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PeHTreHoBckHe masepel Ha CBOGONHBIX 3IEKTPOHAX (JIC3) - 10 nmaseps, HCTIONB3YIOLIHE
BRIHY:KIACHHOC OHAynATOpHOE H3ny4denune. [Tpoextsr Takux JICD paspabaresatores 8 SLAC (CHIA)
DESY (Tepmamms). Ou nmasepsi - mpocTo oueHs jIHHHBIE OHAYJATOPLI C 3EKTPOHHBIM MYy4YKOM,
umeromuM suepruto 10 - 20 I'sB, BryTpH HuX,

DNEKTPOHHBIN MYHOK, MPONETAOLIHI 4epes JUTHHHBIH OHAYIATOP, HEYCTOMYAR 110 OTHOLICHHIO
K HEPHONHYECKOH TIPYNIHPOBKE HA YACTOTE OCHOBHOM TApMOHHKH CMOHTAHHOIO OHY/ISTOPHOIO
msnyyenus. [looromy mavansasie Gnykryanns mwiorHOCTH EKTPOHOB 3KCIOHCHIMAIBHO HAPACTAIOT
BAOML OHXYIATOPA, M HA HEKOTOPOM PACCTOSHHH OT BXOAA OHAYIATOPA SMEKTPOHHBIA Ty40K
OKA3LIBACTCA TOYTH MONHOCTBIO CrpYNIHPOBAHHEIM. COOTBETCTBEHHO, BCTEACTBHE IPYNIHPOBKA
MOIIHOCTE H3TyCHHA 3HAYATENBHO pacTeT. Takum ofpasoM, MOXKHO CKA3aTh, YTO OYCHD JANUHHBINA
OHAYIATOP HY>KCH IS NOJY4EHHSA TIEPHOAMYECKH CTPYIITHPOBAHHOIO 3/IEKTPOHHOTO Iy4Ka, KOTOPHIA
HCIIONB3YETCs AT FEHCPALIME KOT€PEHTHOrO H3MYYEHHUS B IIOCIEAHEH YacTH OHJIyATOpA.

JaMeuaTenbHEIMA  CBOHCTBAMH H3Ny4eHHd peHTreHoBckoro JICD  gensrorcs  manas
AmaTensHOCTh Hmityiibea (0,3 mc), seicokas nmukosas momsocTs (10 I'Br), y3kas nonoca (menee 107)
H TIO/THA TONEPEHAs KOTre¢PEeHTHOCTS (MONEPeyHas OAHOMOIOBOCTS).

Mmeetca apa trma npoGrem, pelneHHe KOTOPHIX HEOOXOAMMO MUTA CO3JAHHA PEHTIEHOBCKOro
JICS. Ilepeniii - 210 BEICOKHE TPEGOBAHMA, NPEABABIICMBIE K NapaMeTpaM 3IeKTPOHHOIO ITydKa.
OMHTTAHC HE DOIDKEH CYNIECTBEHHO NPEBBIATE ATHHY BOMHBI, AcneHHyio Ha 4m (107 §). Kpome
TOrO, OKCNIATC/BHEI MHMKOBEIH TOK TIOPAAKA HOCKONMBKAX KHIOAMIED H  OTHOCHTEbHEIN
3HEpreTU4eckui pasdpoc mopsaka 107 Bropoii - sxectkme monyckm Ha NapaMeTPEl MArHUTHOM
cacrembl JICD, Brmrowas owmbku mnons OHIYIATOPOB M OMMOKH BBICTABKH OHAYNSTOPOB H
KBaApynonbHeIX nnH3. TpeGosamms ofeux rpymm NPEBBIUAIOT JOCTHTHYTHIA CEHYAC YPOBEHB,
OJHAKO, BEAYTCs pabOThl, HANPABJICHHBIE HA UX BHITIONHEHHE,

Huxonait Anexcanaposuy Bunokypos vinokurov@inp.nsk.su

X-RAY FEL: PROBLEMS AND STATUS
N.A. Vinokurov
Budlker Institute of Nuclear Physics, 630090 Novosibirsk, Russia

X-ray free electron lasers (FELs) are the lasers based on the stimulated undulator radiation. The
projects of such lasers are under development at SLAC (USA) and DESY (Germany). These FELSs are
just very long (150 - 250 m) undulators with 10 - 20 GeV electron beam inside.

