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Light-induced states and Autler-Townes splitting of laser-coupled states are common features
in the photoionization spectra of laser-dressed atoms. The entangled light-matter character of
metastable Autler-Townes multiplets, which makes them autoionizing polaritons, however, is still
largely unexplored. We employ attosecond transient-absorption spectroscopy in Argon to study the
formation of polariton multiplets between the 3s−14p and several light-induced states. We measure
a controllable stabilization of the polaritons against ionization, in excellent agreement with ab initio
theory. Using an extension of the Jaynes-Cummings model to autoionizing states, we show that
this stabilization is due to the destructive interference between the Auger decay and the radiative
ionization of the polaritonic components. These results give new insights into the optical control of
electronic structure in the continuum, and unlock the door to applications of radiative stabilization
in metastable poly-electronic systems.

Attosecond pump-probe schemes have opened the way
to the real-time control of fast reactions in atoms and
molecules [1, 2]. The ionization processes triggered by
attosecond pulses, however, limit this control, since they
split the target into a parent-ion - photoelectron pair,
neither of which is in a pure state [3–5]. As ionization
proceeds, therefore, the coherence of the initial state de-
teriorates and so does the chance of controlling the subse-
quent evolution of the products. Ideally, therefore, con-
trol should take place while the ionization fragments are
still interacting. Autoionizing states (AIS) are natural
stepping stones to achieve this goal thanks to their cor-
related character, high polarizability, and lifetimes com-
parable to the duration of an attosecond-pulse sequence.

An AIS differs from a bound state in many respects. In
one-photon transitions, its excitation and decay interferes
with direct ionization, giving rise to an asymmetric peak
in the cross section known as Fano profile [6, 7]. Pump-
probe schemes involving attosecond extreme ultraviolet
(XUV) and tunable infrared (IR) dressing pulses, such
as transient absorption spectroscopy [8], have been em-
ployed to investigate the dynamics of AIS, demonstrating
control not only of their position [9–12], but also of their
lifetime, branching ratios, and the XUV transparencies
caused by interference with the continuum [12–14].

Laser dressed AIS have been studied theoretically since
the 1980s [15–17], with recent efforts extending to ul-
trafast XUV spectroscopy [12, 18–20]. Since the begin-
ning [15], theory has indicated the potential of dressing
light pulses to stabilize AIS against ionization, as a re-
sult of the destructive interference between autoioniza-
tion and radiative-ionization pathways. This quintessen-
tial aspect of electron dynamics in the continuum, which
has no counterpart in bound states, has not yet received
experimental confirmation. Furthermore, due to the sen-
sitivity of AIS spectral profiles to laser parameters, the
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FIG. 1. (a) Formation of autoionizing polaritons, AIP±
from mixing between the bright autoionizing state (AIS) and
the autoionizing light-induced state (ALIS) of the dark level.
Auger (AI) and radiative (RI) decay paths for the AIPs in-
terfere, leading to stabilization seen as narrow spectral width
of the lower branch in simulation (b) and experiment (c).

quantitative confirmation of their stabilization requires
the support of demanding ab initio simulations.

In this letter, we report the study of multiple radia-
tively coupled autoionizing light-induced states (ALIS) in
argon, as well as evidence of their stabilization, thus con-
firming a prediction made nearly forty years ago [15]. We
conducted XUV absorption measurements in the pres-
ence of a tunable IR pulse, and interpreted them with ab
initio simulations together with a novel extension of the
Jaynes-Cummings (J-C) analytical model to AIS. Our re-
sults demonstrate quantum control of the AIP decay rate
and offer new insights into the properties of ALIS, which
are essential for the control of excited electrons prior to
ionization in complex poly-electronic systems.
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We start with an overview of the extension of J-C
model we developed to explain the new phenomenology
reported in this work. Let |g〉 ⊗ |N〉 be the ground state
of the target atom with N photons in the IR field, and
|β〉 a dark AIS. The sequence of states |β〉⊗|N+n〉, with
n = ±1, ±3, . . ., are ALIS which appear as a sequence
of new autoionizing satellites in the XUV spectrum from
the ground state, located symmetrically above (n > 0)
and below (n < 0) the original dark resonance, and sep-
arated from each other by twice the frequency ωIR of the
dressing field. If the ALIS |β〉 ⊗ |N − 1〉 comes close in
energy to a bright AIS |α〉 ⊗ |N〉 with the same parity,
the two states split into a pair of autoionizing polaritons
(AIP), i.e., entangled states of matter and light. Fig.1a
shows the formation of AIP states |ΨAIP±〉 that result
from the interaction between the bright 3s−14p AIS in
argon and the n = −1 ALIS of the dark 3s−13d AIS.
For this case, the AIP states can be described by the
well-known J-C model [21, 22],

