epbl Ha CBOOOAHLIX ANEKTPOHAaX
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dm3unyeckux Hayk. - 2015. - T. 185, Ne 9. — C. 917-939.

H.A. BuHokypoB n O.A. LlLieByeHko. J1azepbl Ha cBOOOAHbLIX
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T. 188, Ne 5. - C. 493-507.



JNlazepbl Ha cBOOOAHLIX 3neKkTpoHax (JICI)
NO3BOSNIAKOT  MNony4yaTtb MOHOXpOMaTU4veckKoe
n3riydyeHme Ha nwbou 3agaHHOU AOJIMHE BOJSHbI
(0,1 HM — 1 MM) M NnNaBHO nepecTpanBaTb ANUHY
BOsNHbl. CpegHAA MOLLHOCTb MU3NYyYeHUA MOXeT

ObITb nopsaaka 100 kBrT.

JICO ucnonb3yloT ABMeHne 8bIHYXO0eHHO020

OHOYJ/ITIMOPHO20 U3JTY4YeHUS.



OHAOYyNATOPHOE U3Ny4YeHne



CuHycouganbHaga TpaekTopus n nanyyeHune
3apsaa, ABUXKYLLErocs no Heu




OHOynAaATopom (BUITIIEPOM) Ha3blBAETCA MarHMUTHasgs CUCTEMA,
cosgarowad MNpPOCTPAHCTBEHHO Mepuoanyeckoe rnorepeyHoe
MarHuTHoe rnorsie. B Takom none ynsTpapenaTUBUCTCKUINA SNTIEKTPOH
MOXET OBUraTbCs BOOMb nepnognvecku N30rHYTON
(cMHycomganbHO unu cnuparnbHO) Tpaektopun. OHOYNATOp Obin
npegnoxeH B. J1. [nH3byprom B 1947 T.

n3nyyeHue

TpaekTopusi aNeKTpoHa B MIOCKOM
oHaynsaTope



[1BM>XeHne anekTpoHa B rmbpunaHom
oHAOYNATOPE

Yellow : Liéht




49-NONOCHBIN errnep C nepnoaoM 6 CM U MarHMUTHbIM nonem 3.5 T
ans Hakonutens-ncrovyHnka CU ELETTRA (Triest, Italy).




OprcTtekno, Npope3aHHOE CUHXPOTPOHHbLIM
N3Ny4YeHNEM U3 CBEPXMNPOBOASALLEIO BUITNepa




Cxema 3neKkTpoOMarHMTHOro oHaynATopa
y

>KenesHoe apmMo

LnHbI ¢ TOKOM




Ounpynatop OK-4. C 1987 pabotan B UAD CO PAH, c 1996
no H. Bp. — B YyHuBepcutete Adroka (CLLUA). B



Budker INP

CnupanbHbie oHOynssmopbl OK-5
onsi yHueepcumema [Aroka (CLLUA)

w 1 ot

4 cekuum no 4 m; nepuopg — 12 cm. aneptypa — 4 cm.
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3aBUCUMOCTb ANNEKTPNYHECKOIO norsi4d
N3JTYHEHUA OT BPEMEHMN
—> - A’c/c

. T .




BonHoBble (ppOHTbLI, pacxoaAalWmeca U3 pasnuUYHbIX To4YeK
MaKCUManbHOro yckopeHua (MakCMMyMOB MarHUTHOrO
nona odHayndatopa). HOnuHa BOMHbI MU3Ny4YeHUA A B
HanpaBneHnn ABMXKeHUA dNeKTpoHa MUHUMarbHa.

V

A=A |1——cosb
2
sk 12+6?
2y



v

OHpaynsitopHoe nsny4vyeHme. CHATO HA 3NEeKTPOHHOM
HakonuTtene BAMM-3 UA® CO PAH (1978).




