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PROPOSED EXTENDED TUNING RANGE FOR THE LOS ALAMOS hll D-INFRARED
ADJUSTABLE, COHERENT LIGHT E.SPERlhlENT (MIRACLE) FACILITJ’

A, H. Lumpkin, D. W, Feldman, J. E. SoIlid,

R, W. Warren, W. E. Stein, B. E. Newrmm, J. C. Goldstein,
W. J. Johnson, and J. M. Watson

Los Alamos National Laboratory
Los Alamos, NM 87545

Abstract

The Los Alamos Free-Electron Laser (FEL) Facility has been in operation as

an oscillator in the 10pm wavelength regime since 1983. Operations from 10

IO 45#m have been recently demonstrated which would provide a new

applications capability: A &lid -lnfra~ed Adjustable coherent Light

~xperiment (MIRACLE) Fncili[y. We propose to extend this tunability from

3 10 160pm by upgrading [he injector, accelerator, and rmormtor cavily.

Potential applications in material science (high-temperature superconductors)

and biophysics (DNA spectroscopy) for this wavelength regime are briefly

addressed.

i. [N1”NOI)[J(’”I”ION

Ilroadbar,d wavelength tunability is one of the most attruc[ive features of a frw-

elwlron laser (l:lll.), Our efforts at l.os Ala, Ims have been conccntralvd on high powrr

operations at 10pm [ I ]. allhough tunnhilit y had beer demonstrated from 9 I,) 35pm

previously [2]. A projwtml extension of [his range from 3vm to loo~m” would providr n

nredd complcmrni [o the exist in~ 1:111, applications rcsearuh fm-ilit ies in [he I J,S. that

oprratr in Ihe visible, (Stanford S(’A), the few micron (StanforA Mark Ill). tind thr sub

millin:clrr rrginws ([lnivrrsity of (’tilif[}rnia al Santn lltirburti),

Rr~-rnlly, wr demonstrakd the tunnhility of our Mi!l Infl:lrr(i

I,ight I xlwrimrnt (M IRA(’I .1) I;tiuility xnd rxtrndr[l our l~prl:ltiflns

A(Ijust:]hlll, (“olIrIrIII

11) 4s/4111. M’(’ U$rll
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energy. Extraction of energy from [he electron beam

spectrometer as well as by the optical measurements.

was monitored on our electron

We propose to change the cavity window to allow longer wavelength transmission

(diamond is orw candidate), obtain a zinc or copper-doped Germanium detector for

extended wavelength coverage, and modify our lR spectrometer for operations at the longer

wavelengths. We would then tune to longer wavelengths and ultimately establish an oplicul

path up 10 the user laboratory.

Potential applications in material science and medical physics for this wavelength

regime will be addressed,

11. EXPERINIENTAL CONSIDERATIONS

A, Experimental Procedures and Results

The Los Aktmos TEL is an RF- Iinac-driven oscillator thut has been opera[eci

nomirmlly at about 10.6pm since 1983 [ I ]. The e-beam pulse structure (and hence thr

optical beam) consists of a 10()-Ms long macropulse with about 2000 micropulses of IO to

20-ps duration separa[ed by 46 ns. The nominal operating parameters are given in Tablr 1,

The present experimental beam line is shown in Fig, 1, The injector, two accelerator

sections, the 60” achromatic bend, the wiggler, and resorrator cavity are indicatrd.

Rrcrnt improvements in operation] cap~bility nrc described elsewhere in this

(’onfrrence [.3,4], In particular, the optical bandwidth of C.3% was at the transform limi[;

wavclrnglll chirping was achieved by a prcscritsed e-beam energy Glew within a macr(]l~ulsr:

sidelxlnd sr.rppressi(~n was d~monstratcd by both kngth de[uning tind I,ittrow grtting

techniques [5]; c(lp~er mirrors provided broadband tuning and a higher intriwuvity power

cup:lbilily than the 7.nSc mirrors allowrd; nnd the rxtr:~~.!inn cffi~. icncy r-ktcrmirwd from tlw

o~~tiu:~l OUIPU1 tifld r. hcum spectral effects agrtwwi,

With this str~)rlg foundtition” and nl(~liv:ltc(l hy the Ilolrllti;ll npplictilions drscrit)et! in

!iec[i~~n Ill, wr (ic~.iLlt*(l l{) lest the br(mdtmnd tuntibility ~~f the systcm again in April, l(~tili

