
DFTcalculation of electronic structure : 
an introduction

Application to K-edge XAS
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Part 1
Introduction to electronic structure 

calculation using DFT
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Basic issue
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Born-Oppenheimer approximation

D8%&)2,+%("/#-.#)& .0/2,8 0+#E%"
-8() -8%&%+%,-"#).,/#-.#)&è !+)&#&",*-

D8%&)2,+%.("%&,#)0.*%"%*(- '.F%*!#0.-.#)0 .)&-8%&%+%,-"#).,/#-.#)& 0-2*;
G#0.-.#)0&RI è )&#&/+"+#

m < MI >m C"m56+&+%D""!E=FB

3#$-#".)+'/&%(*$-)".)(4-) velocity ratio

ve
vnoy

⇡
r

MI

m

10eV

10meV

G2#1)*.,<"
1

2
mv2e = 1Ry D"!H"#$

I/12#/%<" D"!H"+#$
1

2
MIv

2
I ⇡ ~!vib

H&233

7



Born-Oppenheimer approximation
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Multielectronic Schrödinger equation
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Slater Determinant
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 n ⌘  n(r1, r2, ..., rN ; s1, s2, ..., sN )
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Mean-field approximation
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L#)#%+%,-"#).,M,8"N*.)9%"&0#+O%*self-consistently :MPQ<
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Mean-field methods: examples
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Hartree-Fock (HF)  - 1935
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Density functional theory (DFT): definition

exact theory 

for systems of N interacting electrons

within an external potential
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DFT: Hohenberg and Kohn theorems (1964)

The (non-degenerate) ground state electron density
uniquely determines (to a constant) 
the external potential
(and thus all the properties of the system).

There is a universal density functional       , 
not depending explicitly on              , defined as :

with

⇢(r) 80%'1"K0*'082#

⇢gs(r)

F [⇢]

Z
⇢(r) dr = N

!9

F [⇢] = T [⇢] + Ve�e[⇢]

V ext(r)

V ext(r)



DFT: Hohenberg and Kohn (1964)
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!
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DFT: Kohn and Sham (1965)
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DFT: Kohn and Sham (1965)
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DFT: Kohn and Sham (1965)
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we partially answered question 1 !
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= Ts[⇢] + EH[⇢] + (T [⇢]� Ts[⇢] + Ve�e[⇢]� EH[⇢])

#31&0,6#"0,-"1.**#20)'., #,#*65

Exc [! ]

EH [! ] =
e2

2

!
! (r )! (r !)
|r ! r ! |

dr dr !

F [! ] = Ts[! ] + Ve! e[! ] + ( T[! ] ! Ts[! ])



DFT: Kohn and Sham (1965)
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DFT: Kohn and Sham (1965)
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VKS (r ) = VH (r ) + Vxc (r ) + V ext (r )



DFT: Kohn and Sham (1965)

IF(,-&-8%#";1&
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DFT: exchange and correlation functionals

H&)(4-)1;>E);IJ)%7)7(%88exact ."#)'&)4"+"/-&-"*7)-8-!(#"&)/'7K

The Local Density Approximation (LDA) the simplest
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0"homogeneous electron gas >9')& -#,%')5GB

known analytically
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calculated
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✏xc[⇢] = ✏x[⇢] + ✏c[⇢]

ELDA
xc ⌘

Z
✏xc[⇢(r)] ⇢(r)dr



Generalized Gardient Approximation  (GGA)

)&#"-#,%')56*0-'#,)"0) r '%)0`#, ',). 011./,)
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DFT: exchange and correlation functionals

EGGA
xc ⌘

Z
✏xc[⇢(r), ~r⇢(r)] ⇢(r)dr



Hybrid functionals (H-GGA)

1.+8',#")&#"exchange 0,-")&#"correlation .8)0',#- 85"/%',6 GGA +#)&.-%

9')& 0"6'K#, 7*.7.*)'.,".(")&#" exchange -#%1*'8#-85"Hartree-Fock

A&#"+.%) /%#-<"B3LYP >V#1`#4="70*0+#)#*%4P##:"h0,6:"b0**B
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DFT: exchange and correlation functionals
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= ELDA
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+ a0(E

HF

x
� ELDA

x ) + ax(E
GGA

x
� ELDA

x ) + ac(E
GGA

c
� ELDA

c
)



