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TDDFT for vibration

linear response to the external !eld: e−iωt ̂F = e−iωt ∫ drf(r)ψ̂†(r)ψ̂(r)

δρ(r) = ∫ dr′ χ0(r, r′ )[ δ2E[ρ]
δ2ρ ρ=ρ0

δρ(r′ ) + f(r′ )]δρ(r, t) ∼ δρ(r)e−iωt

ρ(r, t) = ρ0(r) + δρ(r, t) + h . c .

̂FL = ∫ dr∑
σσ′ 

∑
ττ′ 

rLYL( ̂r)O(στ, σ′ τ′ )ψ̂†(rστ)ψ̂(rσ′ τ′ )

vibration in space/spin-space/isospin-space/gauge-space and coupling among them

ψ̂†(rστ)ψ̂†(rσ̃′ ̃τ′ )or

rich variety of modes of vibration

vibration around the ground state:
Kohn–Sham (–Bogoliubov–de Gennes)
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TDDFT for rotation
TDKS eq.: i∂tϕi(t) = h[ρ(t)]ϕi(t)

Φ′ (t) = UΦ(t) = exp[−iωrot ̂Jxt]Φ(t) a uniformly rotating system about the -axisx
for collective rotations

i∂tϕ′ i(t) = [h[ρ′ (t)] − ωrot jx]ϕ′ i(t)
cranked KS equationstationary
(h − ωrot jx)ϕ′ i = e′ iϕ′ i

yrast state (lowest energy state)

cranked KSB calculation, KY, PRC(2022)

h = δE
δρ

KS Hamiltonian

KS Routhian
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TDDFT for vibration in a rotating nucleus
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yrast band

vibrational bands

cranked KS for the yrast state  and |ωrot⟩ ρ0,ω0rot

(h − ωrot jx)ϕ′ i = e′ iϕ′ i

LR-TDDFT for vibration around the yrast state

δρωrot
(r) = ∫ dr′ χ0,ωrot

(r, r′ ) δ2E[ρ]
δ2ρ ρ=ρ0,ωrot

δρωrot
(r′ ) + f(r′ )

ρωrot
(r, t) = ρ0,ωrot

(r) + δρωrot
(r, t) + h . c .

low-freq. vib.

giant resonance δρωrot
(r, t) ∼ δρωrot

(r)e−iωt



Skyrme EDF for LR-TDDFT with crankingE =

∫
drH(r)

H = Hkin+HSkyrme+Hem

HSkyrme =
∑

t=0,1

t∑

t3=−t

(
Heven

tt3 +Hodd
tt3

)

Heven
tt3 = Cρ

t ρ
2
tt3 + C∆ρ

t ρtt3∆ρtt3 + Cτ
t ρtt3τtt3 + C∇J

t ρtt3 ∇ · Jtt3 + CJ
t

←→
J 2

tt3

Hodd
tt3 = Cs

t s
2
tt3+C∆s

t stt3 ·∆stt3+CT
t stt3 ·Ttt3+C∇s

t (∇·stt3)2+Cj
t j

2
tt3+C∇j

t stt3 ·∇×jtt3

2

E =

∫
drH(r)

H = Hkin+HSkyrme+Hem

HSkyrme =
∑

t=0,1

t∑

t3=−t

(
Heven

tt3 +Hodd
tt3

)

Heven
tt3 = Cρ

t ρ
2
tt3 + C∆ρ

t ρtt3∆ρtt3 + Cτ
t ρtt3τtt3 + C∇J

t ρtt3 ∇ · Jtt3 + CJ
t

←→
J 2

tt3

Hodd
tt3 = Cs

t s
2
tt3+C∆s

t stt3 ·∆stt3+CT
t stt3 ·Ttt3+C∇s

t (∇·stt3)2+Cj
t j

2
tt3+C∇j

t stt3 ·∇×jtt3

2

E = ∫ d ⃗rℋ( ⃗r), ℋ( ⃗r) = ℋkin + ℋSkyrme + ℋCoul

ℋSkyrme = ∑
t=0,1

t

∑
t3=−t

(ℋeven
tt3 + ℋodd

tt3 )

Cρ
t = Aρ

t + Bρ
t ρα

00, Cs
t = As

t + Bs
t ρα

00non-trivial density dependence

δ2E[ρ]
δ2ρ ρ=ρ0,ωrot

non only  but  enter into the residual int.                       at ρ0,ωrot
s0,ωrot

ωrot ≠ 0

rearrangement terms



Numerical application
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Ix(ωrot) = J0ωrot + J1ω3
rot

KY, N. Van Giai, PRC78(2008)064316

E(I, K) = ωRPA + I(I + 1) − K2

2+TV
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Ix(ωrot) = J0ωrot + J1ω3
rot
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Giant monopole/quadrupole resonances
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Summary
First attempt to describe vibrations in rotating nuclei within TDDFT
Numerical application to the γ vibration and giant resonances in 24Mg

the observed γ band is well described
c.f. GCM (multi-slater dets. calc.) overestimates the energy

rotational effects on multipole responses
broadening of a width of GMR/GQR:  is no longer a good quantum numberK
GDR is less sensitive to the rotation



Triaxial GCM by M. Bender et al. (2008)


