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SXFEL: Project Scope VW

‘phased’ project
B 1.SXFEL Test Facility (SXFEL-TF)

B Schedule: 2014.12 - 2017.12, under commissioning
B Budget: $35M
B Design goals:  ~300m tunnel, 840 MeV linac, 8.8nm seeded FEL
B Source: national funding agency
FE 2. SXFEL User Facility (SXFEL-UF)
B Schedule: 2016.10 -2019.03, under construction
B Budget: ~$110M

B Design goals: add 250mx50m FEL and experiment halls,
upgrade tol.5 GeV, 2 FEL lines, 5 end-stations

E  Source: local and national funding agencies



Parameters of SXFEL-TF & SXFEL-UF
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Seedl Seed? i
Main Parameters SXFEL-TF SXFEL-UF
Beam Energy ( GeV ) 0.84 1.5
Norm. Emit. ( mm-mrad , rms ) <2 <1.5
Bunch Charge ( nC) 0.5 0.5
Peak Current ( A) >500 >700
Rep. Rate ( Hz ) 10 50
FEL Output ( nm ) ~8.8 ~2-3
FEL Output Peak Power ( MW ) >100 >100




® Prototype for (hard) X-ray FEL user facility

® Kkey technologies and components

® Novel XFEL principle/operation-mode researches
® mainly seeded FEL (HGHG, EEHG, cascade, etc. )

® As part of FEL user facility




Civil construction of SXFEL-TF
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SXFEL-TF installation
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SXFEL-TF commissioning
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GUN Phase Scan Energy Measuremen t

Gun Phase Scan Energy Measurement
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Typical charge measurement ' Typical energy measurement

Emittance

e Beam parameters achieved during commissioning
I « Bunch Charge: 100-500 pC

« Beam Energy: 400-650(/750) MeV

« Energy Spread: ~0.1%

« Normalized Emittance: ~1.5 mm mrad
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SXFEL-TF commissioning

Undulator radiation (X-ray CCD)
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Electron beam profile after each radiation undulator Undulator radiation (PD)



SXFEL-TF commissioning
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First stage HGHG
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Bunch charge: 250 pC 013 - o & . .
Bunch length: ~4.5 ps (FWHM) 4™ harmonic@66nm 5th harmonic@53nm
Electron energy: 480 MeV """" T =
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SXFEL-TF commissioning
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SXFEL User Facility: 2016-2019
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® New funding for upgrading to user facility with $110M.
® Build undulator/experimental halls and increase beam energy.
® Jointly with Shanghai Tech Uni.(mainly responsible for user stations)

“Fest facility..—

p3oM . 300m, 0.84GeV
\

2l1.0M; 250m undulator/exp Halls
>

Project duration:
30 months




SXFEL-UF: Linac energy upgrade

L0-K1 L0-K2 L1K1 LxK1 TDS2-K L2K1 L2 K2 IL3K1 L3-K4
Sband Sband sband band sband Cband Chand Chand Cband Cba:nd Chand
S50MW S0MW S50MW S0MW  SOMW S0MW SO0MW S50MW S50MW S50MW
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Adding 1) 1 S-band klystron and 2) 1 C-band RF unit 4) 1 X-band deﬂectlng
2 SLEDS 3) 3 C-band RF units structure

Goal:

« 500pC

e 1.5mm-mrad
¢ 1.5GeV
 700A

« 50Hz



SXFEL-UF: Linac
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Energy Current Sliced energy spread Sliced emittance
Working Parameters of the Linac
Linac )
components Eout (MeV) 0z-Out (mm) 00-Out (%) E (MV/m) ¢pri\®bend (Deg) R56 (mm)
LO 130 0.86 0.14 - -
L1 273 0.86 1.44 27 -29.2 -
X 256 0.86 1.51 19 180 -
BC1 - 0.13 - 3.968 -48
L2 640 0.13 0.42 38 4 -
BC2 - 0.07 - 2.217 -15
L3 1500 0.07 0.028 38 6 -




SXFEL-UF: FEL lines
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> FEL1: Seeded FEL line: add 7 undulator units

1

Stage-1 FEL

I._II—Q@! n W- _ —l—l—l—lﬁw Goal:
CH1 U80-1 CH2 U80-2 CH3 | U40-1 U202 U30-3 U404 | CH4 * 100-410eV

l « ~50fs
Stage-2 FEL * ~10ud

e || e | | e | o | | o | e | | o) | e | | coreen | ween || o) | o |
MU (W (NN (WEE NN (NN (NEE (AN (NEN (NEE (N0 (WEE
M40 CH5 U23.5 U23.5 U23.5 U23.5 U23.5 U23.5 |U23.5 U23.5 U23.5 U23.5 EPU-1 EPU-2 TDS