An electron beam, propagating through a long undulator is unstable with respect to the periodic
bunching at the frequency of the fundamental harmonics of spontaneous undulator radiation.
Therefore the initial fluctuations of electron density grow exponentially along the undulator, and at
some distance from the undulator entrance the electron beam is bunched almost fully.
Correspondingly, the radiation power is enhanced significantly due to the beam bunching, Thus, one
can say, that we need very long undulator to obtain the periodically bunched electron beam, and we
use the last one to generate the coherent undulator radiation at the last part of the undulator.

The remarkable features of the X-ray FEL radiation are the short pulse duration (0.3 ps), high peak
power (10 GW), narrow bandwidth (less than 10?) and full transverse coherence (single transverse
mode).

There are two kinds of problems to be solved for creation of an X-ray FEL. First is the hard
requirements for the electron beam parameters. Emittance have not to exceed the wavelength divided
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to 47 (10" m) significantly. Also, the several-kiloampere peak current and 10" relative energy spread
are desirable. Second is the tight tolerances for the parameters of the FEL magnetic system, including
the undulator field errors, and alignment of undulators and focusing quadrupoles. Both groups of
requirements are beyond a contemporary state of art, but extensive developments are being performed
to meet them.

Nikolai Vinikurov vinokurov@jinp.nsk.su
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TMonsomacTaGEblii  TIPOEKT MOIHOTO nasepa Ha cBobojHeix onekrponax (JICD) ana
Cmbupckoro  UeHTpa  (OTOXMMHMYECKHX  MCCIHCIOBAHMM  NPEAYCMATPUBAET  MOCTPOHKY
BocsMAoGoporaOro 100-MaB yekopurens-pexyneparopa (YP) [1], [2], Puc. 1. B atom cayyae JICI
Byaer obecreunBaTh CIEAYIONHE TIAPAMETPEL:

JImaHA BOMHBI H3TYHEHHA, MKM 3...10

JlmuTensHOCTE MMITYIIbCA, IIC 10...100

Ouepras B ummynsce, [k no |.5-10*

Yacrora nosroperns, MI'n 2.25..42.5

Cpeansst MOIHOCTB, KBT mo | 10

OTHOCHTE/bHAS IMPHHA CIEKTPA H3NyIEHHS 3.10°...10°

8
2
X
]

1 3 4 6 3 5 9

Puc. 1. Cxema nasepa Ha CBOGOMHBIX 3JEKTPOHAX HA OCHOBE YCKOpPHTENA-pekymeparopa. 1 -
3JIEKTPOHHAS MyLIKa, 2 - MOBOPOTHEIE MarHUTH, 3 - BY-pesonatopsl, 4 - BNyCKHEIC MarHHTHI, 5 -
BHITMYCKHBIE MATHHTHL, 6 W 7 - KBaAPYIOIbHbIC NTHH3B Ha OOWEH M pasgenbHBIX AOPOKKAX, 8 -
marapTHas cucrema JIC3, 9 - mornotuTens oTpaboTaHHOrO 37EKTPOHHOIO MyYKa.
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Mawnna npeamassadena Aai  QyHIAMEHTANBHBIX M OPHKIANHBIX  HCCIGIOBAHHH W

TEXHOIOIHYECKHX IPUMCHEHHH,
¢ Quspka:
* NOMYNPOBOAHHKH - NPUMECHBIC YPOBHH, BO3OYKACHHE, PeKOMOHHAIMOHHAS THHAMAKA,
® CBEPXIPOBOJUMOCTE - IPHMECH;
® ONTHYECKHE OTPAXKAIOMIAE HOBEPXHOCTH H MOHOMONEKYISAPHEIE CIOH,
* (hH3HKA IOBEPXHOCTH,
* riepeJada SHEPTHH HA HCKYCCTBEHHBIE CITyTHHUKH.
¢ Crnekrpockonus:
® MONEKY/ISPHBIE BPAIATEIBHBIC H KONEOATEbHEIC MEPEX O/,
® MAarHOCTHKA 30HBI TOPEHHS,
* nHAap;
» xkamubposka aerekropos UK - uanyuenus.
¢ XuMmus:
® CCNIEKTHBHBIE PEAKIAH H PA3JeICHHE H30TOMNOB;,
* JMHAMHKA BO3OYXKACHHI MOIEKYT,
® JIa3ePHBIH KaTaM3,
* MOAMGHKALHS IOBEPXHOCTH HOTUMEPOB.
¢ Meaununa:
® MHUKPOXHPYPrus,
* (ororepamus;
* (hoToaMHAMHYECKOE paspyLICHHE OMYXOIeH.

