LEGIBILITY NOTICE-'

A major purpose of the Techm-
cal Information Center is toc provide
the broadest dissemination possi-
ble of information contained In
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



LA-UR -87-4245 CONV oo ia
A-UR -97- :

JAN i

Los Atamos National Labcoratory is operated by the University of Caitorma lor the United States Department of Energy under contract W.7405-ENG-36

TITLE PROJECTED PERFORMANCE OF RF-LINAC-DRIVEN FREE-ELECTRON
LASERS IN THE VUV AND SOFT X-RAY REGIONS

LA-UR--87-4245

DE88 004294
AUTHOR,S) BRIAN E. NEWNAM

TMENT
OPTICAL SOCIETY OF AMERICA MEETINGS DEPAR ‘
SUBMITTED TO FOR THE First Topical Meeting on FREE-ELECTRON LASER APPLICATIONS

IN THE ULTRAVIOLET, March 2-5, 1988 at Cloudcroft, NM

DISCLAIMER Q

Uhis report was prepared as an account of work sponsored by an agency of the Umited States L,J
Government  Neither the Uinited States Giovernment nor any agency thereof, nor any of ther '*
employees. makes any warranty, express or implied. or axsumes any legal habihity or respuong

hility for the accuracy, completeness, or uselulness of any informution, appatatus, product, or U
process dinclosed, or represents that it use would not infringe privately oweed righty Reles )
cove herein to anc speaific commercmb produdt, provess. ot service Py trade nome. trademark,

manulacturer or otherwise does 20t necessanly « onstitute ormply s endorsement, recom ,q
mendation, or fuvoning by the Umited States Government or any agency thereol The views

and options of authors expressed heien do not necessattdy state of reflect those of the
Uintted States Gavernment or any agensy thereof

| T T L L T L N LTI PV R LT DO Y SN LYY R 17 agrres that the L1 S Government retams 4 nonexclusive royaity ram icanse to pobilan or reptoduc e

Vo b e e L IR TRF SOUE ey roto allaow others to o so by LES Giovernmen) poarposes

: Ay gAY Coealrator, rgaest hat the pabhsher dectily (s arto de an wark performed oder the guspioes of the (5 Dapartmaent ot ¢ neegy
"o "o B e f 3 i

| OS AENAOS Lesaamos NatonaiLaboratory

Hhem OESTHRIRHTHIN OF TS HRCHMTNY S e et


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Projected Performance of RF-Linac-Driven Free-Electron Lasers
in the VUV and Soft X-Ray Regions

Brian E. Newnam
Chamical and Laser Sciences Division, MS J564
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

For the past three years, a multidisciplinary team of Los Alamos scienrtists, supported
by the U.S. Department of Energy, has been developing the requisite technologies to extend
iree-electron laser (FEL) operation from infrared and visible wavelengths into the exi;eme-
ultraviolet below 100 nm using rf-linear accelerator technology. The goal is to establish an
XUV Free-Electron Laser User Facility, the nert-generation light source that will make
available to researchars optical power more than one-million times greater than provided by
synchrotron light sources. Pased primarily on a series of FEL oscillators driven by a single,
rf-linac, the Los Alamos facility is designed to generate broadly tunable, picosacond-pul.e,

cohergnt radiation spanning the soft x-1ay through the ultraviolet to the visible spectral
ranges from 1 nm to 400 nm.

An -linac is an alternative to a storage ring as the source of the very bright electron
beam (high peak current, lov; transverse emittance and energy spread) needed to enable FELs
to reach XUV waveiengths. Their use offers several potential advantages which inciude: 1) the
electrons pass through the FEL oniy once at 107 10 108 Hz without the constraints imposed by
beam sturage, 2) the linear geometry allows unrestrictad and variable undulator length, 3) a
number of FEL oscillalors can be driven in saries restricted only by the available laboratory
space, 4) the elactrons axiting the FELs can be used to generate neutrons, positrons, and
gamma rays for additional experiments in synchronism with the FEL pholons, and §) the linac

FELS can simulianaously produce beth high-peak and high-average output power.

