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with the shortest wavelength down to 2 nm. SXFEL is based on a 1.5 GeV C-band linac, including one seeded FEL
line, one self-amplified spontaneous emission FEL line and five experimental stations

Shanghai soft X-ray {ree-electron laser facility (SXFEL) is the first coherent X-ray light source in China
echo-enabled harmonic generation (EEHG) scheme
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The development of SXFEL
the test facility SXFEL-TF and the user facility SXFEL-UF. SXFEL-TF is based on a 0.84 GeV

- incl
linac, aiming to master the key technologies of a cascaded FEL with high gain harmonic generation (HGHG) and
140.2600;

Meanwhile, the object of SXFEL-UF is to start user operation

construction and commissioning status of SXFEL
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Fig. 1 Aerial view of SSRF and SXFEL
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LH: laser heater; HL: harmonic linearizer;
BC: bunch compressor; M: modulator;
DS: dispersion section; R: radiator;

FB: fresh-bunch chicane

seed 1 seed 2
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Fig. 2 Schematic of SXFEL layout
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Table 1 Main parameters of SXFEL linear accelerator
Parameter SXFEL-TF SXFEL-UF
Electron beam energy /GeV 0.84 1.5
Energy spread (RMS) /% <0.1 <0.1
Normalized emittance (RMS) <2.0 <1.5

Bunch length (full width

<1.0 <0.7
at half maximum, FWHM) /ps
Bunch charge /nC 0.5 0.5
Peak current /A =500 =700
Repetition rate /Hz 10 50
B e {1 PR 37 45 O T R RE . R LAY HL AR TR TR AR

KA A AN EU X SRR (TTXO) Ekdr 75t
TEFA ML £ B %k 110 MV/m. 3 H & R

0100004-2



th i

i ot

500 pC WEEHH N 62.5 A AT R4 T 0.78/
0.92 mm- mradE’l’JB A K 53 B ' B AR R L AR
FEAE B R A A — 2 S P B 0 LoCH
R 3 mﬁi)ﬂu:@ﬁﬁ&@ﬂﬁ%%dﬁﬁﬁk)Jmﬁiﬂ
130 MeV, NSl &5 48 2248 T BB L E LB H T
SCPR K S EAMEE . AR L0 2T A — Ot g
LKA T e 7 SR U0 B 1, DA T 40 4 R A RS R e
PN (MBD X H 5 B 9 3R

SXFEL Ffin i #% th S P Bt # 0 L1 (4§

TE W TR 46 5 (BC1) 2Z Hif A 2 3 141 #9 m BY BE K, BC1
T 7R PR 48 A S e R ok . 7F 1l 0
B SXFEL-TF BBt 36F 6 & C B, Hpf
i EL2 M4 E L3, BE CHEBMEAITHEE—
£ 50 MW A9 I8 45 D U5, — /> Al 1A% 38 2% R
1.8 m KM C P BME L5 H ., SXFEL H] /3% 8
A 75 R0 2% TRA 1A R — & 50 MW [ S i
BB R 4 & C BB B IT RS AR
Ak (BC2) . BRI Z Ab, B4R ok &5 A v 3 K 5 34

PIE 3m I S W B 4546 (X B BOR AN I — 8 X BRI LS B s 4 BRI SR A Y ) =
CERPEA SR VR4 25 RS C I8 B vy A6 o 3ok B B i, WIS SXFEL P 2% 8 3 i a8 i T4
(L2 LB I 2 P, B e & AT ik 2 s,
# 2 Jrigitiy SXFEL-UF TAES 5
Table 2 Designed working parameters of SXFEL-UF
Electron beam Bunch Energy Gradient / Momentum
Device Phase /(%)
energy /MeV  length /mm spread /% (MVem ') compression factor /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 —48
L2 640 0.13 0.42 38 4
BC2 0.07 —15
L3 1500 0.07 0.028 38 6

3 FEL ks

3.1 FELIE{T#R
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e 10 &, BELEE R R UL FEL S i ik
UG (B Ty S BE A% Gk B B E JE R, Bk b SE 2
50 fso A /2 FH P 6 4 AT 425 0 75 oKL 7E 58 AR
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BT AR R 16 mm JE Y 23 Y O T
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2 T 1% TR Y L 9 H A AR Y ) BE RS )
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L K R 800 nm L 3 i SR DGR SRR H
AT A ] R Y 21 AN . T E SO A R 25
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Bl P 3% 82 T O] 11 5 A0 0 B PP T 0t . SXFEL %6 &
) £% FEL S50 3 fin.

