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SINAP Zhangjiang Campus, Shanghai

SINAP : a photon science center of China
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XFEL: new generation
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Existing High-gain FELs in China

_ s SDUV@SINAP, Shanghai
~ | 70m, 200MeV, 150-350nm

150M Euro
Total investment

B 2 532m,1.5GeV, 2-20nm
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XFEL Test Facility (2015-2018)

293m, 0.84GeV w/ warm linac, 8.8nm
Seeded FEL w/ EEHG&cascadlng o

=

—.._2016.6, building completed
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XFEL Test Facility

I;’ 7

T i
) -‘-IAA.‘ dm“m
st 3 1 q '”‘ a'u-"’




.....

" Hard XFEL"
8 GeV SC, 3.1km
3 FEL lines, 10 stations
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Why scRF-based XFELs?

LCLS-Il provides a factor >103 in average brightness (to 5 keV),
and extends the reach of the Cu linac to 25 keV
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Linac Coherent Light Source a't SLA?

X-FEL based on last 1-km of existing linac

C lipac, 3~4 kmw o

Xisting /3 Linac (1.kpa) -
(//irr rnodifications ) g

B e

New e-_Transfer Cine (340 m) —,n




I Decision making on next XFEL project

+ Initial plan: low rep-rate XFEL with warm linac,
e PROS: low cost/compact/early operation
e CONS: quite limited performance
¢ CW option: high rep-rate XFEL with cw scRF linac

e PROS: high performance, much more potentials

o CONS: expensive/late operation/technical challenge

Finally, with strong support by local government (75% of

total cost and 100% R&D funding), cw option was chosen.

Approval by national/local funding agency: April 28, 2017
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Scientific needs for XFELs at SINAP

10 nm 1 nm 0.1nm

Hard X-ray FEL

Soft X-ray FEL
l--------------------‘
Serial crystallography
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I Scope of Hard X-ray FEL at Shanghai

¢ ~3km long, 8GeV cw linac, 1TMHz rep-rate, 3 FEL lines
¢ 3 beamlines, 0.4-25keV, ~10 stations, multi-PWs laser
¢ Cost: ~1.2 B Euros

¢ Schedule: 7 years(2018-25)

¢ R&D: 0.1B Euros, most for scRF tech./ infrastructures

¢ Potentials: 6 undulator/beamline, ~30 stations, 100PW
laser vs. XFEL collisions, gamma ray physics, etc.
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Main Parameters

Parameters Design Goal
Electron Energy ( GeV ) 8
Slice Energy Spread ( rms ) <0.01%
Slice Emittance ( mm-mrad , rms ) <0.4 ( 0.2-0.7)

Bunch Charge ( pC )

100(20-200)

Peak Current ( A)

~1500 ( 500-3000 )

Max. Rep. Rate ( kHz ) 1000

Photon Energy Range ( keV ) 0.4 -25

Pulse Length ( fs ) fs ~100 fs

Arrival Jitter ( fs ) <30

Stability <10%
Coherence Transverse and temporal

Peak Power ( GW )

>10 @12keV>20 @1keV
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Overall Parameters Choice
8 GeV linac, 3 FELs, 10 exp. stations

1 =26mm
u

). =68mm
u

‘photon

030 4
E keV

E // (={(m])]

Ep]lolotl ke

0 LI (N /| A

8GeV,

L2
=

0 1 2 3 4 5
Ephm keV

Flux vs. Beam energy and Undulator period
Blue: 6GeV, Red}

Purple: 10GeV

FEL-I FEL-II FEL-II
Undulator type flat flat+EPU sc
Period 26mm 68mm 16mm
Length om 4m 4m
SASE
FELmodes | eS| SXSS | s
Photon Energy | 3.0-15keV | 0.4-3.0keV | 10.0-25keV
Peak power 5-25GW | 30-55GW 4-18GW
Pulse energy 25-1100pd | 130-2400pd | 20-800ud
Bandwidth (RMS )| 0.06% 0.1% 0.027%
Spot size ( RMS ) 50um 60um 40um
Divergence ( RMS )| 5Sprad 7urad 3urad
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Shanghai Hard XFEL layout
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EXFEL , LCLS-II and Shanghai XFEL
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EuropeanXFEL | LCLS-Il (HE ) | Shanghai XFEL

RF mode Pulsed CW CW
Power source Klystron SSA SSA
Install Same Tunnel | Tunnel + Gallery | Same Tunnel
2K heat load/CM ~20w/CM 80~110w/CM 80~110w/CM
Tunnel slope ~ 0.5% ~
N of modules ~100 ~35 ( +19) ~75
2K capability ~3kW ~ 2 X 4kw ~ 3 X 4kw
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Shaft #1: Injector
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Injector layout designs

LO-0 Emit.