[1~111~ 111(*[wt) ~.l)~~~~t~rn}illors for lh{~ uav~Iy, onr {if whi~-h Ij:itl Ihr 1-mm dirrm h{~lr l’~)1

c(lul~lln~ Ihe r:l(linliotl Illrflugh the 7.rl.Sr win{ll~w wc Iln(t the l“(llh~bvin~ rcsulls:

1) I .:lkin~ W:ls (jtwrvr(l t’rf~m 10 I() 45pn1 n%rvillrll~’etl IJV dcteuting thr

ftiIIti;iIIl(-rI[:Il, smv~n(! h;lrn~[lni~., 01 Ihil(i Ii;lr rnf~lli(- f)~~li~-nl t)ulpul nllfl/tJl

thr rlm.ll~~n lw:lm spm.li:it Cfl”rt.ls,
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2) We demonstrated transport of chal-ge through the wiggler at energies as

low as 5 MeV (corresponding to J - 150pm) by reducing the field in both

accelerators A and B and by using the second accelerator as a decelerator.

3) We observed a dramatic increase in detected optical power when the

fundamental wavelength was about 30#m. These features were consistent

wi[h lasing on the third harmonic ( 10pm where [he detectors and windows

are optimized), A more thorough investigation of [his aspect was

performed just after the Conference and the laser operated on the third

harmonic down to 3.4pm.

Limitations in this preliminary experiment included the liquid helium cooled, l{g-

doped germanium detector’s insensitivity to wavelengths longer than about 18pm, the ZnSc

~2Am, and vignetting of the large optical modes by thewindow transmission cutoff at --

structures of the resonator cavity (including the wiggler gap itself). Nevertl~cless, the

obtained broadband tuning over a factor of 4]/2 is notable as shown in Fig. 2. The solid

circles indicate a few of the actual wavelengths generated based on the FEL resonance

rela[ion and the e-beam energies measured in the electron spectrometer located after the

wiggler, In addi!ion, the figure shows the projected Iongcr wavelength operation one could

obtain with e-beam energies down to 5 McV. The curvature of the solid curve is due 10

the wavelength’s 1/72 depcmknce.

11, Proposed Modifications

WC envision srvcral modifications to the expcr mcnt that would dran~ati~-illly inli>ro$r

our r:lpabilitirs. “l”hc Phase 1 modifications arc mostly the dct~’ctors, windows, and wiggh’1
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2. YiIKIWS: The resonator window for coupling the radiation OUt to the

external de[ectors will be changed to diamond or 1 PX, both of which

should transmit to 100Vm.

3. Vimetl in~ The wiggler gap will be enlarged to accommodate the larger

modes of the longer wavelength radiation. Minor beamline changes will

be made where posrible. A set of simulations is on hand as described

btilow,

4. ~lirmww For wavelengths longer than 50-60um, we can use [he

nonisochronous 60” bend as a magnetic debuncher to lengthen the

micropulse temporal wid[h to 20-30 ps. Alternatively, we might reduce

[he wiggler’s lenRth.

(lrr efforts will be guided by FEI. numerical simulations. Tahlc II shows a summary

of Iong-wrivekngth calculations for the present facility. Cases involving nominal

wavelengths of IO, 50, 100 and 150~m were considered. The electron energy, the wiggler

half-gap, the peak wig~ler field parr,rmclel (Aw), the empty c~vi[y loss, and the smell sign:ll

gain are shown. “l”he actual wavelength v~luc for maximum small signal gain is in the first

column. The calcul~tions were performrd wilh a single pass simulation code, and it was

assumed tha[ the cavity was not a limit and that [he mirrors were larger than the rmxie size.

It wm foun(i that the vignetting 10SSCSdLIC [t) Ihc wiggler apcr[urr itself dvfinr the I(Ms(*s

whrn all other aperlu~cs arc removml. of the IWO possible stra[cgies of shortening thr

wigglrr or opening Ihc gap, the Ialtcr was choscrr as a first try.
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micropulse that drives the photocathode. LJ$e of larger mirrors (perhaps 30-cm diam) in lhc

resonaior cavity would require extensive, but straight forward, mechanical modifications to

the beamline.