0100004-3



th i

ok

# 3 SXFEL i FEL 2%
Table 3 FEL parameters of SXFEL

Parameter

SXFEL-TF

SXFEL-UF
SASE FEL line

Seeded FEL line

FEL operation scheme

Seed laser wavelength /nm 266

FEL wavelength /nm 8.8
FEL peak power /MW =100
FEL pulse length (FWHM) /fs ~100

HGHG-HGHG/EEHG-HGHG

Externally seeded FEL SASE
240-360

3-20 2-10

=100 =100

~50 ~100

3.2 FEL ##l
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i ek, SXFEL /] TAE T 2 Ff 2, 3x BLAY
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8.8 nm i I (E Uy AT i 200 MW, B T 501
2k HGHG B2 Ak, i 6 7 SXFEL iR 56 3 &
HEAT — 2 S A 1 J B 56 I S 5 L A 45 EEHG-
HGHG 20k, H 3= 2 th Rtk an il 3 (o) o (D) FFR
B e 22 A 86 4% A T RIR 2 EEHG #E0 T
YEAE 30 Wik, BHHE2 4k 8.8 nm 148 S0, it AU
L &5 R 3 Ced s (D fian, TAEF M2
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2 T A L AT KR R 4 i K b e
B LI S A
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& 05 £ 10 &~ 1.0 / \
: 05 05 / \
0 0 - -
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" (D) (@ ®
n n
£ 08 £ 08 = 08
= E! 5
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output 5 5 5
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2 2 2
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0 0 0 Al
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B 3 #E4H SXFEL-TF ) FEL # i 45PE . (a)(b) HGHG-HGHG # = ; (¢) (d) EEHG-HGHG # =R ; (e) (D %% EEHG # =

Fig. 3 Simulated FEL output characteristics of SXFEL-TF. (a)(b) HGHG-HGHG cascading scheme;
(c¢)(d) EEHG-HGHG cascading scheme; (e) () single EEHG scheme
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Fig. 4 Simulated FEL performance of SXFEL-UF. (a) Gain curve of seeded FEL line (3 nm) along length of undulator z;
(b) output spectrum of seeded FEL line (3 nm) along length of undulator z; (c¢) gain curve of SASE line (2 nm);
(d) output spectrum of SASE line (2 nm)

\ \ 0 AR L T 2 S 4 B R R e

N 4 = GL’,\T_.

4 JERES S B 3 TG L T B 3 T 162 R4 7962
2 Y B R T OGO BIN CRUAE AR T A R IR R SR A I R R S

RUFIF R FEL 2 SASE 20 1 5 A S2 00k s 81 5005 T 6o (075 2 A B 1

HGHG beamline

%IxB 1.1111101 sl L diagnostic P
L o e ) spectrometer front end and
E._..,, - | ! —— = - e - - attenuator
e 0 —pemtgdn o o=

_ KB mir

ront end and

ST RETTTEET
monochromator B .chuator

ellipsoidal mirror & bendable mirror

end stations: biological imaging, AMO etc. SASE beamline

()
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KB: Kirkpatrick-Baez; GMD: gas monitor detector

B 5 SXFEL P %68 1 () S IR A Ry I (b) S i 1
Fig. 5 (a) Beamline layout and (b) key components of SXFEL user facility
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Table 4 Main parameters of SXFEL undulators

