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Starting Accelerator Classes at U.Chicago

A New Course for Fall 1999 Quarter (Physics 409)

Synchrotron Radiation and
Free Electron Lasers

Instructor: Kwang-Je Kim (kwangje@aps.anl.gov)

Synchrotron radiation is the electromagnetic radiation emitted by high-energy electrons
travelling in curved trajectories. Its high intensity, coherence, wide spectral coverage, and
other properties (polarization, time structure,..) make synchrotron radiation a powerful tool
for basic and applied studies of physical and biological systems. A number of major
research institutions using synchrotron radiation have been built in the U.S. and abroad. In
the future, the intensity and coherence will be further enhanced by developing free-electron
lasers (FELs). This course will provide an introduction to the basic principles of these
radiation devices. The course is aimed for senior undergraduate as well as graduate
students.

Prerequisites: undergraduate E&M.
Course Contents:

Particle and Radiation Beam
Particle beam and radiation beam, phase space description, diffraction and wave
optics, coherence and brightness

Synchrotron Radiation
Radiation phenomena and retardation effect, bending magnet radiation, electron
storage ring, radiation damping and fluctuation, undulator radiation, spectral and
angular distribution, polarization, laser-Thomson scattering, the third-generation light
sources

Free Electron Lasers (FELs)
Interaction of radiation and particle beam, pendulum equation, Maxwell-Vlasov
equation, principle of FEL oscillators, high-gain FEL and self-amplified spontaneous
emission, electron beam requirements, rf photocathode gun and linear accelerator,
particle beam manipulation through FEL interaction
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Starting Accelerator Classes at U.Chicago

~1 quarter class per year

Synchrotron Radiation and Free Electron Lasers
Accelerator Physics

Advanced Electrodynamics
Advanced Classical Mechanics
Intermediate Mechanics



Starting Accelerator Research at U.Chicago

 Produced the first accelerator physics Ph.D. at U.Chicago
— Yin-E Sun: Ph.D. 2005
e “Angular Momentum Dominated Electron Beams
and Flat Beam Generation”
e Currently Scientist at Argonne National Lab

Smith-Purcell FEL set up using a used electron
microscope built with the help of Albert Crewe,
Bud Kapp, and Yine Sun. The device was
intended to confirm the publication in PRL to
have observed lasing at infrared wavelength with
such a device. We had to conclude,
unfortunately, that it was not the FEL lasing but
the blackbody radiation that the PRL article
reported—we correlated the radiation power
with the Stefan-Boltzmann law!




Expanding Accelerator Research at U.Chicago

 Young-Kee Kim started producing accelerator Ph.D.s

— 15t Ph.D. 2013: Satomi Shiraishi
e “Investigation of Staged Laser-Plasma Acceleration”
e Currently Faculty at Mayo Clinic

e Sergei Nagaitsev from Fermilab joined as Part-time
Professor and started producing accelerator Ph.D.s

— 15t Ph.D. 2017: Sergey Antipov
e Co-advisors: Young-Kee Kim & Sergey Nagaitsev

e “Fast Transverse Beam Instability Caused by Electron CIoud
Trapped in Combined Function Magnets” (APS thesis award)

e Currently CERN Fellow
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co-Pl: Steve Sibener (Chemistry: U.Chicago)
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Home Members Fellowships/internships Events Center for Bright Beams Contact

Faculty

Kwang-Je Kim Young-Kee Kim Sergei Nagaitsev Steven J. Sibener Amie Wilkinsen
Argonne lab / U.Chicago (Physics) Fermilab / U.Chicago [Chemistry) U.Chicago (Mathematics)
U.Chicago (Physics) U.Chicago (Physics)




INNOVATIONS IN BRIGHT BEAM SCIENCE

’?ﬂ_&—‘ THE UNIVERSITY OF

CHICAGO

Home Members

Fellowships/Intemships

Events

Center for Bright Beams

Contact

The group of accelerator science and beam physics at the University of Chicago exploits novel concepts in accelerator science and technology, studies

limitations affecting the acceleration, control, intensity and quality of particle beams at & fundamental level, and develops new approaches to overcome

these limitations.
Specifically the group is:

understanding science that underlies recent
dramatic improvements in the quality factor of
superconducting radio-frequency cavities via
nitrogen doping for efficient operations of bright
beams, thus reducing capital and operational
costs.
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performing a proof-of-principle experiment for
integrable accelerator lattice with highly non-
linear optics whose innovative concept could
suppress instabilities of bright beams and
mitigate the effects of space charge and beam
loss
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developing new mechanisms to produce bright
¥-rays, an indispensable tool for studying the
atomic and molecular arrangement of materials
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Center for

& Mational Science Foundation Science & Technology Center

NSF Science and Technology Center (since 2016)

Center Vision: ®
G2 TRIUMF
e Revolutionize the brilliance of beams Yy
available to science, medicine and industry. BEHICE S ‘57?“
_: .‘ Bg."'_ £ Fermilab .H ‘
Center Mission: UCLA — Sl AN
 Transform the reach of electron beams by @

UF FLORIDA

e increasing brightness x100 and
e reducing the cost and size of key technologies

e Transfer the best of these technologies to national labs and industry.

 Prepare a diverse generation of students for a broad set of career paths.



Expanding Accelerator Research

e Monthly Accelerator Seminars since 2015

e Adding Enrico Fermi Institute Collaborators in 2017

Ryan Lindberg, Argonne Sam Posen, Fermilab

'S Sam Posen sets up a
) a superconducting accelerating
cavity in a vertical test stand.




Accelerator Program at U.Chicago

1998 2018

1 senior scientist 11 students, 3 postdocs, 6 senior scientists
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Thank you, Kwang-Je
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