=\

Budker INP, Novosibirsk, Russia

1 jtefmf jSlkkder o f dzO

1 |

S 9 |

shdediemMSBets [ d

0. 1l do

z5C EZtots o



[ OL J ez2OMmo sB BH dz'dd] § Istct6 fz@ X
f L o sdzV ¥fldsdzz yOlsBs dzs - te S 3O Is d -
dL dzz y j dizddrt B SR OH O dzcrtsiz] dg) ts dzdz'
(0,1 dzdd 1 BB)] f dzO 9o Yz tc j M ls tc O ded dz!
o sdzdz'a tc | H dztizts h dzts fdsy dzlz y j dgf % J |
B' Isf stcw HLQO@ ].Is

[4C dMmMf tsdz' L z¢¥ Is " ‘wizr drH dzdizpzt
BdzH Edzv Isstcdetse 5 .d L dzlz yj ded W




HnJ BO dzOL J 60O

%

lioatsHWh 2 |

21 5C

ZH Iz O

ZW IS s G

3T slstc OB t5ls O dzo

47 9 ntSHW N | ]

57T Mmd dzj dzdzts J

dL c

VAR,

&z o wsddz 2

dzO0 Mo tsB SH dz

ZE

1L dzJ CSlstetsC

zz y 4 ded J

dL c

zlz Y 4 dzq J

4C



1 Od B tsdzjcd o dzj ¢ Olsy dz® 20 yHsdZ o Ci
tc j dals ¢ j det] enfiyB iz dzdzd d3j G icdzd B @& [z

Bsh dzr &OL j tofip f dzO o dits d3j dzv j HisisR d:
o 1S azaz'

i 'I;Hz l 1 PHz | 1 I?Hz | | 1ZHz

1 1012 1013 1014 1015 1016 1017 1018 1079 1020 1021

erah- Infrar aviolet X-ray Gamma
Extreme UV Soft X-ray Hard X-ray

Far IR Mid IR

optics
v

A
SOIUOJJIB® o



l dzOMmiIstswea tg jj d®VrR dzfm s d IsViAlg) jte ddisL d G 43
IR. 1 ZHSCJ &P o1 (1 BosMdB gOBEk Bjcly
Bsh dzf 2f 4C 5 jt.OC | teyh sHEGHEZ' dzj € 5
Hd Of OL sdzis 9o

1] tdd dMysd Lk K& S lststs dzdff Ry ts
Uilsr 6] O Hstesy jzipdetsdst s j & j tc O s t
BOC d 3O dr' dgst@c 4D 2

] S dzdz v O OFf 5 tzj ) ls toHs®@ S oiffs deda. dzlz y j d
Stc j®OL | isfls Odzts o dzjdzdz 25 4 Histetsy &
i s dzdzts BO MM Is @ mctdipEsnls Oo s & H 5 250
Bd S 6.5 dz

Cls @ fls O dztfotej @ ts ) ls Oeprly j tizz Wis j 3 H J da
t sMmd d sL dBsy dzetsfiflc'tso j H j difdzd € O dz' d
dmMmdz] His9 Odzd 2



gdBdemséd?2 yJ dzlste 1slsts.-.c{d3c{u4
ffsL H Odz d%thBEBGQq WoH j
~dBdud ME&s?2 Cdqdadlsdsd d ¢




CdzJ Slstcsdfdzf.2H. [ 4 G HESO tSAZ! O

2) 5B tsHJdf

2 L 5E1%), f 51 ISt edzY ks h dz § u ©

cd ) dzv Ists j Sk j O

1 dzj tc dsdedc OB 5 ls OLdaHEsC s s ztiztg € ©

I
A
A

4 S JOydv

dzd y OjIs GOHdOydtsdadzzs st C

Losdzw jls fsor dls! Mmtej Hd

g

EmMlsOdzso & d (
1S

1

dzj] S IstetsC

740

s s f 2ys o



NovoFEL Accelerator Design

Gun The third IR FEL

- undulator sections
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The second FEL
[ Injector] undulator
[ Main linac

The first THz FEL
undulator sections
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Laser Terahertz Far-Infrared Infrared
In operation In operation In operation
Status since 2003 since 2009 since 2015
Wavelength, mm 9071 240 371 80 81 11
Relative line width (FWHM), % 027 2.0 02 -1 0.1-1
Maximum average power, kW 0.5 0.5 0.1
Maximum peak power, MW 0.5 2.0 )
Pulse duration, ps 30-120 20 -40 10 - 20
Pulse repetition rate, MHz 5.6 7.5 3.8
Linear polarization degree, % > 99.6
Typical time dependence [\ 17805 & F=56MHz [\ 100 ps
of radiation ’\, >
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KaHan BbiBOAa Usny4vyeHus

Wavel ength({mkm) Wavel ength ScaleiDiv. -~ 2 0 mkm

Windows Position Scanning DATA

Curr.Counter Pos  Current WL Range o oyelic |[S1A Markers

(5000 A0 |Min = 120.72 mkm CHN 12824 Amp:
M1 di | Max= 139.27 mkm Time Pause I—J Stop t _ 132.94 Amp !

Required center WL(mkm): ¢ on DaNRW <

130 ' | misc= 0100 130.60
130 fove | Stop | e Appl <WL> = 130,

) £ Imin = 10.000 Apply
Lattice Selection = WL(Max) = 130,56
- 68.0 mkm—256.0 mkm -] view| 1 :Jprev. Spectrums vy in) = |0.869
Stenners Statius

M_WINDOW_SHIFTER M_SPECTR_SCANNER Move Scanning stepper

Scanning ....-78950 steps, Pass: 28, Running <<¢— Run ] 78350
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d4nJ B30 EMlsOdzeso Cd Jy dEMPC dzO v
SOdzOdz af EMECO dLetslstsodz] dz o ¢
RF Gun

RF Cavities
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Undulator 1

(energy modulation) ]

Undulator 2
(radiation)
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(power limitation
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Electron outcoupling scheme is used here
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The third FEL undulator
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Period, cm 12 12
Maximum current, & ¢ 2.4 2.4
Maximum K 1.25 1.47




Variable Period Undulator (for the 2nd FEL)
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