|ΨAIP+〉 = cos θ |α〉 ⊗ |N〉+ sin θ |β〉 ⊗ |N − 1〉,
|ΨAIP - 〉 = sin θ |α〉 ⊗ |N〉 − cos θ |β〉 ⊗ |N − 1〉. (1)

The energies of the |ΨAIP±〉 states are E± = Eα + δ/2±
Ω/2, where Ω = (δ2 + Ω2

0)1/2 is the Rabi frequency,
Ω0 = |µαβE0|, µαβ = 〈α|~µ · ε̂|β〉 is the transition dipole
moment between the two AIS, E0 and ε̂ are the electric
field amplitude and polarization, δ = Eβ − Eα − ωIR is
the detuning, and θ = arctan[Ω0/(Ω− δ)].

AIPs have unique properties compared to bound-state
polaritons, because their decay due to Auger ionization
(AI) and the radiative ionization (RI) of their compo-
nents to the electronic continuum |ε〉 can interfere con-
structively or destructively, depending on the laser cou-
pling parameters, thus enhancing or suppressing their de-
cay rate. Specifically, for the n = −1 case above, the two
AI and RI decay pathways to the (N)-photon sector of
the electronic continuum are, respectively,

|α〉 ⊗ |N〉 −→ |ε〉 ⊗ |N〉, |β〉 ⊗ |N − 1〉& −→ |ε〉 ⊗ |N〉,
(2)

corresponding to a partial decay rate of the AIP- state

Γ−
N−1 = | sin θ · Γ

1/2
AI,α − cos θ · Γ

1/2
RI,β |2 (3)

where ΓAI,α is the field-free AI decay rate of the α AIS,
and ΓRI,β = π|µε,βE0|2/2 is the RI rate of the β AIS. By
controlling the field strength and detuning, the ampli-
tudes of the two decay paths can cancel one another, re-
sulting in the stabilization of the AIP. This phenomenon,
which we observe in both the experimental measurements
and in the ab initio simulations, can be regarded as a
light-induced transparency in electron-ion scattering, i.e.,
the matter counterpart of traditional light-induced trans-
parency in atom-XUV-photon scattering [23].

The AIP description goes beyond reproducing the well-
known Autler-Townes (A-T) splitting, which has been

studied extensively by us and others [13, 20, 24–29].
Specifically, in contrast to the A-T model, it describes the
interferences between autoionization and radiative decay
of AIS, which is key to the stabilization effect.

Fig.1b illustrates the model prediction of an AIS pair
splitting into two polaritonic states, where the lower
branch exhibits a spectral narrowing indicative of its in-
creased lifetime (that is, stabilization) under specific laser
intensity and detuning conditions. In these same condi-
tions, when the interference between Auger decay and
radiative ionization is not included, the two branches ex-
hibit similar widths, confirming that quantum interfer-
ence is essential to stabilization. Fig. 1c shows an exam-
ple of the XUV absorption profile (optical density) of the
3s−14p state in argon, experimentally measured with and
without the dressing IR. Without the IR pulse, we ob-
serve the well-known Fano profile of the resonance, with
a q parameter of -0.22, in line with the literature [30].
When the IR field is present, the spectral profile changes
dramatically: the Fano resonance splits into a polaritonic
doublet, which manifests itself as two transparency win-
dows with dissimilar widths. The lower branch exhibits
a narrow spectral width, indicating stabilization. The
properties of the AIP components are highly dependent
on the laser detuning, time delay, and intensity. In the
following, we study this unique phenomenon through the
analysis of experimental and theoretical results.