BbIHY>XOEHHOE N3Ny4YeHNE — CUHXPOHU3aLUUS
aHcambna nanydarernen BHELLHEN BOSTHOW



[IpoxoxxaeHne nMnynbLcoB U3Ny4YeHUa oT
pa3HbIX n3nyvyarenen 4epes MOHOXpoMaTop

— \ — A VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
— \ — andVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV e
- -

E,(t)=aY coslo(t—1,)9(—1,)9(T -1 +1,)= Re[e"‘”aZelo”"S(t —t (T —t+1, )}

n




MowHoCTb curHana (cnektparbHas I'IJ;OTHOCTb) nponopuuoHanbHa

KBagpaTty aMmninTyabl iot, 2 iol(t,~t,)
Y =Y Yae
n m n

A — KOrepeHTHoe nanydeHmne (cdasnpoBaHHble U3riyvyaTenn)
B — HekorepeHTHoe nany4veHue



CnoXeHne ogHOro uMnynbca N3ryyeHus c
noyneMm MOHOXPOMaTUYECKOWN BOJIHbI

MoHoxpomaTop

- >
V T

10t 2 _ 2 —ioh 2
= A +2RelAae +a

A+ ae




IaMeHeHne aHeprnm BOSHbI

it

A+ae 2T=/12T+2Re:(zélcze_"‘°’1)T+azzT




BblHYy>)XKOeHHOe OHAYNATOPHOE U3JyYyeHue
BbI3BaHO CUHXPOHU3aLUnen oTAeNbHbIX
nany4arenen. Ana JICO Takasa CMHXpOHU3aLUUA
— 3TO nNpPOCTO nNpoAaonbHaA rpPynnMpoBKa
3NeKTPOHOB, KaK B flamnax Oerywen BOJHbLI.
NMepBbin JICO, noctpoeHHbIn R. Phyllips B
1959 r., “ubitron”, 6bIN namnoun Oerylwewn
BOJIHbI C OHAYIATOPOM.
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[MpocTenwan namna 6erywien BOSIHbI UCNOSIbL3YeT
BbIHY>XOEHHOE YepeHKOBCKOe U3riy4yeHue.

- [lpoBoasawlaa Tpydoka

K

—— [NanekTpuk

000 000 o000 %ooo ®0e ee0—> OEKTPOHHbIN MYyYOK

|
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Cxema JIC3-ycunutens

REORFREORFROROROR

1 — BXOOQALWNN 3NEKTPOHHbIN NMYyYOK

2 — oHOynaTop

3 — OTpaboTaHHbIN 3MEKTPOHHbLIW NMYYOK
4 — Bxogdulee nanyyeHue

S — YCUINEHHOE n3ny4veHue



N3-3a TOro, YTO CKOPOCTb 3fIeKTPOHA B OHAYNSITOpPe MMeeT
nonepeyHyro COCTaBIAIOLYIO, NOJie BOJSIHbI MEHSIET 3HEepPruio
anekTpoHa. Ecnu 3a BpemMsi NpPoOXoXAeHUs 3NeKTPOHOM
OAHOro nepuoga oHAYNATOPA OH OTCTAaeT OT BONMHbI POBHO Ha
ANWHY BOJIHbl, TO CYMMAapHOe M3MEeHEeHUue 3Heprum BO BCEM
OHAYNATOPE MOXET ObITb 3HAYNTENIbHbLIM.

A):MM
L
| 2/ >
ﬁzeE @z—eECOS(kZ—g)t)ao Sil’l(kuZ): dz 0

dz Y dz 1% = =

synchr — d k+k
- eEzo‘O {sin[(k + &, )z — ot]-sin[(k — k, )z - ot ]} t .

Ny

u




NMpuHunn pa6otbl JICI




NMpuHunn pa6otbl JICI

~

\ Longitudinal coordinate

y

A‘O

A

K2
~ [1 + —j
2y 2

I

synchronisme condition
which is necessary for the
energy transfer

l

: 3 <8XVX>

(2
dz

>

mc




NMpuHunn pa6otbl JICI

NICI - ocunnnartop

undulator

radiation radiation

[ — —a)

TR

e-

mirror
WILLON.

JKBUBareHTHada cxema

o>

Narrow bandwidth amplifier with feedback




JICO nepekpbiBalOT CeMb NOpPSAOKOB MO ANIUHaAM
BONMH nany4yexHus — ot 1 mm go 0,1 HMm.

JICO cyobmunnumeTpoBOro guanasoHa padboTaioT
B Poccumn (MAP CO PAH), Nnonnanpguu (FELIX), CLUA
(UCSB), 0. Kopee (KAERI), ®paHuuu (CLEO),
#AinoHun n gp. mecrax.