The conceplual design of the multiple oscillator FEL facility, driven by a single
linac, I5 shown in Figury 1 and dasign specifics are givan in Table 1. The shorlast wavelangth

osclliaiors are ordered first in the sequence since they require the highest quality e'ectron



Table 1. Design Parameters for a Free-Electron Laser Facility for the

Uitraviolet to the Soft X-Ray Region

ELECTRON BEAM
* Enemy: 100 to 500 MeV, FEL oscillators
750 MeV to 1 GeV, FEL amplilier
* Peak Cument: 100 to 200 A
+ Normalized Emittance: 25% 10 40x mm-mr, for oscillators
(907% of electrons) <Ax mm-mw, for 16-m amplifier undulator
(Amplilied Spomtaneous Emission)
» Energy Spread: 0.1 10 0.2%, FWHM
UNDULATQRS:
+  Length: 8mfor 50nm, 12 m for 10 MM
»  Period: 1.6cm
*  Peak AxialiField: 75kG
» Undulator Parameter, K: 1.1, peak
KHESONATOR MIRRORS:
e End Mirrors: R 240%, Multitaceted meatal illms of Al,
Si, Ag, and Rh; aiso, CYD SIC for 260 nm
«  Beam- Expanding Hyperboloids: Au coating on SIC or Si
ONE ¢l LINEAR ACCELERATOR DRIVES
MULTIPLE, FEL OSCILLATORS IN SERIES
F OCUSING
QUADRUPOLE 10-14 nm 20-40 nm 75-1%0 nm
7 s
m HCTOR % 25
\% . \ elc 1n
| RALLALRE LY Q Ug q 100nm
Uiz} & n £/
[} b 4
500Mavre 1N &§ 0
| INEAR \ UNDUL ATOR \ \
ALCELERATOR 1 14 - 30 nm 40- 80 nm 100 200 am
]
1 16 mASE
\ PYVIRTETT
N LAMELIT I 1_}———-— 1 10am

¢ HOO MaV | GeV
(shor t maciopulse,
1 pas)

fiknre 1 Condiguration of the proposed | os Alamos UV/IXUV FEL facility (1 nm tc 400 nim)



beam; the gain at longer wavelengths is less affected by beam degradation. Even so, all of the
oscillators are designed to perturb the electron beam energy only very slightly, with the
energy extraction efficiency being less than 0.1%. Further beam degradation by wakefield
efiects in the beamline and magnetic undulator is minimized by proper design. The number of
oscillators may be increased arbitrarily, consistent with the amount of accumulated energy
spread and/or emittance degradation in the electron beam. A broad range ot wavelengths,
limited only by the high-reflectance bandwidth of the resonator mirrors, can be reached by
varying the electron energy. At a given setting of electron energy, the operating wa-alength of
the individual FEL oscillators may be tuned independently over a smaller range by adjusting
the undulator gap.

Since mirror reflectance drops rapiciy below 10 nm, a long, single-pass undulaior will
be used to produce coherent pulses between 1 nm and 10 nm by self-amplified spontaneous
emission. Alternatively, using the best mirrors available, a twx- or three-pass regenerative
amplifier may produce more power or allow use of a shortar undulater. (Even with 10%
reflectance mirrors, the soft x-ray beam fe’dback for the second pass should have more power
than the spontaneous emission produced in the first few meters of the long undulator.)

Recent exHyerimental progress at Los Alamos in two key areas provides optimicm that
operation in the XUV is feasible. These include development of high-reflectance metal-film
mirrors in a multifaceted configuration and a low-emittance, high-pcak current, electron-
linac injector. Prior to building a compliate facility, Los Alamos proposes a series of FEL
oscillator demonstrations at progressively shorter wavelengths, the first of which will be

from 50 to 100 nm. Additional accelerator structure will permit operation down to <10 nm.

Nume:ical simulations of FEL operation below 200 nm using the Los Alamos 3-0 FEL
Code "FELEX" predict that the peak- and average-power output of these oscillalors and
amnplitiers should surpass the capabilities of any existing, continuously tunable photon
sources by many orders of magnitude. Table 2 lists the FEL output radiation characteristics,
and compars -ns with sychrotron radiation sources are given in Table 3 and Figures 2 and 3.
With increasas in power of the order of 106 plus transform-limited bandwidth, a linac based
UY/XUV FEL user facllity should greatly enhance research capabilities at the frontiars »f a
number of scientific disciplines.