Device Parameter Value
Period /mm 80
Length /m 1.6
Modulator Quantity 2
Type Planar, hybrid
Maximal peak field /T 0.78
Stage 1 of Minimum gap /mm 10
seeded FEL line Period /mm 40
Length /m 3
Radiator Quantity 4
Type Planar, hybrid
Maximal peak field /T 0.85
Minimum gap /mm 10
Period /mm 55
Length /m 1.6
Modulator Quantity !
Type Planar, hybrid
Maximal peak field /T 1.42
Minimum gap /mm 10
Period /mm 23.5
Length /m 3
Stage 2 of Radiator Quantity 10
seeded FEL line Type Planar, hybrid
Maximal peak field /T 0.65
Minimum gap /mm 8.75
Period /mm 30
Length /m 3
Afterburner Quantity z
Type Elliptical, APPLE-II
Maximal peak field /T 0.8/0.85/0.6"
Minimum gap /mm 4
Period /mm 16
Length /m 4
SASE FEL line Undulator Quantity 10
Type Planar, hybrid, in-vacuum

Maximal peak field /T

Minimum gap /mm

1.14
4

* Horizontal polarization mode, vertical polarization mode and circular polarization
AR, AT B AR PR A5 L 5 3) X SR ik v 22
AT IS T T I Sk e B R 5 4) XS R
ST FE 4 1, iZ AR F T S FEL $8 5 ok w14 4 1)

X SOG4 2 W &R 40 SXFEL Y4k ) i %2
AL 43 . 0] F R bR A I SXFEL Y48 55 2 54
FEALHE . 1) X G2k kol B 2 BI04 % A 1 RE 5 T
BEA & R 5 FEL Bk b O 7 i & 7] 3k
10"~ 10" s, MW AY X B 2k 58 % 35 8] 100 ~
1000 GW/em™) 52) X 235 A3 12 AL 2% 19 00 2 5
FIAL 5 2~20 nm, G35 3 BFR >2000, TAHE THER

R PRI &

TR A BT I U R 7 i 2L i B A L R AR5
BRI T B R R, 2l AW il R
FE SIS AE RS FEL kit sk 5 FiR .,
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Table 5 FEL parameters of SXFEL at sample points

Parameter

SASE FEL beamline

Seeded FEL beamline

Wavelength /nm
Photon energy /eV
Pulse energy /pJ

Photon number per pulse

Relative bandwidth /%
Resolving power of spectrometer
Spot size (RMS) /pum
FEL pulse length (FWHM) /fs

330(100 eV), 47(620 eV)
~4.6X10" (620 eV),
~1.3X10" (100 eV)

1.2-12 2.4-24
100-1000 50-500
64(56 eV), 5(500 eV)
~5.0X10 (500 eV)
~2.9X10" (50 eV)

0.04-0.20 0.008-0.040
~3X10"(620 eV) ~4X10%(200 eV)
~3 ~10
117(620 eV) 50(300 eV)

A A% S I R X 52k FEL 42 435 19 4 40
TR X SRR K i, SR FH B K o AR R AR A R S A
T S AE S IO AT S5 B O A0 9 5 S LA oK AR
PIMERL I T A TC A AR SR AL S 1 1 U F- 6 5 [R]A Affe
BRI 784 Rk 235 ¥ 4 T L 22 W B3 SR AR B XA k-
Wy R B A A v M IR S A A ) AR S
T 22 YRR RE AT I RN S R 2 R G S AL
i I 4 G IO Al IS - XS AR I A5 S 6 R R ik
e CRD S () RURE AN 44 oK 23 18] RUBE S BRE L 3h 48 14

T A1 M8 8 o 0 S L B T 4P 4R 1Y
BECEASY T 5E A (APFPALM) 9% 5% & 5 4 41 (4Pi-
STED) i T R 58, %Mt RGEFH 0T T,
RS BT RN L AR T T bR FR S8 FRE AR
Bty R 4% 25 DT S B 42 200 B = 28 48 43 B 1%

L B S B 3 R FEL 88 % ik o 70 g o 3
e 1 S BB TRD A3 BE A R R B X 4B AT
(REXS) Ay S 560 1 38 3o 21 410 306 25 il iz ol I
KIBAR RN HL T A 7 ST B L 7R
R RErh Z2 ) ER B A P A RV AR B R 22 18] AR
LR (SR ST PSSO IR A 8 R A N
E|IW G 2L RTINS R N AN S R S S ey
AR P18 T 5 2R 3R 0 i T 254

I H RO HL T R 1 S 06 vl T A% % R X S R DR
(B ZCI) R T RE M, BZIF R LU FIF5E
D AW 18 = A B 5 5 2) K W PR 5 5 3) HL
b2 R HH R i YRR L R R T DA BE O 5 4) A 2R
Wik & CAn R 1 s O 9T 55

