Undulator and Wigglers: Synchrotron based



Insertion devices: more bends for more light
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[Als-Nielsen & McMorrow, Elements of Modern X-ray Physics, John Wiley & Sons, Ltd, 2001 |



Insertion devices: more bends for more light




Swiss Light Source photon sources
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Swiss Light Source photon sources

L1 11

—pi9] .
e 24

— U19

— Ul4

— UES6 --- U24 .

Brilliance [ph/sec/0.1%bw/mm®/mrad?]

=3
=)

I—
)
w

)
N

1 llllllll 1 llllllll 1 llllllll 1 llllllll | ] | lllllll 1 llllllll

11 llllll

— UE212

— UES6

—— Dipole (1.4T)

—— Super-Bend (3.1T)

10 eV

I I lllllll | 1

100 eV

lllllll

| keV

Photon Energy [eV]

lllllll

10 keV

Flux [ph/sec/0.1%bw]|

1 lllllll

1 lllllll

1 llllllI

| lllllll

— UE212

—— Dipole (1.4T)

—— Super-Bend (3.17T)

10 eV

100 eV

| keV

Photon Energy [eV]

10 keV




FELs “SASE” action



Energy exchange

» E-field of light transverse to direction of propagation

 Can exchange energy with electrons with a transverse
momentum component



Energy exchange

dE/dt =F -v > 0



Energy exchange

dE/dt =F -v <0



Free electron laser

icrobunching: modulation of electron energy causes electrons to
unch with a periodicity...
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Emission of bunched electrons adds coherently!



Microbunching enhancement

Spontaneous Superradiant
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Saturation

low qain exponential gain _

(high-gain linear regime)

P(Z) = Po eXp(Zngain)

log (power)

saturation length ~ 10 L, | duration, length

Result: coherent, bright, short (< 10 fs) x-ray pulses



Electron generation/acceleration



Drift Tube

| Quadrupole lens

ALVAREZ STRUCTURES: EXAMPLES
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CERN LINAC 2 tank 1:
200 MHz 7 m x 3 tanks, 1 m

diameter, final energy 50
MeV.
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CERN LINAC 4: 352 MHz frequency, Tank diameter 500
mm, 3 resonators (tanks), Length 19 m, 120 Drift Tubes,

Energy: 3 MeV to 50 MeV, =0.08 to 0.31 — cell length
from 68mm to 264mm.

Cavity shell
Fig. 8: Sketch of the DTL

Fig. 9: Field distribution in a DTL

https://indico.cern.ch/event/532397/contributions/2170633/attachments/1343755/2025070/Alesini_LINEAR_ACCELERATOR_handouts.pdf



The History of the X-ray Laser

Jeff Hecht

The long and curious history of the X-ray laser began in an effort to expand the NG
frontier of knowledge and culminated in one of the wildest schemes ever pursued & =

. -

by the United States government—the “Star Wars” missile defense initiative in the = =%
1980s. :

This artist’'s concept shows beams from three X-ray rods
destroying Cold War targets after detonation of the
bomb powering the X-ray rods. If deployed in space,
each of the thin rods of the X-ray laser weapon would be

aimed at an enemy missile. From Joseph Nilsen, "Legacy
of the X-ray Laser Program," Lawrence Livermore
National Laboratory report.

https://www.optica-opn.org/home/articles/volume_19/issue_5/features/the_history_of_the_x-ray_laser/



Towards FEL based x-ray attosecond spectroscopy
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