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INERGDUCTELON
by
J.B. PENDRY,

Sulence Research Councll, Daresbury Laboratory, Daresbury,
warpington WA4 4an

Free electron lagers became reallby wlth the experiment by Madey!l}

In whick the 43 Nev Stanford Linac drove a 3.4 |m laser with a mean power
of 1 #. Thiz experiment opens up a vast range of possiblilitier for devel-
opimant, and applications. On the developmest side there is the pogsibllity
of extenslon ta bhlgheor powers. A reciroulstory device of some soxt weuld
be needed rafsing problemg of electron beam gtability under lasing cendl-
tions and requiring conelderable study. The potential powars from recdr~
celatory devites are huge. Recause 0f the large r.f. power that can he

injected into an electron beam, only a few § efficlency gives kllowatts of

power & the laser.

Hext there is the possibllity of operation in dlfferent wavelength
ranges, The most exciting and Gifficult prospect 1is a laser in the near
U.¥. Such a device would bo expensive and would almost certainly involwve
recirculatlon of the electron beam but would hold out revolutlonary
proapects for laser chemistry and physics. A less dramatic, but important
ontenaion ls to the far I.R. This is the course that Daresbury has taken.
Reguirements on the electron scurce are less demanding at longer
wavelengths and the avallability of an ideal eleciron gource in the former
NINA linac all pointed in this directlon. & Study Group has been
consldering the theory for some time and has produced the FELIXN proposal

fur a lmser on which Mike Poole will report,

Brielly gummarised FPELIX wlll operate as a tuneable seurce fn the
range 75150 pm with mean power 10 W and peak poway 187 w.  The bandwidth
will be = g.%% dictated by khe pulsed nature of the aource apd the radle
ation well coellimated with second order coherence properties typical of
stimulated emission. The radiation will be plane polarised and have a
precise tilme pbructure which can be uwsed as a clock on a nanogecond time
geale. A slmllar bt less powerful deviee 1s under development by Bell

Laboratories for use In galid state FPIR experimentes

The estimated vapltsal most of PELIX is of the order of £8.5M, a
figure which would be wvery much greater were it not for the availability
of the NINA injector. (A completely new Linear accelerator would rost

around LIM.}

e objectives of the PELIX proiect will be, filrstly ae a test bad
for free electron lassr theory which though highly developed is currently
lacking in experiment;l data. Secondly as a wource of FIR radlatlon for
experiments and 1t 1s with the latter appllcations that we are concerned
hera. Flgure 1 taken from Martin and Mizunol2} ghows the power and range
of tuneable FIR pources togethexr with PELIN'’s charactoristics. This makes

clear the radical nature of the proposed scurce.

He hope to collect wviews on the wsefulness of the device, to
atimylate discusalon and above all to set in motlion the development of
really radical experiments whish are not possible with present sources.
This meeting is the first step in an iterative procepn., We welcome
further comments for those who attended the maeting and from those to whom

the proceedings have been clrculsated.
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FIGURE CAPTION

¥lg. 1 ©Onkpul powers of bunesble sources thab can generabe ! s or sore

aonkinueusly in the sub-millimeire spechtrum.

c\
w f\\ FELIX
L N —
H
hY
t 41 ¥
*,
mv] .o~ ‘5\"}3{ \
100 HY
k] 4
S,% '
iy v i
by S;:; X
% 1 ,
t i ’
1 o 3 ’
t -7
! !
L
) T T T ¥ ]
GHz 400 ¥
Hili) Bum
1 & mm
Flg. 1



FPREE BLECTRON LASERS IH TIE FAR INFTA-RED
BY
#.W. POOLE,

Selence Research Council, Daresbury Laboratory, Daresbury,
Warrington Whd 4aD

In ths Ffour vears slinee operation of a free electren laser (FEL) amp-
1iflar was Firat demonstrated sxperimentally at 19.6 m by the Stanford
Untvorsity grnup(i’ interest In auch devices has Increased rapidly. Al-
though this team moon cperated thelr apparatus as a 3.4 tm oetllator{?) no
further experiments have since beon undertaken on this or any similarx
device. However a Naval Ressarch Laboratory/Columbia University collabor-
abtion oulminated in 1978 in successful opervatlon of a FEL at 460 il 33,
although employing & differsnt oparating regime making use of collective

plasma effacta.

