
Lecture 7 July 8
,

'24

-

today
,

we want to go over non-adiabatic

physics in some more detail
, focussing on

the non-adiabatic coupling matrices ,
their

properties,
and dynamics in this coupled system.

Recoll : we have established the coupled-
channel formalism

& FER-E)SprFo(R) + [YrFe(n) = o

where

↑ (r
,1) = Em (+) Fu(r).

Recoll : This was the outcome of turning
an ND SchroEQ into one (N-1)D
Schro-Ed (the one He(t) Emit) = Emm(r)
and infinitely many coupled ID SchroEQs

.

(And typically the NN-DD SchriEQ is already solved,

or is separable, or both - think about Sph-
Harmonics etc ... )



#+ does remain an important question
how to determine the best Im for
our problem !

-> Example from Ryd-Molg . We could choose

(for the simplest spin-indep model)

Em(r) =

r) Yem (i)

such that our coupled channel equations
become

,
in the perturbative limit that

his fixed,

& E-m-E) See Fell) + SenasREneRR
· Fe(r) = 0

.

This is easy to write down
,

but very

hard to solve - especially for 11 where
the states are highly degenerate !
-> The off-diagona couplings Veel become

as large as Nee and don't decrease

with 11-l'l !



That motivated the introduction of a

new representation - the adabatic representation
- where Vee' is diagonal !

Vee' Re(viR) =We(R)YeriR]

This givg the coupled adiabatic chand equs

Ettin + U (R) - We(R) -ESSarFr
"I [Pmrn + Que] Fr(a))= 0

& ↑- 2 NA coupling matrices!

~Hom
line = 0 in BO approx !

Properties~and & :

1) Pm = <kmINR(40) is anti-symmetric !

Proof: <ur)=uke) + It
- Pu = -Propr



2) &Po=Ide + d
↑ _Q Matrix !
?
= X) = 12

(PT)mg Per

->A = -ph
dR

That's a useful identity to avoid2nd

derivatives !

3) Feynman-Hellman Thm :

Pm2=m
Pf : H(w) = Wilder>

-> fle) + H(4)) = We'lde
+ We He'



= Um (kmIte)
& = WaPme

- <km/(4) + 24m(H(42)
=Nimide) + Wetmke)

-

= O = Par e
So : <Hm/Fe) - [No-Umb Par

AndReD
And this is super useful as it gives

-

very accurate values for thep-matrix

withouony numerical differentiation !

-

In the Lecture
, we discussed trilobite and

butterfly molecules here
.

I will try to

write This all up as a separate example

later. We used supersymmetry to compute

PEL
,
show that there are avoided crossings

,

and then this motimated...



the LADAUZZENER formula!!
Pliab

&S-
Padiab&

What is the probability forSthe particle to hop from one

potential to the other ?



Landau Zener :

Let's consider first the approach of Clork.
Westart with a diabatic Hamiltonian :

H (i) = (a)(i)
where E12 is constant and

c - 42 = 2 t = <(R-Ro)/v
v Ev = d R-Ro) 2(R - Ro)

-

M ( 2
Ei =

=

& --- Ei2
- ---I -- R·

Ro

I

Landau-Zener formula results in

Pra = e-20
,
V = 5

,2/.

Can we shetch out this derivation ?



Let's
go
for it

, semiclassically .

That

means we replace the dependence on

R with just a parametric dependence

on ti R- Ro = Ut
. We use this

to write our time-dep . Schroeg :

B = <
, 2

&

) = (_ ) (f)
-

"H" ↑
slope defined

slightlyduf).
Step 1 : go toadiabatic rep :

X
*

HeX = Had
2 ,

t

- (kB)X = X(vvi)
det

V= (t) = [Ki +delt [Mhidaliti
+ 482

or: = Ep



Ut

These
are the adiabatic

potentials !

-
When we transform the S

.
E

. we get :

y
+sitxx() =(- e
+ =

(ii)
-> in (x

+ EX)(2) + i () = (2)(i)
or : it =( - in

=X* X



In the adiabatic approx, -

- " Ser Yx(t') del
Yx(t) = &(to)e

Landau realized : Ut
,

I
-

one two branches

of an analytic function in the complex
-

-' place .

So if we follow the right
path through complex+- space, we
can neglect P ! (why ? Maybe bla

we can do it arbitrarily slowly ! )

-> If we want to
go
from -to +,

we need to follow the curve :

- O + 10 : Real negative t values

0 [In + < iBK : to connect to the upper
-

Land ther back) surfere

OLt -> i Real positive+ again !



So : 4 (tea) = 4(to) e " Suede

iBK

ScVcElde = Cov .ct)d' V-Ct']de

g--
SS

/Ude-full-
these are
both

real integrals ,
and give only a phase.

Tid BipI So 22t2+B
2
d+ = =S

,
i -did+

= B2π/42
-> V + - w = - 3/22

So : The amplitude changes by
- B2π/26
C

and these too the probability :



-

P = e-B2/ = entral
-24V
-

- C =r(V1-V).
~

Now that we have Puz
,

let's return

to Clark's paper. He also diagonalizes
Hi

H d
= (t)= 2 + 4= (t)

-

= (d + E2)se) + 9
,2

(e)= (i)
m

O is some complex +- dep

Now we need the P-matrix : fue !

<_+ =

(4+

Ididnot
ye
a [ +

- E-

=



-> switching to GlasbrennertSchleich

Typical LE setup :
paper

Iin (a) = n - B)(i)
To solve : let

(+ ) = e

: x+/

a (+ )
,
J(+ ) = e

id+"(

b()

i

Then : a I 2ixtalt) + inteidl a ( 7)

5 =
e

- ix+(2j(+ ) - i d + e

id +Yey(t)

t
->ye)()()() = 1*B2+-

- int
ea = -ipe b(t)

ide
a (ts)5 =

- iBe

Now solve for b(t) :

b = StiBeinalt)dt



-> alt) = - p2 evide
. Side a(t')dt

Marhor
approx : a (t) does not depend

on initial conditions or its history !

-e
24th
+e a(t) = - pe-ixth act) So

↓
↓ -idpp

S &A
So : alt = e-BSxe -eit

To get a (d) then requires evaluating
S

I = So e-idp90ind

= Se go eidy
-A

-

O-ixpiS C go eidg219
-O ↑ some P ↑ le + & = - Iwere

psp
-2da

-
2

-> &g = - dg
= So-ap' jI

a12 A S- A

I E A

↑ S% e-imprC dadp'pe - P



= Seimph98 1812dep
+Ie 21 = Cbesplgoi

This is a product of2 typical Gaussian
integrals .

-> I = En Fit =
* lea

And so;:e-R/22
-> P = e-B
-



zu I scratch workforCorea
= (lood) -Isnt,a( ↓ coster (

(not yet done
!)

I=)
-> p = (sintd , + cat +z)(40) pot+simar)
-
p = -sing(8)a, + t(i)42) (t a)

Lost (d) + sind)
= (-sint
= <(coposing -

- - 22 cost sint : - 2x cos't two
=

- 2dtat/ + taif

1 + +cut = ILatin
Cos



So :Pitta

tat/tait
D = 25

, 2

X

MMA : evecis :
1

-z+E,
2

+(+
2

2212

->
tant = A
-

2 + +0A2 + c + 12
-

B
-

-Anal th
I

--
y

= ct/a
I -Ngz
-

X

I x
-> PLz ==/D

· (5 +x)((+ (y +x(2)
X

=

-I·



=

-z
-taE = - D

--at -

+ (4+12

I -Fyn/3 = 2yA

-> It tan2 = y"-2yNg2 + 1 +y2 -
/