DFT: SCF cycle
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DFT: SCF cycle
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T021/20)'.,".("! +#&>rB

! :%>rB"

T.,K#*6#,1#i
YES

MAjb

NO

+'3',6
! :%>rB""c ! +#&>rB

(1� ↵)⇢in + ↵⇢out

0!
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b^k^AGT
b^kMGT
bT"Z^RGMM
bP^Aj"
b0*022#2l/0,)/+"M.2/)'.,%
bJ%1(>l/0,)/+" G%7*#%%.B
l 4T&#+
MQGMA^
M.1.**.
M70*)0,
Mbk4YYk
AWkVjRjPG
$^Mb"
JQGIO`

^8',')
^?@
^QRbkj
^/6+#,)#- M7&#*'102J0K#
^).+'%)'3 A..2`')
T^?b^T
T^MAGb
TbOY
TbR?
TkhMA^P
?^T^bj
?^PAjI
-#R.,OY
?@Amm"
?R.2=

GnTQAQIZ
@'*#8022
@PGWk
Z^RGMM">WYB
Z^RGMM">WMB
Z^WMMQ^I
Zb^J
a^ZW^k
RjPT^M
RjPbkj
RblT
IJT&#+
j7#,Rn
jkT^

9+41:&0$"$%&;6201,0"/:&<3"/$3=&,6%=10$#2

&"&D-64'*7(%?-)8%7(
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DFT: softwares



DFT: softwares

',(',')#
,/+8#*
.("0).+%

#%"4&0;",%

12/%)#*

,." 7#*'.-'1')5 1.,%)*0',)
>0+.*7&./% 0,-" 1*5%)022',#

+0)#*'02%B

7*%(-$(")+"8-!*8-7

! ;&V*'22./',"_.,#

;%#1+:1,>+3/:"#2 ,+/:1$1+/0

+#

%/')#- )."1*'%)02%
7*0-#!-88

00

the main differences between them



Basis $+&%?;"/: $6%&@+6/)96"= +#>1$"40

�KS
i (r) =

X

n

cin 'n(r)

Atomic orbitals
Z0/%%'0,%

PT^j

Muffin-tin orbitals
%7&#*'10290K#%

PRAj:+/2)'72#%10))#*',6

Plane waves
b%#/-.7.)#,)'02%

'("+%! 704-#-79)PT".("*0-'02"(/,1)'.,%
o %7&#*'102&0*+.,'1%

%&(-#7(%(%'8#-/%"&9)08'&-)F'?-7

Mixed basis

P^bJ

0/

DFT: sofwares the main differences between them



b0*0Z0/%%
b^k^AGT
b^kMGT
bT"Z^RGMM
bP^Aj"
b0*022#2l/0,)/+"M.2/)'.,%
bJ%1(>l/0,)/+" G%7*#%%.B
l 4T&#+
MQGMA^
M.1.**.
M70*)0,
Mbk4YYk
AWkVjRjPG
$^Mb"
JQGIO`

^8',')
^?@
^QRbkj
^/6+#,)#- M7&#*'102J0K#
^).+'%)'3 A..2`')
T^?b^T
T^MAGb
TbOY
TbR?
TkhMA^P
?^T^bj
?^PAjI
-#R.,OY
?@Amm"
?R.2=

GnTQAQIZ
@'*#8022
@PGWk
Z^RGMM">WYB
Z^RGMM">WMB
Z^WMMQ^I
Zb^J
a^ZW^k
RjPT^M
RjPbkj
RblT
IJT&#+
j7#,Rn
jkT^

&"&D-64'*7(%?-)8%7(

&))7<CC#,;9'`'7#-'0;.*6C9'`'CP'%)p.(pU/0,)/+p1&#+'%)*5p0,-p%.2'-4%)0)#p7&5%'1%p%.()90*#
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DFT: sofwares the main differences between them

9+41:&0$"$%&;6201,0"/:&<3"/$3=&,6%=10$#2



Part 2
Introduction to the calculation 

of X-ray absorption spectra

X-ray Absorption Near-Edge Structure

Near-Edge X-ray Absorption Fine Structure
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Basic issue1&,(+,2+(-.#) #'&-8%&($0#"!-.#)&,"#00&0%,-.#)&
'#"&(&/(-%".(+>&.?%?>&(&0;0-%/&#' N%+%,-"#)0@&Nat )2,+%.

