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Free Electron Laser Development at Jefferson Lab

® Designed, built and commissioned highest average power FEL (IR
Demo) in 1996-98

— achieved 2.1 kW at 3.1 microns (previous world record, 11 watts)

— demonstrated power efficiency by lasing at 2.1 kW while
recirculating and recovering more than 75% of the input linac
energy, enabling energy recovered linacs (ERLS)

— World class powers in the FIR (THz), visible, UV and x-ray

» Established a versatile User Facility for the IR Demo FEL in 1999-
2001

— used by 30 research teams in 1999-2001

IR Upgrade to 10 kW completed in July 2004:
-obtained 14.2kW at 1.6um in Oct. 06
-continuing high power FEL development
-operating for scientific users and other sponsors
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QEff;gun Lab

The Free Electron Laser User Facility

Current User Facility has 7 Labs

« Labl General set-ups and prototypes

« Lab2 Materials studies

« Lab3 THz dynamics and imaging

« Lab 3a NASA nanofab

« Lab4 Aerospace LMES

« Lab5 PLD

« Lab 6 FEL + lasers for dynamics studies
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QEff;gun Lab

The 10 kW IR Upgrade FEL
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Summary of High Power Lasing To Date

Short wavelength results to date:

wavelength (um) 1.1 1.6 2.8 6.0
pulsed (kW) 2.5 14.6° 6.7 10.6 (1s)
cw (kW) 2.2 14.6* 6.7 8.5

-Short wavelength performance improves as we develop and test
low absorption (<few 100ppm) dielectric coatings for high power optics

-* Oct. 06 cryomirror tests with ~40k sapphire substrate
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The Laser Personnel Safety System (LPSS)

 Each User Lab LPSS monitors
individual lab’s hazard to Users

e Smart card system authenticates
and permits users to enter only
those rooms associated with their
experiment.

« When running cw there are two
modes:

— Users excluded from room

— Users run experiment in
enclosed hutch,

e FEL can be used with or without
class 4 lasers

o Users can align FEL to their
experiment with low duty factor
beam (pulsed beam):

— 2Hz, 250 ps, 4.68 MHz

Thomas Jefferson National Accelerator Facili
geﬁ;ﬂ_)nn Lab : o

@ &




We have an active FEL Program Advisory Committeg,

» Philippe Guyot-Sionnest, University of Chicago, Physics
 Richard Haglund, Vanderbilt, Physics, Materials Science
 Lou DiMauro, Ohio State, AMO Physics, Chemistry

“ :
[ i . ‘-'!_-:
« John Sutherland, East Carolina University, Biology i
 Harvey Rutt, U. of Southampton, UK, Opto-electronics, >
Eng. Sci.& Math _ E

Program Advisory Committee meetings:

Nov. 2000, June 2001, Jan. 2002, Mar. 2003, Mar. 2004, Mar
2005, Mar 2006, May 2007,

- rated 18 proposals for IR-Demo FEL 3 Outstanding
10 Excellent
5 Good
We ran 17/18 proposals by IR-Demo shutdown
20 proposals in present portfolio
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Key FEL Program Accomplishments in 2006-2007

e FEL User Results:

* Very long carbon nanotube (CNT) production runs for NASA-LaRC at
>1 kW on target at 1.6 microns; record production (>7 g/hr) and purity
levels (> 80% single wall CNT) for laser ablation.

Laser nitriding of titanium experiments for the Univ. of Gottingen

Pioneering experiments completed on differential heating of fat tissue at
1.2 and 1.7 microns; resulting in best paper for Harvard Pl at International
Conference of Lasers in medicine and Surgery (Boston, April 2006).

New type of THz interferometer and vacuum THz spectrometer
demonstrated on THz beamline; World’s first THz movies.
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NASA/JLab Nanotube Synthesis - Research to Production

> From Target to Product, 100% In-House

Langley
Research
Center

New and used target

Production with 750 W at 1.6 micron is now routine.

Production rate of 2-6 g/hour of as-grown, high quality, Product, ~1 hour of beam time
“research grade” raw material is already cost competitive in $400/g market.

Nanotube diameter is strong function of laser parameters, suggesting
the possibility of “designer” tubes (selectable diameter likely... chirality, maybe?).

Experimental trends indicate improved gross and net yield with
soon-to-be-available shorter FEL wavelengths and higher power (no scale-up issues).
Mike Smith NASA LaRC
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Metal surface treatment

o Laser treatments typically bring the surface nearly to or at melting
point
— Enhances reaction rate with cover gas
— Nitriding enhances hardness — increased wear resistance

— Amorphizing, due to high quench rates, is another way to increase
wear resistance.
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Application: Laser nitriding automobile cylinder liners
(grey cast iron)

J. Lindner, AUDI AG f‘*ﬂl.;.:

et

> .- : — e
Treatment: mirror inside cylinder; rotating engine block
in series production, 5 simultaneous excimer lasers
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After laser treatment
Slide courtesy of P. Schaaf - U. Gottingen Reduction of oil consumption (30x)
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Laser Treated TIN: hardness — comparison
10 ————r

FEL highest hardness
and thickest coating
(>5 um)

Excimer Laser | also smooth (w/cracks)
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Excimer = ,,smooth*
(R, <0.5 pum)
Nd:YAG: Ra~ 1-2 um
Ti:Sapp — very
soft (nanocluster)

Hardness HU 1 [GPa]

Slide courtesy of P. Schaaf - U. Géttingen
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The benefits of high power and tunability - differential
heating of fatty tissue
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Differential heating of fatty tissue - publicity
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THz Programs at Jefferson Lab

electronics  THz photenics

microwaves visible  x-ray ¥ -ray
MF. HF, VHF, UMF, SHF, EHF I
— ] 7] T
100 108 108 10¢ otz 1015 108 101 104
kilo mega giga tera peta exa zetta votta
Frequency (Hz)

1THz ~1 ps ~300 pm ~33 cmr? ~ 4.1 meV ~ 47 6 °K

« THz lies between electronics and photonics.

« THz broadband user facility constructed (world’s highest power).

 Tissue interactions and safety limits.

 Imaging, movies.

« Magnetism, dynamics of quasiparticles, spin.

« Quantum coherence and control.

« Fundamental optical physics.

 Localization effects.

« Coherent Half- and Few-Cycle Sources for Nonlinear and Non-
Equilibrium Studies.
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Imaging / bio-medical cancer screening
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Basal cell carcinoma shows malignancy in red. Teraview Ltd.

1 mW source images 1 cm?in 1 minute

100 W source images whole body (50 x 200cm) in few seconds
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A Few Lessons Learned

e Optimum size of user team actively doing the experiment is ~2.
— More people get in the way.

 Have lots of communication before the users arrive.
— Especially important if users are coming from another country.

« Stray light, either from scattered fundamental light or the harmonics,
can cause transport hardware to drift.

— Even when water-cooled.
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Upcoming facility & experimental initiatives

» Upgraded optical transport system components being installed.

— Lower mirror absorption will decrease drift, change in beam
divergence

* FEL beam delivery expanded into all labs.

« High power (5 kW) CO, laser system will be installed in one lab this
summer.

» Commercial pulsed laser deposition system being installed.
— Can receive beam from FEL or an ultrafast laser system.
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Future Plans

« Slowly ramp up user programs with high impact science.
- Increase efficiency of user operations through
Integrated schedule and taking advantage of stable
beam delivery to all labs.

« Ensure that user programs are of high impact to generate
additional support from other agencies to increase operational
hours.
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JLab FEL Team
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