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We all
know
this
book!

The first edition in 1980…
An essential reference forall 
practitioners of almost any 
many-body technique…
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Page 508 and below:  “The adiabatic approximation…”



Adiabatic theorem of quantum mechanics
Hamiltonian H(λ) driven by λ= t /τ from λ=0 (at t=0) to λ=1 (at t=τ). System evolves 
from Ψ(t=0)≡Φi (0), the i th eigenstate of H(0), to an unknown final state Ψ(t=τ). If 
the change is “very slow”, the final state is “almost precisely” the i th eigenstate
of H(1). So Ψ(t=τ)≈Φi (1) with for1)()1(

2
≈=ΨΦ τti
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Some applications:
• Landau-Zener mechanism  

Landau (1932), Zener (1932), Stueckelberg (1932), Majorana (1932)
Non-adiabatic passage through an avoided level crossing

• Geometric phase
Pancharatnam (1956), Berry (1984)
Phase acquired along a closed path in parameter
space around a degeneracy point 

• Adiabatic quantum computation
Fahri et al. (2000)
System driven to an unknown ground state 
carrying the result of some computation

• Born-Oppenheimer approximation
Born, Oppenheimer (1927), Eckart (1935)
Separation of intrinsic and collective wave functions of a molecule or nucleus

⇒ bands of rotational & vibrational states “built on” individual intrinsic 
(“electronic” or “nucleonic”) states of the molecule (nucleus)

1)()1(
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Jungclaus et al. (2002)

Herzberg (1950)
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Separation of intrinsic, vibrational, and rotational excitations
in molecules & nuclei 
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Questions:

• How far in excitation energy can such   
bands be followed?

• How good is the description of collective 
bands based on the adiabatic separation?

• Are there some requirements on the given    
intrinsic state to support the existence of 
well distinguished collective bands?

Hints:

• Various intrinsic states may show different 
susceptibility to external perturbations (like
the Coriolios term).

• In this respect, a very important role may 
be played by the degree of chaos in the 
intrinsic dynamics (chaos => instability).

Separation of intrinsic, vibrational, and rotational excitations
in molecules & nuclei 
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Quantum
⇒ no genuinely quantum definition of chaos
⇒ link to quantum-classical correspondence
⇒ Bohigas (1984): Chaos on quantum level 

affects statistical properties of energy 
spectra. Chaotic systems yield correlations 
consistent with the GOE or GUE.

Classical
⇒ sensitivity to initial conditions
⇒ practical loss of predictability
⇒ quasi ergodic trajectories in the 

phase space

ω=0.62

Nuclei show signatures 
of quantum chaos:
 n & p resonances   

Bohigas et al. (1983)
 low-energy levels 

Von Egidy et al. (1987)
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Single-particle dynamics
Nucleonic motions in deformed nuclear potentials

Collective dynamics 
Nuclear vibrations and rotations

Interacting Boson Model  Iachello, Arima 1975
Paar, Vorkapic, Dieperink 1988−1992;  Alhassid, Whelan, Novoselsky 1990−93;  Mizusaki et al. 
1991;  Canetta, Maino 2000;  Cejnar, Jolie, Macek, Heinze, Casten, Dobeš, Stránský 1998−2010

PLB 420,241(1998); PRE 58,387 (1998); PRL 93,132501(2004); PRC 75,064318(2007); 
PRC 80,014319(2009); PRC 82,014308(2010); PRL 105,072503(2010)

Geometric Model  Bohr 1952
Cejnar, Stránský, Kurian, Hruška 2004−10 

PRL 93,102502(2004); PRC 74,014306(2006); PRE 79, 046202(2009); PRE 79,066201(2009)

Arvieu et al. 1987; Rozmej, Arvieu 1992;
Heiss, Nazmitdinov, Radu 1994-95 

Many-body dynamics 
Complex interactions of all particles in the nucleus
Shell-model approach: 
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Origin of chaos in nuclei 

Zelevinsky et al. 1990s-2000s
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classical chaos map for J = 0
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Stránský et al. 2010 JPconf.239,012002
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freg … classical regular fraction
1−ω … adjunct of Brody parameter
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Geometric model

Stránský et al. 2009  PRE 79,046202
PRE 79,066201  

comparison of classical & quantal measures for J = 0

quantization
type

quantization
type

mass
parameter
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χ↔B

>1 control parameter  => multi-dimensional chaotic map. Nevertheless,
there exist regions of almost full compatibility with the geometric model. 

