
PropertiesProperties ofof Hot Nuclei Hot Nuclei 

at Extreme at Extreme 

Angular Angular MomentaMomenta

Adam MajAdam Maj

IFJ PAN Kraków, Poland

Adam.Maj@ifj.edu.pl
www.maj.w.pl

WorkshopWorkshop on on LevelLevel DensityDensity andand Gamma Gamma StrengthStrength inin

Continuum, Oslo, May 21Continuum, Oslo, May 21--24, 200724, 2007









0 10 20 30 40 50 60 70 80

1.0

1.5

2.0

fi
s

s
io

n

s
p

h
e

ri
c

a
l

o
b

la
te

0.2

0.1
0.0

ββββ
2

 

R
L
/R

S

I [h]

168
Hf

0 10 20 30 40 50 60 70 80

1.0

1.5

2.0

0.3

p
ro

la
te

fi
s

s
io

n

s
p

h
e

ri
c

a
l

tr
ia

x
ia

l

o
b

la
te

0.2

0.1
0.0

ββββ
2

 

R
L
/R

S

I [h]

126
Ba

Evolution of the shape of hot nucleus  as a function of spinEvolution of the shape of hot nucleus  as a function of spin

probedprobed byby the GDR strength function shapethe GDR strength function shape
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”Oblate”→fission „Oblate” →3-axial→
→”prolate”→fission

„Jacobi Jacobi shapesshapes”



Plan Plan ofof thethe talktalk

�� Introduction Introduction –– Jacobi shape transitionJacobi shape transitionss

��
4646Ti: shapes of light nuclei studied by Ti: shapes of light nuclei studied by 

the GDR the GDR γγγγγγγγ--decay decay ……

�� …… and charged particle emissionand charged particle emission

��
216216Rn: shapeRn: shape evolutionevolution of heavy nucleiof heavy nuclei

�� SummarySummary

�� OOutlookutlook



IntroductionIntroduction –– JacobiJacobi shape transitionshape transition



Some history Some history -- theorytheory
�� C.G.J. Jacobi (C.G.J. Jacobi (18341834): ): At certain angular At certain angular 

velocity velocity gravitating mass rotating gravitating mass rotating 
synchronouslysynchronously changes abruptly the changes abruptly the 
shape from shape from oblateoblate to to elongated triaxialelongated triaxial

�� R. R. BeringerBeringer, W.K. Knox, , W.K. Knox, Phys. Phys. 

Rev.Rev. 121 (121 (19611961) 1195: ) 1195: Similar Similar 

phenomenon might be expected phenomenon might be expected 

in nuclei at highest spinsin nuclei at highest spins

�� K. K. PomorskiPomorski, J. , J. DudekDudek, , Phys. Rev. Phys. Rev. C67 (C67 (20032003) ) 

044316: 044316: LSD (LSD (LublinLublin--Strasbourg Drop)Strasbourg Drop) Model Model 

�� S. Cohen, F. S. Cohen, F. PlasilPlasil, W.J. , W.J. SwiateckiSwiatecki, , Ann. Ann. 

Phys. (N.Y.)Phys. (N.Y.) 82 (82 (19741974) 557: ) 557: Rotating liquid Rotating liquid 

drop modeldrop model

�� W.D. Myers, W.J. W.D. Myers, W.J. SwiateckiSwiatecki, , ActaActa Phys. Phys. PolPol

B27 (B27 (19961996) 99: ) 99: SemiSemi--classical nuclear classical nuclear 

FermiFermi--Thomas modelThomas model



Some history Some history -- experimentexperiment
�� M. M. KiciKicińńskaska--HabiorHabior et alet al., ., Phys.LettPhys.Lett.. B308 (B308 (19931993) 225) 225: : 

Seattle exp.Seattle exp. -- Possible signature of the Jacobi shape Possible signature of the Jacobi shape 

transition for transition for 4545Sc in the inclusive GDR spectrumSc in the inclusive GDR spectrum

