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High Harmonic Generation

a Laser field

'\

. < confocal parameter
medium

T. Popmintchev et al., Nature Photonics 4, 822 (2010)



Attosecond Pulse Trains
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A (arb. units)

Reconstruction of Attosecond Beating
By Two photon transitions (RABBIT)
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Photoelectron Energy

The principle of RABBIT

AW [ Moy 1 Map i

2nw

Mop+1 = (E]O [GBL(wg -

| cos ( 20T — Aoy — Agpg‘rf )

Fwi) + Gy (W + want1)] Olg)

Resolvent

Gi(w) = (w— Hy + i0+)~!

Harmonic Phase

Ad)Qn = ¢2n+1 - ¢2n—1

i ' Atomic Phase
Time delay ngl*t = arg M,
g
At __ At _ AL
A+Yut Yr — AT + e A99271, = ¥on+1 Fon—1



What if one paths is resonant?
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RABBIT with a

resonant bound state 2 £ ;
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RABBIT with a resonant autoionizing state

N2+ Yun £ YR — N2'(X) + €

>

=,

20 & OLE .

ol -n o -0.1F

s | I = % oo

@ -10F =l = 05

2ot - = o7}

= - 5 09F

= - 1.1 F

—

8 .

E -15 __ G —- _ Sideband Order 2g
! (a) 1} (b)

20} Jf--1----
L 1 4 o1 1 1 N N M M 1 1 1 1 " | 1 1 1 1 1
-40-20 0 20 40 1.5 2.0 2.5 3.0
x [a.u.] p la.u.]

J. Caillat et al., PRL 106,093002 (201 1) Resonant contribution still largely dominant



XUYV absorption with synchrotron radiation
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photoelectron energy [eV]

RABITT with an intermediate
autoionizing state

He + 7, — Het(1s) + e~ He"(1s) +e~ + 7 — He'(1ls) + e

He** 4+ v — He™ (1s) + e~

|. What should we expect
when both the bound and
the continuum part of an
intermediate resonant state
contribute to the transition?

2. How does a finite duration
of the pulse, comparable with
the resonance lifetime,
affects the measurement?

3. How is the electron
dynamics to be interpreted?



Sideband signal resonant RABBIT

o (Ep; wim, 7) = | A (Wi, 7)|* [ A (@i, 7) |+ 2 Re [A (win, 7) A (win, 7)]
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Sideband signal resonant RABBIT

o (Ep; wim, 7) = | A (Wi, 7)|* [ A (@i, 7) |+ 2 Re [A (win, 7) A (win, 7)]
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There certainly is a shift. Yet, something is not quite right ...



Sideband signal resonant RABBIT

o (Ep; wim, 7) = | A (Wi, 7)|* [ A (@i, 7) |+ 2 Re [A (win, 7) A (win, 7)]
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The “shift” increases with the time delay

The RABBIT frequency itself is altered



More than one way to skin a cat
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Fano recap
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Time-resolved resonant two-photon model
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Time-resolved resonant two-photon model
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Time-resolved resonant two-photon model
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abs(transition amplitude)

Non-resonant RABBIT red-shift
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Sideband signal resonant RABBIT

o (Ep; wim, 7) = | A (Wi, 7)|* [ A (@i, 7) |+ 2 Re [A (win, 7) A (win, 7)]
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Sideband signal resonant RABBIT

o (Ep; wim, 7) = | A (Wi, 7)|* [ A (@i, 7) |+ 2 Re [A (win, 7) A (win, 7)]
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Resonant phase-shift of sideband beating
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Resonant phase-shift of sideband beating
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Resonant phase-shift of sideband beating
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Resonant phase-shift of sideband beating
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Resonant phase-shift of sideband beating
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Resonant phase-shift of sideband beating
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Resonant phase-shift of sideband beating
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Resonant phase-shift of sideband beating
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Resonant phase-shift of sideband beating
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photoelectron energy [eV]

Apparent phase modulation
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Us from Madrid, plus other people, work in preparation (2015)
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photoelectron energy [eV]
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Resonant Sidebands
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Resonant RABITT ionization of Argon
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Resonant RABITT ionization of Argon
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Intermediate multichannel-resonant states
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Intermediate multichannel-resonant states
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Intermediate multichannel-resonant states
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Intermediate multichannel-resonant states
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Decoupling of intermediate
multichannel-resonant states
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Decoupling of intermediate
multichannel-resonant states
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Decoupling of intermediate
multichannel-resonant states
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time delay (as)

Prediction

Total Sideband Signal
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Prediction

Total Sideband Signal
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Prediction

Total Sideband Signal
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Prediction Total Sideband Signal
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Prediction Total Sideband Signal
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Predictions Accounting for Blue Shift
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Conclusion

A two-photon finite-pulse resonant model has been
both necessary and sufficient to explain the

phenomenology predicted numerically or observed
experimentally so far.

The interpretation of the dynamics in terms of
wavepackets is probably still viable but it cannot
rely solely on stationary descriptions.
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