Table 2. Rad!ation Properties of the

Proposed Los Alamos RF-Linac-Driven UV/XUV FEL Facility

Micropulse Duration:

Micropulse Repstition Rate:

Macropulse Duration:

Facility Wavelength Span :

Spectral Bandwidth

Peak Power at sample:

Averaga Power at sample:

Photon Flux at sample:

Spectral Brightness:

Polarization
Temporal Coharence

Spatial Coherence

10 - 30 ps; possibly compressible to <1 ps
107 - 108 Hz

300-us, Rep. @ 30 Hz

1 nm to 400 nm, multi-oscillators
and amplified spontan. emission amplifier
1 cm-1 Fouriar-transtorm limit of 10-ps pulse
upto ~1% if sidebands are allowed to grow.
1 to210 MW, for 12 to 100 nm
10W, at 4 nm (3rd hixrmonic of 12 nm)
2200 kW, at 4 nm (ASE Amplifier)

1 to>10 W for oscillators
1021 - 1028 photons/10-ps pulse

1015 - 1020 photons/sec, avarage

21026 photons/10-ps pulse/(mm-mr)2/1cm-1BW
>1020 photons/sec/(mm-mr)2/1cm-1BW, aver.
Lir aar witk circular/elliptical cption

Lirnited by Fourier transform of micropulse

Near diffraction-limited focusability



Table 3.
Predicted Performance at 700 nm of an RF-Linac-Driven XUV

Free-Electron Laser Compared with Synchrotron Sources

SSRL ALS XUV
WIGGLER @ UNDULATOR b FELC.d
PHOTONS/Sec 1012 1013 1019
at SAMPLE
PEAK POWER 103w 102w >10+6 W
at SAMPLE
AVERAGE POWER 10-6 w 105w ST W
at SAMPLE
AVER. SPECTRAL 1012 1014 1020
BRIGHTNESS
at SAMPLE

(photons/sec/(mm-mr)2/BW)

@ Stanford Synchrotron Research Laboratory wiggler;
0.1 % spectral bindwidth after a monochromator with 1% efficiency assumed.

b Predicted performance of undulator D in the Advanced Light Source ring
beginning construction at Lawrence Berkeley Laboratory.
0.1% spectral bandwidth after £ monochroniator with 1% efficiency assumed.

C Single-pass, 180 MeV rf-linac F%L operated at 30 Hz with 300-mA average currant
during the 300-us macropulse, i.e. 1% duty factor.
Minimum spectral bandwidth is limited by the Founer transform of 10-ps micro-
pulses, i.9. -1 cm™1 (0.001% at 100 nm).
Wider bandwidth, with higher output power limitad by mirror distortion, is attain-
able by allowing controlled side-band growth.

d Multiply all above FEL figures by another 10X with 500-MeV linac sourcel
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Figure 2. Time-average spaectral brighiness (delivered on target) of FELs will far exceed
that of the most powerful storage-rings with insertion devices (undulators and wigglers)
such as that of the Advanced Light Source to be constructed at Lawrence Berkeley Laboratory.
(A monochromator elficiency of 1% was applled to the calculated insertion-devica oulput.)
Bosides the narrower spectral bandwidth, the FEL has an additional factor of 10* advantage in
To convert the time-average curves In Fig. 2 1o
peak brightness, the appropriate conversion factor for the FEL Is 168 (10 ps pulse every
100 ns during the 300 s macropulse .epeated at 30 Hz); that for the storage-iing

comparisons of paak spectral brightnass.

insertion devices I8 ~102,
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Figure 3. The time-average speclral flux (delivered on target) of FELs will far exceed that
from synchrotron sources. (A monochromztor efficiency of 1% was applied to the calculated
insertion-device output.) As in the case of spectral brightness shown in figure 2, the FEL
has an additional factor of 104 advantage in terms of paak spectral brightness. The appro-
priate multiplier to convert o paak flux values Is 108 for the FEL and ~ 102 for the storage-
ring insertion devices.



