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ʇʝʨʩʧʝʢʪʠʚʳ ʠ ʧʣʘʥʳ

ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʃʉʕ
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ʃʘʟʝʨʥrʘʩʚʦʙʦʜʥʳʭʵʣʝʢʪʨʦʥʘʭ(ʃʉʕ)

ʧʦʟʚʦʣʷʶʪʧʦʣʫʯʘʪʤɹʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʝ

ʠʟʣʫʯʝʥʠʝʥʘʣʶʙʦʡʟʘʜʘʥʥʦʡʜʣʠʥʝʚʦʣʥʳ

(0,1 ʥʤï1 ʤʤ)ʠʧʣʘʚʥʦʧʝʨʝʩʪʨʘʠʚʘʪʴʜʣʠʥʫ

ʚʦʣʥʳ. ʉʨʝʜʥʷʷʤʦʱʥʦʩʪʴʠʟʣʫʯʝʥʠʷʤʦʞʝʪ

ʙʳʪʧɹʦʨʷʜʢʘ100ʢɺʪ.

ʃʉʕ ʠʩʧʦʣʴʟʫʶʪ ʷʚʣʝʥʠʝ ʚʳʥʫʞʜʝʥʥʦʛʦ 

ʦʥʜʫʣʷʪʦʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.
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1 ïʚʭʦʜʷʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡʧʫʯʦʢ

2 ïʦʥʜʫʣʷʪʦʨ

3ïʦʪʨʘʙʦʪʘʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ

4 ïʚʭʦʜʷʱʝʝ ʠʟʣʫʯʝʥʠʝ

5 ïʫʩʠʣʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ

ʉʭʝʤʘ ʣʘʟʝʨʘ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ

2

1 3

4 5

ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ



T-ray X-ray/g-ray

ʅʘʠʙʦʣʝʝʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝʜʠʘʧʘʟʦʥʳʜʣ ʃ̫ʉʕï

ʨʝʥʪʛʝʥʦʚʩʢʠʡʠʩʫʙʤʠʣʣʠʤʝʪʨʦʚʳʡ,ʛʜʝʥʝʪʜʨʫʛʠʭ

ʤʦʱʥʳʭʣʘʟʝʨʦʚʩ ʧʣʘʚʥʦʠʟʤʝʥʷʝʤʦʡʜʣʠʥʦʡ

ʚʦʣʥʳ.
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ɺʥʘʩʪʦʷʱʝʝʚʨʝʤʚ̫ʀʥʩʪʠʪʫʪʝʷʜʝʨʥʦʡʬʠʟʠʢʠʠʤ.

ɻ.ʀ. ɹʫʜʢʝʨʘʉʆʈɸʅ(ʅʦʚʦʩʠʙʠʨʩʢ)ʨʘʙʦʪʘʝʪʪʨʠ

ʤʦʱʥʳʭʃʉʕ ʪʝʨʘʛʝʨʮʦʚʦʛʦʠ ʜʘʣʴʥʝʛʦʀʂ

ʜʠʘʧʘʟʦʥʦʚ.

ɺʩʝ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʵʣʝʢʪʨʦʥʥʳʡʧʫʯʦʢ

ʯʝʪʳʨʝʭʜʦʨʦʞʝʯʥʦʛʦʫʩʢʦʨʠʪʝʣʷ-ʨʝʢʫʧʝʨʘʪʦʨʘʩ

ʤʘʢʩʠʤʘʣʴʥʦʡʵʥʝʨʛʠʝʡ40ʄʵɺ.

ʇʦʣʥʳʡʜʠʘʧʘʟʦʥʧʝʨʝʩʪʨʦʡʢʠʜʣʠʥʚʦʣʥʠʟʣʫʯʝʥʠʷ

ʪʨʝʭʣʘʟʝʨʦʚ,ʫʩʪʘʥʦʚʣʝʥʥʳʭʥʘ1, 2 ʠ4 ʜʦʨʦʞʢʘʭ

ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦʃʉʕ,ʩʦʩʪʘʚʣʷʝʪʦʪ8 ʜʦ250

ʤʠʢʨʦʥ.

