us be BOLD: Long focused expts, as
pioneered by EUROBALL, with GRETA/AGATA are needed!

FCL T
T T ere
196 oy ST 12 e (I} - Lrh |I 1 }
B Py i |':I-.I‘l T [lerm—
I || M. o PPN
SO0 =200 a 200 S0 400 ~30d 200 00 (=l
En-E,, Eyn-Ey
Fig. 18 Ridge spectra as a function of event fold, produced MME
Fig. 17 Visual representation of the statistical significance of from Bent I|-|:~|.'5Lr.i.nd'"5_ analysis of the rotational p'la.n-:-ef in the
candidate bands in the band search space for muﬂ,i.p'lt kmowrn HLHLD data set selecting the 2n channel through filtering [89]
superdeformed (SID) bands in '**Ph on the left and HI¥ can- and charged-particle ek The rl_g“h‘l. pa]-“:] shows the d‘]ﬁ—'?r_
didates in '25Xe produced in the **Ni + %2Se reaction studied ence between the _Q!I'.'i-'l MeV and 255 MeW datsa :I'ur_pcrpcn_dw—
with EUROBALL in 2001 on the right. The multiplagated ular cuts to the diagonal at an energy of 1440 ke and width
strongest discrete HID} candidate corresponding to the mone of 102 keV . From [65].
of highest statistical significance in the search space (2.305) 1= —
shown on the far right of this figure. 0

Energy (kev)
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Chapter 4: Exploring the extremes of nuclear deformation (J. Wilson)
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Extreme sptn and deformatton
Chapter2 Warm Nuclei at High-Spin (S. Leoni and E. Vigezzi)

Eur. Phys. J. A manuscript No.
(will be inserted by the editor)

Perhaps as with SD studying the continuum will
lead to HD discovery at ultra-high spin?

| Reflections on the science and impact of Bent Herskind

f S. Leoni™'”, A. Maj', M. A. Riley’, J. Simpson®*, E. Vigezzi', J. N.
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Good News from European Funding Agencies

e While calculating potential energy surfaces and running
other tests for the identification of tetrahedral symmetry
we developed many advanced computer codes

e We constructed ~ 5 x 10° various potential energy
2D projections with the idea
of creating an internet site data base

e ... and there seem to be some good news to shear ...

e EURO-LABS has financed our MeanField4Exp proposal
of the service based on our computer codes and addressing
experimentalists working in nuclear accelerator centres

e After 4 years of installation efforts in Krakéw
the project has just been completed —

Jerzy DUDEK, University of Strasbourg & CNRS, France Universal Phenomenological Mean Field for Nuclear Structure
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EUR®:-LABS

Welcome to EURO-LABS SSO

Sign in with

orep [
B l

Local credentials

From: Sullivan, Conor < C.M.Sullivan@liverpool.ac.uk >
To: adam.majQ@ifj.edu.pl
Subject: MeanField4Exp - Fantastic!

Hi Adam,

Thank you so much for the recommendation on this website.
It's absolutely fantastic and so easy to use!

What a triumph for the collective efforts of Jerzy

and all his collaborators over the years.

Conor

Jerzy DUDEK, University of Strasbourg & CNRS, France Universal Phenomenological Mean Field for Nuclear Structure
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At Bent Hersklnd s house in 1989#3 I\/Ionth NBI
Workshop' Dudek Gevr Sletten and Allson Rlley
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