A wide varisty of theorebligal FEL treatments has becomae avallable,
including Lechninues of quantun electronios, but it is now clear that the
FEL should be seen as an evelution from earlier classical microwave de-
vices such as the travelling wave tube, extending their output to shorter
wavelengbhe, Most of the basic beéhaviour of the Stanford device can in
fact be explained with a simple classical theory of single particle inter-
action betweon electron and electromagnetic wave. Howewsy xome of the
Sranford FEL charvacteristlca wers not predicted by gueh theory, in parti-
oular effects assoglated with propagation of radiation pulses, and more
compreahensive theories are also requlred to analyae advanced and complex
FPEL desighs that gan now be envisaged. B large litevature on FEL theory
now exlsts, allowing detalled prediction of antlcipated operating proper—
ties of FELs that might be built, but unfortunately these thecretical

davelopments have yet to be supported by & set of exwperimental data.

In order to contyibute to the development of the FEL a best bed ax-—
perlment has been propossd by a study group hased at the Daresbury
Iaboratory of the Sclence Research Council. This would be a flexible,
general purpose facillty not only supplylng dats able to be extrapoclated
to a wide variety of FEL designs, but also glving essential practical ex—

perience in the operation of these new radlatlon sources. The proposed

Free Electron lLaser inwestlgation Experiment {(PELIXITY) nas a chosen ocus-
put wavelangth specified to be tuneable Initially from 78-150 pm and
should provide pulnes with saturated peak power up to 18 MW, the mean
power then being several watte. I approved FELIX will also be s unigue
far infra-red source in ita output range, wlth very high powsr and tuna~
bility of coherent radiation, and could be utillsed for research, although
thia ia not ilts principal objective, In any event the FELIX parameters
are typical of thome of most likely future FELs dedicated to Far infra-ved
applications, aince the dealgna are dominated by available electron

sources,

FELIX employs conventional technology wherever posmible, and the per—
lodic magnet at its heart has a plane polarised fleld producing a sorreg-
ponding radiation property. 7The alectron beam is provided by a 50 Hev
linear accelerator once used ag injector to the synchrotron NINA that has
now been closed down, and this electron source must therefore be renovabed
and recommlssioned lncorporating modifications regquived for the FEL. Its
time structurs determines the correaponding pulee properties of FELIX,
inciuding the line width of the optical cavity, althoogh conventional
optical technigues can be aged to medify the properties of the multimode
escillator. Some 0Ff the more lmportant FELIX parameters ave swnmarised in

Table 1. '

with the original apparatus the FELIX tuning range can prohably be exbend-
ed to 50-200 ym if necessary. longer wavelengths reguire a new pariodie
maghet to avold excesaive diffraction losses in the confocal cavity, but
the electron source will set a limit of about 3006 jum, Reductlion of minji-
mum cutput wavelength will be severely limited by Lhe assoclabted redoction
in FEL gain, bubt a new magnet might allow operation down o about 20 )m,

to be confirmed by operating éxperience.

Far infra-red FELs are under development at a number of foreign laborators
ies, and three examples will illustrate this work. 5ell laboratorlies
(Murray HLILL} plan a device with oubput 150-400 W and power levels Come
parable with FELIX, haviang pulae structere sst by its mloroetyron electron
source alse similar to FELIX. &t the Santa Barbara Quantom Institote FELs
based on electyostatliec accelerators delivering duoo. electron beams are

being developed, making possible extremely high average output powers at



wavelengths of soveral hundred microns with very narrow linewidth.

Flnally both the Naval Research Laboratory and Columhia groups are contin-
ulng experiments on collective FELs at far infra-red and sub-millimetre
wavelengths to produce extremely high peak powers, although in short

{< 1 us) pulses with poor duty cycle.