PeHtreHoBckune JICO ectb B CLUA, lepmaHum,
LLiBenuapun, Utanun, Kutae, 0. Kopee n AnoxHumn.

NICO yHuBepcuteta [Oioka (CLUA) ucnonb3yeTtcs
ANA reHepauunM nNPOU3BOSIbHO MONAPU3OBAHHbIX
doTtoHOB ¢ 3aHepruen o 100 MaB (anvHa BOMHLI -
1014 m).
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Hanbonee npuBnekaTtenbHble Auana3oHbl ana JIC3 —
PEHTITEHOBCKNUN N CYOMUNNUMETPOBBLIN, FOe HET ApYrux
MOLLHbIX Jla3epoB C MNfaBHO W3MEeHAeMOW OJIMHOWU

BOJIHbI.

1 THz | | 1 Ple : | 1 I:IHz | : 1 ZI-Ilz

1 1612 1013 1014 1015 10716 1017 1018 1019 1020 1021

I Terahg Infrar,j raviolet X-ray Gamma
Extreme UV Soft X-ray Hard X-ray

Far IR Mid IR

A
$21U0J}29J2



PeHntreHoBckue JIC3
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Cxema o0HonpoxodHoz2o JICI ¢ 6onbwumM ycurieHUem

I A I 4 Asg I A
o
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GHeULHILT] i a e Ve ta et w e la/al a it s e
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6X00AU UL OHOYNAMOP ompadoOmaHHovill
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eLs £ - - - - - - 0 00T
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= - | HavasibHas T ag |
0f oo of- e CCRTRI T IRt SRR :
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0,0 02 04 06 08 1,0

Z, 06€.

3asucumocmb cmerieHu 2pyrnnuposKuU ry4Yyka om ezo rnpodosibHou
KoopOuHamabl 8 OrTUHHOM OHOYyrsimope



Bpems 3anyckKa peHtreHoBckux JIC3

SHINE
The first quasi-CW
high-repetition-rate XFEL in China
LCLS-II

The first quasi-CW
high-repetition-rate XFEL

Swiss-FEL

An ultra-compact hard x-ray FEL
driven by low-energy electron beam

European-XFEL LCLS-II

The first MHz-repetition-rate

hard X-ray FEL
PAL-XFEL

Ahard X-ray FEL with
femtosecond-scale timing jitter European

A compact hard X-ray FEL
PAL /
FeLs XFEL

The first hard X-ray FEL
in the world

Swiss-FEL

SXFEL
The first soft X-ray FEL in China

~

|

FERMI
The first seeded FEL at soft X-ray region

FLASH
The first soft X-ray FEL in the world
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[TapameTpbl peHTreHoBCcKkux JICI

Beam Photon Repetition Pulse duration
Facility energy (GeV) energy (eV) rate (Hz) (FWHM) (fs)
FLASH 03551225 14-620 4 x10%t0 10° 10-200
LCLS 2.5=16.9 280-12,800 120 5-400
SACLA 51-85 4,000-20,000 60 2-10
FERMI 1=1.5 20-310 50 30-100
PAL-XFEL 3.5=10 275-20,000 60 5-100
SwissFEL 21-58 250-1,240 100 1=20
European 8.5-17.5 240-25,000 2.7 x 10* 3—190
XFEL
SXFEL 1:0=1:6 124-1,000 50 30-1,000
LCLS-Il (HE) 4-15 200-25,000 120/10° 1-500
SHINE 8 400-25,000 10° 3-600
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OrpaHun4yeHune 3Heprnmn 3NeKTPoHoB ANnA
JICO ¢ ANMHON BOMHbI U3Ny4YeHUs A

A 2mye
g <— [ > o
Sr 2 4 A

Hanpumep,

npm A= 0,1 HM " HOpMann3oBaHHbIX
amuTTaHcax [, = 0,2 MKM nony4um

E>6T13B.
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PeHtreHoBckuu JIC3 (SLAC, CLUA, 2009)

The LCLS

(Linac Coherent Light Source) __
o~ /J) /
RF Gun = 5 B //
Linac O S \\ ” / b j :,,/’
Linac 1 —_ \‘,\ ' //‘/
e N . 2km " Existing Linac

To Electron
Beam Dump

10-57
836CA1



OHpynatop peHtreHoBckoro JICO LCLS
(anuHa — okono 100 m)
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LCLS. [lBa HOBbIX OHAYATOpPA.