J = 0,  E = 0

Interacting boson model
comparison with the GM
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γβ ωω =
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?
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Change of stability of some 
high-energy β and γ vibrations

Change of stability of 
low-energy β and γ vibrations

“Arc of Regularity”
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N = 6

• (λ,μ) = …  the SU(3) quantum numbers

• K = … missing label of SU(3)>O(3) reduction

• l =K,K+1,K+2,…K+max{λ,μ} enumerates states in rotational bands 

SU(3) limit of IBM
15/22
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Away from SU(3) limit
16/22

2
7−

η

χ 0
0

1
0.8 deformed

spherical

SU(3)
O(6)

U(5)

ddn ~
d ⋅= + )2(]~[~ dddssdQ +++ ++= χχ

)()1(1
χχηη QQnH Nd ⋅−−=

SU(3) quasidynamical symmetry

low energy medium energy ∑=
K

l
Ki lKAl i

),,(
),,( ,),,(

µλ
µλ µλ

∑=
K

l
K

l ii AP
2

),,(),( µλµλ

actual 
eigenstate

SU(3) 
eigenstate

amplitude

probability

li ≡ i th state with   
angular momentum l

Quasidynamical symmetry
© Rowe et al.  1988…2004

Macek et al. 2010 PRL 105,072503

N=30



Away from SU(3) limit
16/22

2
7−

η

χ 0
0

1
0.8 deformed

spherical

SU(3)
O(6)

U(5)

ddn ~
d ⋅= + )2(]~[~ dddssdQ +++ ++= χχ

)()1(1
χχηη QQnH Nd ⋅−−=

SU(3) quasidynamical symmetry

low energy medium energy

medium energy

∑=
K

l
Ki lKAl i

),,(
),,( ,),,(

µλ
µλ µλ

∑=
K

l
K

l ii AP
2

),,(),( µλµλ

actual 
eigenstate

SU(3) 
eigenstate

amplitude

probability

Macek et al. 2010 PRL 105,072503

Quasidynamical symmetry
© Rowe et al.  1988…2004

N=30

li ≡ i th state with   
angular momentum l



Away from SU(3) limit
16/22

2
7−

η

χ 0
0

1
0.8 deformed

spherical

SU(3)
O(6)

U(5)

ddn ~
d ⋅= + )2(]~[~ dddssdQ +++ ++= χχ

)()1(1
χχηη QQnH Nd ⋅−−=

SU(3) quasidynamical symmetry

low energy medium energy

medium energyhigh energy
!!!

∑=
K

l
Ki lKAl i

),,(
),,( ,),,(

µλ
µλ µλ

∑=
K

l
K

l ii AP
2

),,(),( µλµλ

actual 
eigenstate

SU(3) 
eigenstate

amplitude

probability

Macek et al. 2010 PRL 105,072503

Quasidynamical symmetry
© Rowe et al.  1988…2004

N=30

li ≡ i th state with   
angular momentum l



Away from SU(3) limit
17/22

2
7−

η

χ 0
0

1
0.8 deformed

spherical

SU(3)
O(6)

U(5)

ddn ~
d ⋅= + )2(]~[~ dddssdQ +++ ++= χχ

)()1(1
χχηη QQnH Nd ⋅−−=

search for rotational bands

η = 0.5,  χ = −0.9 η = 0.5,  χ = −0.5

• Pearson correlation coefficient
(for 2 statistical vectors and  )

• As the vectors and take probabilities from the SU(3) 
decomposition:

• Search for the lj states that maximize correlation with a given 0i state with 
E(l>) > E(l<). These set of states form natural candidates for rotational bands. 
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search for rotational bands

Alaga rule
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• A tentative criterion for a statistically enhanced occurrence of 
(adiabatically separated) rotational bands within the IBM: increased 
regularity of intrinsic (vibrational) motions.

• Why so? The form of wave function makes a typical chaotic state very 
vulnerable to external perturbations (ergodicity => large overlaps, mixing). 
In contrast, regular states are more resistant. 

• This simple criterion may be applicable in
general many-body systems. It should be
further tested in various models.  

GM: a regular
intrinsic state 

GM: a chaotic
intrinsic state 

β
γ
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