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Background and Motivation
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Outline

1. Perturbation theory for double ionization of H&{() by an
arbitrarily-polarized short pulse

2. Six-dimensional two-electron TDSE in the presence of an
arbitrarily-polarized short pulse

3. TDSE results for the “in-plane” geometry (i.e., the two
electron momenta lie in the polarization plane). We examine
the sensitivity of the nonlinear dichroism (ND) to:

m CEP

m Intensity

m Ellipticity

®m Energy-sharing

4 C O n CI u S | O n S KITP: Frontiers of Intense Laser Physics, 09/17/2014, Santa Barbara, CA, USA — p. 4/18



UnNVERSITY JOF il :"' I-.',\

Lincoln \ul AN

1. Perturbation theory for double ionization of
| He ('S ) by an arbitrarily-polarized short pulse
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- Perturbation Theory (PI) Formulatio

m Triply differential probability (TDP):
dSW/dEde)lde)Q = W(pl, P2, e) = C|A1 —+ A2|2

B The TDP for negligiblg A5 |*:
W(p1,p2,e) ~ C ||A1]* 4+ 2Re (A} Az)]

B Ref: J.M. Ngoko Djiokapet al., Phys. Rev. A 88, 053411 (2013)

m Absolute Dichroism:
AW§ — W(p17 P2, e) - W(p17 P2, e*) ~ AWDl + AWDIQ

m Electric field: F(t) = 1 Fy(t)[ee {«H9) 4 e*el(wit9)]

B Pulse polarization vectoe = (¢ + inC)/+/1 + 12
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‘PT parameterization of A1 and As

N

B Reduced electron momentay;. = (P + p2)/2.

B 1st-order amplitude for one-photon absorption:
Ay = e ?[fy(p)(e-Dy) + fulp)(e- D)
O fg<p27p17 9) — fg(p17p27 9)

B f.(p2,p1,0) = —fu(p1,p2,0)
W EES +BTB:A; =0 because, =0andp., =0.

B 2nd-order amplitude:
Ay = e *B(p;py,D-,e,e) + B'(p;ps, D, e €")
B Two-photon absorption:
B =h(e-e)+hi(pt-e)’+h_(p--e)*+ho(p+-e)(P--e)
B One-photon absorptiokk one-photon emission (vice versa):.
B' = W+, |py-el*+h_|p_-e[>+hyRe {(ps - €)(p_ - ")}
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First-order dichroism from PT

N

m Absolute dichroismAW, = AWp; + AWp1o
m Absolute first-order dichroism:
FAWp = |Ai(e)]? — |Ai(e¥)]? = £¢ sin @ Im|[f7 f.]
® Dependent og
® Independent of the CEf and the angle
B AWp, o< It
m UES+BTB geometryd = m andAWp; = 0.

(b) A .
s P1
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m Absolute dichroismAW, = AWp; + AWp1o
m Absolute nonlinear dichroism for UES + BTB:
AWpia = C&+/2/ (€ + 1) sin o Im{ f[e™"(2h{ —
h_(£cos2p + 1)) + e (20 + h'_(£cos2p + 1))]}
®m Dependent o and&/
m Dependence on both the CBRandy
® AWpis o< 132, a key finding agRe (A*A,)

(b) kA

CPl

KITP: Frontiers of Intense Laser Physics, 09/17/2014, Santa Barbara, CA, USA — p. 9/18



| 2. Rotating frame for solving the six-dimensional
two-electron TDSE in presence of an
arbitrarily-polarized few-cycle XUV pulse

The electric field (using the length form) seen by an observer
In the rotating frame is always linearly-polarized.
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m 6-dimensional TDSEi0;®(ry, 1o, 1) = H(t)®(ry, 1, 1)
m Hamiltonian: H = T1 + 15 + V4 + V()

= Atomic potential:
VA = VC -+ ‘/12 — —Z/Tl — Z/’I“Q —+ 1/7“12
m Laser-electron interactionV,(t) = F(¢) - (r; + r2)

m Pulse parameterizatiot(t) = —0,A(t) and

A(t) = (_1)Zi27£(t) [sin(wt + ¢)é — 1 cos(wt + ¢)(]

m Close-coupling expansion:

\IJLM

(?“1,’]"2,t) ~ ~
®(ry,ry,t) = ZLM Zzll2 llbrl,m AlLlj\fQ (71, 72)
m Electron angular momenté:-1)% = (1)

.L:O—Sand—LSMS—FL,ll:l220—5
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M-mixing problem

.

W For pulses withy #£ 0, [H, L,]| # 0, M is not conserved.

® Basic ideas and principles of the method:
H.G. Muller, Laser PhysicS, 138 (1999)
T. K. Kjeldsenet al., Phys. Rev. A75, 063427 (2007)

B Atomic interaction is treated in the atomic fixed frame in the
i laboratory coordinate system

B Laser interaction is treated in the rotating frame definethby
external polarization vector.

m Split-operator + rotation transformation (accuracy?):

O(t+7) =
e—i%Te—i%VCB—i%Vm DTe—iTVL De—i%Vme—i%VCe—i%T@(t)
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Relevant physical observable

N

B The TDP calculated numerically'
W(p1,P2,€) = [(Ob, )b, (11, 72)|®c (71,79, T + T, 6, €))|?
® Field-free double continuum state@é,l?m (11, 72)

B ®. is the continuum part of the wave packet obtaifiédifter
the pulse.

® We have determined’ for convergence
® Unequal energy sharing (UES); = 0.7 eV andFE,; = 3.3 eV

B BTB scheme guarantees a high accuracy of our numerical
method in the XUV regime [see M. Gallitis, J. Phys2B 85
(1990)]
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3. Numerical results and analysis using our PT
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Angular distributions for § = £0.8 vs.
N the pulse CEP at 2 PW/ e’ .
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Dichroism vs. CEP Nebiaska @i}
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B AWp ~ 0, consistent with PT

B The significance oAWps depends on the CEP

B Ata CEP¢ = /2, AWe ~ AWp1 as predicted by PT
B PT predictsAWp1o o sin(p), AWpi2(p =0,7) =0

B RD = AW /[W(p,e) + W(p, e*)] is very sensitive to the CEP;
for nearly a” CEPS, |t |S SUbStant|al KITP: Frontiers of Intense Laser Physics, 09/17/2014, Santa Barbara, CA, USA — p. 16/18



- Conclusions

B A new type of dichroic effect (the nonlinear dichroism) is
predicted by our PT and demonstrated by our six-dimensional
two-electron TDSE calculations.

B The nonlinear dichroism (ND) originates from the interfere
between the first- and the second-order PT amplitudes, awing
the broad bandwidth of a few-cycle pulse.

® \We found that ND is sensitive to the CEP, ellipticity, inteypsand
energy-sharing configuration.

® ND probes electron correlation on their natural timescalege
ND vanishes for long pulse.

B When intense attosecond pulses become a reality, reaction
microscope techniques will demonstrate the ND.
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