�� A. Maj et al, A. Maj et al, NuclNucl. Phys.. Phys. A687 A687 

((20012001) 192: ) 192: NBI NBI expexp.. –– PossiblePossible

signaturessignatures ofof thethe Jacobi Jacobi shapeshape

transitiontransition for for 4646Ti Ti inin thethe

multiplicitymultiplicity gatedgated GDR spectra GDR spectra 

andand angularangular distributionsdistributions
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�� P. Papka P. Papka et al.,et al., Acta Phys. Pol.Acta Phys. Pol. B34 (B34 (20032003) ) 

23432343 : : ICARE ICARE expexp: : ExtremelyExtremely deformeddeformed

shapesshapes ofof 4444Ti Ti fromfrom thethe chargedcharged particleparticle

spectraspectra

�� E. E. IdeguchiIdeguchi et al.,et al., PhysPhys. . RevRev. . LettLett.. 8787 ((20020011) ) 2225022250--11: : 

GAMMASPHERE GAMMASPHERE expexp: : SuperdeformationSuperdeformation inin 4040CaCa



Some history Some history -- experimentexperiment

�� B. B. HerskindHerskind et al.,et al., Acta Phys. Pol.Acta Phys. Pol. B34 (B34 (20032003) 2343) 2343 : : SearchSearch for for 

HD HD populatedpopulated fromfrom thethe Jacobi Jacobi shapesshapes ofof CNCN

�� DD. . WardWard et alet al., ., Phys.Phys.RevRev.. C66C66

((20022002) ) 024312024312--11: : GiantGiant

backbendbackbend ofof thethe E2 E2 

quasicontinuumquasicontinuum bumpbump



4646Ti Ti casecase



LublinLublin--StrasbourgStrasbourg Drop Model (LSD)Drop Model (LSD)

(cf. Talk of Krzysztof Pomorski)
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FissionFission!!

LSD model LSD model predictspredicts JacobiJacobi shapeshape transitiontransition

inin hot hot rotatingrotating 4646Ti for I > 26Ti for I > 26hhhhhhhh
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Potential energy maps for 46Ti

… and of average shape

Average shapes can be different
from equilibrium shapes
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For „Jacobi shapes”



Prolate ββββ=0.5

ωωωω=0

Coriolis splitting of the GDRCoriolis splitting of the GDR
K. Neergård, Phys. Lett. 110B (1982) 7 ( ) ( )2

3

2

2

222

3

2

2 2
4

1
ωωωωω ++−=∆

∆±+
+

=Ω 2
2

3

2

22

3,2
2

ω
ωω

1ω

2ω

3ω

0=ω
Frequency

ω+Ω2

ω−Ω2

ω+Ω3

ω−Ω3

1ω

0>ω

ωωωω=2.8

(I=30 for A=46)

For „Jacobi shapes” in
light nuclei



(cf. Talk of

Kasia Mazurek)



EarlierEarlier HECTOR HECTOR experimentexperiment atat NBINBI

96 MeV 96 MeV 1818O + O + 2828Si Si ⇒⇒⇒⇒⇒⇒⇒⇒ 4646TiTi**

llmaxmax≈≈3232hh, E, E**=80 MeV=80 MeV
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Thermal shape fluctuations

T = 1 MeV ωωωω = 2.6 MeV

T = 1 MeV ωωωω = 2.2 MeV
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A. Maj et al, Nucl. Phys. A687 (2001) 192



TheThe experimentexperiment atat VIVITRONVIVITRON

105 MeV 18O + 28Si ⇒⇒⇒⇒ 4646Ti*Ti*
lmax ≈ 35 ,  E* = 88 MeV

41,4242CaCa (2pxn)
39,40,41K (3pxn)
36,37,38,39Ar (2αxn, α2pxn)
35,36,37Cl (2αpxn)
……………………

�� EEUROBALL IVUROBALL IV (26 clovers + 15 clusters + 75% InnerBall)

�� HECTORHECTOR (8 big BaF2 + 4 small BaF2)

�� EUCLIDESEUCLIDES (40 Si telescopes)

Master trigger: 

