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Nonlinear response in the x-ray regime

> Rapid decrease of two-photon absorption
cross section with increasing frequency v »

High intensity
needed: X-ray FEL

o) ~ g(1) yv-1 g(1) (free-electron laser)

> Linear response from valence-shell electrons, rather than nonlinear
response from core-shell electrons

2p R=RERE t '
: -
2s 'N, J one photon Usgtlr?nst(Ne )
from valence BULHIOCL E by
valence
electrons

two photons
from core

neutral Ne

N

CFEL %)
N — Sang-Kil Son | Nonlinear atomic response to intense ultrashort x rays | March 14,2011 | 3 /14 | D__,ES\: |
SCIENCE oY/



Ned* production at ultraintense x-rays

> The first LCLS experiment
[Young et al., Nature 466, 56
(2010)] revealed multiphoton
lonization mechanisms in
ultraintense x-ray pulses.

> Many electrons in Ne can be
stripped off through a series of
one-photon absorption and
relaxation (Auger decay).

¥

ove 93 ey Production of Ne8*
Picture from Nature 466, 35 (2010)

X-ray light
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Experimental setup

> Conducted at LCLS (Linac Coherent Light Source) X-ray FEL.:
0.8-2 keV with a peak intensity ~10"” W/cm? and 100 fs pulse duration

> Choice of a photon energy below / above K-shell threshold of Ne8*

[1196 eV

Nes+ - -
CFEL (5%2)
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Theoretical model

> XATOM: integrated toolkit for X-ray atomic physics [ PRA 83, 033402 (2011) ]
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> Shake-off process ps(i;1,1) =1~ /0 P, (r3 1) P, (r; ') dr

> Calculate all above for all configurations (63 config. for Ne)

> Rate equation to simulate electronic damage dynamics
d

all config.

EPI@) = Z LporPr(t) —Tiop Pr(t)]
I'#1
> Combined with coherent scattering = Poster A26.15 Thu 16:00 P2
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Charge state distributions of Ne
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Charge state Charge state

> Even / odd alternation and effect of shake-off processes
> Less abundance of Ne®* at 1110 eV
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Intensity-dependence of Ne®* / Ne3* ratio

Normalized Ne’*/Ne®’ ratio
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Energy (mJ)
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Two-photon ion. mechanisms @1110eV

Auger decay

(long lifetime ~ 60 fs) [

Ne8+ Ne8+*

0@ ~10%6cm*s 2Y I “sequential two-
from Novikov & Hopersky, photon ionization”
JPB 34, 4857 (2001) Neg+
—0—O—
“direct two-photon ionization”
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Experiment vs. Theory

1 I T T T T T T ] 10-1 E I I
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Theory 102 L o ° ® ° e _
2 2 uadratic
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o o 107 Experiment e E
T = i Theory + o) from N-H ]
o i o contribution of 6@ from N-H
0.1 e ' ' L - - - 10 - ! I
0.5 1 2 1 1.2 1.4
Energy (mJ) Energy (mJ)
The resonant excitation, Ne”* > sequential two-photon ionization:
1512521892525p" (~1224 eV) quadratic dependence
is not included in the model. > direct two-photon ionization:

02 is too small
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Direct two-photon ionization cross section

c @102 cm* s Novikov & Hopersky,
106 1s JPB 34, 4857 (2001)
' The resonant excitation,
Ned* 1s2—1s'4p?
6 (~1127 eV), is not included
10 - - . .
:/ in their calculations.
107 e '
- o can be resonantly
enhanced at 1110 eV.
10-14 T ' T ' T
400 800 1200
Photon energy, eV
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Experiment vs. Theory with adjusted o(?
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'(% | Theory + o from N-(2H) larger than that from
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Conclusion

> First experimental evidence of nonlinear absorption in the x-ray
regime

> Quadratic dependence of the Ne®* production when the photon
energy is below the K-shell threshold of Ne8*

> Nonlinear response from two channels: direct two-photon
lonization and sequential two-photon ionization with transient
excited states competing with the Auger decay clock

> The direct two-photon ionization cross section is 2—3 orders of
magnitude higher than expected from previous calculations.
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