',1'-#,)" 34*05#,#*65 .7#*0).* .(
)&#"',)#*01)'.,"8#)9##,

34*05%0,-")&#"%5%)#+ initial state:
6*./,- %)0)#".(")&#"%5%)#+"

9')& #,#*65 :"-#6#,#*#%1#,1#Ei di

final state: 
#31')#-%)0)#".(")&#"%5%)#+

.("#,#*65 ;"Ef

! (! " ) = 4 #2$ ! "
!

i,f

1
di

|! f |O|i "|2 %(Ef # Ei # ! " )

XANES modeling

strong #14#1',)#*01)'.,
multielectronic 077*.01&

#3"<"1-20#-6#%".("=$)#2#+#,)%

weak #14#1',)#*01)'.,"
monoelectronic 077*.01&"

>?#,%')5"@/,1)'.,02"A&#.*5B
#3"<"2)#-6#%

07



Interaction operator between x -rays and electrons

incident X-ray beam<"#2#1)*.+06,#)'190K#)*#0)#- 0%"0"plane-wave

k <"90K#K#1).*
<"7.20*'_0)'., -'*#1)'.,"̂

O =
X

i

"̂ · ri +
i
2

X

i

"̂ · ri k · ri

eik·r

electric dipole transitions (E1)

�` = ±1
+0q.*')5 #2#1)*.,'1)*0,%')'.,%

electric quadrupole transitions (E2)

.8%#*K082#"',")&#"2 7*#4#-6#

.("=$ )*0,%')'.,"#2#+#,)%

�` = ±2
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A4%,$#1,&:1;+4%&'AB(&$#"/01$1+/0&C&&&&&

Initial State quantum numbers
Edge final state 

symmetry

1 0 K p
2 0 L1 p
2 1 L2,3 s+d
3 0 M1 p
3 1 M2,3 s+d
3 2 M4,5 p+f

  

€ 



€ 

n

K or L1

7&.).,"#,#*65

L2

7&.).,"#,#*65

M4

7&.).,"#,#*65

L3

M5

�` = ±1

delocalised (',02"%)0)#">9#0` #2#1)*., *#7/2%'.,B"<"p

localized (',02"%)0)#">%)*.,6#2#1)*., *#7/2%'.,B"<"QdE)Rf

monoelectronic )&#.*'#%>?@AB

multielectronic )&#.*'#%>+/2)'72#)%B

09

Interaction operator between x -rays and electrons



XANES and DFT

�(~!) = 4⇡2↵ ~!
X

i,f

��h f |"̂ · r| ii
��2 �(Ef � Ei � ~!)

+.,.#2#1)*.,'1 #+7)5 %)0)#">YMB
1021/20)#-9')& 0"1s core-hole
',")&#"#2#1)*.,'11.,('6/*0)'.,

.(")&#"08%.*8',60).+

Q#"&! %*9%01

! 7)0).+'1 .*8')02"

/.



Note: muffin-tin (MT) potential 

ZONE I

ZONE II

MT

rjIG"Q<"0).+'1"%7&#*#%
%7&#*'102"%5++#)*5"7.)#,)'02%

rjIG"QQ<"',)#*%)')'02"*#6'.,
1.,%)0,)"7.)#,)'02

Full Potential
/!



XANES and DFT: the calculation codes
X&-;!%0

1- D8#0%E".--%)-#&,(+,2+(-%,#"%4+%O%+0!%,-"(

2- D8%&%+%,-"#).,0-"2,-2"%&,#*%0>&
.)&E8.,8 (&!#0-&MPQ4!"#,%00,#*%&E(0 (**%* -#&,(+,2+(-%,#"%4+%O%+0!%,-"(

at the beginning<"+/2)'72#"%10))#*',6>,."%#2(41.,%'%)#,15:"+*..%&D(%&)7.)#,)'02B

continuum, feff, icxanes,….