Taknm obpasom, Ana co3agaHus
peHTreHoBcKoro JICO MOXHO ncnonb3oBaTb
NoO0N NMUHEUHBLIN YCKOPUTESIb C 3Heprmeun
Heckonbko 3B, nob6aBuB Tyaa
BbICOKOYACTOTHbIN (DOTOUHXXEKTOP,
MarHUTHbIe rpynnupoBaTenn U oOHOYNATop.
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B cTposwmxcsa cenyac yctraHoBkax LCLS-II
(CWWA) n SHINE (Kntamn) ncnonb3syrorcs
cBepxnpoBoasiline FiIMHEeUHbIe YCKOPUTenu,
paboTarLlime B HeNpepbLIBHOM pexume.

JTO NO3BONAET NfIaHUMpPoBaTb Ha HUX
co3iaHue O4YeHb Y3KonosnocHbIX JICI ¢
KpUCTannyecKMMm otpaxaTtesnissMu.
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PenmeaeHoeckuu JIC3 ¢ kpucmasisiudecKuMu ompaxamesnsmu
- MTomeHuyasibHbIU UCMOYHUK MOHOXpPOMamu4ecKo20
U3sly4eHust

Ultra-low Enyttance
Injector

Recirculation Pass

RF Deflector SCRF Linac

1027

XFELO
SASE FEL  XFELO

e
Tunable X-ray
Optical Cavity

Experiment

1030 FEL 3r¢ = (SCRF)

harmonic

SASE FEL
1023 (RTRF)  FEL 3™

harmonic ‘

1028

Optical Cavity:

- Proposed by Collela and Luccio,
1984.

- Revisited in 2008, K-J Kim, S. Reiche,

“Ultimate” Storage
Rings and ERLs

1026
1021

I0Ed  “Ultimate” Storage Rings and ERLs 3rd Generation

Storage Rings

3rd Generation Storage Rings

Y. Shvyd'k0, PRL 100, 244802. al 10 100

Energy (keV) Energy (keV)

Peak Brightness (ph/s/mm?2/mr? 0.1% BW)

101 ,
1 10 100

Average Brightness (ph/s/mm?2/mr2 0.1% BW)



B CLUA un Kutae nnaHupyetca co3gaHue Takoro JICO wm
pa3padbaTbiBalOTCA HeobOXxoauMble 3rIeMEeHTbl PEeHTreHOBCKOM

OMNTUKMN.

v e
M undulator

e = o — Sl
D &~FIcCrL CRL, H*95  , all harmonics

E-Tav5
-

H
J=—51_

FIG. 1. Schematic of a cavity-based XFEL with a tunable
optical cavity composed of four Bragg-reflecting flat-crystal
mirrors (AB,C, and D) and compound refractive lenses (CRLs)
as focusing elements [6). X-ray power 1s coupled out of the cavity
though permeable thin crystal A with reduced reflectivity. The
incidence and reflection angles ® = x/2 — 8 are the same for all
crystals, where & is Bragg's angle.



Ona co3ganua JICO-reHepatopa €  OpParroBCKUMuU
pe3oHaTopamn TpebyeTca UMNYyNbCHO-NEPNOANYECKUIA
ONMIEKTPOHHbLIK MYYOK C 3Hepruenm Heckonbko [3B.
MICTOYHMKaMKM TaKoro ny4ka MoryT ObITb YCKOPUTENWN CO
CBEPXMNPOBOAALLNMN YCKOPSAOLLMMU CTPYKTYpPaMMN.

[1na co3gaHna Takux ycKopuTenem Hago HanaguTb
NpoOn3BOACTBO CBEPXNPOBOAALLMNX YCKOPAOLLNX
CTPYKTYyp. [locnegHue HyXHbl U OnNd MHOMMX OPYrux
NPUMEHEHUN.