The experimental setup [29] employs a Ti:sapphire
laser amplifier to produce near-infrared (NIR) pulses at
1 kHz with 790 nm central wavelength, 1.8 mJ energy
per pulse, and 40 fs pulse duration. A portion (50%)
of the beam is focused into a xenon-filled semi-infinite
gas cell where it drives high-harmonic generation, pro-
ducing an XUV attosecond pulse train dominated by the
13th, 15th, and 17th harmonics. The intensity and wave-
length of the driving pulse are adjusted so that the 17th
harmonic overlaps with the 3s−14p autoionizing state in
argon. The other 50% of the NIR beam is routed to an
optical parametric amplifier, which we use to produce
tunable short-wave IR pulses with wavelengths of 1200-
1560 nm and durations of 40-90 fs.

The XUV and tunable IR beams are focused into a 3
mm thick gas cell backed with ∼4 torr of argon. The
peak intensity is adjusted to 40 GW/cm2 at all wave-
lengths. The transmitted XUV light is sent to an XUV
spectrometer consisting of a reflective concave grating
and an x-ray CCD camera. The IR radiation is filtered
out with a 200 nm thick aluminum foil, placed before
the CCD. We measure the spectrally-resolved intensity
of the XUV transmitted through the empty gas cell (no
target), I0, and through the argon-filled gas cell, both in
the presence of the IR pulse, IXUV+IR, and in its absence,
IXUV. Most XUV transient absorption studies plot the
delay-dependent change in optical density due to the IR
pulse, ∆OD = − log(IXUV+IR/IXUV). However, in this
study, the total optical density OD = − log(IXUV+IR/I0)
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FIG. 2. (a) Experimental (top panels) and theoretical (bottom panels) XUV photoabsorption in the vicinity of argon 3s−14p
AIS, as a function of the IR pulse delay, for several values of IR photon energy. Color map represents the OD. Positive delay
implies IR pulse arrives before XUV. Interaction of AIS with ALIS gives rise to the polariton splitting prominently visible
between 0.86 to 0.98 eV IR photon energy. Experimental (b) and theoretical (c) polaritonic lineshapes for the near resonant
case of 0.94 eV IR energy, for several time delays. In absence of interference between radiative and Auger channels, the two
polaritons are expected to have comparable widths. Stabilization is evidenced by the delay-dependent reduction of AIP- width
and marked difference between the AIP± widths in both experiment (d) and theory (e). Open symbols are for 0.93 eV case.

is used because it clearly shows how the resonant profiles
shift and split as a function of delay. As the intensity
of IR pulse at the time of ionization changes with delay,
time delay is a reasonable proxy for an intensity scan.

The experimental spectra are interpreted with the help
of ab initio theoretical calculations using the NewStock
program [31–33]. The ionic states of the atom are de-
termined, within the electrostatic approximation, by op-
timizing the energy of the 3s−1 and 3p−1 states with a
Multi-Configuration Hartree-Fock calculation, performed
with the ATSP2K atomic-structure package [34]. The full
atomic wavefunction is expressed in a close-coupling ba-
sis obtained by augmenting the ionic states with a set
of radial B-spline and spherical harmonics for the resid-
ual electron [35]. To compute the state of the atom Ψ(t)
in the presence of the external fields, we solve the time-
dependent Schroedinger equation (TDSE) in the close
coupling basis, with a unitary split-exponential prop-
agator and within the dipole approximation in veloc-
ity gauge. The simulation is accelerated by several or-
ders of magnitude, without affecting the accuracy of
the optical observables of interest here, by restricting
the basis to a few hundred essential Siegert states [36–
38]. The absorption spectrum of the system is computed
with the well-known expression for optically thin sam-
ples σ(ω) = 4π

ω =m
[
P̃ (ω)/Ã(ω)

]
, where P (ω) and A(ω)

are the Fourier transform of the expectation value of the
canonical momentum P (t) = 〈Ψ(t)|P̂z|Ψ(t)〉 and of the
vector potential Az(t) of the XUV pulse, respectively.

