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Introduction to SDUV-FEL
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SDUV-FEL Program

E Shanghai Deep-Ultraviolet FEL (SDUV-FEL) started as
an HGHG FEL test setup, adding second modulator for
Echo (EEHG) studies since 20009;

E Funded partially by
¥ Chinese Academy of Sciences/CAS

¥ Ministry of Science and Technology of China/MOST
¥ Chinese Natural Science Foundation of /INSFC

I Collaborating institutes and universities include USTC,
IHEP, THUB and SINAP;

I As atest bed for the key technologies for XFELSs.







SDUV-FEL Layout
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Maln Parameters of SDUV-FEL

Beam energy

100-150MeV

Beam energy spread
(projected)

<0.03%

Normalized emittance

4~5mm-mrad

Bunch Length (rms) 2~8ps
Bunch charge 100~300pC
Seed laser wavelength 1047nm
Seed laser pulse length 8ps

Seed laser Power 0~15MW
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SDUV-FEL Test Facility

U5 Us, 4 U2 Ul
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10cmx 2

Seed laser beams
1047 nm, 8ps
max,. 30 MW

Chicane 2 Chicane 1
R56: 0-10mm R56: 0-80mm




Rad|ator 0000000000000, 0000000000000,

l

DS2
EMU100 DS1

PMU20 Seed?

N |-‘-|y-|
— 1 ) 'D"

<

ODS=0Optical Diagnostics Station




Progress of SDUV-FEL Experiments
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Prellmlnary Experimental Results

F Photo injector and linac commissioning and
performance optimization;

I SASE experiments: exponential growth, spectra;

F HGHG experiments: bunching characteristics
studies;

E ECHO experiments: proof-of-principle
experiment of EEHG, first observation of the
echo signal.
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Milestones of SDUV-FEL experiments

2010.05:

¢ ¢ ¢ ¢4 464

2009.04-08:
2009.09-12:
2010.01-03:

2010.05.17:
2010.05.22:
2010.07-08:

Linac commissioning

SASE experiment

Seeded FEL Installations
Seeded FEL experiments start
HGHG signal

~irst Echo signal (‘double-peak’)
nstall. for high harmonics EEHG
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Linac Commissioning Results

+ Energy: 100-150 MeV
+ Energy spread: <0.03%
+ Emittance: 4-5 mm-mrad
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SASE Experimenta

|Gain Length: 0.915m |
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Overlap of laser and electron beam

* Laser pulse: 8ps (FWHM) m-

» Electron beam: ~10ps '

* Timing jitter is NOT an issue

* Injection with small angle is OK. Y3 ccp Y3 ccp

mage from YAG scre

en
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Coherent undulator radiation with HGHG bunching
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First ECHO Signal
measured on May 22, 2010, reported on May 26 at IPAC2010

First Stage HGHG bunching smeared out at ECHO condition
H GH G 10° . . B bk goe ot e Lo G 30 U4 e Do e S e 190

Intensity [a.u]

Second Stagi HGHG Seed Laser-1 OFF Seed Laserl ON

“Double peaks” was

observed with EEHG

setup, which agrees
with EEHG theory.

EEHG Setup . RERRE—

Intensity [a.u]

T4
S 0.150 F 2 1
T 7 L R . G. Stupakov, ]
a5 PR S L T : b 1
Cead e 0125 PRL (2009) 1 3
r‘..‘\”.‘:;’.:'.‘ .‘.‘: % oo %o xv 0.100 i 1
Fost LTSN e e = ]
: T oy FrenT E E 1
: | & L TR S 0075 F .
B L H . o..‘," LS .,:..p ]
Eosl 0" : ! b S - 4
: ) 0.050 F :
b . R56_1=13.6mn g 1
; 0.025 F :
15F B

) T S A B O 0.000 frrSe A s

B 0 05 es 07 02 es 1 w1 e 25 50 7.5 100 125 150 17.5 200

By



P OB LB BB

Shanghai Institute of Applied Physics, Chinese Academy of Sci

SINAP

EEHG bunching dependence on R56 2 (B2)

(2" harmonic)

| In some situations, multi-peak
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Coherent undulator radiation with EEHG bunching,
spectral measurement

fundamental
2nd harmonic _
The 2nd harmonic was chosen
mainly for diagnostics reason.
b Fundamental and other
| Ly harmonics were filtered out.

0 700
B (hm)

EEHG 2" harmonic radiation
observed with spectrometer.




Next Echo experiments: 1,high harmonics |
82, FEL ampllflcatlons with EEHG at 349nm (3rd)

. k. .



Plans and R&Ds for XFELs in Shanghal
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Plans and R&Ds for development XFELS

I A soft XFEL test facility based on 0.84 GeV was
proposed to test cascaded HGHG scheme, the
project is in the approval procedure of the central
government;

E A design study on a 0.1 nm compact X-ray FEL
based on a 6.4GeV C-band linac, which is fit the
available space in the SSRF campus, is being
carried out;

I R&Ds of key technologies for XFELs are under
way at SINAP, including high gradient C-band
accelerating structures, beam diagnostics and
etc;
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Layout of Shanghal XFELs
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Shanghai XFELs

SXFEL: In the progress of approval

————————————
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Seed Laser

e

Compact Hard XFEL: Design study (R&D)

Photo-Injector

C-band Linac

In-vacuum or Cryogenics Undulator

>

~600m
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Main Parameters of SXFEL

Seed laser A=270nm, P, .,=200MW, t,=100fs
Electron E=0.84GeV, [,=600A, g,=1.5~2.5 mm-mrad,
parameter OE/E=0.1% , 1=1.7ps, rep rate: 10 Hz
parameter 1st stage 2nd stage
A, (cm) 5.8 3.8 3.8 2.5
Undulator g (cm) ~1.2 ~1.1 ~1.1 ~1.0
L, (M) 1.0 6.0 1.0 18.0
Disp. sec dy/dy 2.1 5.9
A (nm) 270 45 45 9
FEL Lg (M) 0.78 0.88 0.88 1.32
parameter P (MW) =100 =100
e, (fS) 100 100
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SINAP

Parameters of Compact XFEL FEb gelristrs
Radiation 0.1
wavelength/nm
Energy/GeV 6.4 P 3.41e-4
Peak current/kA 3 Peak coherent 10
Bunch charge/pC 250 power/GW
Normalized slice 0.4 Peak brightness/* 2e33
emittance/mm-mrad .
Pulse repetition rate 60
RMS slice energy spread 0.01% (Max.)/Hz
Full bunch length/fs 100 3D gain length/m 2 156
Saturation length/m 50
Period/cm 1.6 oA = IR BRI S e
Segment length/m 4.8 _;
Full undulator length 70 ;
Peak undulator field/T 0.93 =
K 1.4 5
Gap/mm 6 _§
Average beta function/m 20 80 %
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R&D Model of C-Band Accelerating Structure

P

13 cells + 2 couplers
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Structure Tuning Results
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Summary

E SASE, HGHG and EEHG experiments were
carried out at SDUV-FEL facility, the echo signal

was observed:

B Efforts are being made to observe the higher

harmonic radiation of the EE
amplification with HGHG anc

HG and the FEL
EEHG:

I Design studies on the SXFEL test facility and the

compact XFEL are being car

ried out, and R&Ds

of the key technologies for XFELs under way in

the meantime.
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