111. POTENTIAL APPLICATIONS OF THE MIRACLE FACILITY

Although there are a number of potential applications for which FELs have been

considered, the wavelength regime from 3 to 160pm has its own special set. Space

lim~~ations preclude a full discussion, so one example each from materials science and

biophysics is ci[ed.

A. tligh-Temperature Superconductors (HTSC%)

It has been proposed and discussed separately at this conference [6], that an infrare~f

FE1. could be tuned across the energy gap of a lITSC sample for T<”TC, Reflection and

transmission measurements done as a function of irradiation wavelength and temperature

should determine the gap magnitude. l“he FEL’s monochromatic. coherent, and polar izatiorl

features should simplify the analysls procedures used so that a Iwo-angle reflection

measurement could -naractcl ize lhc coniplcx index. The FEL would be a unique probe in

this regard, I“his source also avoids the complications of broadband irradiation of the

samplr. only the Phase I modifications arc ncedrd for this exprrirncnt for a 1“, -IOOK

sample and assuming an energy gap of 11/1 k“l’c.

II. I.)N A Spectroscopy

A numtwl of \ il~rational modes have hccn ohscrvml or c:llculiltc(i for I}NA stru~sturc.

Some of these w(~uld hc acccssihlc depending on the l:lll,s rang(’, In p~tticular, thr rcgi[ln

from 200 10 I 00ocm ] ( 10 10 50pm) inclu(lrs part of !hc bi(]l[)giually signific:int rcgi(~n

dcs~’rihcd by Van /.:1111!1, I 7], Spcctrosuopy effects duc to tcmprr:lturc . snlinity of s[~lullon<,

binding or drugs, rlc. WOUh! hC SfLl(ilC(!, “I”hc micropulsc structure would bc uwfut in

determining Iilctimcs (If vil~rati(~nul m[xics with liImyc Ixlndwilllh, ‘1’hcsc sludics w~uhl

pr[}vi(lc tests 01” the ~~rcsrnt mi)(lclink t’:lprl~ility for these sysIriIIs.

Iv, S[lhlhl Alt\’ ANI) (“( IN(”I,I ISIONS
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facility would fill the existing wavelength gap among the operating FELs internationally.

Specific application to high-temperature superconductors and DNA spectroscopy are

envisioned. Successful experiments in either one of these proposed applications would

herald a significant, new research technique in that field.
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FIGURE CAPTIONS

Fig. 1. Schematic layout of the present Los Alamos Rf-lin~c-driven Free-Electron

Laser.

Fig.2. (lbserved and potential broadband tuning aspects of the Los Alamos FEL. Solld

circles show Iasing wavelengths demonstrated or inferred from harmonic

production. The triangles represent the results of FEL simulations assuming the

wiggler gap is the critical aperture.
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TABLE I

NOMINAL FEL PROPERTIES AT
10MICRONS

Bandwidth:A~/~

Micropulse Duration:

Pulse Separation

MacropuIse

Polarization

Focusability

Power (Peak)

Power (Ave.)

-o.39?io

10-15 ps

46ns

lo-loop
Linear (-100%)

Diffraction Limited

10M-w
lW

Basic Equation:

where

)qy= 2.73 cm

Y=42

A,V= 0.76

wiggler period

Lorentz factor

wiggler field parameter
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Optical
Wavelength

(#)‘m

103

51.4

102.7

153.9

TABLE II

Summary of long-wavelength calculations
for Los Alamos FEL Facility

Electron Wiggler
Energy (M* 1/2 Gap

(Mev) (cm)

21.5 0.44

(42.0)

9.4 0.5s
(17.9)

63 0.78

(12.o)

4.9 0.94
(9.7)

Peak Wiggler Empty
Field (aw) Cavity Loss**

(g) (%)

3000 3

(,76)

2329 21
(.59)

2387 21

(35)

949 22

(.24)

Small
Signal Gain

(%)

68

260

#

135

95

●

Tho current wu 100A, AT/-y= 1. S% mllcuss, en = 171 x mm-mr (W% ●mllt~ncc; c-in = 1/4 CW,n = 4~ H mrll-nlr),

ninglo wavafmnt cdculmtionc rmly (cw, no pulm ●ffacls).
● *

Tha wsnumod rdloctivlty of tho mirrom In ●11CMOS wu 97%; tho lams rcprasent the ●ffect of ●periurina by tlw wiggler

gap -- ● * ●partura of lhe 1/2 C-P mist u r~diu~ WM Usumad
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