In conclusion it seems clear that construction of free electron
lasers operatlng in the far infra-red at high power levels and continuous-
ly tunable over a wide range is feasible with existing technology and
knowledge of FEL theory. HNevertheless such devices will require extensive
axperimental studies before reliable research sources with optimum

properties can be established.
REFERENCES
1. L.R., Ellas et al, Phys. Rev. Lett. 36 {1976} 717.
2.  D.A.G. Deacon et al, Phys. Rev. Lett. 38 (1977) 892.

3. D0.B. McDermott et al, Phys. Rev. Lett. 41 (1970} 1368,

4. M.W. Poole, NDaresbury Lahoratory Preprint DL/SCI/P240n (to be

publisghed)
Table 1

Specified cutput range {inltial) 75-150 pm
Linewldth {unmodified} 0.5 %
Saturation power, peak 10 MW

mean 10 w
Repetition rate 25 Dz
Macro-pulse length 12 ps
Mlero-pulse length 60 ps

rulse traln separation (408 Mz) 2.5 ns



TUNABLE FAR INFRA-RED SPECTROSCOPY OF SEMICONDUCTORS
by
RaB&. STRADLING

Department of Physice, Unlversity of &t. Andrews, North Haugh,
8t. Andrews, Fife, SBeotland

Fay infra-red spectrogoopy ls being extensively employed to study a
vazlety of phenomena in gemlconductors including cyclobtron resonance of
free carriers, free and bound excltons, electron-hole droplets, impurity
states and the charged impurlty snalogues of the negatively charged hydro-
gen atom (D™ amnd g* ﬁtetea).‘ At present, Ffixed frequency coherent scurces
such 48 optlcally-pumped gas lasers or spectrometers based on black-body
gourcea ate belag vaed for such studies. At best free electron lasers
auch as FELIX would seem to offer only the prospéct of modest improvement
In signal-to-nolaee figures for conventlional spectrosoopy and thie advan-
tage ls unlikely to offset the high capital expeonses and the disadvantages
aageciated with operatlon at only a few centrsl locations. Cunseguently
cheaper and smaller ecale alterpatives such as sources utllising cyeclotron
emission from asemlconductors, whare powerz of the order of ¥ ¥W tuneakle
from 10 to 500 cm~! are avallable would seem preferable in scale and cost

for moat conventional spectroscopic applications.

However the combination of tunability, high power and the abllity to
gensrabe Sherxt pulses gives free vlectron sources the potential to open up
new flelds of study and the exploltation of such sources as they become
zvailable will be limited only by the ingenulty of the Individual axperi-
menter in extending the presently recognised range of experimests. One
can foveses for exapple that it would be possible by pumping individual
phonon combination bands bo genarate high concentxations of non-eguiiibrivm
phonong at particular frequenciese right out to the edge of the Brillouin
zone. 1t wounld then be poasible to modify such phenomena as the mauneto-
phonon effeck which depend on the detall of the electroa-phonon Inter-
action. It would alse be posslble to measure the phonon lifetimes and

their modification when ln resonance with electzonm.

Posalble applications can be divided lerto the Intermediate {~ 1 kW
peak powerd and ultra high power [~ 10 ¥W peak power} reglmes.

The tunability would allow the precise excitation and paturation of
mest free electron, impurity and excitonlc transitions even at falrly mod-
srate power levels - leading to such effecte as self-~induced transparen-
cy, the possibility of stimulated emission and 8 variety of aasoclated
non-linear optical effects. It would be possible te induce optically the
polarisation catastrophe (metal-insulator transition}. Weak @lectroaie or
local-phonon ahsorption reaulting from low concentrations of impurities
would be detectable by photosonductive or bolometric techalgues altheugh
background multlphonon absorption would wltimately limit the sensitivity
of dstection. At the very high levels capable of being generxated by the
free electron laser, annealing or crystallisstion of the lattice would be
pessible. locallsation of the anneallng effects could be produced by foc-
walag the radiatlon or by the spatial variation of the impurity or defect
concentrakion., Finally one should mention ia pasalng that photochemicoal
dissoclation of gelected moleculesm would be of conmsliderable interest as a
future proceszing technique for the semlconductor industry. Ia this appll-
cation the high power and tunabllity of free sleatron sources woald be of
great value slthough the Frequencies of interest are lnitially likely ko

e conglderably greater than these progesed for FELIX.