Iockonbky cosganme nomHOMacTabHOM MamMHBL TpebyeT 3HAYMTCIBHOIO BPEMEHH H
pecypcos, OBIIO NPHEATO pemieHHe pasbuTh NMPOEKT Ha ABa dTana. Ilepsas ouepexr MamHHET
Bkmouaer B ceba YP ¢ momHomacurraGuoii BU-cmcreMoii H TOMBKO OZHHM ofoporoM myuxka.
Baxreiimme napamerps VP nepBoii ouepeau TakoBsI:

JHEPrusa MEKEKIHH M aKcTpakimu, MaB 2 (momHas)
MaxkcuManbHaA SHEprus 3jieKTpoHos, MaB 14
Cpennuii Tok myqka, MA mo | 50
Yacrora BY-nuranus, MI g 181
JUTATEABHOCTD CIYCTKOB B MYHKE, 1IC 20...100
ITuxoBsri TOK, A Jo | 50

Ha emuncreennyio obparayio mopoxky VP 6yaer ycramosnen JICD CYOMHIITHMETPOBOTO
ananasosa. JICD cocromt u3 aByx ommynaTopos, TPYNIHPOBATENA, ONTHYECKOIO PE30HATOpA ¢
ABYMs 3cpKalaMH W ycTpoictsa BeiBoja mamydenus (Puc. 2). O6a omaymsTopa - OJHHAKOBBIE,
TIOCKHE SNEKTPOMArHHTHBIC, AMHHOH 4 M KaxabiH, ¢ meprogom 120 mm, 3azopom 80 mm 1 K g0 0.8,
Mosker OpITh HCTIONB30BAH OAMH H3 OHAYIATOPOB MM 06a BMECTE, B TOCIEAHEM CIydae MOXKET GBITS
BKIIOYCH MM OTKMIOUCH rpyrmuposarens. O6a sepkana - OXMHAKOBBIC, C(EPHUYECKHE, MEIHHIE,
OXJMaXKJaeMbic BOZOH. B BrIBOZC H3MyHeHHs HCIONB30BAHBI [BA WIH HETHIPE IOCKAX MEIHBIX
sepkana. 3epkana OTKIOHAIOT 9YacTh H3IyHeHHS C nepudepun peoHaTopHOH Moxsl. Takas cxema
TNIOAAB/AET TEHEPALMIO BBICHIHX MOA. ['pynmaposatens mnpeacraBiser coboil 31eKTPOMArHHTHBIH
TPEXIIOIFOCHEIH BHTTIIEP.

Beisop JC3

Sepmo HAJTYHeHHHA

Oupynsrop Oupyaarop Beprano

Huacexmop BY-pesonaropsi

Mornorureas
IToBopoTHBIE MATHHTLI Ve Kopumens-pexynepamop -

Puc. 2.. Cxema 14-M>3B yckopurens-pexyneparopa u cybmamtamerposoro JICD.
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Ocuosasie mapametpsl JICD mMoryT GeITh OLEHEHB! KaK

JliaHa BOMHBI H3TYH4EHHA, MKM 100...200
JUTATENEHOCTE HMIYIIBCA, TIC 20...100
WmnynecHas MoiHOCTE, MBT ) (8
Cpeanss MmomuoCcTs, KBT 0.6..7

Taxum obpasom, no 3asepuieHHy NEpBOH ovepean npoekTa Oyaer momyden paboratoumii JICD.
Kpome Toro, mossuTCs yHMKATBHBIH TONHTOH AN OTPAGOTKH TEXHONOrHH peKyNepanyy >HEPrHH
nyuka u Hactpoiike JICD. Hakonen, Tak kak JaHHAS MALIWHA SBISETCS YHHKANBHBIM MCTOYHHKOM
H3Ty4eHHA ¢ OONBITAM HETMPEPHIBHEIM JHANA30HOM MEPECTPONKH M BHICOKOH CPEHEN MOLIHOCTHIO,
MMEIOTCA IIHMPOKHE BO3MOKHOCTH NpPHMEHEHHA CyOMummamerposoro JICD B npHkmamHeix
(byHAaMEHTAIBHBIX HCCIICAOBAHMAIX
¢ UK coexrpockomus:

® BHYTPHMOJEKY/IAPHEIC BPAIATeMbHO-KONeOATENEHEIE CTENEHH CBODOIBI;

® BOJIOPOAHBIC CBA3H M CHCTEMBI C IIEpPEAadcii 3apsaa,;

® HEOPraHHYECKHE KOMIUICKCH,

® METANOPraHWYECKHE COCAHHEHHU,

® CHNEKTPOCKONHS KPHCTAIUIMYECKHX PELIETOK.

