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gun exit
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compressed bunch
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BB-SR-TR
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transverse effects

path length dispersion
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Transition Radiation
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Al foil

\ A & electron beam
back-ward forward
radiation

inconvenient to separate electron beam from TR
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electron be:am

back-ward forward
radiation

tilt radiator by 45°
now, TR can be extracted normal to electron beam through window
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TR theory - 1
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TR theory - 2
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TR theory - 3
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TR theory - 4
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TR theory - 5
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TR theory - 6
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TR radiation distribution

theoretical
radiation distribution

measured
spatial distribution

C. Settakorn, 1998
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TR total radiation power
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STR

Stimulated Transition Radiation
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optical cavity

C. Settakorn
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scan
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maximum enhancement
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new STR cavity ?

try this one ?

radiator
S, S,

A
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X-rays from Low Energy Electron Beams
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types of radiation

Thomson/Compton Scattering
Channeling Radiation
Parametric x-rays
Smith-Purcell Radiation
Crystalline Undulator

Resonant Transition Radiation
Stimulated Transition Radiation

24
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Compton scattering
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Thomson backscattering

ph(eV) 4.959 ——

For 25 MeV electrons:

KL(Hm)

incoming radiation backscattered radiation
coherent FIR, 100 - 1000 um 12-120 eV

CO, Laser, 10um 1200 eV

Yag Laser, Ium 12.0 keV
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Channeling radiation
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Channeling - 1
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Channeling - 2 -
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PXR
PXR as diffraction of
virtual photons
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Photon energy of PXR

PXR is emitted under the Bragg reflection rule

Bragg reflection
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Si crystal

Silicon Crystal Structure
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unit cell, with the mimbers indicating the
L height of the atom above the base of
e Eifel the cub.e as a fraction of the cell
dirnension.

silicon crystallizes i the same pattern as diamond, i a structure which Asheroft and
Wlermin call "rwo mterpenetrating face-centered cubic” primtive lathices. The hnes
between silicon atoms in the lathice dlustration indicate nearest-neighbor bonds. The
cube side for siicon 13 0,543 nm. Germantum has the same diamond structure with a
cell dimension of 566 nm.
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PXR
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Fig. 1. Calculated X-ray intensities for several 500 gm thick crys-

tal targets for several reflection planes and crystal face
planes. The upper energy limit of each case was limited
by a requirement of an angle of more than 9 deg between
the detector and the electron beam axis.
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Resonant TR-theory

use stack of layered low-Z/high-Z material
Ni ¢
/

\ 4

d

resonance condition in electron frame: ¢/ i@ -%, En 7

radiation observed in lab frame: %7 & % O =B &

for A, =1A and E =20 MeV, we need d =320 nm

Exotic Radiation Sources, ICTP April 2004

35



(%) Accelerator Physics

Resonant TR-Ispirian
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Resonant TR-Ispirian
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STR

radiator

FIR radiation: 50 <A <1000 um

VUV-radiation: 150 eV <g; <7eV
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FIR and Biological Molecules
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Dispersive Fourier Transform Spectroscopy

Si-sample
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Disp.Fourier Transform Spect.
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works well for very heavily absorbing liquids
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Disp.Fourier Transform Spect.-2

Fourier transform of peak 1 F y, , (W

Fourier transform of peak 2 F WL(@

Ny,N; complex refractive indices of window and liquid
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Experimentation with calf thymus NaDNA

explore low frequency dynamics of DNA, DNA complexes and proteins
what is the role of low frequency vibrations for biological functions ?

important, because they involve motion of large groups of atoms

conformational transitions like

local "melting": separation of two strands of DNA

transport of molecules and ions through cell membranes
by membrane proteins
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DNA experiments

Dilute solution samples ~ Img/ml
B — form (native state of DNA)
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Strand separation

study process of DNA strand separation

in laboratory initiate "melting” by heating, ~ 60 deg C

monitor "melting” with UV absorbance

living cells do not melt their DNA by temperature |
energy for melting becomes available by hydrolysis of ATP into ADP
mechanism unknown !

hypotesis: chemical energy is converted into vibrational energy
of interbase hydrogen-stretching modes

study hydrogen-bond-stretching modes of DNA
to test validity of this hypothesis
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hydrogen-bond stretching
theory (Prohofsky) indicate mode near 80 cm-.
observed Raman modes (solid and gel samples) are very broad!

K. Woods, Stanford observed same in solutions, where DNA has no
interaction with neighboring DNA molecules

Observed modes are much narrower and better resolved

Only one Raman study of melting has been published so far !

quality very poor and no useful information can be extracted
except to state that "feature” vanished upon melting

Initial experiments at Stanford indicate that
FIR can produce excellent data about melting

this is of great interest

so far, nobody could follow dynamics of melting
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Pump-Probe example

“Direct Observation of Surface Chemistry using Ultrafast Soft X-Ray
Pulses”, Bauer et.al. PRL 87 (2001) 025501-1

- consider molecular oxygen on a Pt(111) single crystal surface

- photoemission spectroscopy is extremely sensitive to chemical
state of surface-adsorbate complex

- excite oxygen molecule by laser pulse

- probe with soft x-ray pulse and photoemission spectroscopy
- determine photo electron energy spectrum by TOF

peroxo-state
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Summary

- femtosecond electron pulses at 10 - 30 MeV provide excellent
opportunity to do genuine research

* development and optimization of FIR and x-ray source

* monitor chemical reactions of femto second time scale

- determine spectral complex refractive index for heavily absorbing
samples by dispersive FT spectroscopy

- fitting for university based research

* MS and PhD projects
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