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Ground -state QPT signatures in nuclei
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Ground -state QPT signatures in nuclei

Semi-empirical criterion for a spherical-to-deforme d transition:
P-factor Casten etal ., PRL 58,658 (1987),

P N 0 N, McCutchan etal ., PRC 69,024308 (2004)
Np + Nn ( Ny, N, = numbers of valence protons, neutrons or the respective holes)
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Ground -state QPT signatures in nuclei

Energy ratio
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Ground -state QPT signatures in nuclei

2n separation energies

S, =M (Z,N-2)+2mc’>-M(Z,N)

Dieperink,Scholten,lachello, PRL 44,1747(1980)
Garcia-Ramos etal ., NPA 688,735(2001)
Garcia-Ramos etal ., PRC 68,024307(2003)
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Ground -state QPT signatures in nuclei

Region I

2n separation energies
S, =M(Z,N-2)+2mc*-M(Z,N)

Dieperink,Scholten,lachello, PRL 44,1747(1980)
Garcia-Ramos etal ., NPA 688,735(2001)
Garcia-Ramos etal ., PRC 68,024307(2003)
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Ground -state QPT signatures in nuclei
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Geometric (Collective) Model (GCM)

H= g[ﬂx m@+ ... +J5Na xa]® - EB[M xq]®? xa](o) + 5C([a xa]® )2

V = AB%+ BfS°cos3y+CpB*

spinodal
critical

a ... quadrupole tensor of collective coordinates

2 shape parameters: B, y B

3 Euler angles
7 ... corresponding tensor of momenta

oblate
y-soft spherical >

prolate




Geometric (Collective) Model (GCM)

= Eirnne oS- [Solosar ol scforar ) .
V = AB%+ BfS°cos3y+CpB*
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Geometric (Collective) Model (GCM)

= SEirnne e Snwea- Solosar ol scforar ] .
V = AB%+ BfS°cos3y+CpB*

spinodal
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2nd order




Interacting Boson Model (IBM)

‘+ dr"r'] H = Zuljh b Z jk|h b Qh ZWC[G]

Casimir invariants of U(6) subgroups
U(5),0(6),SU(3),0(5),0(3)
Phase transitions caused by competing
dynamical symmetries

U (6) (7 parameters) (2 parameters)
VN U(5) u(s
UG) O6) SUS3) : '
N \:
oGy M
L
0(3) prolate
U(6)...spectrum generating
(dynamical) algebra

O(3)...invariant symmetry
algebra

SUQ3) 0(6) SUQ3)

x <0 x>0
P.Cejnar,J.Jolie, Prog.Part.Nucl.Phys.(2008) ;arXiv:0807.3467[nucl-th]




Interacting Boson Model (IBM)
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P.Cejnar,J.Jolie, Prog.Part.Nucl.Phys.(2008) ;arXiv:0807.3467[nucl-th]




Fermionic Models

» Phenomenological

Lipkin model  Lipkin,Meshkov,Glick(1965)
Fermion Dynamical Symmetry Model Ginocchio,Wu,Zhang,Guidry...(1980,86,87,88)
Pairing models Chen,Rowe ..(1990...), Volya,Zelevinsky(2003), Clark etal .(2006)......

» Microscopic *
“Collapse of RPA” Thouless(1960)...
Early shell model attempts Federman,Pittel,Campos(1979)...
Monte Carlo shell model Shimizu,Otsuka,Mizusaki,Honma PRL86,1171(2001)

Relativistic mean-field calculations Niksi ¢é,Vretenar,Lalazissis,Ring PRL99,092502(2007)
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New types of symmetries at & around the critical po Int

Critical-point dynamical symmetry

Analytical solutions which are approximately valid at the QPT critical point
First noted by in the Fermion Dynamical Symmetry Model
Cast in the geometric framework by E(5), X(5), Z(5)...

Partial dynamical symmetry

At the 15t order critical point: distinct subsets of states retain competing dynamical symmetries
The PDS idea originally introduced in quantum chaos

Dynamical Symmetry | Phase | Phasell Dynamical Symmetry |1

critical
Quasidynamical Symmetry | point Quasidynamical Symmetry ||

Quasidynamical Symmetry

Extensions of approximate dynamical symmetries far away from the corresponding limits
QDS “is an expression of the possibility that a subset of physical data may exhibit all the properties that

would result if the system had a symmetry which, in fact, it does not have.”
Rowe etal. (1998,2004,2005)



Additional degrees of freedom, IBM extensions

 Proton-neutron variables
Caprio,lachello (2004,2005)
Arias,Garcia-Ramos,Dukelsky (2004)

(IBM-2)

* Odd fermions (IBFM) §25
Jolie etal .(2004) .
lachello (2005)

Alonso et al. (2005,2006,2007)

 Higher order interactions
lachello (2004)
Jolos (2004)
Thiamova,Cejnar (2006)

 Other types of bosons
Devi,Kota (1990)
Cejnar,lachello (2007)

» Configuration mixing
Frank,Van Isacker,lachello (2006)
Hellemans et al. (2007)

e External rotation
Cejnar (2002,2003)
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Finite -size scaling exponents

Calculations beyond the mean field
Dusuel, Vidal, Arias, Dukelsky, Garcia-Ramos (2005, 2006,2007)

Example: Energygap A=E -E,

1storder A, Oe™ 2nd order A, ONT
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Mechanism of the 1 st x 2" order transitions

Thermodynamic analogy for quantum phase transitions

Zeros of Z(T)in co

mplex T

Degeneracies of H(A) in complex A

r 1/Q
[DAMFQ=([yEon—EAmﬂ
U, (1) =gInD, (1)
Ci(A)=-2U,(A)

I

Q=n-1

partition function Z(T) A

free energy F(T)=-TInZ(T)

specific heat C(T)=-T L F(T) i “ )
latent heat Q(T) = lim ::C(T')dT' )

Yang, Lee (1952)...

. A+e , .
L Q)= lim [ G ()l

Cejnar etal. (2005,2007)

Example: linear arrangement of degeneracies (zeros)

density near ImA=0

A
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Q(A)#0 a=0 15t order
Qk (Ac) = O
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C(A) = aO(01
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& C(A) =0 al@B7]...



Excited -state quantum phase transitions

Cejnar, Heinze, Macek, Jolie, DobeS (2006,2007)
Caprio, Cejnar, lachello (2008)
Cejnar, Stransky (2008)

I - K? d?
Example: 1D Cusp Hamiltonian A = =~ +xt 4 ax? + bx
2nd order 1 st order
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Conclusions

Question: Do quantum shape-phase transitions really  exist in nuclei
Tentative answer: They would exist if nuclei were infinite objects.
Finite nuclei only show QPT precursors.

Real QPTs can be studied in various nuclear models

= benefit for both nuclear structure theory & QPT theory
(further applications in molecular & mesoscopic physics)

Thanks to collaborators:

P Stransky, M Macek, J Dobes
S Heinze, J Jolie ...

M Caprio, F lachello ...

Thank you for attention.




