
&Unsity Functional Perturbation Heory (DFPT) PRL50 1861 (1987)

KS equations :[E+ (c)]4x = Ex4x
,

(x) = -eV() +()+Vx()= (FH +ExtE]
e-n

Total energy : E = [<Yx/E/4x) + #H + Exc+ Fe-n + Enn
Election density : g(s)=() Yx(s

Hellmann-Feyuran theorem :)He 1st energy derivative) :

·ExS
2nd energy

derivative (Hessian) [3 = RAz] :

+
Consider D) caused by a change 3-3 + D3 of 3 :

a E(s) = AV() + (dsyy(- eVn() + Vx,()]af(x) = DV(s) +(d)
~(DA)

M

· +(
5( - i) (x)(



On the other hand , g(s)=Yx(s
* f(x) = (4*(DYx() +DY* (6)(x(s]
where

,
to the 1st order of perturbation thery :

* Y(x)=( +=
- V - Oc
V + c (all ! ) KnoWe findly obtainaself-consistent scheme :

V-v" Ferms

&=I [CYc(474*(5)4c(s) + c .] cancel out!

MS· +( =>

-Advantages
· Primitive unit cell => any point accessible
· Symmetry can be used
· Efficient implementations exist in many

codes (PE
,
VAP
,
etc. )



Diagonalisationof the Hamiltonian

H=+ji,j
PE = EuTau = [H) ,
where yH =mu =Ex : 4 : Di = co

Hence
, y=V:Mil/x &xi
=>===

Substitute into the KE : Gij

KE=EM=x=[S

The conjugate momentum
.

Tox

Px==Pi

true
, KE-ZERandLP + Ewe] =x



#peetiviatedset
s

2x= V Yxiki < normal coordinates I *MePx=xiPi normal momenta

EoM : (x +w2 Yx = 0 => yx(t) = Axeicxt + c .
)
.

Pin
a

Mi4? = [xi(AA) and P=Yx(A
=> Ax= Ex (vii+ PiJE :

This yields :

: (t) =EYYixex[ujf) +Pile)]+

E&
(=MixTon ein[urt wit:(i)+ ..



Statisticalaverages : H = Ehx , hx
= (pi +cy)/2 < Pi(t) Pi(t)) = ?

Jaclian : Handpi = Indypx ,
]=== le = 1

<Fr= (dyndethf = Efdydpe-+x , zx=
(E = <P2) =(ii) = 0

.
<Y) =** geor , <Pip = @ I

=> Emini=
)=p = -

< Pip) = rYxYj < Pipi) = ↑M : Gig
Consider now the correlation function :

=> [Pi(t) Pitt =E Cost-t (after some (1) algedal

since [YxjYxj=x and EYxj
= Ej -

Take the FT :

F( ... ]=Gei cosT di

= -w les



~

Elculation of sates /an elementary event) Fansiti
1 D model H =m + H(x) (75)
-

Probability to find the particle in the groundstate
basini

# -(x
,
v) = y(x)y(v) , y(x)=fu(x) , zx =(dxequ(x)
-i Xa
Maxwell(probability density)

Hermal equilibrium Probability to find it at the saddle point : TCXs , v)

region
the total flux over the barrier to the sight (X = V > e) :

14= (v)4(X)dV =5(X),=
zu=gmso= barrier

-

harmonic model : U(X = u(X) + [mGX, U(xs) = u(y) +
Da

=
O

=>st
-



=Dmodell Flux through IS on the dividing surface :

y
V(a) di = dS(v . n) dt , n = Pf(q) ((m) = 1) (83)

dy = d+ fav f)ds V ·Mf(q) &(9s , 4) # (vorf(q))
[84)

Probability to be on the dividing surface :miTe surface integral can be worked into
the volume

:

SS
,

as ... = Sogd(f(a) ... as 6(f(q) + O only when ges
(86)

This allows writing the transition sate as : (07)

#st==
Saof(g)) (v - n + (q)]e-P)+(d)-Jarfdqf(- f(q))e BH

BennettChandlercorrectioHajectoriesgeyoverHeSalwaas a
needed,



Velocities can be integrated out.

f(q) = f(q30) + An(9) (9-gsp) as SP is the crucial one.
-

O

Use normal coordinates : Yx = [vme(9-999)
Yx
,

- access S

= x(X ++) - withinS

vin =[vx(ve) , v =MV sescaled velocitieon

k(v) = [Er is invariant under rotation
in t space.

Consider the numerator

Nr = far (v .n)0(v .) eth(v) ->
Sotate For such that Filled

3No

-M
i= 2 - x

=



Consider the g-integral new :

Nq = JdqG(f(q)e
=gu(q)

where
, u(q) = 4(95) +-

and

f(q) =[ (9-9 =x[(99
Off(a) = _ (Yx , ) and the Faction for g-y is I:

↑qJaydyx)eg4(95)
=pulgo),

So
,
the numerator of K is :

N =NuaPU(q) (lign, s



Similarly we consider the denominator of Kusing the normal

coordinates yx= VM Cix (9-9) gh-seactant basin
minimum

u(q) = u(gr) +22Y((x = (2)

D=eugr[
- treugh)(in

The rate

k==gne)