Fig. 2 shows the experiment-theory comparison of OD
spectrograms for various IR photon energies, exhibiting
several recognizable features. At large time delays, the
Fano profile of the autoionizing 3s−14p line at 26.6 eV

appears as a window resonance, as in the XUV-only line-
out in Fig. 1c. Since the autoionization lifetime (∼15 fs)
of the 3s−14p state is shorter than the IR pulse duration,
it is expected that the IR pulse plays a role only when
it overlaps with the XUV pulse. The lineshape of the
3s−14p AIS changes dramatically near zero delay. At all
IR photon energies, the depth of the transparency win-
dow associated to the 3s−14p state is diminished due to
the presence of competing radiative-decay channels. The
3s−14p lineshape shifts downwards in energy at an IR
photon energy of 0.80 and 0.83 eV, and upwards for IR
photon energy of 0.94, 0.98, and 1.02 eV.

At the intermediate IR photon energies around 0.9 eV,
Fig. 2 reveals that the 3s−14p lineshape splits into two
distinct features, which can be identified with AIP±
from Fig. 1a. In contrast to the two A-T branches of
bound states [8, 29], the two AIP branches appear here
as window resonances that can have significantly different
widths, at times much narrower than the original 3s−14p
resonance. This phenomenon is indicative of the sup-
pressed autoionization rate that results from the destruc-
tive interference between the radiative ionization and the
Auger decay of the two resonant components of the AIP.
The branch width changes with the time delay (proxy for
intensity) and detuning, both of which affect the relative
magnitude and phase of the two polariton components,
as detailed in the modified J-C model described earlier.

Figures 2b,c show the experimental and theoretical
XUV absorption lineouts, respectively, at an IR photon
energy of 0.94 eV for several time delays. The two plots
are in good agreement, showing a broader AIP+ and a
narrower AIP- with time-delay dependent widths. We
fit these profiles using a formalism that accounts for the
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FIG. 3. XUV absorption spectra (OD) at τ = 0, as a function of the IR photon energy tuning. Experiment (a) and theory
(b) show avoided-crossings between the horizontal 4p feature and the tilted line of the ALIS from high-lying dark AIS, forming
several autoionizing polaritons. (c) Theoretical predictions in a broader spectral and IR tuning range, indicating several other
avoided AIS-ALIS and ALIS-ALIS crossings. (d) Theoretical OD as a function of the time delay, with all the essential states
involved (top left), or removing, in turn, the 3d (top right), 5s (bottom left), and 4f (bottom right) essential state.

decay of two polaritons (AIP±) and interference between
the Fano amplitudes, such that the absorption cross sec-

tion is given by σ(E) = A+B
∣∣∣ ε++q+
ε++i + C ε−+q−

ε−+i

∣∣∣2 where

ε± = 2(E − E±)/Γ±, E± are the resonance positions,
Γ± their width, and q± are real parameters. Figures 2d,e
show the AIP± widths thus obtained, as a function of the
time delay, for both experiment and theory. Both show
that, at positive delays (IR first), where the IR intensity
is small and ionization is dominated by Auger decay, the
widths of the polaritonic branches are equal. At progres-
sively lower time delays, as the weight of the competing
radiative decay channel increases, the AIP+ width grows
rapidly, whereas that of AIP− drops, which is evidence of
the stabilization of AIP− and the corresponding desta-
bilization of AIP+. The remarkable agreement between
experiment and theory confirms the interference origin
of the stabilization and, in general, of the divergence be-
tween the two widths. In theory Fig. 2e, the drop in
AIP− width is not pronounced for 0.94 eV IR energy
(solid symbols), but clearly observable for 0.93 eV (open
symbols), indicating that the effect is very sensitive to
the nominal parameters for ab initio computation, which
can differ from the real experimental conditions, due to
uncertainties in the delay, IR intensity, and pulse dura-
tion. At maximum divergence, the ratio of AIP± widths
is 3 in the experiment and 2.3 in theory. At large negative
time delays the two branches merge, with the resulting
line width approaching the static values of ∼100 meV in
the experiment and ∼70 meV in the simulations.