10
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APPLICATION OF FELIN TO STUDIES QF SEMICONDUCTCR INVERSION LAVERE
. by
M. PEPFER

Cavendish Laboratory, University of Cambridge,
Hadingley Road, Cambridge CBE OHE

It is probabie that such a facility as FELIX will inaugurate a now
generaklon of experimentation, which will allew a more vomprehensive

Investigation than has hitherto bean possible.

Some of the topics which have been iavestlgated ifnolude studies of
kraneltions between guantized spubbands, two dimensfonal plasmons, cyclo-
tron reapnance, and two dipensional fmpurity bound states. Experiments
are performed using & laser and adjveting the level separation and carrier
concenbration untll resonance ocmuks or by & spechrometer combined with
signal averaging techaigques. FELIX would considerably aimplify the ex-
perimental process and would greatly assist the ssparation of such phenom~

ena ag the competition betwsen correlablion and digsorder.

14
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LW PREQEIENCY VIBRETION IN RMORPROUS MATERIALS
by
Ir. WEALRE ta
University College, Balfield, Dublin 4, Elre

Vibrational spectroscopy has played an important part la supporting 2.
the random network model for covalent amorphous solidell). Infra-red
absorption, Raman ond inelastic neutyon geattering are falrly well under- kN
atood. Over most of the spectrum the esseantlal short-cange character of
the nmodes {"bending®, "estretching”, ete.) is similar to that of & correa—
ponding cryatal, as is the denslty of states, but there are no skrong

effects analogous Lo k-pelection.

Hawewvmr, the @9 llwit ls clearly s special one, since one axpects
the countisuum limit to be approached, much as 4in » cryatal, and in some
senoe the k-vector ls re-established as a guantwn number. This "pebye
regima” ham attracked the attention of experimentalists and theorists from
blme ko timae. Ik hap proved difficult for the former and ifnscrutable to
the latter. For IR absorption the facks are - '

‘, the absorption scales as w?

{1} Rt low frequencies, but abovs 0 om™
{Ll.ms 8u the Debyve density of states). It can be correlated with
the T tesm in the gpeclfic heat.

{2) Below 10 cm™! there ls some indicatlon of a #stronger (a¥y) depend-

ence, but there 18 also a gignificant temperature dependenge.

Mast theorebical models suggest an ™ dependence, but possibly only
up ko some critdeal fregquency. 1t mugt be gaid however that there ing ne
cenvincing underlying formalism for such models < they tend Lo have an ad
hoc character. zimant?) has commented on the lack of prograss on this

apparentiy simple problens.

in my oplnlon, the tidying-wp 0f the theoretical ploture is mere
vurgently required than more datal If we can wnderstand properly how to
marry the Debye regime to the more chaotle pleture at high fragquencies,
and the ponaibls relevance of tunnelling modes and/or RAnderson locall-

sation, then more and betker data would be rawarding.

13
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VXHBRATION AND ROTATION AT SURFACES
by
U.A. KING,

Departmont of IPX Chemlskry, Donnpn Laboratories,
Univeraity of Liverpool, Liverpcol L69 38%

The most obviows problem wonfronting IR gpectyogcopy at surfaces is
the very small number of molecules present. Even at monolayer covarage we
are dealiny wikth only ~ 10 o 1015 molecules, and this small number
taken togebher with the tiny dipole wmoments of many molecules places
severe Limltationsg on gengitivity. <Carbon monoxide 18 one of the few
moleopley with a respectable moment and a very high percentage of studies
rely on this molecule,

Other alternatives are avallable., Flectron energy loss spectroscopy
in particular has good sengitivity becauvse it interacts with oaly the
irsediate surface regions, but lg peverely limited in resolution (~ 5 meV)
and cannot ke used to study losses of much less bLhan 20 meV beceuse of
background problems. Atom svaktering hag recently been used with good
gengitivity but dg not yet a widely used or proven techaigue.  Raman
studios suffer from an even greater lack Ff sensitivity than IR stodies,
apart from certain freak sensizivities In particular metals wherse gisnt
Bamans resonances are seen, whicodl leaves YR s a flexible high rewolution

probe provided only that sn intense scuree is avallable.