T AL 25 S gk F B TR A 4y 1 S Ak
7R 2R T8 04 A ELVE R S R )R A VR R 2 3R 1 Ak 2
ML R . 256 SN IRER T kv 5 X B4k FEL ik
)RR DR E - B R L 38 R XSO A
WFSE A0 2 20 1 L - 85 48 1 A [] sf ] RO CRRD 3
B0 I AR Ak, Ak 27 B B 1) S s N 8 4 F 2 IR
I T 30 A R R 0 AR S L, HE I R A M T

P25 ROV AR T 5 D5 #2450 o 1 As
PRAE S F2 A 25 4, O B & 6 o Y 5 TES-X 440
i AT I AE R X BT ROk 2 S

TR R G X S 4 FEL 1F %
Jal U 25 B 8 AU AR B AL B AR L 7E 42 %5 (] T A £y
P[] B SR T A 1 R 7 4 COE 88 - e ) %
Gy F A RN HEAT B R A RV Bl Ay PR 2
WE AR . 456 R o 25, 928 0 F IR
5% BUFE R T Ak bR R T LR L F (1 32 3h s 7 4 F Ak
B T RS 5 4% R - 2 1 I B AR AL b
2 VT TR R T R A AL AT R D 5]
S AT DA AN () 5 17 3 S0 B — g R 4
B, A R LR R G A% O = ) R R
TE AR P ik X Bk FEL Bkoob /81 T 05 1. 4
T A K R S5 R R S PR A 1 e R T
B I S BE R AR E) 1120 eV, i BB R
2 3K A L PN AN Y R 43 R R A AT 5 4 it
B TA .
5 i 5t

SXFEL F 2014 4 12 A ja s, B d#Hm
Fe s B T 2016 4F 4 A @, b B F 46 7% 4%
LA TAE ., BRiE A& RSO mEgs s 8 X
W B B AR B s L DL ROBOR AR B A — )
Wt Z A0 HoAh 1% 45 35 T 2016 AF 4 %6 3K 52 B
FH P BE B BT 2016 4F 11 A K3 80, Bk o b
B G RIT AP SRR KT H#R T 2018 4F 4 H
SERL, BT E S8 B A A FH B A5 2% .
B E R A A R T AR Y C i B
BATE BT R DG IR R R S A A AR

6 R TR 00 e ORI A A i it R
o FH PR B B A8 R M EOK T 2018 4R
AEFF IR T 2019 4R R 2RARIE R R P 925

2016 4F 12 A %15 58 i SXFEL-TF 1 28 i
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PE IR T — B B ok S 2 R0 R IR T
fE, HFIRBMEE S 700 MeV, FFIUF 58 1 % A %
Vi B TE 58 % S B 118 AR i S A b ORS00 38 9
16 15 nm ZE A5 WU G dn fm it . 2017 4F 2R 4R X
LN S HEAT A A DR 2R FE 500 MeV BE it
T AT L R A R AR A FEL 86, 30 41 -
JE45 2 5 SR BE R 20 09 200 MeV, 3 A1 L fif 5 0

(a) —— T

350 pC AR L 5 ps, AKF-FlEE 5 5 1] H—1k
K E 450 1.2 mm + mrad 1 1.1 mmemrad,
2017 4 6 J ,SXFEL 04 & 1k o, L8 158
— %% HGHG KX T f = YO I 68 55 Rk, 256
SERWME 7 PR, 2017 7T HKE 8 H Ay sk
BT —%% HGHG 1 3~ 6 Yk I i 6 Aok,
JEMIAS T AN 8 Fram , Horfr 6 YRR I A S i i K
44 nmZEA .

Lm

Kl 6 (a) SXFEL #5{ (SXFEL-TF fl SXFEL-UF) ; (b) A %5 (o) LS ; (D) FEL k%
Fig. 6 (a) SXFEL building (SXFEL-TF and SXFEL-UF); (b) injector; (c¢) main accelerator; (d) FEL amplifier
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Fig. 7 Commissioning results of linear accelerator and FEL of SXFEL-TF (June 2017). (a) Beam energy;
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