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Two RPA Themes |n

Antlsymmetrlzed gemlnal power con5|stent state
functlon for RPA : | |

|AGP> = (GT)N |vac>
Gt =% Zj,k cjk bjt bkt

EAGP = <AGP|H|AGP>/_<AGP|AGP> X

Effects of RPA renormallzatlons N prOpagator calculatlons




- AGP Wavefunctlons
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Bratoz, Durand, Bessis and Espaquet | 3

Antisymmetrized gemmal power wavefunctions: state functlon for v
RPA with exchange that satisfies killer condltlon (Linderberg and
I RO ) 3 -

Dlatqmlc potentlal energy curves (Welner Jensen Ortlz Kurtz
Sangfelt, Chowdhury, Edwards, Zerner and Ohrn) '

Numerlcal problems in varlatlonal optlmlzatlons of Iarger molecules :
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Geminal Parametrizatio_n
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Natural Form of Gemlnal
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g(1,2) = % Zjkrcik [Yadet{gj(1)pk(2)}] |

" “ " Form natural GSOs with
: ; ~ UtcctU=n |
‘nis dlagonal and the elgenvalues are at least doubly degenerate

Resulting natural expansion (U= x) merely has the same first-order
reduced den5|ty matrlx for geminal - msuff:c:ent to recover
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Canonlcal Natural Form of

._-_:1;" J_ | |. 37 >
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P lhste’ad ﬂsmg Zummo S th‘edf”ém -on'e may

CQnstruct a unitary matrlx W such that

Wth =

‘Canonical n-at'u'ra
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Standard AGP Parametrlzatlon

| Standard férmof gemlnal'ln t'er'n*rs of complex P
canonical coefficients (Ck) and 2X2 determinants
(Ixk xk+s>) built from natural GSOs -'

lg> = IZk—ls_ Ck |_xk Xk+s>

_ Canonical coefficients defined only up to a phase %
~ - factor, for -

|g> o+ Zk 1s Ck e-iv |xk el\)/2 xk+se|\)/2 >




Improved AGP Parametrlzatlon
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o Symmetrlc Functlons
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Construct normalization mtegral W|th symmetrlc functlons of -
order N: SN ({nk }) _

<AGP|AGP> = (N')2 SN

Example: N=2,s=4
_ SRS YT =y _‘ .
nl1n2+nln3+nln4d+n2n3+n2n4+n3n4d

Form den5|ty matrices with SN- 1(|) SN- 2(Ij)
Example: for s=4
S2(3) =n1n2 + nl n4d + n2 n4
S2(13) =n2n4




” GP Total Energy
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C*omstmc’t toté energy with ower—order‘ s‘ymmetrﬁ’: functlons F

<AGP|H|AGP> = (N1!)2
{Zjnj SN-1(j)[hij + hj+SJ+S + <jj+s]|jj+s>1 +
* ij njl/2 nk1/2 SN-1(jk)<j j+s|lk k+s> +
2K njnk SN-2(jk)<j k||lj k>}
where

<_|k|||jk>—<jk||_|k>+<jk+S||j|<+S>+<j+Sk||J+Sk>
+ <j+s k+s || J+S k+s> _

Vary {nk} and {yk} to ri]ini.miz_e total energy




An N Representable DMFT
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chcu’patlon numbers of AGP i
. vk = nkSN-1(k)
Natural GSOs of AGP = Ak}

Coleman showed there exists a 1-to-1 mapping
from {vk} to {nk}

Variational AGP energy: a density-matrix
functional with generalized spin-orbitals







Hartree Fock Equations:

(Tkin + Unucl + JCoul -
Kexch)g@iHF =

F @iHF=€iHF @iHF

Same potential for all i:

core, valence, occupied, virtual.

eiHF includes Coulomb and
exchange contributions to IEs and

il 4 ~
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Dyson Equation:

[F + >(ciDyson)]eiDyson = €iDyson

. (plDyson

Self energy, %(E) Energy dependent,
nonlocal potential that varles for each
electron binding energy

eiDyson includes Coulomb exchange,
relaxation and correlation contributions
to IEs and EAs




Elecgré)n Detachment (IEs) _ |
- - @iDyson(x1) = |
N-Y2[WN(x1,x2,x3,...,xN)W*i,N-1(x2,x3,x4,....XxN)
dx2dx3dx4...dxN-
Electron Attachment (EAs)
@iDyson(x1) =

(N+1)-%2] Wi,N+1(x1,x2,x3,...,XxN+1)W*N(x2,x3,x4,....xN+1)
dx2dx3dx4...dxN+1

Pole strength - criterion for quasiparticle picture
Pi = [|@iDyson(x)|2dx
O=Pis1l
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Cross Sectlons

Differential Cross Sections:

_, do(@)/dQ =
(me /h2) (L3kec/2rtwA02) |<@Dyson | Top @cont >|2

Continuum Orbital, pcont: Plane-wave or orthogonalized plane-'
wave |

Transition Operator: Dipole or all-multipole expréssion,
Top = (eAOn/me c)ZJ—lN elk(ph)*r(J) p(J)
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o R P A, CL atlon |

Yot | corrections to Koopmans results
: P E=calaf 21l Pl
1. Renormallzed methods

“E=c¢iR + ZHR(E)




Approxmate Dyso_n Equatlons
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Reno,rmalllzed SeIf—Energles
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M,atrlxl Elements of H
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Prlmary prlmary (aa) block generallzed Fock matrlx'

N~

F = Aaa

Frs = hrs + Stu [<rt|st> - <rt|ts>]ptu
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~1,5,tu - occupied or virtual spin-orbitals




M,atrlx Elements. of FI _
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_ First-order approximation !
et ¥ 'ptuj nt6tu
| nt = occupatuon numbers in reference determlnant
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'M_,,atrlx Eleme_nts__of H

primary Secantany (4t add fay b_Ioc:ks':_'FIafr

f

~ f3 = aaat operatbks

Flrst order expressmns

here 1) occupled and b V|rtual
> - <pblji> = Hp,ijb

here i"occ:up'ie"d and b, ¢ virtual

2hp: aiajabT W
| <pb||
2ph abacalTw




'M_,,atrlx EIeme_nts_of H

Secondary secondary (ff) bIock Hff
f3 = aaat operators
F|rst order apprOX|mat|ons

2hp coupllngs where i,j,k,1 occupied and b,c virtual i for
alajabT and akalact

Hijb,klc = (i + g - £b)6ikdjlobc
- AVjk6jl6ab - AVjl 6ikab +AVab 6iksjl
- <ij||kI>B8ab -
+ (1-Pij)(1-Pkl) dik<bj||al>

hquplmgs Hba dej (J,JKJ»-'-) bc___bcw;_rlll i '_
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Addltlonal Approxmatlons
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Vertical lonization Energies < 20 eV
- Test molecules: CO, N2, HF, H20, F2, C2H4
KS approximations: B3LYP, SVWN, LSDA
“Basis set: cc-pvVQZ
- Comparison: KS orbital energy,
semicanonical KS orbital energy (ei),
- KSf3,KS-f3-RPA, KS-2X, KS-2







Test C,alculatlons _Conclusmns
Ladder terms are needed to balance RPA terms
~ Pole strengths decline markedly in KS-f3-RPA
Best cancellation of errors for KS-2:
~ semicanonical orbital energies
no exchange terms
(Mark Casida: MAD ~ 0.5 eV with HF orbitals) -
IncIu5|on of exchange ladders and RPA:

J reaso%able rest It&er 2X, I§§ 304
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