2 clean Ge ∧∧∧∧ 1 big BaF ∧∧∧∧ 1 small BaF ∧∧∧∧ IB fold >3

Selection of high spins
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Comparison to the calculated GDR shape based on LSDComparison to the calculated GDR shape based on LSD

Jacobi shape transition
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ThermalThermal shapeshape

fluctuationsfluctuations

BoltzmanBoltzman factorsfactors

N. Dubray, J. Dudek. A. Maj, Acta Phys. Pol. B36 (2005) 1161

M. Gallardo et al., Nucl. Phys. A443, 415 (1985).

Y. Alhassid, B. Bush, S. Levit, Phys. Rev. Lett. 61, 1926 (1988).

Cf. Talk of Kasia Mazurek



4646Ti Ti –– experimentalexperimental resultsresults

Indication of the Jacobi shape transition
and (for the first time) of the Coriolis splitting

Old exp (lmax=32)

Interpretation: Monte Carlo Cascade, with

Reisdorf level density parametrization



M. Lach et al., Eur Phys J. A12, 381 (2001)

EB+RFD exp.
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GDR GDR feedingfeeding ofof thethe wellwell deformeddeformed band band inin 4242CaCa

Jacobi shape transition – a gateway to SD or HD ?

M. Kmiecik et al.., Acta Phys. Pol. B36 (2005) 1169



Large deformations of Large deformations of 4646Ti Ti andand the charged particle energy spectrathe charged particle energy spectra
LastLast ICARE ICARE experimentexperiment atat IRES IRES StrasbourgStrasbourg



144 MeV 27Al + 19F ⇒⇒⇒⇒ 4646Ti*Ti*
lmax ≈ 35 h,  E* = 85 MeV

M. Brekiesz et al., Acta Phys. Pol. B36 (2005) 1175

M. Brekiesz et al., nucl-ex/0608011
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αα--particle spectraparticle spectra M. Brekiesz et al, Acta Phys. Pol. B36 (2005) 1175 
M. Brekiesz et al., Nucl. Phys. A 788 (2007) 224c–230c
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estimatedestimated deformationdeformation

for Z=20: for Z=20: 0.8<0.8<ββββββββ<1.0<1.0estimatedestimated deformationdeformation

for Z=15for Z=15--19: 19: ββββββββ=0.6=0.6



Angular correlations of αααα’s in coincidence with ER at -10O



Possible explanationPossible explanations for s for thisthis „„hyperdeformationhyperdeformation””

GDR γγγγ

p

p

αααα

αααα

Z=18 (e.g. 2p-1α emission channel) Z=20 (only 1α emission channel)

1. 1. „„Dynamical Dynamical hyperdeformationhyperdeformation””??

Similar effects were observed in 59Cu*

- Fornal et al., Phys. Rev. C40 (1989) 664



particle angular distributions particle angular distributions 

(HECTOR + EUROBALL(HECTOR + EUROBALL ++ EUCLIDES  exp.)EUCLIDES  exp.)

time
2. 2. PreequilibriumPreequilibrium αααααααα emissionemission fromfrom „„didi--nuclearnuclear”” systemsystem??

forward emission at high spins
– preequilibrium emission?



216216Rn Rn casecase



Nuclei surviving fission at moderate temperature

Experiment
made in Legnaro

M. Kmiecik et al. PR C70, 064317 (2005)
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Tagging on 
these Isomers 
selects only those 
nuclei which survive 

fission



Idea of tagging with high spin isomer
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Experiment at LNL :

- HECTOR (High energy gamma rays) 

- HELENA (gamma multiplicity)

- Catcher + BGO (isomer selection)

- Ge (low energy gamma rays - High 

resolution )

A pulsed beam 10 ns long every
400 ns was used
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By gating on delayed events 
in the BGO around the 
catcher the observed lines 
in HPGe around the target 
are only those above the 
isomers
M. Kmiecik et al. PR C70, 064317 

(2005)



AnalysisAnalysis ofof thethe foldfold gatedgated GDR spectraGDR spectra
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Are the differences related to difference in the nuclear shape?
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No! The shape is 

similar – just phase 

space effect
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ΓΓΓΓ does not change with spin:

Same nuclear shape

Is this in contrast to the predictions?



