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Excited states of atomic nuclei

v single-particle excitations (only one nucleon involved)
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Figure 6-18 Total photoabsorption cross section for "7Au. The experimental data are from
8. C. Fultz, R. L. Brambilett, J. T. Caldwell, and N. A. Kerr, Phys. Rev. 127, 1273 (1962). The
solid curve is of Breit-Wigner shape with the indicated parameters

neutron proton

an example of collective excitations: GDR



Excited states of atomic nuclei

v single-particle excitations (only one nucleon involved)
v" collective excitations (many nucleons contribute coherently)

microscopic understanding
of collective excitations?

how can one describe
collective excitations
microscopically?
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Particle-Hole excitations
Hartree-Fock state
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Tamm-Dancoff Approximation

Assume: |) =Q,T/|HF> — ZXpha;;aMHF)
ph
— ZXph|ph_1>
ph

(superposition of 1plh states)
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Tamm-Dancoff Approximation

Assume: |v) = Ql|HF> = ZXph a};ah|HF)
ph
—1
— ZXph|ph >
ph
(superposition of 1plh states)
H|v) = E,|v)
Z Hph,p bt Xpry = BvXpp residual
p'h’ interaction

th,p/h/ p— (Ep — eh)éph,p/h/ —|— <ph@1p,>

Tamm-Dancoff equation
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V(r) ~ /dr’v(r,r’)p(r’)
vibration: 0 — ,OQ(T) — ,OO(T) —+ 5,0(r, t)

vres(T) ~ /dr’fu(’rj’r’)ép(r’) residual

Interaction



TDA on a schematic model
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TDA on a schematic model

collective state
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TDA on a schematic model

Separable interaction: (ph’|v|hp’) = ADp D7y



(separable interaction)
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TDA on a schematic model
Separable interaction: (ph’|v|hp’) = ADp D7y
Tamm-Dancoff equation: %" App o Xpiy = EXpp,
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Graphical solutions 1 |Dppl?
N

\

I

Figure 8.4. Graphical solution of Eq. (8.18).
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Iso-scalar type modes:  E < €, — A < O
Iso-vector type modes:  E > €5, — A >0
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(ph o'W ™YY = (ph!|5|hp!y = (ph/|v|hp') — (ph!|v|p'h)
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Spurious motion and RPA

Mean-Field Approximation <===> Broken symmetiries

eCenter of mass localization (single center)
eRotational motion

Restoration of broken symmetries
> Zero energy mode (Nambu-Goldstone mode)

does not require an extra energy — zero energy mode

A drawback of TDA:
Zero modes appear at finite excitation energies.



vy = QLl0) = Z oh @bap|0)  (TDA)

mmm) A better apprOX|mat|on.
the random phase approximation (RPA)

v) = QII0) =3 (Xpn apay, — Yph ajap) 0)
ph

(superposition of 1plh states)



A better approximation: the random phase approximation (RPA)

v) = Q}I0) =3 (Xpn afan — Yy afap) 0)
ph

(superposition of 1plh states)

smearing of Fermi surface due to the
A residual interaction (g.s. correlation)




A better approximation: the random phase approximation (RPA)

v) = Q}I0) =3 (Xpn afan — Yy afap) 0)
ph

(superposition of 1plh states)
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(HF|[6Q, [H,QJ]I|HF) = E,(HF|[6Q, Q]| HF)



(HF|[6Q, [H,QJ)I|HF) = E,(HF|[6Q, Q]| HF)
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Spurious motion in RPA

Mean-Field Approximation <===> Broken symmetiries

eCenter of mass localization (single center)
eRotational motion

Restoration of broken symmetries
> Zero mode (Nambu-Goldstone mode)

[H,0] =0
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Spurious motion in RPA

Mean-Field Approximation <===> Broken symmetiries

eCenter of mass localization (single center)
eRotational motion

Restoration of broken symmetries
> Zero mode (Nambu-Goldstone mode)

AL [H, Q) ~ Q]

N it [H,0] =0
Then () is a solution of RPA with E=0

O = Z(Opha,;ah + thaﬁap)

N -

The physical solutions are exactly separated out from
the spurious modes.




RPA on a schematic model
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Comparison between Skyrme-(Q)RPA calculation and exp. data
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low-lying collective states

Low-lying excited states in even-even nuclei are collective excitations,
and strongly reflect the pairing correlation and shell strucuture
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Single-particle transition (Weisskopf unit)
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