Apart from the main AIP pair seen at ∼0.9 eV, we
observe other branches in Fig. 2 as the IR photon energy
is varied, indicating the mixing of more than two AIS.
We can assign the participating AISs by comparing their
known positions with the observed energies Ei− nωIR of
the ALIS states. Fig. 3a-b show the experimental and

theoretical absorption spectrum at time delay 0 fs, as a
function of the IR-photon energy. Both plots clearly show
two avoided crossings: one around 0.85 eV between the
|3s−14p〉⊗|N〉 AIS and the |3s−14f〉⊗|N−2〉 ALIS, and
another around 0.9−0.95 eV between the |3s−14p〉⊗|N〉
AIS and the almost coincident |3s−13d/5s〉⊗|N−1〉 ALIS
pair. The frequency sweep computed with the essential
state model reproduces the AIP splittings from the ex-
periment plot remarkably well. All of the ALIS features
observed in the experiment match with energies in the
essential states model within 50 meV. Fig. 3c identifies
the ALIS features over a broader range of dressing-laser
and XUV frequencies. At IR photons energies below 0.8
eV and above 1.1 eV, the bright |3s−14p〉 ⊗ |N〉 horizon-
tal feature is traversed by the |3s−15p〉⊗ |N −2〉 and the
|3s−14s〉 ⊗ |N + 1〉 ALIS, respectively.

We confirm the assignment of the AIP branches to
specific ALIS pairs by selectively eliminating individual
resonances from the simulation. Fig. 3d shows that, in
the absence of the 3s−13d resonance, the AIPs split-
ting at ∼0.9 eV IR energy is greatly reduced, and the
AIPs at ∼0.8 eV virtually disappear. Since the AIPs
around 0.8 eV are only present when both 3s−13d and
the 3s−14f resonances are included, we can infer this
is due to the two-photon-emission ALIS associated with
the 3s−14f state, resonantly enhanced by the 3s−13d in-
termediate AIS. When the 3s−15s state is removed, the
splitting around 0.9 eV is only minimally affected, indi-
cating that most of the contribution in this region comes
from the interaction of |3s−14p〉 ⊗ |N〉 bright state with
the |3s−13d〉⊗ |N −1〉 ALIS. The 3s−15s state, however,
is essential to resonantly enhance the two photon transi-
tion responsible for the |3s−15p〉 ⊗ |N − 2〉 ALIS, giving
rise to the avoided crossing around 0.7 eV.

In conclusion, we have measured the autoionizing po-
lariton multiplets in the delay dependent absorption
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spectrum of argon, and assigned them with the help of ab
initio simulations. Experiment and theory are in excel-
lent agreement and indicate the formation of entangled
light-matter states with low autoionization rate, due to
the destructive interference of the Auger decay amplitude
from the different resonant components of the polariton.
These results pave the way to improve coherent control
protocols in the continuum thanks to laser induced Auger
decay stabilization.

LA and CC acknowledge support from the NSF The-
oretical AMO grants N 1607588 and N 1912507, and
computer time at the University of Central Florida Ad-
vanced Research Computing Center. EL acknowledges
support from the Knut and Alice Wallenberg Founda-
tion, project KAW 2017.0104, and the Swedish Research
Council, Grant No. 2016-03789. NH and AS acknowl-
edge support from the U. S. Department of Energy, Office
of Science, Office of Basic Energy Science, under award
no. DE-SC0018251.