CooTBeTcTBYOLWAA TexHonorua paspabortaHa B CLUA
n ncrnonb3oBaHa B cTposiemes JICO LCLS-2.
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] [02C
NAP nm. I'U. Byakepa CO PAH
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ANEeKTPOHHbIN K. n. A. JIC3 AOBONMbHO HU30K
(~1%), noatomy ana mowHbIx JICO HeoOxoanmo
NPUMEHSATb peKkynepauuio 3Hepruu
OTPabOTaHHOrO ANIEKTPOHHOIo Nny4kKa.

Pekynepauus

e CHWXaeT paauauMOHHYHIO ONMAaCHOCTb
YCTaHOBKU U

° NMO3BONAET NOBbLICUTbL CPeAHUNU TOK
3NIeKTPOHHOro ny4kKa.
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Cxembl BY pekynepatopoB ¢ BO3BpaTOM My4ka B yCKopsioLme
pe3oHaTopb!

NHXEKTOP

BY YCKOPUTENb |—e=| NONIL3OBATE/b

NOIMMOTUTEND

d

[NOJIb3OBATEIJIb [«

BY YCKOPWUTEIb

NHXXEKTOP \ NOITMOTUTEIb

6

[TpobriemMbl: @ — BCTPeYHbIe Ny4KU; 6 — POKyCcMpoBKa NMYy4KOB C
Pa3HOU SHEPrMen BHYTPU YCKOPSAIOLLEN CTPYKTYPSI.



TeparepuoBbin (cyomunnumetpoBbin) JICI.
Pabotaet c 2003 r.

LSpLILE BY pesoHaTopbl

T ==
; U U ] NHXXEKTOP
3epkano OHLYNATOP 3epkano

ANEKTPOHbI U3 UHXEKTopa C aHeprueun 2 MaB yckopsarTca
B BY pe3oHaTtopax oo 3Heprum 11 MaB, otaaroT 4actb
3Heprum B JICO, a 3arem — 3amegnarwTca B Tex xe BY
pe3oHaTtopax. [lpy 3TOM J3Heprua Bo3BpawlaeTcds B
pe3oHaTopbl. JJNIeKTPOHbI € Huskom (2 MaB) 3Hepruen
OTBOAATCSA B NOrNoTUTENb.
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Budker INP. Novosibirsk, Russia

Nov03|b|rsk FEL Facility Based on Non-suprconductlng Multltur ERL

The Novosibirsk FEL facility has three FELs, installed on the first, second and
fourth orbits of the dedicated energy recovery linac (ERL). The first FEL covers the
wavelength range of 90 — 340 ym at an average radiation power of up to 0.5 kW
with a pulse repetition rate of 5.6 or 11.2 MHz and a peak power of up to 1 MW. The
second FEL operates in the range of 15 - 120 ym at an average radiation power of
up to 0.5 kW with a pulse repetition rate of 7.5 MHz and a peak power of about 1
MW. These two FELs are the world’s most powerful (in terms of average power)
sources of coherent narrow-band (less than 1%) radiation in their wavelength
ranges. The third FEL covers the wavelength range of 8 — 11 um. The Novosibirsk
ERL is the first multiturn ERL in the world. Its peculiar features include the
normal-conductive 180 MHz accelerating system, the DC electron gun with the
grid thermionic cathode, three operation modes of the magnetic system, and a
rather compact (6x40 m?) design. The facility has been operating for users of
terahertz radiation since 2004.

= 1 2 3
Energy, MeV 12 22 42
Current, mA 30 10 3
Wavelength, um 90-340 15-120 8-11
Radiation power, kW 0.5 0.5 0.1

Electron efficiency, % 0.6 0.3 0.2



Radiation parameters of the Novosibirsk FEL facility

(3 FELSs)

Laser Terahertz Far-Infrared Infrared
Stat In operation In operation In operation
us since 2003 since 2009 since 2015

Wavelength, pm 90 - 340 37 -80 8-11
Relative line width (FWHM), % 02-20 0.2 -1 0.1 -1
Maximum average power, kW 0.5 0.5 0.1
Maximum peak power, MW 0.5 2.0 10
Pulse duration, ps 30 -120 20 -40 10 - 20

Pulse repetition rate, MHz

28-56-11.2-224

Linear polarization degree, %

>99.6

e Tunability
e High power

P
<

AN

e Relatively narrow line width

178 ns & f=5.6 MHz 100 ps
A AN




Budker INP. Novosibirsk, Russia

A\ \ ¥

Gun [ The third IR FEL ]
S undulator sections systems Of the
'k‘j 2 NovoFEL facility are
= T, [ The second FEL ] now in operation
Injector undulator covering the
wavelength range
from 8 to 340 micron.
AN Y 11 workstations are
(" Main finac Ul N\ - in operation and

: e Ty s more two are under
The first THz FEL ! .
[ undulator sections construction.