> FEL2: SASE FEL line: build 10 in-vacuum undulator sections

Goal:
53 3§ 8 1 1 1 &3 1 1 1°VY CEND DUMP e 100-0620eV
(NN (ANE (NN NEE (NN (NN NN NN NN NN

UL U2 U3 U4 U5 U6 U7 U8 U9 Ul0o TDS-X e ~100 ud



SXFEL-UF: FEL lines

fit
AR L I S A AL Seeded FEL beamline
C . Stage1
i 1 ¥0E E Period/length/N 80 mm/1.6m/2
- 13 Type Planar, Hybrid
; 1 g E LUl Max. Peak Field 078 T
- E E E Min. Gap 10 mm
- 1 "ME Period/length/N 40mm/3m/4
- . ST T E: : Type Planar, Hybrid
TR T amswe o w Radiator Max. Peak Field 0851
z [m] 5 [um) A [nm] " .
H Min. Gap 10 mm
(RN RN RRERNARRRRERRRNRARRRRARRRERY 4x10 LI B LI N L I E E| | | [ E StageZ
s 1 s E Period/length/N 40mm/1.6m/1
i. E Type Planar, Hybrid
5, EEr £ Modulator Max. Peak Field 0.85T
. 18 Min. Gap 10 mm
g E = = Period/length/N 23.5mm/3m/10
= = - Type Planar, Hybrid
: I I\l — 1I : §°|8I5‘ JZI"ICIOI I2ICL~‘; GIOIOEHSI(JOISI IIiIC:‘IIOI \SI[)|15: Radlator Max Peak Fleld 065 T
: ™ . v+ Rt Min. Gap 8.75 mm
500 10 3 Period/length/N 30mm/3m/2
| Type Elliptical, APPLE-II
_ | [ lg > Afterburner " \ax. Peak Field 0.8/0.85/0.6 T*
=, 300 Z & £ | Min. Gap 4 mm
g F S s
£ 209 1= 4 50 f Undulator Period/length/N 16mm/4m/10
100} 1 2t 17 o.s ] Undulator Type Planar, Hybrid, In-vacuum
. o M R, Max. Peak Field 114 T
(0] 2% . 40 -0.4 -0.2 Time()s / ps 0.2 0.4 1.99 1.995 N /2nm 2.005 2.01 Mln Gap 4 mm




SXFEL-UF: 1st Undulator beam Line (Seeding)

iy
FEL °
2017

0

Bandwidth

Pulse

Photons

Size

Divergence Pulse length

Sat.

Photonenergy  ~'2ms)  energy  /pulse  (RMS)  (RMS) (FWHM)  length oP-rate
597 eV (2.08 nm) 0.02% 1.2 pJ 1.2*1010 130 pm 14 prad 38 fs - 1-50 Hz
503 eV(2.46 nm) 0.007% 52 ud 6.0*10"0 140 ym 12 yrad 40 fs 30m 1-50 Hz
396 eV (3.13 nm) 0.008% 26 uJ 4.0*10"" 160 ym 11prad 45 fs 23m 1-50 Hz
298 eV (4.26 nm) 0.01% 47 ud 1.0*10'2 270 ym 18 yrad 50 fs 19m 1-50 Hz
196 eV (6.33nm)  0.011%  46pJ 15102  300um 22 prad 52 fs 15m  1-50 Hz
98 eV (12.67 nm)  0.03% 53uJ 3.4%102  380um 44 prad 70 fs 11m  1-50 Hz




SXFEL-UF; 2nd Undulator beam Line (SASE)

M

FEL °
200

0

Photon ener. Bandwidth  Pulse Photons Size Divergence Pulse length  Sat. Rep. rate
9 (RMS)  energy /pulse  (RMS) (RMS) (FWHM)  length oF-

1033 eV (1.2 nm) 0.04% 0.2 pd 1.2E09 106 um 10.0 prad ~135 fs - 1-50 Hz
827eV (1.5 nm) 0.03% 20 pJ 1.5E11 86 um 10.0 prad ~98 fs - 1-50 Hz
620 eV (2 nm) 0.06% 145 uJ 1.4E12 130 um 10.0 prad ~117 fs 40m 1-50 Hz
413 eV (3 nm) 0.07% 218 ud 3.3E12 156 um 16.0 prad ~152 fs 30m  1-50 Hz
207 eV (6 nm) 0.12% 320 pJ 9.7E12 258 ym 29.0 prad ~175 fs 2dm  1-50 Hz
103 eV (12 nm) 0.20 % 398 ud 1.5E13 664 um 48.0 prad ~217 fs 20m  1-50 Hz




M

SXFEL-UF: End-Stations
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5 Experimental Stations: Coherent Diffraction Imaging, Atom Molecules
Optics, Ultrafast Physics, Surface Chemistry, Photon-Electron Spectroscopy
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SXFEL-UF




Summary

B SXFEL Test Facility 1s under commissioning. Electron beam has
been successfully generated, accelerated to more than 700 MeV
and sent through the whole undulator line. First stage HGHG has
been setup and characterized. New C-band structures and X-band
linearizer will be 1nstalled within few months to get the beam

ready for FEL commissioning.

B SXFEL User Facility 1s under construction. The building and
infrastructure will be finished in July of next year and most of
the hardware components will be ready by the end of 2018. The

facility 1s expected to open to users 1n 2019.
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