periodic boundary conditions,  reciprocal space

/-

cluster, real space

"#$%&'<()*++,<-.!8

at the end of the 90’s<"(',')# -'((#*#,1#%+#)&.- 9')& fdmnes

currently<"fdmnes, feff

Wien2k, CASTEP, Quantum-Espresso (XSpectra), …



J')& 1.-#%"/%',6 7#*'.-'1 8./,-0*5 1.,-')'.,%">(.*" 1*5%)02%B:"9# &0K#")."0K.'-
spurious interaction of the excited atom with its periodically repeated images;"

!"#$ %&"'!()#*+,'#-+
!"#$ %&"'#." !()#*+,'#-+

!"#$%&'()%#"*)'+( ,%"- '()%#"*)'+(

/0/(
1.2+*)+--

3#(*+1"#*+(4+."*!-&"56
7&8 9+:!"&;+ <!)=:*#.4>()'!*:+
7&&8?0)&"+>+-+)"*#4&4()#4>.)"&#4(<!4>(

/0

XANES and DFT: periodic boundary conditions and core hole



//

XANES and DFT: periodic boundary conditions and core hole

unit cell 
') X"s;N!t: ! X"g;sHt

="M' F"j

1×1×1 supercell
S)/,')"1#22"9')&"!"1.*#4&.2#
!"M'u"""O"M' F"j

M.&! %*9%&.)&Y4S2("-=

.')/+0)&*+#%1/+2% '()%#"*)'+(&3%).%%(&*+#%1/+2%4

2×2×2 supercell
') X"N;EOt: ! X"!H;EHt

!"M'u"""O="M'sE"j

*+(5%#$%(*%&&&&&&&&&&&&&



XANES and DFT: the drawbacks

/3

! ZQD&.0&*%*.,(-%*&-#&-8%&,(+,2+(-.#)&#'&ground state properties 
$2-&0-(3.$(+(./1+.&$(.613(2,*7.1/.(8),&(3.-&%&(-C

!#00.$+%&2)*%"%0-./(-.#)&#'&-8%&%F,.-(-.#)&%)%"9.%0

! Static /#*%+.)9&#'&-8%&&core-hole-electron interaction 
-8"#298&-8%&02!%",%++&(!!"#(,8&#"&E.-8.)&(&,+20-%"&#'&(-#/0

! IF,8()9%&()*&,#""%+(-.#)&'2),-.#)(+&.0&)#-&%)%"9;4*%!%)*%)-&

! .)%+(0-.,&+#00%0&)#-&,(+,2+(-%*>&-8%&,#)O#+2-.#)&'(,-#"&.0&(&!("(/%-%"

well identified



XANES and beyond DFT

/4

! G! + Bethe-Salpeter equation (BSE)

! TD-DFT   '#%"4)0;",% ";;#+",6%0(

Ø M&'*2#5"0,-"1.22;"""""""""""""

Ø l/0,)/+ 4T&#+'%)*51.-#%<"Orca:"ADF:"Q-chem:"v

Ø j2.K%%.,:"b/%1&,'6:"̂ +8*.%1&4?*032:"P0`.9%`'<"P^bJ

Ø FDMNES

OCEAN ',)#*(01#

! DMFT



/7

=- .

)-=

#=

=- 0

)-=

#=

=- -

)-=

#=

=- 4

PM )-=

#=

=- 3

PM
)-=

#=

)-=:"#= #+7)5 (0K.*082#"10%#

@#->
@+A2 25*&"+
B<CD2*#"+&4

single-particle picture

#= #+7)5 011#7)082#"10%#

A'/>

3&D2 *."&-+E(!4!"!1+

*.<5E(+$+*!->E
12&4+-6C*E(25*#2+6C*

T*0>

$0>

:*#11.-!*6F

@#0>

B<C9 2*#"+&4

011#7)082#"10%#
#=<<<<<#+7)5

)-=:"#= #+7)5

1*')'102"10%#
)-=:"#= #+7)5

)-= 70*)'0225"#+7)5"
#=<<<<<<<#+7)5

#=<<<<<#+7)5
)-= 70*)'0225"#+7)5"
#=<<<<<<<#+7)5

1*')'102"10%#

3d elements in octahedral site

C!<!*+"(et alG(HCCH(7/IJI8



!.

0 5 10 15 20 25 30 35
Energy (eV)

0

0

0

0

0

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

ε // [001] 

A2 A3
A1

=- .