The workstations are well equipped with instrumentation which is
available to users.

We invite researchers to apply for beam time to perform experiments
at the NovoFEL.



Beam characteristics

%
=X\ USD CO PAH

Time in
operation
20 l L) I L) l
10 "
)
10 /
_20 2 (| 8 (| 8 (|

-20 -10 0 10 20

X (mm)

1 FEL

[\ 178 ns & f=5.6 MHz (\ 100 ps
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NovoFEL Accelerator Design

Gun

>
Q“ . _ |
e

[ Injector ]Xw

51/50




NovoFEL Accelerator Design
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NovoFEL Accelerator Design

[ Main linac

The first THz FEL
undulator sections
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NovoFEL Accelerator Design

Gun
O
-
‘(ﬁ.! V
The second FEL
[ Injector ] undulator
[ Main linac

The first THz FEL
undulator sections
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NovoFEL Accelerator Design

Gun The third IR FEL
Qe undulator sections
\““ ,
The second FEL
[ Injector ] undulator
| Main linac

The first THz FEL
undulator sections
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o

ks

18t stage FEL 2" stage FEL
undulator undulator




39 stage FEL

undulator




Budker INP, Novosibirsk, Russia

L i N
g " 45 . .;’,
i i) G e
| E el HL e Ll = B
RF generator system Controlroom Beamlines for ESERE
(ground floor) (ground floor) radiation transport :

/
B N B

Ve &% B s 41;{'-.5. ? .
Y i, )
B a a a \/
Accelerator-recuperatorand User Stations
Terahertz free electron laser (basement level) (ground and first floors)

58/50




CyomunnumetpoBbin JICO (2003)
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3anyLieH

TpeTnn nasep Ha cBoboaHbIX anekTpoHax (JICI).

Bce 1tpn JICO YHY «Hosocubupckun JICO» obecrnevnsatoT

N3nyyeHue B
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Electrostatic gun

Power supply:
U__ =300kV
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Main linac
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Mo cpeaHen mowHocTU nsny4veHus (0,5 kBt) HoBocubupckum
JICO 3HaunTesnibHO NPeBOCXOAUT aHaNoOrnyHble 3apyoexHble
yCTaHOBKW B CBOUX Aunana3oHax ArfiuH BonH (40 — 80 n 110 —
240 MUKpPOH).

HoBocubupckumn JICO saBnseTcs YHUKarNlbHbIM WUCTOYHUKOM
KOrepeHTHOro J3fIeKTPOMarHUTHOro wu3sny4veHusa. PekopaHo
BbiCOKass MowHocTb JICO obycrnoBneHa ucnonb3oBaHWEM
OPUrMHaNbLHOro YCKOpUTens-peKynepatopa 3NeKTPOHOB CO

cpegHUM TOKOM ny4dka 30 MA u aHeprueun anekTtpoHoB Ao 40
MaB.
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Cuoumnpckum ueHTp hoToOXMMMUYECKNX UccrieaoBaHuMN,
co34aH MHCTUTYTaMun SaepHOUN (PU3UKN K
XUMn4yeckon kuHetukm m ropevimnsa CO PAH




Novosibirsk FEL user facility has three FELs, installed on the first, second and
fourth orbits of the dedicated energy recovery linac (ERL). These FELs are the world’s
most powerful (in terms of average power) sources of coherent narrow-band (less than
1%) radiation in their wavelength ranges. The Novosibirsk ERL is the first multiturn ERL
in the world. The facility has been operating for users of terahertz radiation since 2004.
It is one of the partners of FELs of Europe collaboration.