∗ luca.argenti@ucf.edu
† asandhu@arizona.edu

[1] P. Johnsson, J. Mauritsson, T. Remetter, A. L’Huillier,
and K. J. Schafer, Phys. Rev. Lett. 99, 233001 (2007).

[2] K. C. Prince, E. Allaria, C. Callegari, R. Cucini,
G. De Ninno, S. Di Mitri, B. Diviacco, E. Ferrari,
P. Finetti, D. Gauthier, L. Giannessi, N. Mahne,
G. Penco, O. Plekan, L. Raimondi, P. Rebernik, E. Rous-
sel, C. Svetina, M. Trovò, M. Zangrando, M. Ne-
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[20] L. Argenti, A. Jiménez-Galán, C. Marante, C. Ott,
T. Pfeifer, and F. Mart́ın, Phys. Rev. A 91, 061403(R)
(2015).

[21] E. T. Jaynes and F. W. Cummings, Proc. IEEE 51, 89
(1963).

[22] A. D. Greentree, J. Koch, and J. Larson, J. Physics B:
At. Mol. Opt. Phys. 46, 220201 (2013).

[23] M. Fleischhauer and M. D. Lukin, Phys. Rev. Lett. 84,
5094 (2000).

[24] M. Chini, X. Wang, Y. Cheng, and Z. Chang, J. Phys.
B: At. Mol. Opt. Phys. 47, 124009 (2014).

[25] A. N. Pfeiffer and S. R. Leone, Phys. Rev. A 85, 053422
(2012).

[26] M. Chini, X. Wang, Y. Cheng, Y. Wu, D. Zhao, D. A. Tel-
nov, S.-I. Chu, and Z. Chang, Sci. Rep. 3, 1105 (2013).

[27] M. Wu, S. Chen, M. B. Gaarde, and K. J. Schafer, Phys.
Rev. A 88, 043416 (2013), 1301.0771.

[28] Y. Kobayashi, H. Timmers, M. Sabbar, S. R. Leone, and
D. M. Neumark, Phys. Rev. A 95, 031401 (2017).

[29] N. Harkema, J. E. Bækhøj, C.-T. Liao, M. B. Gaarde,
K. J. Schafer, and A. Sandhu, Opt. Lett. 43, 3357 (2018).

[30] R. P. Madden, D. L. Ederer, and K. Codling, Phys. Rev.
177, 136 (1969).

[31] T. Carette, J. M. Dahlström, L. Argenti, and E. Lin-
droth, Phys. Rev. A 87, 023420 (2013).

[32] C. Marante, M. Klinker, T. Kjellsson, E. Lindroth,
J. González-Vázquez, L. Argenti, and F. Mart́ın, Phys.
Rev. A 96, 022507 (2017).

[33] A. Chew, N. Douguet, C. Cariker, J. Li, E. Lindroth,
X. Ren, Y. Yin, L. Argenti, W. T. Hill, and Z. Chang,
Phys. Rev. A 97, 031407(R) (2018).

[34] C. Froese Fischer, G. Tachiev, G. Gaigalas, and M. R.
Godefroid, Comp. Phys. Commun. 176, 559 (2007).

[35] L. Argenti and R. Moccia, Phys. Rev. A 93, 042503
(2016).

[36] A. J. F. Siegert, Phys. Rev. 56, 750 (1939).
[37] O. I. Tolstikhin, V. N. Ostrovsky, and H. Nakamura,

Phys. Rev. Lett. 79, 2026 (1997).
[38] O. I. Tolstikhin, Phys. Rev. A 73, 062705 (2006).

