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Motivation:
e To re-examine the many approximations made in the past

e Mistakes have been made (and published)

Goals:
e To give an explicit accounting of the coupling
e To show the limits of the usual two-channel approximation

e 'To show how to check whether a calculation is correct



D. Telnov and S.I. Chu, Phys. Rep. 390, 1 (2004)

Want to solve

i%\I/(R,r,t) = HY(R,r,t)
where
1 9?
H = — Hog +Wi(t
2uap OR? T Ha + W)
W(t)=—E-dcoswt
and
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MAB map + 1




Floquet Theorem says
U(R,r,t) = e “)(R,r,t)

with
B(R, 1) = (R, x,t +T)

(H—z%) W = e.

Can solve adiabatically (Born-Oppenheimer)

giving

Hadq)l/(R; Q) — UV<R)(I)V(R; Q)

where Q = (R, r,t) and

0
Ha —He FW () — i
d ! (*) "o



Adiabatic states are complete with the definition

(Py|Dy) = /dQ P D,

1 [t .
:—/dt/dR/d?’rq)f\(I),,
T 0

1) periodic implies @ periodic, so can use Fourier series

O, (R;Q) = ) dun(R; Rr)e” ™
giving
( el_nw ¢Vn -+ Z |W|n ¢l/’)’b =U ¢yn
/ I i(n"—n)wt 1
(n'|Hin) = T e Wi(t)dt = _§E - d(0p/ 1 + Ons 1)



We need to solve

(Hel_nw) (fbun_ %E -d (sz/n—l +¢Vn—|—1) — Uy(byn



Neglecting nuclear rotation, can expand ¢ on field-free electronic states y

¢I/?’L(R7 ‘95 I') — Z afz/n,aA<Ra Q)XQA(R; I‘).

al\
Writing
E-d= d”ECOSH +d| Esinf
gives
1
(UaOA—TLCU) Qyn,aA — 5 Z<04A|E . d|C\5,A’> (al/n—l,a’/\’ ‘|‘aun—|—1,a’A’)
Y

= U, (R, e)aun,a/&-



The required dipole matrix elements are:

Zpma—Zamp

AAN= 0: <Oz/A/|d|||OzA> — m R da/a0A7A
AB
map+2Za, .,
— A AVOas
—— (@’ N'|z|aA)oara

~ Imap+Zas
2 map+1

AN = £1: <Oé/A,’dJ_‘O{A> — <OélAl‘p‘OfA> (5A’A—|—1 +5A’A—1)

If the molecule is homonuclear, also have: g—wu and u—g
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Electronic Dipole Matrix Elements
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Posthumus, Rep. Prog. Phys. 67, 623 (2004).
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Near 1-photon crossing can simply diagonalize

Uiso, (R) ARE cos 0

U(R) =
iREcosl Uspy,(R) —w

when intensities are below about 1013 W /cm?



e Be careful looking at Floquet curves in literature
e Two-channel model valid mainly for I < 5 x 10% W /ecm? or so

e Representation most useful when number of curves is small