I/x/éeamline with 11 outlets to workstations
- Total length of the beamline is 120 m

% 4 .
s 14 l.,
39 ,
Far-Infrare S
Laser Terahertz d Infrared
Wavelength, pm 90 - 340 15-120 8-1
Relative line width (FWHM), % 0.2-2 0.2-1 01-1
Maximum average power, kW 0.5 0.5 0.1 ; :
9ep Multiturn energy recovery linac

Maximum peak power, MW 0.5 20 10 with three individual laser systems
Pulse duration, ps 30 -120 20 -40 10 - 20
Pulse repetition rate, MHz 28-56-11.2-224
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KaHan BbiBOAA N3ly4eHnAaA  Ha
HOBbIE 10J/1b30BaTE/IbCKUE CTaHLUUNWN.
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KaHan BbiBOAA U3/1y4eHUs Ha HOBbIE MOJ1b30BaTeIbCKUE
CTaHuun (NpoAoIHKEHNE)




Tekywme padboThl
N NepcrneKkTuBLI



OH.D,y.HFITOp C nepeMeHHbIMU Nepunogom " 4HUCJ1IOM nepmoaosB

(Vinokurov N.A., Shevchenko O.A., Tcheskidov V.G. Variable-period permanent magnet
undulators // Physical review special topics — accelerators and beams. — 2011. — Vol. 14,
No 4. - 040701-1 — 040701-7)
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Cxema oHAaynsiTopa YepTéx npoToTuna
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Magnetic structure of new variable-period undulator

Minimum period is 100 mm, inner diameter is 140
mm, total length is 8 m.
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A. N. NT'opbayeB — uamepeHnst 1 OKOH4YaTerlbHa HacTpouKa nons

oHAYNATOPa C nepemMeHHbIM nepnoaom
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Budker INP. Novosibirsk, Russia

HoBbI onana3soH N3aMeHeHUs OJfINHbI BOJSIHbI na3nyyvyeHus

BTOporo JIC3 — 15-120 mukpoH (B 8 pas).



LLinpokoanepTypHbIu OHAYNATOP C MNEepPEeMEHHbIM
nepuoaomM AN 3aMeHbl CTaporo 3NIeKTPOMarHUTHOro
oHaynaTopa nepsoro JICO

Field adjustment mechanism

L

Vacuum chamber

o

/

Guide rails Main cover
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Large-aperture variable-period undulators may also
be used for new x-ray sources. For example, for
5-mm aperture (diameter) one can built such

undulator with minimum period of 4 mm.
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NIC3 ¢ ANVHON BOMHbI U3NyYeHns 13,5 Ht—
Ha KOMNaKTHOM aHeprocbeperatoLLem " —
Q‘t 9NEKTPOHHOM HakonuTtene (MCToOYHUKe

CW)




Penctpek ¢ JICO B ogHOM 13 NPAMONUHENHBIX MPOMEXYTKOB U
nanyyarenamu, ycTaHoBSIEHHbIMW B Ha4anax nosykosewl BMECTO
perynspHbIX anemMeHToB nepmogunvHoctu. 1- oHaynartop JIC3O, 2 —
OHOYNATOPLI 4N MATKOro peHTreHa, 3 — cBepxnposogdline
adalrlHATbL o o o o o o o o o o o o o s—7
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q)OKyCVIpyI-OLI.WIVI MarHmT. TpeyrofnibHasd WTPUXoBKa — NOCTOAHHbIE
MarH1UThbl, KrietT4yaTtasd — aJllloMnHueBasd BaKyyMHasa KaMmepa, Kocas —
XXene3HbIn MarHmTonpoBoA.
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1.5 GeV
300-400 m

Electron energy
[AnvHa opbuTsl
Horizontal emittance 1 nm

500 MA
30 MHz (3rd harmonics — 90 MHz)
Bending magnets, SC

Beam current

RF frequency

Radiation sources
wigglers, undulators

Photon energy

FEL wavelength

FEL average power

0.01-50 keV
10—-15nm

YcTaHoBKa pa3smeLllaeTcs B
CTaHOApPTHOM  MNPOMbILLNIEHHOM
30aHUM C MOCTOBbIMU KpaHamMn U
pPa3dopHbLIMU BETOHHBIMU CTEHAMMU
BHYTPU. OTO TOXe 3HaYUTeSIbHO
NOHWXaEeT CTOMMOCTb.
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