wWhat experiuents conld 4 good IR souroe be used for? Intensity would
anable currently lavisible modes fo be geen. She O sbretoh freguency,
which 15 obviously gulte basgic o organic melecules, fannot be seen at
present and there are many ckher inestances ewven amongst eimple molecules.
One particularly lateresting area of application ie to the cbservacion of
low frequency modes. Much of the interest in surface chesistry lles Ia
the Interaction with the substrate, and Bubstrate modes ars tod low in
frequency to be saen with curyent technigues. The "goftening” of a
particular plhonon mode may bé the precursor to a bond breaking ox a change
in the melecular configuration, buw any significant softening takee Lhea

frequency below the range aceessible with current technelogy.

17

‘for the aurface atoms.

An example of mode softening may be found In the recvonstruotion of
the tungsten {801} surfage. &t higher temperatures this surface has the
symmetry expected from truncation ¢f a bulk tungsten orystal, but on
cooling reconstructs, a procesas driven by the need of the rather open
{0C1) surfsce of body centred cubie materials to £ind more near-nelghbours
Uhservation of a aoft phonon precursor wounld give

much more information abwout this system.

Another area not praesently experimentally accegglble ig the rotation~
al spectrum: the observation of molecular rotations for solecules such sa
pyridine about the axia of the hond to the surface may lead to afgnifleant
refinements in the determinatfon of bhond lengths and angles. High resolu-
tion vibratiénal gpectrogeopy of these larger molecules would alss lead to
the possibility of complete normal coordinate analysis. Changes in the
shapes of molecules on chemisorption ia an dmportant but unexplored

research area.

Finally, the brightness of the source and kta plcosecond puleso time
open up the possibility of real time spectroscople fnvestigations of
short-lived transients during kinetlc progesseas, such as adsorption,
desorption, dAiffusion and catalyals. BExcited atate "hok"™ molecule
adsorbed transients have been postulated ag ifmporbant intermediates In
these processes, but no experimental methods are svailable with gufficlent

sensitivity to ohserve them,

3:]



POSSIBLE APPLICATIONS UF A PAR INFRA-REN VREE ELFCTRON LASER TO THE
STUNY OF MOLECULAR SYSTEMS
by
J. YARROOD,
Chemistry Department, iniversibty of Durham, Durham City D1 3LE

Applicationse of a very high powered, tunable and pulsed far infra-red

soures might be anticipated ia three dhfferent areas.

{1} There are a wide range of chemical and biochemical systems which
would henefit from an improvement in {owl source Intensity. This
reglon is wall known{1+2) for the observation and characterisation of
co~operative, «Jdynamic processes arising in a wlde variety of compounds
ranging £rom simple polar liguids {3 o bxopolymeratﬁ). {Iln many
inskanceys dliution studies are eaﬂenklalla'“’ in order to attempt to
paparete the various contrilhuting phenomena.) There are alse a number
of patenhielly very interesting syutems where one would like to examine
a very weak spactrum against a highly abgorhing solvent or substrate.
haue trclude agqueous solﬁtions‘a’, surface adgorhed apecles(7'83 and
hydrogen bonded cempiexes{§3. In lotr of these cages it is virtuvally
impossible o obbaln reasonable spectra with corrently available
sourees. lncreased source istensiby would undoubtedly greatly improve

our undarstanding of such Bygtemsg.

£141

above have associated wikh them dynamic processes in the Hs and ns time

Finoe a wide variety of the kiad of ghemical systems mentioned

xaﬂge‘i”3, it is exkremely important to make uge of the time structure
of the pulsed sourca. Since this comprires micropulses of 60 ps width
and 2.8 ns separation, 1t follows that procenses with btime constants in
the 100 ps to 2.5 ns may be studled. Such a time mcale would he appro-
priate for cxample for the gstudy of {a) protein rotation in lipid bi-
layers (b} Lnternal rotatlons and conformational changes within the
protein molacule and (¢) 'Elexing' of the hydrocarbos chains in phos-
phelipid membranes. This particular part of the spectrom has the ad-
vantage thet one need not uselll) a flucrescent *taqg® chromophore.
Hore naturally occurring proteins may therefore be studied. There is

alse the possibdlivy of studylag considerably slowey processes since

%

1,

2.

