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‘New challenges in Reduced Density Matrix Functional Theory:
Symmetries, time-evolution and entanglement
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RDMFT overview

© Explicit expression of kinetic energy, less to approximate

® Fractional occupations make description of static correlation

easier

®Prediction of TMOs as insulators contrary to DFT
® Pure-N-representability too complicated

® Energy minimization harder than KS DFT

® Absence of auxilary system which can give single particle
spectra
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Local RDMFT [Lathiotakis et al. PHYSICAL REVIEW A 90,
032511 (2014)] possible way out..

1RDM still basic variable

Natural orbitals taken from a local potential in an OEP way

Natural orbitals approximate
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Minimal Model

Control density and Q on a lattice Conclusions

mpsd‘\\

m |dea of having an intermediate scheme between DFT and
RDMFT appealing

m Trying to learn from simple 2-site Hubbard
020

f:I =t z (6{0620 + hC) + U(ﬁlTﬁll + ﬁ2T;\72¢) +M
O-=T7‘L
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Density Matrices in site basis ross®)

1-RDM in site basis

Yiojo! = tr{ﬁeigeja’}

spinless 1-RDM in site basis

Yij= Y. tr{pintjor}

o,0!

The 2-site Hubbard spinless 1IRDM

n (1,2)
[“”’f]=[v<1fz) . ]
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Ground state 1-RDM Hubbard dimer v=0

I:I =—t Z (6{0620' + hC) + U(ﬁ”ﬁu + ﬁ2Tﬁ2l)
o=1,{

1 4t
[vij] = [ at v (“)2”12]
e
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ARS = -t 3 (8] &+ hc)
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Allowing for different hopping

Fe=-t; 3 (&l &, +he) t
0'=ZT,.L lo-<0 O o)
11
[71'5,.1']:[1 1]

m No auxilary non interacting system that can reproduce the GS
interacting IRDM (No surprise!)

m Only with degenerate auxilary natural orbitals we can
reproduce interacting j; (useless..)
\

m Control another quantity or consider temperature
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Canonical ensemble 1IRDM
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v(1,2) interacting

1 4t By B\ (4t)2+U2 -8/ (4t)2+U2
_— e 2 e 2 —e 2 )
Z\/(4t)2 + U2

with Z = 3+ e~ 2 (UV(ADZT+0?) | -5 (U-V(a02+0?) | o—BU

vs(1,2) non interacting
1 23t -20t
?(e -e )
S

with Zs = 4 + e 2Pt 4 25t
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What can we control apart from density? i)

A=-t S (&l &, +hc)+ Ulhiphy + fiorhia)
o=1,|

4t

BT

n=n-=1

f/'\ls =-f Z (6{0_620 + hC)
o=1,

v(1,2)° =ni=n3=1

4¢2

Vat? + U2
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Setup i)

t t t t

H=-t%; ,(&] tiio+hc)+ US;henel ey + i, it &o

s S S S
@tl @tz @ts tN—l@

saf o
io Vi C,'C,-CIO'

) A =% 17 (8] 2a1p +hc) + 2

Qi = (W[t Y, (&) &y + he) V) =(0]t; £y (&) &i10 + h.c.)|®) and
ni =(V| Y, ] cio|V)= (0| 2, ¢f cip|®)
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Numerical inversion

(£.v1) < (Qiymi) <> (£, 0F)

m Equations of motion (¢|‘ft;"'|¢) =0 (<D|d;t?"|¢) =0 connect n;
, Qi, t7 and v?

= Two sites we have 5% An+ vftf(d>|c“1T€2|q>)=0

m We have done the inversion for 2, 3 and 4 sites
A
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2 site target An and Q mosd®)

(20 An ) + 3 (016 1610) =0
———

target Q target

An and @ from interacting
Start from a guess t; and v
A=t Yo, (@] &0+ hc) +vi(in - ) V) = @)

target updated
2 T
vi=-t< An /<¢|C1 C2|¢)
Check convergence |v1°’d — v1| <€, if not return to 2
4 [ —
LT (olate|o)
tS
Rescale vi = 41
1
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Results of inversion An and Q

We found an auxilary system (t1°,v1°) with the same n and @ as
interacting
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Results of inversion An and Q

We found an auxilary system (t1°,v1°) with the same n and @ as
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Results of inversion An and Q mosd®)

We found an auxilary system (t1°,v1°) with the same n and @ as
interacting

U=1t=0.5 | |An=-0.775| | 5 =0472
vi =1 Q=0.435 v; = 0.397

\ tf = -0.472

vi = 0.397

A

Is the mapping many to one? J
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many to one
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s the mapping (t;%, v?) g (t,v;)?

The 3-site lattice single-particle Hamiltonian on site basis:

vi h 0

tir w to
[H] 1o [27) —(V1 + V2)
| —

from Gauge fixing

We consider a Unitary transformation G:

1 0 0
[G]=]0 -1 0
0 0 1
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Gauge for t;

Transform the initial Hamiltonian H' = GHG/

vi t1 0
[HI] =|lt1 w -t
0 —b —(V1 —+ V2)
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Gauge for t; i)

Transform the initial Hamiltonian H' = GHG/

vi t1 0
[HI] =|lt1 w -t
0 —b —(V1 —+ V2)

Eigenvalues stay the same, Eigenvectors flip sign from
corresponding lattice point and onwards

No physically relevant effect, when hopping changes sign
locally

m We need to do a Gauge choice for t;

Q; does not depend on gauge choice, while 1IRDM does!
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Time-dependent Q on a lattice -

Time dependent proved (I. V. Tokatly, PHYSICAL REVIEW B
83, 035127 (2011))

Many body wavefunction W(t)[Q,W(0)]
Bijective mapping@Q «— T

Time dependent denisty n(t) known from continuity when
complex link current Q(t) known

A
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Summary-Outlook mpss W)

Which quantities we can control in the minimal setting of 2
site Hubbard with KS type construction?

m Build up a GS theory with basic quantities density and kinetic
energy density

m Numerically we have shown existance of auxilary system that
reproduces these quantities for few site lattice Hamiltonians

m Gauge choice for hopping

A
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Summary-Outlook

m Time-dependent version on a lattice exits

m In the continuum exact framework for metaGGAs (meaning to
position-dependent kinetic energy in GKS)

m In thermal DFT (F G Eich et al 2017 J. Phys.: Condens.
Matter 29 063001) "excess energy densities" same in KS and
interacting

m In the continuum modelling of materials, macroscopic fluid
equations involve kinetic energy density

Iris Theophilou density+kinetic energy density 17 / 18



mpsd ‘\\

Thank you for your attention!
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