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Shanghal Coherent Light Facility (SCLF)

» SCLF is a newly proposed MHz high rep-rate XFEL,
based on an 8 GeV CW SRF linac;

» This facility will be built in a 3.2 km long tunnel
(38m underground) at Zhang-Jiang High Tech Park,
across the SSRF campus in Shanghai;

» This XFEL facility includes 3 undulator lines and ~10
experimental stations in phase one, it can provide
the XFEL radiation in the photon energy range of
0.2 -25 keV.

» The project proposal was recently approved by the
central government in April 2017, and now it is in
the feasibility study phase, aiming at commencing
the tunnel construction in 2018.



Conceptual Design of SCLF
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Main machine and FEL parameters

Parameter Value
Electron Energy (GeV) 8
Slice energy spread (rms) <0.01%
Slice emittance (mm-mrad, rms) <0.4
Bunch charge (pC) 20-200
Peak Current (A) 1500 -3000
Rep-rate (kHz) 1000
Photon energy (keV) 0.4-25
Pulse duration (fs) <30
Bunch jitter (fs) <50
Beam spot stability <10%

>10 @12keV

Peak power (GW)

>20 @ 1keV




Three Phase-| Undulator Lines

O Total length: 3220 m
O Linac: 1200 m
O 3 undulator beamline

8GeV
10-300pC

Beam parameters :
1.5kA, 0.4pm-rad, 0.01% energy spread

FEL-I11 : 8-25 keV
— - —>
FEL-IV

50 m



Undulators lines and XFEL Performance

FEL-I FEL-II FEL-III
Undulator type planner planner+EPU SCU
Undulator period 26mm 68mm 16mm
Undulator length 5m 4m 4m
Photon energy 3.0-15keV 0.4-3.0keV 10.0-25keV
FEL pulse energy 172p) 250p) 121p)
FEL peak power ~4GW ~20GW ~2.2GW
FEL pulse length 40fs 13fs 50fs
FEL bandwith ( RMS) 0.001% 0.014% 0.08%
Photon beam spot ( RMS) 50um 80um 60pm
Photon beam divergence (RMS) 3.7urad 7urad 4prad




Phase-| Experimental Stations
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The SCLF Venue and Layout
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A e- beam: 8-10 GeV 14
. Photon energy: 0.2-25keV
% Pulse duration: 1-100fs

Repetition rate 1 I\/le




Shanghail Photon science center




Overview of the SCLF Linac

LO L1 L2 L3

VHF Gun LH HL BC1 BC2
750keV CM00 CMO1 CM02-03 CM04-21 CM22-75
Buncher 120 MeV 270\ MeV 2.1 GeV 8.6 GeV
2.4MeV 12 A 85 A 1500 A 1500 A
0m 100 m ~400 m ~1100m

» VHF gun, or other gun options, like SRF gun, DC-SRF gun, etc
» L0, L1. L2. L3: 75 8x9-cell cavity CMs @1.3GHz

» HC: 2 8x9-cell cavity CMs @ 3.9GHz

» Buncher: 1.3 GHz 2-cell cavity

» Laser heater: to cure the microbunching instability

» BC1. BC2: bunch compressors



Layout of the injector

VHF

Bunch E To
= dump

BD2 Todump

VHF gun: 216.667MHz, 0~750kV, NC

Energy 90 - 140
Buncher: 1.3GHz, 2-cell, 0~2.4MV, NC

Charge 100 10- 300 pC
Single cavity module: 1.3GHz, 9-cells, 0~16MV, SC

PRF 0.6 0-1 MHz
8 cavities module: 1.3GHz, 9-cells*8, 0~126MV, SC

Peak current 12 4-50 A

laser heater: 0~10*slice energy spread
. . . Average current 0.06 0.0-0.3 mA
3 beam diagnostics sections

* BD1: charge/current, profile/position, energy Emittance_n 0.4 0.2-06 um
. . . (rms, 95%) ' o
» BD2: profile/position, energy, emittance
« BD3: profile/position, energy(slice), Z‘:}':‘S T 1 0.3-10 mm
emittance(slice)
Slice energy 1 15 keV

spread (rms)



bunch length(mm)
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Geometry optimization
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* Geometry optimization (12 parameters)

Frequency
Power Diss.
Q factor
R/Q

Pmax.
Emax.
Emax./EO

Beam energy

* G=40mm, RD=12.5mm, RTD = 10mm, LD = 40mm
* L, RP, RTP, AP, RTLI, RTLO, RTRO are used for RF

optimization

* Ris used to fit the cavity frequency

e Multipacting study
* AP L
e Multi-physics study

* Heat->stress->deformation
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Other optimizations

Multi-physics
study
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VHF gun prototype @ SINAP and
alternative option@PKU

LN2 Shield 3.5-cell Cavity Pierce Gun

Coupler Helium Vessel  Tuner

VHF gun prototype @ SINAP DC-SRF gun @ PKU



Main Injector parameter

Main injector parameter Nominal Range
Charge per bunch(pC) 100 10-300
Max Bunch repetition rate(MHz) 1 1
Normalized rms slice emittance(um-rad) 0.4 0.2-0.6
Beam energy at injector exit(MeV) 120 90-140
Pulse energy of cathode laser(uJ) 0.024 0-0.3
Quantum efficiency of cathode 2% 0.5%-10%