3.

4.

macropulaes from a *FELIX' bype source would have a width of 4 us and a

separation of .94 5. This might allow, for example, the investigation
of the dynamics of protein denaturation and thet of phospholipid mole-

enle interchange at a membrane surface. {me problem with such measure~
menty 1% the need For developmentili) ¢ very fast {i.e. ps} detectors

operating ab 150 i wavelengths., It g folt, however, multipulse train
optival delay techniques such as those employed at visible fregquen—

cieal 13} might be employed to alleviate this problem.

fhiL}

ing new area of science could be opened up by the ptudy of non-linear

with such high powers avalilable 1t is clear that a whole excit—

phenomena dependinQIIS) on E2
Tha effects of

phanomena at long wavelengtha!*) (4 e,
and E? terms in the induced dipole moment expansion).
an external electric field on infra-red and far Llafra-red spectra have
been studied! 15:17) 5 gome extent. with a laser sourece such ms thaet
envisaged in the FELIX prolect oné would inevitably observe greatly en-
hanced 'effecta' (indeed, for a lob of molecular systems one would not
he able to tolerate powers of 10 MW incident on the samplel}. One such
eEfect is that of induced optical activity!!®) whick might be important
for the sbtedy of blological systems, It is doubtful whether the full
implivations of the uge of such high power levels have been recognised.
Such implications should be more fully investigated with help from

wxperts in this area.
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SOME POSSIBLE USES OF A FREE-ELECTRON LASER IN TIE SPECTROSUOPY
OF GABES AND VAPQURS
by
&.%. CHANTRY,
National Physical ILaboratory, Teddington, Middlesex

The proposed free-electron laser (¥EL), godenamed FELIX, for the
paresbury site will, initiaily at least, provide pulsed radiation fully
tunahle hetween 75 and 150 wm, with the possibility of extending this
range down to 50 ym. The peak power wlll be high {(tens of Megawatis}, but
the spectral purity will not be partigularly good, initialiy .18
{~ 0.2 cm“t}, with posslbly an evenbtual improvement to 0.071% {~ 0.02 e by,
Fha accumzlabet expertise and the avallahility of speclalised hardware at
bareshury will hopefully make the constyucilon of the lasar cheap, bub
there will finevitably be unexpected costs and in addition there will be
all the costs of malntenance and support. It 1s unilkely that the faclill-
ty will ever be offered cheaply ~ if full economic costing in adopted - so
the gquestlons to he asked are: {a) whebher bthis laser will do bhings for
the spectroscopist that he cannot get done any other way, and (b) bow do

the costs nf alternative systems compare?

Gas~-phase spectroscopists seek always ko improve thelr sensitivity
and thelr resciution. To a certain extent these two guantites are related,
singe the more gas one has, the higher ls the pressure and the greater the
pressure broadening. Typlcally this latter ls about 10 Miz/torr, so at
the pressures uwsed, say a few torr, one wiil have a line-width of about
0. 002 om=1, toppler hroadening depends on the molecular masg and on the
Exequency, but in the 40~78 pm reglon 1f will Bypically be abouk
0.861 aw~ !, One sres therefore that in conventional spectrogcapy, resclu-
tlon greater thas nhout 38,002 ca ! ia snndoessary, because the lines under
lavestligation will be broader tham that. Fouriler tvansform instruments of
the present gensevation will do 0. 1-0¢.07 cm'i, and the newly-announced
BOMEM instrument will do 9.001 cm™!. on the coherent side of the house
there are submillimetre carcinctrons, of the kind operated by Krupnov,
which have gurrentiy been operated as high as 33 em—! {300 pm), and there
are several kinds of tunable laser system which are avallable in several

