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A laser pulse and a hydrogen atom
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How hard can it be?
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The Dirac sea isn't calm
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Magnus (2nd order):
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2mc? energy spliting (stiffness):
Magnus propagator

Crank Nicolson, Runge Kutta, etc.:

Error ~ W'~ H"t" ||H||~2mc?, t< L
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Magnus (2nd order):

W(t+t)~exp[—ihH(t+t/2)t]¥(t)

Problem: Requires diagonalization
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Interaction:

Separating space and time

AZO (t)(—x/c)"

For the TDSE:
1st order will do:)

Farre, Simonsen, PRA 90, 053411 (2014)

Alas...
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Tor's implementation:

Roughest calculation: 1536 CPUs running for several days.
Only 29% overhead!

Number of states: 1902594
Non-zero elements: 386597830910 (3.02 TB memory)
Reduced elements : 3907655071 (30.5 GB memory)

Sthorderin x, | =30, 500 splines per symmetry
(r _=150a.u.), dt=10"a.u.

Much effort spent om optimizing memory usage!
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Roughest calculation: 1536 CPUs running for several days.
Only 29% overhead!

Number of states: 1902594
Non-zero elements: 386597830910 (3.02 TB memory)
Reduced elements : 3907655071 (30.5 GB memory)

a,x",n=0,1,2,3

Angular interaction, spatial order 3 Reduced matrix elements, spatial order 3
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2mc? energy spliting (stiffness):
Magnus propagator, revisited

W (t+t)~exp[—iiH(t+t/2)t]¥(t)

Problem: Requires diagonalization

Solution: Exponentiate approximately within a Krylov subspace:
k

K_=Span{H"W ,k=0,...,m|

m~50<2-10°
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Implicit inclusion of diamagnetic term

W

G

= ( ) Postitive energy: W _ ~cW

VW, +co-(eA+p)W =inW,
co-(eA+p)W +(V-2mc* )W .=ihAW,
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2mc? dominates: W, .~ >
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Implicit inclusion of diamagnetic term
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with A~A(t)— % A'(t) (1st order expansion)
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Implicit inclusion of diamagnetic term

with A~A(t)— % A'(t) (1st order expansion)

get A2:[A(t)]2—%xA(t)A'(t)+x—j[A'(t>]2
N C 4
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with A~A(t)— % A'(t) (1st order expansion)

get Azz[A(t)]z—%XA(t)A '(t)+)cc—j[A ()]

\ ////,
N

Should effectively cancel 2nd order term
Farre, Simonsen, PRA 90, 053411 (2014)
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Implicit inclusion of diamagnetic term
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With ANA(t)—%A'(t)

get AZ:[A(t)]Z—%xA(t)A'(t)+X—[A'(t)]2

Should effectively cancel 2nd order term
Farre, Simonsen, PRA 90, 053411 (2014)

Must include higher orders of x



Implicit inclusion of diamagnetic term
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With ANA(t)—%A'(t)

Should effectively cancel 2nd order term
Farre, Simonsen, PRA 90, 053411 (2014)

Must include higher orders of x

Smarter: Use propagation gauge for TDDE
WORK IN PROGRESS Farre, Simonsen, PRA 93, 013423 (2016)




Relativistic?
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Relativistic?
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Relativistic?
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Slight shift downwards: How come?
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Initiall guess: Increased relativistic intertia
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Model: m=> v:—A(t)
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Initiall guess: Increased relativistic intertia

Model: m=> m
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TDSE (dipole approx.)
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®=3.5 a.u., NCycles=15
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What's next?
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Push things forward within the propagatlon gauge

Study photoelectron spectra

High Z: Rel. structure vs. rel. dynamics

Study spin-dynamics;
TDPE vs. TDDE en (1)

OSLO AND AKERSHUS
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OF APPLIED SCIENCES

Stockholm
University
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1,4,k
with
U (1) = (ggjzj’;{ ) , (22)
where
( Fyy jom.x(r) ) _1 ( Py (r) X jm($2) ) @3
G jm.s (1) r \ 1Qn.r(r) Xk jm ()
Here k = Iforj =1 —1/2and k = —(l + 1) for j =

[ +1/2, and X, j,, represents the spin-angular part which
has the analytical form

Xejm = Z (L, mys s, mgly, m)YT'i; (0, 0)xm. , (24)

ms,1TL]

where Y= (6, $) is a spherical harmonic and ., is an eigen-
spinor. The radial components P, .(r) and Q,, . (r) are ex-
panded in B-splines [24];

P, ,.(r) = Z @B (r) . Qua(r) = Z b B (r).
z J (25)
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Hyp(t) = Z a;i(t)(nkjm|o. P |Rkjm). (30)
,p

Working in the eigenbasis of H,, we may compute these cou-
plings using angular momentum theory by first expressing the
operators in terms of spherical tensor operators [26]. For z?,
these are spherical harmonics }/;;\;

=Y Y, (31)

while 0. = o is a component of a rank-1 spherical tensor op-

erator. The couplings in Eq. (30) are now given by summing
up terms factored in a radial part and spin-angular part:

— PYYV PRI —

(njm|a.r?Y nkjm) =

i [ [Prer)r Qas(r) eimlod v i)

Qi (1)1 Pa(r)(-jmlog VN Rjm) | dr - (32)



A+1

K
oYy = D (0 KQ{a'YY}, . Q=p
K=|\—1]|

With this choice the spin-angular part may be computed as:

A1
<HjWL|J(1]YM/\|&;Th>: Z (—I)A_I_Q V2K +1
K=|A—1]
1 N K 1<)\ & ~ %~
X (0 h —,u) (kjm|{o"Y }Q \kgm) . (33)

The Wigner-Eckart theorem can be applied to the matrix ele-
ment of the combined operator {crlY’\ }g

(kjm| {o' Y* }Q |Rjm) =
—m (] J il gty V)7
e (A A Y S A/ EY

with the reduced matrix element given by:

GIH{e YA Y15 = V(25 + DK +1)(2) + 1)

1
Ay @35
K

s~y
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