ʕʪʘʫʩʪʘʥʦʚʢʘʧʨʝʜʦʩʪʘʚʣʷʝʪʥʘʫʯʥʳʤʫʯʨʝʞʜʝʥʠʷʤ

ʈʦʩʩʠʠʚʦʟʤʦʞʥʦʩʪʴʧʨʦʚʝʜʝʥʠʷʫʥʠʢʘʣʴʥʳʭ

ʠʩʩʣʝʜʦʚʘʥʠʡ.
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ʉʠʙʠʨʩʢʠʡ ʮʝʥʪʨ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ,

ʩʦʟʜʘʥ ʠʥʩʪʠʪʫʪʘʤʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʉʆ ʈɸʅ
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ʈʝʢʫʧʝʨʘʮʠʷ

Å ʩʥʠʞʘʝʪ ʨʘʜʠʘʮʠʦʥʥʫʶ ʦʧʘʩʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʠ

Å ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʨʝʜʥʠʡ ʪʦʢ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ.

ʕʣʝʢʪʨʦʥʥʳʡʢ. ʧ. ʜ. ʃʉʕʜʦʚʦʣʴʥʦ

ʥʠʟʦʢ(~1%), ʧʦʵʪʦʤʫʜʣ ʤ̫ʦʱʥʳʭʃʉʕ

ʥʝʦʙʭʦʜʠʤʦʧʨʠʤʝʥʷʪʨɹʝʢʫʧʝʨʘʮʠʶ

ʵʥʝʨʛʠʠʦʪʨʘʙʦʪʘʥʥʦʛʦʵʣʝʢʪʨʦʥʥʦʛʦʧʫʯʢʘ.



NovoFEL Accelerator Design

Gun

Injector

Main linac

The first THz FEL

undulator sections

The second FEL

undulator

The third IR FEL

undulator sections

Dump
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Laser Terahertz Far-Infrared Infrared 

Status 
In operation 
since 2003 

In operation 
since 2009 

In operation 
since 2015 

 

Wavelength, mm 
 

 
90 ï 240 

 

 
37 ï 80 

 

 
8 ï 11 

 
 
Relative line width (FWHM), % 

 
0.2 ï 2.0 

 
0.2  - 1 

 
0.1 - 1 

Maximum average power, kW 0.5 0.5 0.1  

Maximum peak power, MW 0.5 2.0 5 

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 

of radiation 

ʇʘʨʘʤʝʪʨʳ ʠʟʣʫʯʝʥʠʷ ʋʅʋ çʅʦʚʦʩʠʙʠʨʩʢʠʡ ʃʉʕè
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ʅʦʚʦʩʠʙʠʨʩʢʠʡʃʉʕ̫ ʚʣʷʝʪʩʷʫʥʠʢʘʣʴʥʳʤʠʩʪʦʯʥʠʢʦʤ

ʢʦʛʝʨʝʥʪʥʦʛʦʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦʠʟʣʫʯʝʥʠʷ. ʈʝʢʦʨʜʥʦ

ʚʳʩʦʢʘʷʤʦʱʥʦʩʪʴʃʉʕʦʙʫʩʣʦʚʣʝʥʘʠʩʧʦʣʴʟʦʚʘʥʠʝʤ

ʦʨʠʛʠʥʘʣʴʥʦʛʦʫʩʢʦʨʠʪʝʣʷ-ʨʝʢʫʧʝʨʘʪʦʨʘʵʣʝʢʪʨʦʥʦʚʩʦ

ʩʨʝʜʥʠʤʪʦʢʦʤʧʫʯʢʘʜʦ10 ʤɸʠʵʥʝʨʛʠʝʡʵʣʝʢʪʨʦʥʦʚʜʦ

40ʄʵɺ.

ʇʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ (0,5 ʢɺʪ) ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʃʉʕ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʨʫʙʝʞʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʚ ʩʚʦʸʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ (40ï240 ʤʠʢʨʦʥ).