dlfferent reglong nf the infzra-red. 'To be falr to FELIX, all these rival
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gystems are wary coskly and if SRC were Yo invest in a BOMEM, say, it
would probably site it in a user-—ventre, but nevertheless one canneh ges
FELIX competing in the field of stralghtforward gas spectroscopy. 7The
most exciting brand of non-stralightforward apectroscopy is provided by
Lamb-dip or saturatlon spectroscopy, in which it ls posible to resclve
features lying within the Doppler llne~width. 'The power of FELIX is
attractive here, but since the Doppler line-width is so emall in compari-
gon with the laser llne-width it im dificult to see many cases where it
could usefully be applied. The construction of a FEL would nob be jusbi-
fied, therefore, for the purposes of what we might call conventlonal gas-

phage spechtloscOpy.

There are, howaver, several non-conventional cases where a powerful
tunable source would be very welcomer these would include these where the
trangition ig inherently weak and/or where the concentration of absorbera
ig very gmall. tme ham
a} Spectroseopy of non-polar molecules much ag CHy, Sillg, CPy. SiFy,
CaHg, etc., These can absorb in the pore-rotational mode by virtue of
nigher electric moments, or slse by virtne of centrifugal dalstortion or

Coriclis intersction cffects.

b) Bpectroseopy of Lree-radicals and reactlon intermedlates -~ here one
needs enormous path lengths, becavse the congentrations are o low, and
since this means multiple reflections one needs lots of inltial power
to have encugh left to measure at the end. The pulsed natuze of the
FELIX radiation gould be very advantagecus here, since the xadicale or
intermediates couid be produced by flash-photolysis and the probing

laser pulses could be synchronised with the productlon flashes.

©} ‘Pwo-photon, or optical-optical doubie remonance, spectroscapy.
This needs a very powerful laser to take the molecule up to a virtual
state from which it can absorb another, usually a microwave, photon.
Most of the work so far has been done with the powerful O, laser or
ity fsotepis and isoelectronie counterparte. These give out between
them sn enoxmous nwsber of lines in a region where many molecules bave
rich shsorption gpectra. The information gleaned so far has heen moat

fascinating: thos virtually everything we know about molecular colli-
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giong has come from thems studies, and it la reasonable to lmagine that
stil)l more would be revealed if thils kind of gpectroscopy uould be

entendnd inte orher spectral Treglons.

4} Selective photochemistry: thla has ahown enormous potential for
carrying out highly localised chemical changes in molecules and, even
more Intringulngly, for selectively digscciating isotople apecies. The
great puzzle st the momeunt is "how does it work?™, mince anharmonicity
would he enpected to lead to an initdally resomant transition going out
of resonance as li geis progressively sore and more excited. The OOy
lagor at 0 pm haa been widely used for this purpose and the remarkable
fact seems to be that & molecule is capable of ptepwise absorption of
up ¢ Fforty i0-Hm photona befors finally dissocinting. The FEL could
be used in two ways: firatly either alone ~ or more likely ap & partner
ke another laser - as a primary driver and s¢condly as a diagmostic
tocl for Investigating what la going on in this most remarkable

procesa.

In addition vo these more or less established fields, there are
several veyry new areas where the power and tusablility of a FEL could be
very useful. Thus atmosgpheric sbtudies "in the £leld" have been bedevilled
by the lack of powerful enough tunahle scurces. Pollution measurements
hava also been hampered by the lack of tunable laser gources beyond 30 pm.
Alse the probing of the highly degencrate “gas™ which ds a thersonuclear
plasma neads powey - as such of it as you can gets The FEL might be
sttractlve for Thomgon scatbering measurements on & new generation of
machines guch az JET, but there would ¢learly be a logigkic problem here
sinee the laser would have o be, in some degree at least, portable.
Finally one can think of even more speculative areas. Burning "holes"
through atmespheric abgorption so that a subseguent probke beam can page
through, is one sugh. This eglearly has miiitary pospiblilivies and iv iy
aot pure accldeat that the FEGL development programmes in the USA and the
UsER are firmly under military control.
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DISCUSEION
1. COHERENCE

bBr, Chantry {¥PL) asked what was meant by "gohsrence™ in the context of
thig meeting. $Ypectroscoplats usually meant the coherence lLength, eguiva-

lent to Lhe inverse linewidih, whersas Dr. Pendry {(Darveshury) uged coher-

ence for the mumber of photons in A given fevel. Would this latter type

of coherence, the multiple boson ogcupancy with FELIX, be useful?

