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Coherent quantum control is already a PULSE
practical tool in strong field physics. —
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HHG example: Does structural interference cause the PU L SE
dip in the N, HHG spectrum?
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Test: The structural interference should move to

=
higher energy with angle PUESE

dipole
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Farrell, J. P. et al., Chemical
Physics 366(1-3): 15 (2009).
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The spectrum shows interference of higher orbitals p U—_‘E— S E
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s
HHG revivals in an asymmetric top molecule, SO, P UZESE
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=
Strong laser fields and bound electrons: PUESE

Even the raw
data look
beautiful.

High Harmonics Spectra
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Strong field control of electrons: A single PULSE
active electron theory Is successful —

Midorikawa, Nature
Photonics 5, 640-641
(2011)
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Hypothesis: Transient state strong field physics P U*L SE
may break the single active electron paradigm

 Excited molecules are highly dynamic multi-particle
systems.

e Strong fields can couple to the multi-electron
dynamics in molecules in ways that are easily
observed.

« Example 1: Strong field interactions with molecules in
transition

« Example 2: Strong field interactions with core-excited
molecules at an x-ray free electron laser

Laser Lab: hv=1.5 eV LCLS: hv=1500 eV

=3ts T=3as
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UV-induced ring opening, accompanied by  p ULSE
.

strong field fragmentation

S,(2A,)
Coln (1B,/2A,

Experimental setup: S (16}

« S0->S1 induced by 266 nm pulses

e 800 nm laser focused to 1014
W/cm? induces ionization,
photofragmentation

Analysis: Q”CHD cZe-HT ﬁ

* Photofragment patterns reveal the o
state of the ring-opening process

* Coulomb explosion energies are 3.
sensitive to multiple ionization -ﬂ

So(1A,) {— Coln (S,/S,)

J. L. White, et al., JCP 136, 054303 (2012).
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Tracing the ring opening using patterns of
f

ragmentation

PULESE
.
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Kinetic energy analysis shows that the increased P U_;]’%i_ SE
signal is correlated with higher charge states —
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Kinetic energy analysis shows that the excess HT

4
T PU-ESE
may be correlated with higher charge states —
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http://arxiv.org/abs/1212.3728

Possible mechanisms: enhanced ionization, pigg
uantum resonance rings —

Enhanced ionization
E. Constant et al. PRL 76, 4140 (96). "
M. Schmidt, et al., PRA 50, 5037 (94).
W. T. Hill et al. PRL 69, 2646 (92).

Up-field
core

Down-field
core

J. Wu, Nature Comm 3, 1113 (12)

.§1,+|
Quantum resonance rings L /
Kim, et al. Sy +1 #,
J.Kim, J. Phys. Chem A N S S
116 2758 (11). U T
7 HM_ e
CHD HT
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http://www.nature.com/ncomms/journal/v3/n10/fig_tab/ncomms2130_F1.html
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Strong field x-ray source: LCLS P Uff'gs E

Relativistic electrons Sub-fs spikes, SASE
In strong magnetic fields.
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. . . 2
X-ray Interactions with atoms PUESE
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=
Strong fields: 1-photon, 1-electron ionization P UESE

consider a 1-photon K-shell transition: 3
Ok ~ 1018 cm?2 ::_:._

2s,p
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ty=1/Trg=1fs o8 1s

photoionization
e rapid enough to ionize more than one electron.
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Transient state studies: N,** Potential PUESE
Energy Surfaces
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Auger electron energies observed in the molecular P U_j]‘él_ SE
frame from N, 2 N,* 2 N,?* at 1.1keV —
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=
Fragmentation Time of flight spectra  PUZESE

Nitrogen
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Strong field dissociation of Auger-produced

tror PULSE
dication states —

R
;
;: Auger-produced dication states can
3. undergo bond softening in an intense
25 laser “probe” field.
2
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R. Coffee et al., Phys. Rev. A, 73:043417 (2006). laser-induced field ionization of the
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Transient state studies: N,** Potential PULSE
Energy Surfaces —
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Search for N,** vibrational wave packets probed P U_j]‘él_ SE
by 800 nm dissociation. =

2.1
++ s
08l® Ny A T |
o
m/q = 14 = <ty
\ 2 o
S - __
L, 7 :
g 06 S \Q’
% -1 g n D Blig.n\ I’
U 05 [ 2. 3
0.4} .
Pump-probe jitter obscures
the femtosecond dynamics

3.3 3.4 3.5
ToF [

Glownia, J. M., et al. (2010). Opt. Express 18(17): 17620-17630.

3/20/13 KITP 25



: : _ A
Pro_ce_sses with more than 2 active electrons: PUESE
Stripping atoms at LCLS —

A\ P Core Ionization and Auger

relaxation strip the atom

f “from inside out”.
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Nelo%* at the focus

Femtosecond electronic response of atom;
to ultra-intense X-rays

L. Young', E. P. Kanter!, B. Krassig!, Y. Li', A. M. March', S. T. Pratt!, R. Santra’, S. H. Southworth', N. Rohringer”,
L. F. DiMauro®, G. Doumy®, C. A. Roedig*, N. Berrah®, L. Fang’, M. Hoener”®, P. H. Bucksbaum’, J. P. Cryan’,
S. Ghimire”, J. M. Glownia’, D. A. Reis’, ). D. Bozek®, C. Bostedt® & M. Messerschmidt®

Nature 466, 56 (2010)

« Full ionization of Ne is possible

lon yield (arbitraty units)
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=
Strong and Ultrafast: Hollow atoms PUESE

A\ P Double core holes form
vl

when the photoionization rate

w_ /! A exceeds Auger

Charge
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Hollow atom formation at LCLS

Hoener, M., L. Fang, et al._Phys.
Rev. Lett. 104(25): 253002 (2010).

pulse curation,

pulse energy

— 280fs, 0.26 mJ
— 80fs, 0.27 mJ
— 5-10 fs, 0.26 mJ

280 fs, 2.2 mJ

Hoener, M., Fang, L., Kornilov, O.,

Gessner, O., Pratt, S. T., G\"Uhr,
M., Kanter, E. P., Blaga, C.,
Bostedt, C., Bozek, J. D.,

Bucksbaum, P. H., Buth, C., Chen,
M., Coffee, R., Cryan, J., Dimauro,

L., Glownia, M., Hosler, E., Kukk,
E., Leone, S. R., Mcfarland, B.,
Messerschmidt, M., Murphy, B.,
Petrovic, V., Rolles, D. & Berrah,
N.

3/20/13

2.0x10° —

lon yield [arb. units]

Frustrated ionization in N2

PULESE
.

N5+

N4+ N2++

e

M. Hoerner, N.
Berrah, et al.

LCLS, Fall 2009

KITP

!
2.0
lon time of flight [s]

29



N, from LCLS shows Double core

=
) PUIESE
vacancies. —

Single-site double core Auger
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: : 4
Beyond the single active electron PUESE

e X-ray induced core holes and transient states in

molecules are two new paths to driven multi-electron
dynamics.

« Strong field lasers can probe interelectron dynamics
Induced on the fastest time scales in molecules.

* Hollow atoms and Auger spectra offer new opportunities
to study strong-field processes
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