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Fig. 24:
Equanon of siare of ice VII obtained using a focused
undulator beam. The different symbols correspond to
different sets of measurements using diamond-anvil cells.
The ice VI latrice is body-centred cubigr
spectrum 1s shown in the insert. }
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Fig. 20:
- X-ray beam diameter necessarv as a function of
_pressure to study various physical phenomena.
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Workshops on X-FEL Scientific Case

(@ W. Spicer, J. Arthur and H. Winick, October 1992, SLAC
20 - 2000 A

@ ). Arthur, G. Materlik and H. Winick, February 1994, SLAC
1-10A

@ T. Méller and B. Sonntag, November 1994 and April 1995, DESY
600 - 15 A

@ A4th Generation Light Sources, January 1996, ESRF
ICFA meeting
J. Als-Nielsen for Scientifc Case

® Thismechng Tebr 1496, HASYCAS (DETY ) Hambirg
® Coherent Light Sources and Applications, Feburary/Marsh 1996, KEK

@ International Workshop on Scientific Applications of an X-FEL,
September 16./17, 1996, DESY

@ APS ,Arjnuu) f(n-;d qu:}*/‘ {Leauwtc(
(@) SLAcfsselt  Foua. 99
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Non-Linear X-ray Phenomena
Light X-ray Mixing

Light Wave
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By doing crystallography on phase matched component
- local induced polarization can be determined X- "‘j

o 1
Can Extend to study various non-linear phenomena /
- second harmonic
- stimulated Raman (0Opt fliowon/ “C&m]' b
- stimulated Brillouin ( acouwsbc Phousw )
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General Conclusion
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The microscopic aspects of the interaction of light with crystals can be readily studied
- Both linear optical and non-linear optical phenomena with XFEL
- Includes polariton effects Qt ex o 2 F{c cﬁ [ *h«,n.r,\ HnS )

IR &
- Only linear at ﬁrgorme (even that limited)
+ small values of S cannot be explored
+ only erystals with relatively small x-ray absorption

Dther Int ting Possibili

Time dependence

- By delaying X-ray pulse relative to optical pulse can probe local relaxation phenomena

- Can study development of gain (crystal in a cavity)

Energy Transfer

- With two light beams can simultaneously measure incident light fields effects and non-linear signal
effects

Produce Femtosecond X-ray beams
- Use Femtosecond laser (higher LPLp possible)

Other modulations
- acoustic waves, electron waves ete.



Parametric Down Conversion of X-Rays
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(virtual) /
®p  jonlinear susceptibili 0
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—> frequency mixing
(as in your TV tuner)

(real)

Here: Spontaneous decay: hw,= +hw;
Real photon & vacuum fluctuation mix — 2 real photons

Phase matching ka0

condition:

Possible applications:

e Sub-Poisson statistics: Reduced radiation dose
e Two-photon interferometry
e Tests of the quantum theory (EPR, teleportation)
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Experiment
The scattering geometry: |

40mm .
P a distance sample to detectors: §850mm
AN
h
f, = 1.35°
oy = 1.35% 4%
20 = 57.6° incident beam l/
 lddkeV /I
slits

0. 2mm*0.2mm

Time correlation spectra [3] show coincidence at 0 time
difference above statistical background.
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(1] P. Eisenberger, S.L. McCall, Phys. Rev..Lett. 26, 684 (1971)
[2] Y.Yoda et al., J. Synchrotron Rad. 5, 980 (1998)
[3] B. Adams et al., submitted to J. Synchrotron Rad.
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Multi-photon K-shell absorption

With all 5.1012 photons/bunch focussed
into 1um diameter,
ca. 10-100 photons/ atom are absorbed.

short K-shell lifetime (<1fs) => ~0.05
photons absorbed per atom per lifetime
(A. Kodre)

However, if radiation is not uniform
within bunch, absorption rate increases

Also, if (D. Bilderback), capillary or Su..t‘j-"w fons
focussing to ca. 400A diameter,
~100 photons absorbed per lifetime!

Thus, multiphoton X-ray absorption is
feasible with XFEL

new area of X-ray physics
test theories of core-hole screening

Focussing with glass capillaries

Assumptions:

A= 1A, 1prad divergence, 100 jan beam size
Glass capillary: Length 0.5-1m, nearly perfect

Intensity increase in each dimension:

critical anele 2.6
M= 8¢ _

. = = 2600
divergence 0.001 mux lL

= beam can be squeezed by Qﬂlﬁ to 380 A

Intensity gain:
M? - efficiency = 2600%.0.5 = 3.4 - 10°

(D. Bilderback)
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Frequency-wavevector ranges accessible to XPCS and new (puse-probe, strobo-
scopic) techniques. The dgwk shaded areas indicate the frequency-q range where
XPCS experiments have already been performed. The horizontal line indicates
the ranges which are accessible to XPCS assuming a brilliance B = 10 and 2D
detection. With increasing g-vector larger longitudinal coherence lengths have
to be used requiring higher monocromaticity at the expense of flux. The vertical

bars indicate the accessible frequency ranges defined by either the repetition rate
of the TESLA source or the pulse length.
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A Figure 13-1 A phospholipid bilaver constitutes the basic
structure of biological membranes. The hydrophobic tatry
acyl tails of the phospholipids torm the middle of the bi-
laver: the polar, hvdrophilic heads ot the phospholipids line
both surfaces. Integral protemns have one or more regions

embedded in the lipid bilayer. Peripheral proteins are primai
ily associated with the membrane by specific proten-protem
interactions. Oligosacchandes bind mainly to membrane pro
teins:; however. some bind to lipids, torming glycolipids.
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| [ Amorphous

Interfaces during friction. Depending on pressure and velocity different phases
may occur
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Rekonstruktionen von Fe
2-dimensionale Rekonstruktionen
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3-dimensionale Rekonstruktion

287 A
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T. Hiort, E. Kossel, D. V. Novikov, B. Adams, Y. Nishino, G. Materlik
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