Pr. Pidgeon (Herict-Wattl said that his group had ILooXked ab thls type of

coherence in three-level molecualar aystems, with Faman-type effects which
could not be predicted by rete-equatlon bhoory. i@ agreoed with €w. Pendry
that the moltiple bason oncupancy (haracteristie would be uselul in

stadies of multiphoton processeg.

2a PULSE STRUCTURE

¥

Hr« Poole {Uareshury}! decribed the pulse structure to be expected from

FEL1X, which would reflect that of the eleckron beam source. A macropulse
of alectrons would he available at intervais of 40 ms, albhough some ad-
juakment of this perind would be possibley cleariy 1t would ast be fean-
ihle to sbore the vadiatlon over gsuch a long period, so that FELIN would

inevitably be a pulsed source.

Within sach macropulse of several microseconsds would be a train of
electyren bunches dwe to the radic frequency aguelerating system, separa~
ted hy ~ 2.5 ns {figyre 1). he bunch length would be in the rasge 15~168
pe and would he warlable, bub a nominal &0 ps had been assumed in the
FELIX proposnsl. Increasing the buneh langth would reduce the peak elec-
tron current, leading to a lower FEL gain. The minimum acceptalile bunch
langth wap aet by the basic operation of the FEL and would be an jmportant

topic of Investigation on FEL1X, bub was likely to be ab Leant 20 ps.

Az each electron bunch tyaversed the interaction reglom it would
generate a corresponding mlorepulse of amplified radiatlon and this would
he reflected by the cavity mirrors. ®With the mirvor separatlon a myltiple

of that boetween successive mlcropulses repeated amplificatlon of a smaill
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pulse trais within the zavity would be achieved. Radlstion would emerge
from this cavity over much of the macropulse {> T pg) unlosgs rapid mirror
gwltciilng ¢oald be achleved. The spasce between micropulses might be

variable but this would wot be sasy.

Dr. Chantry {NPL] polnted out that the width of one mlcropulse would lead
tn a linewidth ~ 0.5 cm™?. Could the resoclution ba improved over this?
Mr. Poole rapliled that gtandard laser technigues might be used o wodify
the linewldth of what was a multimode laser, particularly if gome gain
could be gacrificed. . Pendry (Davesbury} thought that further mono=
chromptlsation would certainly be necessary for some applicetions, as thip
wag an inhexently broad source. Dr. Chantry commented that the lony time-
gap between micropulses could not be smoothed out by available moncochroma—
tors, but extra pulses would be inserted by maliiple reflection/Fabry-

Perot technigues.
3. USIKG THE PULSE STRUCTURE

v, Pidgeon [Herlot-Wati} thought that one should elbher mwitch out one

pulse and iook at effects on a time-grale shorter than 60 pg, or look at
effects on a much longer time-srale than 2.5 ns {(the time between micro-

pulzey) +

1t was suggested by Dr. Laind (Keele} that the mloropulses could be
stocked to bulld up very larye electric flelds, to ilovestigate dynamic

Stark effects and phokodlgeociations . Micholas {Oxford} pointed out

that the pulse structure could be used for completely new types of experi-
ments, for example uvsing ! pulse Lo excite & gertaln mumber of electrons
into & gemiconductor conduction band, and then using a second pulse Lo

monitor decay procegges.
4. OTHER POINTS
After a comparison of FELIX with the SRS, several people remarked

fowaver Dr. Chantry
{RPL} polnted out the characteristice of the two scurces were really very

that they would fisd the SRS a useful source of I.R.

tlffarant.
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FELIX source would be useful ~ Dr. Chantry considered that Lt was a useful

feature.

PIGURE CAPTION

Flg. 1 ‘Temporal characteristics of radiation pulses from FBELIX, The
flat-top assumes saturation 1 achleved during the latter part of

the macropulse.
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