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IR Upgrade
Specifications
® Average Power > 10,000 W
» Wavelength range 1to14 um
» Micropulse energy > 100 pJ, in pulse train 50 us to CW, arbitrary
« Micropulse length  ~0.1-2 ps FWHM (adjustable)
» PRF 74.85 MHz + 2x down to 4.68 MHz
« Bandwidth ~ 0.2-3 % (always Fourier transform limited!)
» Position/Angle jitter <100 um, 10 prad
» Polarization linear, >1000:1

» Transverse mode < 2x diffraction limit. Gaussian profile

« Beam dia. at lab 2 - 6 cm, wavelength dependent
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Light Source Landscape
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Light Source Landscape
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JLab ERL Status

. IR Upgrade FEL running up to 10 kW
. 10 KW average power lasing achieved at 6 microns

. Lased 2 to 7 kilowatts at 1.0, 1.6, 2.8 microns with
narrowband mirrors

. Lased at 20-100 W from 0.7 to 4.8 microns, tuning over the
full band in seconds using hole outcoupler

. User experiments have begun: nanotubes, fat cell necrosis
. THz system installed and has begun user experiments

. Power, spectrum, and noise being characterized
. UV Installation deferred due to loss of funding in FY06
. UV FEL project hardware is in-hand and 90% complete

. Attempting to re-establish program support for FY07
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What have we learned in the last six months?

Accelerator
» Stable, reproducible operation at 115 MeV

Very short pulses at the wiggler (<350 fsec FWHM) that are
maintained at currents > 5 mA CW for hours

Excellent beam quality
Transverse core beam emittances in x and y ~6-8 mm-mrad but
halo emittances 3-5x larger with significant envelope mismatch
Longitudinal emittance typically ~90 kV-psec
dp/p~0.5% at 115 MeV/c, o,~0.15 psec at wiggler

Strong laser performance
Extraction efficiencies >1.7%
( have observed up to 2.6kW/mA=2.25%)
Stable, robust, trouble free, long-lived gun operation
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Linac produces stable ultrashort pulses

We now
regularly achieve
300 fs FWHM
electron pulses mim.no Lo

Optical pulses are
of the same order
at zero

desynchronism
when measured
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FROG Analysis of JLAB FEL Pulses

e Laser: CW 1KW in

9MHz
*Wavelength:1.6um

SHG FROG Traces

Original

032906 Retrieved

FROG error is 0.0015
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Phase space out of linac from streak camera
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Phase variation between injector and linac
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Phase variation between injector and linac
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What have we learned? (cont.)

Wigglers

« Have now demonstrated efficiency of over 1.7% with three
different wigglers.

 All three wigglers have demonstrated the ability to tune
continuously over the bandwidth of the mirrors while lasing at high
power.

* The gain-efficiency product of the pure wigglers is higher than for
an optical klystron.

» Operating a high current beam with a small gap wiggler is more
difficult than one might imagine. Losses need to be less than one
part in one million for amp class ERLs. This is really hard to do.
We often have losses 10 times this with a 13 mm clear aperture.
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What have we learned? (cont.)

Output power limits due to mirror

Optics absorption at 20K
50
. oo . ¢ 2.8um OC abs
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What have we learned? (cont.)
Optics

Lasing can suppress BBU!
THz loading on optics must be considered and dealt with
High magnification oscillators are sensitive to astigmatism

Minimization of aberration is essential. Careful engineering of
mounting has now allowed us to meet spec at 1 micron and
eliminated previous Issues.

Preparations underway on installation of cryogenically cooled
outcoupler in FEL: helium cooling line to mirror can under
construction for installation by summer. This will eliminate
thermal distortion power limts
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What have we learned? (cont.)

FEL Physics

Using best estimates for electron beam and cavity parameters the
calculated gain and efficiency compare well with the experimental
values (for moderate Rayleigh ranges).

At high power the FEL sometimes shows mode hopping behavior.
This may be a transition to the non-Gaussian mode seen in
simulations for short Rayleigh range systems.

We continue to get shorter cavity length detuning curves than
expected for the measured gain.

The FEL is capable of harmonic lasing near the synchronous point
(this is due to the behavior of the optical coating)

We have also lased at 1 micron on the fundamental, third, and fifth
harmonic of the wiggler settings
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What have we learned? (cont.)

FEL Physics

* Power has been limited due to a roll off in efficiency at high powers.
The cause of this is still under investigation

— Current (mA)
— Power (kW)

High Current: 1.1 kW/mA Low Current: 1.7 KW/mA
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Harmonic vs. fundmental lasing

Fundamental lasing, Output coupler Harmonic lasing, Output coupler

Fundamental lasing, High reflector Harmonic lasing, High reflector
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Third Harmonic Radiation (530 nm) while lasing at 1.6 microns
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Harmonic Radiation while lasing
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Harmonic Radiation while lasing
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Harmonic Radiation while lasing
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Harmonic Radiation while lasing
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Harmonic Radiation while lasing
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Harmonic Radiation while lasing
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Harmonic Radiation while lasing
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Harmonic Radiation while lasing
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Harmonic Radiation while lasing
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High power THz with sub-picosecond pulses is produced
parasitically from electron beam
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Terahertz beamline transports visible to 5 mm
wavelengths to user lab in vacuum

FEL Vault Ceiling\ |

Electron beamline Synchrotron and edge

' / radiation light port

FEL Vault
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JFEL THz Beamline Calculated Optical Beam Patterns

60x60mm

Special thanks to
| | Oleg Chubar,
. Paul Dumas.
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JFEL THz as measured through our FTIR
spectrometer (through air so shows H,O lines)

Wavenumber (cm?)
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beam diagnOStiC JLab - FEL THz spectrum
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NASA/Jlab Nanotube Synthesis - Research to Production

> From Target to Product, 100% In-House

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?)

Mike Smith NASA LaRC

Experimental trends indicate improved gross and net yield with
soon-to-be-available shorter FEL wavelengths and higher power (no scale-up issues).
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The benefits of high power, tunability and short pulses
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The benefits of high power, tunability and short pulses

10 0

A bsorption coefficients 2305

[cm t]f

10

Hum an(F at

[nm]

Rox Anderson, Harvard Medical School - MGH

N /\ .h
Mb\ﬂ/kﬂ ) B VM

850 1000 1150 1300 1450 1600 1750 1900 2050 2200 2350

O Fr N W ~ O

Subcutaneous fat /
dermis

Wavelength,nm

Fat and Water have nice “colors” in the NIR
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Performance with Variable Gap PM Wiggler

Gain and Power vs. Wavelength, Variable Gap
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IR Demo measured bandwidth varied as a function of
optical cavity length
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UV Upgrade Performance

*Tunable pulse energy to

. Installation TBD

UV Upgrade Power and Gain

saturate electronic transitions 5 : : — : 7 500
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