)-=

#=

single-particle picture
D.[ 2 "2-.+%>&D.&0.-%1&,%)-"#0;//%-".,

C!<!*+"(et al. H'51G(C'+$G(C'+$G(H'51G(676KLJM((7/IJI8

7*#4#-6# <"GOm"&"&)8"!'8)G!

0 5 10
Energy (eV)

0

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

E2

E1

ε // [001] 

x 5

A2 A3

A1

E1+E2

peak A2
2.102"GO)*0,%')'.,"! 7 =$ #=

m""
&"&D8"!'8)G! )*0,%')'.,"! 7 0 &58*'-;"=$ )-= >,#'6&8;B"""

peak A1
2.102"GO)*0,%')'.,"! 7 =$ )-=

peak A3 

&"&D8"!'8)G! )*0,%')'.,"! 7 0 &58*'-;"=$ #= >,#'6&8;B"""

Ti4+ in octahedral site



!!

0 5 10
Energy (eV)

0

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

E2

E1

ε // [001] 

x 5

A2 A3

A1

E1+E2

0 5
Energy (eV)

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

ε // [001] 

A2
A3

A1

E1+E2

D.[ 2 "2-.+%>&D.&0.-%1&,%)-"#0;//%-".,

7*#4#-6# <"GOm&"&)8"!'8)G!

H;g"#$

T5&,(+,?&(-&-##&8.98&%)%"9;&U

D!EF

Ti4+ in octahedral site

C!<!*+"(et al. H'51G(C'+$G(C'+$G(H'51G(676KLJM((7/IJI8

=- .

)-=

#=

single-particle picture



!-

D.[ 2 "2-.+%>&D.&0.-%1&,%)-"#0;//%-".,

7*#4#-6# <"GOm"&"&)8"!'8)G!

0 5 10
Energy (eV)

0

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

E2

E1

ε // [001] 

x 5

A2 A3

A1

E1+E2

0 5 10
Energy (eV)

0

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

E2

E1

ε // [001] 

x 5

A2 A3

A1

E1+E2

-0%&#-<",."1.*#4&.2#

T5&,(+,?&(-&-##&8.98&%)%"9;&U

D8%&5- ,#"%48#+%&.0&)#-&(--"(,-.O%&%)#298C

!+G&$+&1=;#+H%&F

Ti4+ in octahedral site

=- .

)-=

#=

single-particle picture



!0

A'&*-+5E(NG(?-+)"*G(A2+)"*G(O+-G(H'+4#$ G(6896PP(7/IIQ8

V#)&#4M027#)#*"#U/0)'.,

D.[ 2 "2-.+%>&D.&0.-%1&,%)-"#0;//%-".,

7*#4#-6# <"GOm"&"&)8"!'8)G!

0 5 10
Energy (eV)

0

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

E2

E1

ε // [001] 

x 5

A2 A3

A1

E1+E2

-0%&#-<",."1.*#4&.2#

Ti4+ in octahedral site



!/

7*#4#-6# <"GO

L9T+2[ 41P"3+>&P"&0.-%1&,%)-"#0;//%-".,

-E#&IX !%(\0&9%&.&11.$,7$.(*(+74:;

Origin?

=- 0

)-=

#=

)-=

#=

#=

)-=

T5

TX

single-particle picture

-3 -2 -1 0 1 2 3 4 5 6
Energy (eV)

0

0,1

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

E2

E1E1+E2

A1 A2

" k [1 1
p

2] ;k k [1̄ 1̄
p

2]

-3 -2 -1 0 1 2 3 4 5 6
Energy (eV)

0

0,02

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

spin up + spin down
spin up
spin down

-3 -2 -1 0 1 2 3 4 5 60

0,1

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

E2

E1E1+E2

A1 A2

occupied
states

eg

eg

t2g

" k [1 1
p

2] ;k k [1̄ 1̄
p

2]

Cr3+ in octahedral site

C!<!*+"(et al. H'51G(C'+$G(C'+$G(H'51G(676KLJM((7/IJI8



!3

-4 -3 -2 -1 0 1 2 3 4 5
Energy (eV)

0

0,1

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

E2

E1
E1+E2

A1

A2

A3

" k [1 1
p

2] ;k k [1̄ 1̄
p

2]

7*#4#-6# <"GO

P(3T+2:M.[4<31]3+>&]&0.-%1&,%)-"#0;//%-".,

D8"%%&IX !%(\0&9%&.<(=.&11.$,7$.(*(+74:;

Origin?

