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Linear response equation

• Tedious calculation of A,B-matrix elements

• Computationally very demanding
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However, we can avoid explicit calculation of residual interactions.
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Finite amplitude method

• Linear response (RPA) calculation with a 

minimum extension of the static DFT code

– A feasible alternative approach to (Q)RPA

– Especially useful for a complicated energy 

functional

– Codes developed so far in nuclear physics

• HF(3D)+FAM (3D coordinate-space rep.)

• HFBRAD(1D)+FAM (1D radial coordinate rep.)

• HFBTHO(2D)+FAM (2D HO-basis rep.)

T.N., Inakura, Yabana, PRC76 (2007) 024318.



Small-amplitude limit

(Random-phase approximation)
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One-body density operator under a TD external potential

Assuming that the external potential is weak,

Let us take the external field with a fixed frequency ω,
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The density and residual field also oscillate with ω,
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The linear response (RPA) equation

Note that all the quantities, except for ρ0 and h0, are non-hermitian.
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This leads to the following equations for X and Y:
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These are nothing but the “RPA linear-response equations”.

X and Y are called “forward” and “backward” amplitudes.



Matrix formulation

If we expand the X and Y in particle orbitals:
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Taking overlaps of Eq.(1) with particle orbitals

(1)

In many cases, setting Vext=0 and solve the normal modes of excitations:

→ Diagonalization of the matrix 



Finite Amplitude Method
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Residual fields can be estimated by the finite difference method:

Programming of the RPA code becomes very much trivial, because we 

only need calculation of the single-particle potential, with different bras 

and kets.

T.N., Inakura, Yabana, PRC76 (2007) 024318.

Starting from initial amplitudes X(0) and Y(0), one can use an iterative 

method to solve the following linear-response equations.

( ) ( ))()()( '

0 ωηφωηφψψωδρρ iiii

i

ii YX ++==+ ∑



1. Set the initial amplitudes X(0) and Y(0)

2. Calculate the residual fields δh by the FAM formula

3. Now, we can calculate the l.h.s. of the following equations:

4. Update the amplitude to (X(1),Y(1)) by an iterative algorithm, such as 

the conjugate gradient method and its derivatives

Step-by-step numerical procedure
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For superfluid systems
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Finite amplitude method for superfluid systems
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Residual fields can be calculated by

QRPA equations are
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Avogadro and TN, PRC 84, 014314 (2011)



HFBTHO+FAM
• Nshell=5

– Comparison with Losa et al. PRC 81 (2010) 064307

• Nshell=20
– Required memory sizes



Summary

• Finite amplitude method (FAM) provides an 

alternative feasible approach to linear 

response calculation.

– All residual fields can be estimated by the finite 

difference with respect to the “bra” and “ket”.

– It can be achieved by a minor extension from the 

static DFT code

– Several codes developed (FAM on 1D-, 2D-HFB, 

3D-HF) for nuclear physics applications

– Useful for complicated energy functionals
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