TheoreticalTheoretical predictionspredictions LSD (Lublin-Strasburg Drop)
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ConclusionsConclusions on on experimentalexperimental resultsresults



� High-energy γ-ray spectrum measured in coincidence with the 42Ca 
residues shows highly fragmented GDR strength function with a broad 
„15-25 MeV” structure and narrow low energy  „9-10 MeV” component - the 
result of the Jacobi shape transition andand strong Coriolis effects (first time
observed)

� Low energy GDR component feeds preferentially the highly-deformed
(SD) band in 42Ca

� Charged particle spectra from 46Ti suggest a presence of very large 
deformations
� Possible effects of „dynamical hyperdeformation” or/and pre-equilibium in

1α emission channel

� 216Rn has almost spherical shape up to the fission
� Different types of evolution at extreme angular momenta for light and heavy 
nuclei: LSD seems to work LSD seems to work inin both mass regionboth mass region



Outlook:Outlook:
AdventAdvent ofof high high intensityintensity radioactiveradioactive beamsbeams

((e.ge.g. SPIRAL2, FAIR). SPIRAL2, FAIR)
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FAIR @ GSIFAIR @ GSI

Relativistic isomeric beams offer a possibility

to Coulomb excite GDR build on isomers (e.g. 212Rn, 217Ac)

154 ns

109 ns

1117

701

736

968

30+

22+

212Rn

from: D.J. Decman, (A. Maj, M. Guttormsen) 

et al., Nucl. Phys. A436, 311 (1985)



FinalFinal conclusionconclusion::

New highly efficient BALL 
for high-energy gamma-rays

is needed for 

GDR, GDR, gammagamma--multiplicitymultiplicity andand sumsum--energyenergy
studies

within SPIRAL2 and FAIR projects

Adam.Maj@ifj.edu.pl
http://chall.ifj.edu.pl/~maj

This can be  a new project ….



www.paris.w.pl



http://gdr.ifj.edu.pl/SPIRAL2_LOI/calorimeter/SAC/LOI_8.pdf

Project positively recommended by SAC



According to the request shared by the above physics cases, 
the present proposal is intended to develop

a versatile versatile γγγγγγγγ--calorimetercalorimeter
for high-energy (3-50 MeV) photons and 

for multipicity/sum-energy of low energy (100 keV – 3 MeV) γ-transitions

� Large angular acceptance (4π π π π or 2π π π π or 1ππππ )

� Modular (in order to couple with other detectors)

� High granularity

� Energy resolution: c.a. 3%

� Time resolution: < 1 ns

� Energy range 100 keV-50 MeV

� High efficiency for gamma rays: (>25% at 1.3 MeV, (>25% at 1.3 MeV, ∼∼5% at 20 MeV)5% at 20 MeV)

A clear plan for a new a new γγγγγγγγ--calorimetercalorimeter can only arise from 
an intensive R&D programR&D program, 

with GEANT4 simulations being a key component of this work 

R&D phase to be performed in synergy with the EXL-R3B and HISPEC/DESPEC collaborations 
within NUSTAR@FAIR community

and especially with other SPIRAL2 LoIs
(„Collective modes in continuum”, GASPARD, EXOGAM2, …)



One possibility: NewNew „„γγγγγγγγ--telescopetelescope””::

highlyhighly granulargranular innerinner ((hemihemi--)sphere)sphere mademade fromfrom e.ge.g. . 

LaBrLaBr33 for low energies (and pairs) detection
+ less + less granulargranular outerouter ((hemihemi--)sphere)sphere ((eithereither newnew oror

fromfrom existingexisting highhigh--energyenergy γγγγγγγγ--detectorsdetectors (for high energies)

Name PARIS
since it is a natural follow-up of
HECTOR+HELENA array

from
Milano-Krakow-Copenhagen

collaboration



Animation by M. Ciemała

1π PARIS array

PARIS collaboration is open for new participants:

LD LD communitycommunity isis welcomedwelcomed to to joinjoin
Contact Adam.Maj@ifj.edu.pl

www.paris.w.pl
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