=- -

)-=

#=

T5
TX

single-particle picture

)-=

#=

#=

)-=

-4 -3 -2 -1 0 1 2 3 4 5
Energy (eV)

0

0,02

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

spin up + spin down
spin up
spin down

-4 -3 -2 -1 0 1 2 3 4 50

0,1

Ab
so

rp
tio

n 
(a

rb
it.

 u
ni

ts
)

E2

E1
E1+E2

A1

A2

A3

" k [1 1
p

2] ;k k [1̄ 1̄
p

2]

occupied
states

eg

eg

t2g
t2g T^

V3+ in octahedral site

C!<!*+"(et al. H'51G(C'+$G(C'+$G(H'51G(676KLJM((7/IJI8



3/

ZQD4KKT ZQD4KKT&@_&

N.'&4et alG(HOR(SJ(7/IJI8

Angular dependence of core hole screening in LiCoO 2

G2#1)*.,'1%)*/1)/*#"7..*25
-#%1*'8#-',"ZZ^

V#))#*-#%1*'8#-/%',6 S/880*-"
70*0+#)#*>WB".,"T."=-"%)0)#%

Z07"X"!;f"#$ Z07"XO;=#$
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LiCoO 2 : the Co K pre -edge

V#%)"06*##+#,)"'%.8)0',#- 9&#, ',12/-',6 W"0,-")&#"!%"1.*# &.2#
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LiCoO 2 : the Co K pre -edge

7*#4#-6# <"GO"m",.,2.102 G!

b#0`"" <"!%à=-">T.uB"
b#0`"# <"!%às7"m"j>O7B"m"T.">=-B",;, ;"',"720,#
b#0`"$<"!%às7"m"j>O7B"m"P'">O7BmT.">=-B",;, ;"./)".("720,#"



=$. >A'j- B"w"0.5 eV   #-$*!-$ (")T)*7%&/U:5)".)5K):4%#8-C

=$4 PM">R8Tj:"@#M- B"w"0.8 eV

=$0 >T*4%7',#2:"#+#*02-B"1 ~eV

=$0 >*/85B"0,-"=$- >$46*.%%/20*B"2 ~eV

=$3 PM">R8TIB"w"1.7 eV

W)8%"%)-&drawbacks #'&ZQD4̀ZTaKKT&'#"&bTcIM&,(+,2+(-.#)
• #2#1)*.,'1*#7/2%'.,+.-#2',6

• 1.*# &.2#4#2#1)*., ',)#*01)'.," +.-#2',6

GO0,-" G! )*0,%')'.,%").90*- =$ >08%) systematically at too high energy

ZZ^mV *#-/1#% 2 eV 1 eV (.*"=$8 >I'j B"T#.:#.11&1et al. HOR(:; 6IQKJJS(7/IIS8
2.4 eV 1.7 eV (.*"=$4 PM">P'T.j- B"N.'&4et alG(HOR(<66JJKJJK(7/IJI8

J;;IJW4C,#%$.*&!(%"&'87%&)I-)!"+08-6-7)9)DeBeer et al. J.Phys.Chem.A 112:12936 (2008)

Summary
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J#E%O%">&DFT in LDA/GGA is useful !

! number of pre-edge peaks 9#22*#7*.-/1#-

• relative intensities and positions '," *0)&#*6..-"06*##+#,)" 9')& #37#*'+#,)

•%',62#470*)'12#-#%1*'7)'.,".(")*0,%')'.,%"9')&
Ø G!CGO"1&0*01)#*
Ø degree of local and non-local hybridization
Ø %7',"7.20*'_0)'.,

• '+7*.K#- 9')& 0--',6 V >I'j :"P'T.j - :"vB

W)8%"%)-&drawbacks #'&ZQD4̀ZTaKKT&'#"&bTcIM&,(+,2+(-.#)
• #2#1)*.,'1*#7/2%'.,+.-#2',6

• 1.*# &.2#4#2#1)*., ',)#*01)'.," +.-#2',6

GO0,-" G! )*0,%')'.,%").90*- =$ >08%) systematically at too high energy

Summary
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Thank you for your
attention.

Thanks to Delphine Cabaret for slide courtesy


