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Ref: W.L. You et al. Phys. Rev. E, 76:022101, 2007

Ref: P. Cejnar et al. J. Phys. A: Math. Theor., 54(13):133001, 2021

Fidelity: F = |〈ψ|φ〉|

System + control parameter: Ĥ(λ)

F (λ, δ) = |〈ψ (λ)|ψ (λ+ δ)〉|
χF (λ) = −∂

2F (λ, δ)
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F (λ, δ) = |〈ψ (λ)|ψ (λ+ δ)〉|
χF (λ) = −∂

2F (λ, δ)

∂δ2

⇐
⇒

3 / 10



The 2D limit of the vibron model
Ref: F. Iachello et al. J. Chem. Phys., 104(18):6956–6963, 1996

Ref: F. Pérez-Bernal et al. Phys. Rev. A, 77:032115, 2008

Bosonic operators
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†
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†
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†
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2
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U(3) algebra
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†
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Molecules
[1] JKR et al. J. Quant. Spectrosc. Radiat. Transf., 261:107436, 2021
[2] JKR et al. J. Phys. Chem. A, 123(44):9544–9551, 2019

[3] JKR et al. SciPost Phys., 12:2, 2022

Extended Hamiltonian Ref. [1]

Ĥ4b =P11n̂ + P21n̂
2 + P22

ˆ̀2 + P23Ŵ
2+

P31n̂
3 + P32n̂ ˆ̀2 + P33(n̂Ŵ 2 + Ŵ 2n̂)+

P41n̂
4 + P42n̂

2 ˆ̀2 + P43
ˆ̀4 + P44

ˆ̀2Ŵ 2+

P45(n̂2Ŵ 2 + Ŵ 2n̂2) + P46Ŵ
4+

P47(Ŵ 2Ŵ
2

+ Ŵ
2
Ŵ 2)/2

Molecule Pij N rms (cm−1) Data
NCNCS[1] 6 150 0.79 88
Si2C[1] 4 49 1.48 37

HCN[2] 5 50 19.37 143
HNC[2] 4 40 14.91 41

Single control parameter Ref. [3]

Ĥ (λ) = (1− λ) ĤU(2) + (1 + λ) ĤSO(3) + (1− λ) (1 + λ) Ĥmix + Ĥdiag
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4+

P47(Ŵ 2Ŵ
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Bent-to-linear transition

Ref: JKR et al. SciPost Phys., 12:2, 2022
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Isomerization
Ref: JKR et al. J. Phys. Chem. A, 123(44):9544–9551, 2019

Ref: JKR et al. Phys. Rev. A, 105:032215, 2022

0 10000 20000 30000

Excitation energy En, (cm 1)

0

50

100

150

200

S
u
sc

e
p
ti

b
ili

ty
H
C
N

F

= 0

= 1

= 2

= 3

0 2500 5000 7500 10000 12500 15000

Excitation energy En, (cm 1)

0

10

20

30

40

50

S
u
sc

e
p
ti

b
ili

ty
H
N
C

F

8 / 10



Isomerization
Ref: JKR et al. J. Phys. Chem. A, 123(44):9544–9551, 2019

Ref: JKR et al. Phys. Rev. A, 105:032215, 2022

0 10000 20000 30000

Excitation energy En, (cm 1)

0

50

100

150

200

S
u
sc

e
p
ti

b
ili

ty
H
C
N

F

= 0

= 1

= 2

= 3

0 2500 5000 7500 10000 12500 15000

Excitation energy En, (cm 1)

0

10

20

30

40

50

S
u
sc

e
p
ti

b
ili

ty
H
N
C

F

Behavior of linear molecules

Transition energy

8 / 10



Summary and conclusions

The QFS is useful beyond the ground state

Excited spectra can be studied varying both, the control parameter
and the energy

A single control parameter can be defined in real systems

The QFS is a good marker of shape transitions
I bent-to-linear transition
I HCN-HNC isomerization

Critical
point

Shape
transition
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Thanks for your attention!
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