¢ OlTP-criextpockonus

® HCKOTOPBLIC CIIMHOBLIE CHCTEMBI, HE HCCICAyeMbIC Ha Goee HH3KHMX YacTOTAX, HAIPUMED,
S =1, 2, 3... (Ni (I) 8 xaram3aropax, Fe (I) 8 nporeunax) umm S = 3/2, 5/2, 7/2... ¢
BonpuraM pacwervieHueM 8 HynesoM none (Co (10));

® CHCTEMBI C ManoH g-aHW30TPONHEH, Tak 4To TPeOyIOTCA BECEMA BHICOKHE TONS JUIA
pa3pemeHns CrieKTpa,

e ofpasuel, JOCTYNHBIC JHIDb B OWYEHb MAJBIX KONHMYECTBAX, Tak dYTO Tpebyercs
SKCTPEMAJIBHO BBICOKAS UYBCTBHTEIIBHOCT ANNAPATYPHL,

* OHMOMECAMUMHCKHME IPETIapaThi ¢ MAajod MONAPHOH KOHLEHTPAUMEH MCCIEAYEMOro
BELIECTBA.

B macrosmee BpeMs NOJHOCTBIO TPOBEACHA PEKOHCTPYKUHMS 3JaHHA, TAC pa3MelIaeTCs
MawmHa, ukekrop YP 3amymen, ornaxen u Haxomutcs B pabouem coctosmmu; BY-cmcrema VP
Omaska k s3apepmenmio; Gonmee MoNOBHMHE BY-pe3oHaTopoB TOTOBH K NPHMEHEHHIO, OCTAJIBHBIE
HAXOJATCA B NPOH3BOACTBE, 3akaH4ymBaeTca MoHTaxk B'l-remepaTopoB, 3amymieHsl B MPOH3BOACTBO
BOJIHOBOZAHBIE y3nbl cAcTeMbl BU-nuranns m amoanoro mmramms BY-resepatopos; Bce ocranbHbie
cuctemsl JICO m VP rakoke Haxozarcs B npomssoacTse. MTak, cocTosHEe AENm MO3BONSET HANEATHCA
Ha MyCK BCEH YCTAHOBKH B TEUEHHE roja.
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STATUS OF THE FREE ELECTRON LASER FOR THE SIBERIAN CENTRE FOR
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The full-scale project of high-power free clectron laser (FEL) for the Siberian Centre for
Photochemical Research incorporates an eight-turns 100-MeV accelerator-recuperator (AR) [1],
[2], Fig. 1. In this case the FEL will provide the following parameters:

Wavelength of emitted radiation, pm 3..10
Pulse duration, ps 10...100
Pulse energy, J upto | 5.10*
Repetition rate, MHz 2.25..22.3
Average power, kW up to | 10
Relative bandwidth of emission spectrum 3.10°...10°
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Fig. 1. Schematic drawing of the free electron laser driven by an accelerator-recuperator. 1 - electron
gun, 2 - bending magnets, 3 - RF-cavities, 4 - injection magnets, 5 - extraction magnets, 6 and 7 -
quadrupole lenses on the common and separate tracks, 8 - magnet system of the FEL, 9 - beam dump.

The machine is intended for basic and applied research and mdustrial purposes:

¢ Physics:

o semiconductors - admixture levels, excitation, dynamics of recombination;

* superconductivity - conductivity zones, admixtures;

e optical reflecting surfaces and monomolecular layers;

» physics of surface;

» energy transfer to artificial satellites.
¢ Spectroscopy:

e rotational and vibrational transitions in molecules;

* diagnostics of combustion zone;

e lidar >
e calibration of IR-sensors.
¢ Chemistry:

o selective reactions and isotope separation,
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e

o dynamics of molecular excitation,

o laser catalysis;

e modification of surfaces of polymers.
¢ Medicine:

® microsurgery;

e phototherapy;

e photodynamic destruction of tumours.