Åʫʤʝʥʴʰʠʪʴʧʦʪʝʨʠʵʣʝʢʪʨʦʥʦʚʠʧʦʚʳʩʠʪʴʩʨʝʜʥʠʡʪʦʢ

ʧʫʯʢʘ(ʢʦʣʣʠʤʘʮʠʷʧʫʯʢʘʠʫʣʫʯʰʝʥʠʝʜʠʘʛʥʦʩʪʠʢʠ);

Åʧʦʚʳʩʠʪʴʥʘʧʨʷʞʝʥʠʝʥʘɻ ʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡʧʫʰʢʝʠ

ʫʣʫʯʰʠʪʴʢʘʯʝʩʪʚʦʧʫʯʢʘʠʥʞʝʢʪʦʨʘ;

Åʠʟʛʦʪʦʚʠʪʴʢʘʥʘʣʠʥʞʝʢʮʠʠʠʟɺʏʧʫʰʢʠ;

Åʠʟʛʦʪʦʚʠʪʴʠ ʫʩʪʘʥʦʚʠʪʴʟʝʨʢʘʣʦʠ ʦʢʥʦʜʣʷ

ʜʝʤʦʥʩʪʨʘʮʠʠʵʣʝʢʪʨʦʥʥʦʛʦʚʳʚʦʜʘʠʟʣʫʯʝʥʠʷʪʨʝʪʴʝʛʦ

ʃʉʕ;

Åʫʩʪʘʥʦʚʠʪʴʦʥʜʫʣʷʪʦʨʩ ʧʝʨʝʤʝʥʥʳʤʧʝʨʠʦʜʦʤʥʘ

ʚʪʦʨʫʶʜʦʨʦʞʢʫʋʈʚʤʝʩʪʦʥʳʥʝʰʥʝʛʦʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ

ʦʥʜʫʣʷʪʦʨʘ;

Åʟʘʧʫʩʪʠʪʴʥʦʚʳʝʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝʩʪʘʥʮʠʠ;

Åʧʨʦʜʦʣʞʠʪʴʨʘʙʦʪʫʥʘʧʦʣʴʟʦʚʘʪʝʣʝʡ.

ʇʣʘʥ(r2017 ʛ.)



ʈʘʩʰʠʨʠʪʝʣʴ 

ʧʫʯʢʘ 

ʠʟʣʫʯʝʥʠʷ



13

ʉʪʘʨʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʪʘʥʮʠʠ (1 ʵʪʘʞ)
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ʉʪʘʨʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʪʘʥʮʠʠ (1 ʵʪʘʞ)
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ʉʪʘʨʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʪʘʥʮʠʠ (2 ʵʪʘʞ)
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ʅʦʚʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʪʘʥʮʠʠ (2 ʵʪʘʞ)
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ʅʦʚʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʪʘʥʮʠʠ (2 ʵʪʘʞ)



ʕʣʝʢʪʨʦʥʥʘʷ ɺʏ ʧʫʰʢʘ ʥʘ ʩʪʝʥʜʝ

18/50



ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ɺʏ ʧʫʰʢʠ ʥʘ ʋʈ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʃʉʕ.

ʂʘʥʘʣ ʚʧʫʩʢʘ ʠʟʛʦʪʦʚʣʝʥ ʚ ʥʘʯʘʣʝ 2018 ʛʦʜʘ.

19/50



InjectorBeam dump

42 MeV

Electron outcoupling scheme is used here

ʕʣʝʢʪʨʦʥʥʳʡ ʚʳʚʦʜ ʠʟʣʫʯʝʥʠʷ ʃʉʕ.

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚʳʭʦʜʷʱʝʝ ʠʟʣʫʯʝʥʠʝ.

e- e-Undulator 1

(energy modulation)

Undulator 2

(radiation)

B1 B2Q1 Q2

Undulator 3

(power limitation)

20



The third FEL undulator



1-st FEL 2-d FEL

Period, cm 12 12

Maximum current, ʢɸ 2.4 2.4

Maximum K 1.25 1.47

ʉʪʘʨʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʦʥʜʫʣʷʪʦʨ



Variable Period Undulator (for the 2nd FEL)



ʆʥʜʫʣʷʪʦʨ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʠʦʜʦʤ.

ʂʫʧʣʝʥʳ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʤʝʱʝʥʠʷ, ʠ ʧʦʩʣʝ ʠʭ ʫʩʪʘʥʦʚʢʠ 

ʠ ʧʦʚʪʦʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʩʪʘʚʠʪʴ ʥʦʚʳʡ 

ʦʥʜʫʣʷʪʦʨ ʥʘ ʫʩʪʘʥʦʚʢʫ çʅʦʚʦʩʠʙʠʨʩʢʠʡ ʃʉʕè.
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