mailto:luca.argenti@ucf.edu
mailto:asandhu@arizona.edu
http://dx.doi.org/10.1103/PhysRevLett.99.233001
http://dx.doi.org/ 10.1038/nphoton.2016.13
http://dx.doi.org/10.1038/nature09212
http://dx.doi.org/ 10.1088/0953-4075/42/14/141002
http://dx.doi.org/ 10.1088/0953-4075/42/14/141002
http://dx.doi.org/10.1088/1361-6455/aa96e7
http://dx.doi.org/10.1088/1361-6455/aa96e7
http://dx.doi.org/10.1103/PhysRev.124.1866
http://dx.doi.org/10.1103/PhysRev.137.A1364
http://dx.doi.org/10.1103/PhysRev.137.A1364
http://dx.doi.org/ 10.1088/0953-4075/49/6/062003
http://dx.doi.org/ 10.1088/0953-4075/49/6/062003
http://dx.doi.org/10.1126/science.1234407
http://dx.doi.org/10.1126/science.1234407
http://dx.doi.org/10.1126/science.aah6972
http://dx.doi.org/ 10.1103/PhysRevA.89.023408
https://www.nature.com/articles/nature14026
http://dx.doi.org/https://doi.org/10.1016/j.chemphys.2007.11.005
http://dx.doi.org/https://doi.org/10.1016/j.chemphys.2007.11.005
http://dx.doi.org/10.1103/PhysRevLett.105.143002
http://dx.doi.org/10.1103/PhysRevLett.105.143002
http://dx.doi.org/10.1103/PhysRevA.24.379
http://dx.doi.org/10.1103/PhysRevA.24.379
http://dx.doi.org/10.1103/PhysRevLett.49.1698
http://dx.doi.org/10.1103/PhysRevLett.49.1698
http://dx.doi.org/10.1103/PhysRevA.34.4785
http://dx.doi.org/10.1103/PhysRevA.34.4785
http://dx.doi.org/10.1103/PhysRevA.85.013409
http://dx.doi.org/10.1103/PhysRevA.85.013409
http://dx.doi.org/10.1103/PhysRevA.85.013411
http://dx.doi.org/10.1103/PhysRevA.85.013411
http://dx.doi.org/10.1103/PhysRevA.91.061403
http://dx.doi.org/10.1103/PhysRevA.91.061403
http://dx.doi.org/10.1109/PROC.1963.1664
http://dx.doi.org/10.1109/PROC.1963.1664
http://dx.doi.org/10.1088/0953-4075/46/22/220201
http://dx.doi.org/10.1088/0953-4075/46/22/220201
http://dx.doi.org/10.1103/PhysRevLett.84.5094
http://dx.doi.org/10.1103/PhysRevLett.84.5094
http://dx.doi.org/ 10.1088/0953-4075/47/12/124009
http://dx.doi.org/ 10.1088/0953-4075/47/12/124009
http://dx.doi.org/10.1103/PhysRevA.85.053422
http://dx.doi.org/10.1103/PhysRevA.85.053422
http://dx.doi.org/10.1038/srep01105
http://dx.doi.org/ 10.1103/PhysRevA.88.043416
http://dx.doi.org/ 10.1103/PhysRevA.88.043416
http://arxiv.org/abs/1301.0771
http://dx.doi.org/ 10.1103/PhysRevA.95.031401
http://dx.doi.org/10.1364/OL.43.003357
http://dx.doi.org/10.1103/PhysRev.177.136
http://dx.doi.org/10.1103/PhysRev.177.136
http://dx.doi.org/10.1103/PhysRevA.87.023420
http://dx.doi.org/ 10.1103/PhysRevA.96.022507
http://dx.doi.org/ 10.1103/PhysRevA.96.022507
http://dx.doi.org/10.1103/PhysRevA.97.031407
http://dx.doi.org/10.1016/j.cpc.2007.01.006
http://dx.doi.org/10.1103/PhysRevA.93.042503
http://dx.doi.org/10.1103/PhysRevA.93.042503
http://dx.doi.org/10.1103/PhysRev.56.750
http://dx.doi.org/10.1103/PhysRevLett.79.2026
http://dx.doi.org/10.1103/PhysRevA.73.062705

	Autoionizing Polaritons in Attosecond Atomic Ionization
	Abstract
	References


