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More recently...
Created collaborative google site 
“OEP in Nuclear Physics” (still private)



More recently...
Created collaborative google site 
“OEP in Nuclear Physics” (still private)

Drawing more people into the OEP game
to tackle the various aspects of ab initio 
orbital-based nuclear DFT.



Done / To-do (last time)
Implemented full OEP solution in 1D (Kümmel-Perdew algorithm)

Tested 1D proof-of-concept against Hartree-Fock

3D code under development (framework in place, now debugging)

RPA?

Derived OEP-HFB equations (first time)

Minnesota potential & compare with HF, HF-DME, NCSM, GFMC

✔

✔

✔

QRPA?

Solves formal and practical problems of GGAs
Allows for exact exchange, RPA, Pairing, etc...

Allows for orbital-dependent functionals



Kohn-Sham DFT
Kohn-Sham approach
“The density functional can be extremized by solving a 
Schrödinger-like problem...”

FHK[ρ] = Ts[ρ] + Eint[ρ]

Kohn-Sham equations KS potentialKS orbitals

Solve recursively:
- Start with guess for orbitals
- Compute potential
- Solve for orbitals
...
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The Optimized Effective Potential
The OEP is just the KS auxiliary potential. It is called OEP when 
the functional depends only implicitly on the density and explicitly 
on the KS orbitals.

So we canʼt just do this:

Instead we have to solve an integral equation to find the 
potential, but other than that the KS loop remains 
unchanged.

We need an OEP solver



The OEP equation
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Goal 

Orbital shifts 

Kohn-Sham orbitals



Solving the OEP equation
Kümmel-Perdew iterative solution (KP algorithm)

(ĥKS − εi)ψ∗
i (x) = −

�
∆i(x)− ∆̄i

�
ϕi(x)

∆i(x) = vxc(x)− uxc,i(x)

Guess xc potential and compute ψ∗
i (x)

Update xc potential

Recompute ψ∗
i (x)

S(x) =
N�

i=1

ψ∗
i (x)ϕi(x) + c.c.vnew

xc = vold
xc + cS(x)
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k=1

ψ∗
k(x)ϕk(x) + c.c. = 0Repeat until

Go back to KS equation and recompute ϕi(x)

Use
Conjugate 
gradients!

PRL 90, 043004 (2003)
Kümmel-Perdew



Results
Neutron drops with the Minnesota interaction

Various basis sizes and trap frequencies

Full 3D problem! (no symmetry assumed)

Exact-exchange (EXX) functional vs. Hartree-Fock

Solved OEP Eqn. exactly with KP algorithm

J. E. Drut and L. Platter, [arXiv:1104.4357].
Under (positive) review in Phys. Rev. C.



Results: Neutron drops
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Density profile J. E. Drut and L. Platter, [arXiv:1104.4357].
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Results: Neutron drops
Form factor J. E. Drut and L. Platter, [arXiv:1104.4357].
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Results: Neutron drops
Internal energy vs. radius J. E. Drut and L. Platter, [arXiv:1104.4357].



Results: Neutron drops
Detail J. E. Drut and L. Platter, [arXiv:1104.4357].



What about pairing?
Hartree-Fock-Bogoliubov (with local fields)

We have to worry about renormalization issues!
(Coupling a theory to a local pairing field leads to UV divergencies)



Superfluid OEP

Orbital shifts 

Kohn-Sham orbitals

We just need to define some projectors:

Can we apply the KP algorithm here?



How can we solve it?
We can certainly determine the orbital shifts 

from a differential equation, as before

However, the KP approach appears to fail in this case...



Orbital shifts 

Kohn-Sham orbitals

Not a good measure of how the one-body fields 
differ from the true OEPs, everything is mixed!

How can we solve it?

We need a new solver!



Alternative OEP solvers
Self-consistent approach in coordinate space

Constrained minimization with known derivatives

- Generalized to the superfluid case
- Use Broydenʼs method?

PRL 89, 143002 (2002)
Yang & Wu



Done / To-do update
Implemented full OEP solution in 1D (Kümmel-Perdew algorithm)

Tested 1D proof-of-concept against Hartree-Fock

Derived Superfluid OEP equations (first time)

✔

✔

✔

Solves formal and practical problems of GGAs
Allows for exact exchange, RPA, Pairing, etc...

Allows for orbital-dependent functionals

Tested EXX-DFT versus HF for 3D neutron drops with 
Minnesota interaction.
J. E. Drut and L. Platter, [arXiv:1104.4357].

(first time a spin-dependent potential is OEPʼd!)
✔

Improved Superfluid-OEP formalism

Coded Superfluid OEP 
(all parts in place, KP algorithm seems to fail in this case)

✔

✔



Whatʼs next?

We need a Superfluid OEP solver.

Proceed towards using low-momentum potentials.

We have performed test calculations for the OEP with 3-body 
forces at the EXX level. The corresponding formalism is easy to 
derive. It remains to write this up and post it.

Continue to pursue higher-order functionals (with 2-body forces for now)

We need to extend this to higher-body forces. The formalism is 
easy at the EXX level.

RPA? QRPA?

Is there a useful KLI approximation in the superfluid case?



THE END

Thanks!





RPA?
Use adiabatic connection:

Combine with short- and long-range splitting:

Dynamic response function