As building up the full-scale machine takes a long time and much resources, it is reasonably to

divide the project into two stages. The first-stage machine includes the AR with the full-scale RF-
system and only one turn of electron beam. Most important parameters of the first-stage AR are:

Energy of injection and extraction, MeV 2 (full)
Maximum electron energy, MeV 14
Average beam current, mA up to | 50
Accelerating RF-frequency, MHz 181
Bunch duration, ps 20...100
Peak current, A up to | 50

A submillimeter-wave FEL will be installed on the single backward track of the AR. The FEL
consists of two undulators, a buncher, two mirrors of optical resonator, and an outcoupler (see Fig. 2).
Both undulators are identical. They are electromagnetic planar ones, of length 4 m, period 120 mm,
gap 80 mm, ard K up to 0.8. One can use one or both undulators with or without the buncher. Both
mirrors are identical, spherical, made of polished copper, and water cooled. The outcoupler contains
two or four adjustable planar copper mirrors. These mirrors scrape radiation inside the optical
resonator and redirect a small part of it to the consumer. This scheme preserves the main mode of the
optical resonator well and reduces amplification of higher modes effectively. The buncher is simply a
three-pole electromagnetic wiggler.

FEL

Undulator Buncher Undulator Mirror

Bending

RF-cavities magnet

RF-cavities
Accelerator-recuperator

Injector

Bending magnets Beamdump

Fig. 2. Schematic drawing of the 14-MeV accelerator-recuperator and the submillimeter FEL.

Basic parameters of the FEL can be estimated as:

Wavelength of emitted radiation, pm 100...200
Pulse duration, ps 20...100
Peak power, MW 1.7
Average power, kW 0.6..7

Thus, one gets an operating FEL after commissioning the first stage of the project. In addition, a
unique testing area to work up the technique of recuperation of beam energy and adjustment procedure
of the FEL. Finally, as the machine is a unique source of radiation of high average power and can be
tuned continuously in a broad band, it can be used in various basic and applied researches:
¢ IR spectroscopy:

e barriers of the internal rotations in molecules and torsion vibrations;
s hydrogen bonds and systems with the charge transfer;

e inorganic complexes;

¢ metalorganic compounds;
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» crystalline lattice spectroscopy.
¢ Electron paramagnetic resonance spectroscopy:

e some spin systems, that can not be observed at lower frequencies at all; these include, for
example S = 1, 2, 3, (such as Ni(Il) in catalysts and Fe(II) in proteins), and S = 3/2, 5/2,
7/2 with large zero-field splitting (e.g. Co(II));

e systems with small g-anisotropy, that requires extremely high fields to make the spectral
dispersion significant relative to line width;

e some samples available only as small crystals or fibers, so very high sensitivity is needed
to study them (examples include protein crystals);

» small molar spin concentration in biomedical samples, that claims high sensitivity.

Recently, necessary reconstruction of the accelerator building was accomplished; the injector
for the AR was assembled, adjusted and commissioned and is in operation now; the RF-system of the
AR is nearing completion: most part of RF-cavities are ready for using, others are in manufacturing,
assembling of RF-generators will be completed soon, RF-feeding and anode PS systems were put into
production; all other systems of the FEL and the AR are manufacturing too. So then, according to the
current situation one can expect the machine to be started up during an year.
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Jlazep Ha CBOGOEHBIX 3NEKTPOHaX Cpe;Hero HHpaxpackoro amamasoma (MIR FEL)
Toxmiickoro Hayuroro Vrusepcurera (SUT) MIR FEL-SUT [1,2] B HacTosmee Bpems IpOXOAHT
3aKTIOYHTE/IbHBIC HCABITAHHSA, H MYCK €ro B SKCIUTyatanuio muranupyercsa Ha nero 2000, Coznasue
JICO pamerero UK amanasora FIR FEL-SUT mausercs ¢ ocenu 2000, ITocTpoerssiii Ha ocHoe MIR
FEL-SUT B anpene 1999 roma Hccnenosarensckuit Llentp (IR FEL-SUT Research Center)
npunagiexur Hayuno-Texunonoruueckomy HMucruryry Tokuiickuro Hayamoro Ymameepcurera
(Institute for Science and Technology of the Science University of Tokyo) m pacmonoxen Ha
TeppHTOpHK oTAcneHH: YHuBepcuTera B ropoae Hoxa (Noda Campus).

I'nasuoii samawedt Llentpa ssasercs paspaGorka HoBhix mpumoxenuii MK JICD B duzmke,
XHMHH, TEXHOJIOTHH MaTepHaioB, GHOTEXHONOrHH, Meauunne u 1p. B npoexruposanuu MIR FEL-
SUT yurenst tpeGoBaHus MOTEHIMATBHEIX TOnMb3oBateneid. JICD 6Gbu1 CKOHCTPYHpOBAH C LENBIO
HMETh ONPEACTCHHBIC MAPAMETPBl HMIYIbCOB H JHANA30H IEPECTPOMKH IMHEI BOHBEI, ObITh
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