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XFEL versus FLASH

European XFEL FLASH

Abbreviation for European X-ray Free-Electron Laser Free-Electron Laser in Hamburg

Start of commissioning 2014 2004

Length of the accelerator 1.7 kilometres 0.15 kilometres x11
Length of the facility 3.4 kilometres 0.3 kilometres x11

Number of accelerator modules 100 i x14

Maximum electron energy 17.5 hillion electron volts 1 billion electron vol 125
Minimum wavelength of the laser light metre etres x1/45

(of the order of an atom) (of the order of a molecule)

Number of undulators (magnet structures for light 1

generation)

Number of experiment stations 10 5 X2

completely instrumented



XFEL versus LCLS and SPring8

LCLS SACLA European XFEL

Abbreviation for Linac Coherent Light Source SPring-8 Angstrom Compact European X-Ray Free-Electron Laser

Free Electron Laser
Location California, USA Japan Germany

Start of commissioning 2009 2011 2014

Accelerator technology normal conducting normal conducting superconducting

Number of light flashes per second 120 60



Two-colour short-pulse photoionization of
atoms

1
Infrared (IR) laser pulse:

0.5" .
w= 1.66 eV (800 nm), T, = 2.5fs /\ /\
0 |
I =1012- 104 W/cm? ,
0.5
XUV pulse w=70-130eV o200 400 600 800

Time (a.u.)

The main parameters: t, - duration of the IR pulse
T,y - duration of the XUV pulse

T, - period of the IR pulse

Two limiting cases: A: Txyv K71,  Streaking

B: 71 > Txyv > 171 Sidebands



Case A: 7xyv < Ty , streaking experiment
(N--~lis~si0 explanation)

Laser field: strong, 1013 -1014 W/cm?,
few-cycle, t,~ 5fs, E, = 1.6 eV (800 nm)

XUV pulse: weak, t,~300 as, E,=90eV

Electric field (arb. units)

T Modlification of electron spectra
0 100 200 300 400 500 5 5
Time delay (au.) In a strong IR field:

e oo
v2(t — o0) = v,0 — %/t E; (t)dt
z

1 e
i — V20 — EA(ti)

A(t) (arb. units)

a) Energy shift

-20 L | L | L | L | L
0 B = delay (?5?8) 400 >00 b) Energy spread




Theoretical results: Ar (3s) photoionization
Example:  A.Kazansky and N. Kabachnik J. Phys. B 40, 2163 (2007)

Ar (3s); I=28.6eV IR:t=5fs, A =800nm, W= 1013 W/cm?
XUV: E,=90eV, 1y = 330 as

/e 4
o w17 Y

700




Electron kinetic energy (eV)

Experimental results: Ne(2p) photoionization

Example: M. Gouliemakis et al. Science 305, 1267, 2004

Pump: XUV, E=93 eV, T=250 as
Tl W
e e Probe: IR 750 nm, T=5 fs

Photoelectrons are detected
along the laser polarization

Time delay (fs)



Case B: . >7mxyv > T , sideband formation

Emitted electron interacts with the laser field:
it can absorb or emit IR - photons

Experimental results: He photoionization

Example: Glover et al. PRL 76, 2468 (1996)
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Theory: strong field approximation
L. Keldysh 1965

Amplitude of photoionization

I:}C = P -
‘AE = —1 /—DC dt Ex(t) < WIT,DE‘D|W0 > expli(Ep, — wy)t]
Electron wave function in the laser field (Volkov wave-function):
Y = exp {i[k — AL (H)]7 — id(k, 1)}

— ]_ t — _~ 2
where P(k,t) = 5/ dt’ [k - AL(t’)] Volkov phase

— 00

Approximately AE —mf o= (k)

~ L _ 1,4 o
F(E) = /; A Ey (1) exp {—i /‘t dt”E([k—AL(t”)]Q—kg)
0 0

k§/2 = wx — Ej



Results of calculations. Case A — streaking regime

IR: I= 3.5 x 1012 W/cm? | i
0.8
T, = 2.5fs (800 nm) Z 06
-5 04
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Results of calculations for different ty

A.K. Kazansky, I.P. Sazhina, N.M. Kabachnik, Phys.Rev. A 82, 033420,

2010
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Description of the gross structure

_ — (J(k)) Vmar+1

— T 1
E(k) = & x /0 " dteiQ® where Q(t) = /: dt% ([k — A ()% - k%)

Suppose for simplicity that A, () = sinw;t + o

Stationary phase approximation [k — Ap(ts)]? = k3
Result:  E(k) ~ EgxAi(S) E(k) ~ Egx Ai(S)
k> a4 ko k< a—+ kg

|(k—a—Ap)? - k3] - (k- o + A0)2 — k3]
T BAWI(k—a— AR 7 [F4Agwi(k—a+ Ag)/3




Sideband formation in laser-assisted Auger decay

First experiment:

—@ o 2S

—0—4”:»— 1s

Ne

J.

M. Schins et al. PRL 73, 2180, 1994

LMM transitions in Ar
IR laser 800 nm

TOF electron spectrometer of the magnetic bottle type

intensity (arb. units)

relative energy (eV)
-20 -10 0 10 ?0

-1 -10 -5 0 S 10 15

excess photon number



Sideband structure for Ne KLL Auger transition
A. Kazansky and N. Kabachnik J. Phys. B 43, 035601 (2010)

Ne (1s), KLL
E, = 804.3 eV (30 a.u.) 5

T, = 2.4 fs (100 a.u.)
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Sidebands at different emission angles
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Angle-integrated spectrum
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Angular dependence of the gross structure
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Recent experiment at LCLS

M. Meyer et al 2010 unpublished

experimental data / s1 & s2
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