Nominal performance of the SCLF linac

LH .- HL BC1 - BC2 -y
CM02-03 CMO04-21 CM22-75
120 MeV 270 MeV 2.1 GeV 8.6 GeV
12 A 85 A 1500 A 1500 A
No.of | Avail. | Powered. | Gradient| E; 6,-0ut | os-out | d, Rsg
CM’s | Cavities | Cavities | (MV/m) | (MeV) [ (mm) (%) (mm)
LO 1 8 7 16.3 120 1 0.04 0
L1 2 16 15 13.6 326 1 0.383 | -12.7
HL 2 16 15 12.5 270 1 1.468 | -150
BC1 - - 270 0.144 1.468 -55
L2 18 144 135 15.5 2148 0.144 | 0.368 [ -29
BC2 - - 2148 | 0.0072 | 0.368 -37
L3 54 432 406 15.5 8653 | 0.0072 [ 0.086 0

6% of cavities are unpowered which provides a safety factor




Cryomodule Performance

1. 3GHz 8x9cell cavity—string

8 tunners

8 power couplers
161NHOM couplers

1 Magnetic shielding
1 sc magnet

Cryomodule Performance

1 BPM
1 cryotat

Cavity Performance
RF frequency 1.3 GHz
Temperature 20K
Cavity length 1.038 m
Vertical test >25 MV/m
Operation >16 MV/m
Qo0 > 2.7x1010

CW RF Voltage > 128 MV
Dark current <1nA
Heat load 2K <93 W
5K <25W
45 K <215W




Longitudinal beam |itter control

Tol.
inj_arr 0.31 ps
injdQ 15 %
L1 pha 0.04 deg
L1 volt 0.04 %
LH pha 0.04 deg
LH volt 0.04 %
L2 pha 0.1 deg
L2 volt 0.1 %
L3 pha 1.8 deg
L3 volt 0.12 %
BC1_dR. 0.005 %
BC2_dR., 0.005 %

total

0.0024
0.0018
0.0005
0.0013
0.0003
0.0004
0.0017
0.0017
0.0013
0.0051
0.0005
0

0.0067

1.70
0.73
2.54
0.79
1.17
0.76
0.61
0.30
0.00
0.00
0.14
0.09

3.59

dE/E(%) dI(%) di(fs)

0.53
0.48
3.50
8.87
241
241
7.93
8.22
0.00
0.00
2.33
-3.09

15.77

Longitudinal tolerances to meet the jitter limitations

Beam jitter VS E_BC2

o dE/E(0.01%) dI/1(4%) dt(20fs)

1.4
1.2

1
0.8

[
0.6 . .
0.4
1.4 1.9 2.4 2.9

Normalized sensitivities w.r.t. the working beam energy at BC2



Lattice along the SCLF linac
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»The linac focusing lattice (L1, L2, and L3) is set using cold
guadrupole magnets

»Warm quadrupole magnets included around the bunch
compressors to match the Twiss functions.

» Dedicated sections for beam diagnostics are arranged at
critical locations (after laser heater and two BCs)



Beam dynamics study by 6D tracking:
Injector(astra)+linac(elegant)
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Corrugated structure as dechirper

» It is not possible to use the very weak
longitudinal wakefield of the accelerating
modules to compensate the correlated 1.636

“ 1634

energy spread of the beam due to its large \
1.632 .

aperture.
1.63

1.638

» Corrugated structure will be adopted as

dechirper, by deliberately selecting the 0 10 20 30 40
s(um)

structural parameters so as to control the
wavelength and strength of the wakefield.
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ubunching suppression via laser heater
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a laser heater system



Main linac parameters

Linac main parameter Nominal Range

Beam energy(GeV) 8 4-8.5
Bunch charge(pC) 100 10-300

Max Bunch repetition rate(MHz) 1 1
Normalized rms slice emittance(um-rad) 0.45 0.2-0.7
Peak current (A) ~1500 500-3000

Slice energy spread(MeV) 0.8 0.4-1.2

Total cryomodule number 75+2 75+2




FEL systems

FEL-I: 3-15keV, based on out-of-vacuum undulator (4, = 26mm)
FEL-II: 0.4-3keV, based on out-of-vacuum undulator (4, = 68 mm)

FEL-I11: 10-25keV, based on Superconducting undulator (4, = 16mm)

<« 88m > 100m

Beam parameters :
100pC, 1.5kA
0.4pm-rad, 0.01% energy spread

50m 350m

30m




FEL-II: baseline

« SASE mode + self seeding + tapering
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FEL-II: advanced concepts
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Table 1: The main parameters of SCLF.

Parameter Value
Beam energy 8 GeV
Relative energy spread 0.01 %
Repetition rate 1 MHz
Peak current (low mode) 10, 20, 30 A
Bunch charge (low mode) 20pC
Normalized emittance (low mode) 0.2 mm - mrad
Peak current (high mode) 05.1,1.5kA
Bunch charge (high mode) 100 pC
Normalized emittance (high mode) 0.4 mm - mrad
Undulator period length 26 mm
Undulator module length S5m
Radiation wavelength 0.1 nm




FEL-II: baseline
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B [m]

FEL-1I1 Baseline
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FEL performance
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Summary

» The SCLF project is in the feasibility study phase
with an 8 GeV CW SRF linac is under design;

» The VHF gun and 1.3GHz CW SRF cryomodule are
under design, and their prototypes will be
developed together with setting up the SRF cavity
processing , RF measurement and power test
infrastructure in the following years;

» A small scale CW SRF linac will be integrated using
the SXFEL tunnel to perform the beam test;

» Broad collaborations worldwide now are under
establishment.
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