VHF gun Valve Laser ICT Profile Colli. Bend

Solenoid BPM  Buncher
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High rep-rate gun : VHF as baseline

LCLS-Il Gun

APEX-VHF
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Field calculations

LN2 Shiecld 3.5-cell Cavity Pierce Gun
I ,
I Coupler Heclium Vessel Tuner

SINAP-VHF |

PKU-SC-DC WU-BNL-SC

Frequency 216 MHz
Operation mode Cw
Gap voltage 750 kV
Field at the cathode 19.6 MV/m
Q, (ideal copper) 29439
Shunt impedance 5.76 MQ
RF Power @ Q, 100 kW
Stored energy 2.16J
Peak wall power density 30.9 W/cm?
Accelerating gap 4 cm

Main parameters

SCLF




8GeV Linac

G LO LH L1 HL BC1 L2 BC2 L3 L4 SY
750 keV 100 MeV ~270 MeV ~2.1GeV ~5GeV 8 GeV
” Gradient | Energy( | o o R56
* y4
CMs | Cavities | Powered (MV/m) Mev) | mm) | (%) obrf (mm)
LO 1 8 7 16.3 100 1 0.04 0 -
L1 2 16 15 14.8 326 1 0.383 | -12.7 -
HL 2 16 15 12.5 269 1 1.433 | -150 -
BC1 - - - - 269 0.14 | 1.433 - -61
L2 18 144 135 15.5 2148 0.14 | 0.365| -30 -
BC2 - - - - 2148 0.007 | 0.365 - -36.5
L3 24 192 180 15.5 5235 0.007 | 0.085 0 -
L4 30 240 224 15.5 8653 0.007 | 0.085 0 -
) e * 6% spare SCLF




CMs and cryogenic system
Shaft#1 Shaft#2
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75+2 CMs
40 SCUs@4K

Purification Compressor Purification

3 x 4kW@2K
or 4 x 3kW@2K

Dis. Box
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I Cryogenic plant: ~12kW@2K total

SCLF Dynamic Power and SRF Cavity Quality Factor @ Eacc=16 MV/m

20
——Q0=1.0E10

s Gradient: 14~18MV/m
- Qo: 2.0~3.0E10
<. Load_d: 4~8kW@2K
= A Plant:  ~12 kW@2 K
Ok//
‘ E /MV/m ‘
Components 2K load ( kW) |4.5K load ( kW)
SCRF Static 0.75 1.575
Dynamic 6.075 0.375
O/ 2 TEE Tl 6.825 1.95
Static 04
>CU Dynamic 4
o 1.0 1.0
Distribution Pines 15 15
&) M sion SCLF




Linac tunnel: 5.9 m diameter
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I Cavities are powered by SSAs




Cryomodule
based on EXFEL&LCLS-II type

6142
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Design issues

¢ Based on rapid progress on cw scRF technologies,
especially on cavity performance and cryomodule

technologies in past years, boosted by EuXFEL and
LCLS-Il in particular.

¢ The community is optimistic on further improvements.
We are going to take this huge opportunity to contribute
to the advancements of scRF field
o Cavity performance improvement through various techniques
e New cryomodule design and prototype modules
e cw linac in underground tunnel

P
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1.3GHz TESLA-type cavities

o Parameters

SCLF is operating at cw mode, high QO can lower
cryogenic load hence the costs

- Q0 =2E10 @ 16 MV/m

- Surface treatment : N-doping, infusion

- Large grain materials

3 2 . O K_) 1 . 8 K O p e ra ti N g N SCLF Dynamic Power and SRF Cavity Quality Factor @ Eacc=16 MV/m

Lots prototyping ahead — /

TESLA 9-cell 1.3GHz cavity
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3.9 GHz cavity optimization

e End group redesigned Courtesy: J. F. Chen
End-cell shape comparison
4 . ;
—— ECSCLF
351 Inner Cell
5| — ECEXFEL
——— ECLCLSH
25
" 15| SCLF 3.9GHz cavity
‘1 L
0.57 I Lowest | Frequency Distance to -
dipole (MHz) mode (MHz)
EXFEL 3992 92
LCLS-II 4092 192
SCLF 4170 270

4 to shift away the potentially troublesome lowest dipole mode
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—
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Shaft #2 (at SINAP): switchyard
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Beam distributions

» Design considerations : dog-leg with duel-DBA
v n=ny=0, n,=n =0
v" CSR suppression
= Small bending angle
= Optics compensation
v micro-bunching : adjustable Rs;

P-functions and x-dispersion

100 — ‘ 250 — ‘ 80 —

e — K i o2 70| 102

o - 2000 o St Ond ot 60
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Simulations of microbunching

» R, effects :
» ~ afew hundred ym R ;

3 5!
e | 3
ML r \' r \’\ T J.\ N"“ z: /“""\rh: W "‘ I HM
0.0 _ o VLY
-30 25 20 - -0 -05 00 05 10 30 -25 -20 - -05 00 05 10
t( 2 = t(ml ) le2
| Exit of LTU3 dog-leg | Exit of LTU2 dog-leg |

No Laser-heater

1 N ::
§ E § ‘,;/ \ /\ @ 13 /‘ \ /M\
E‘m =2 // '™ X o / A0
—1 // (:Z W“'/
' c; (mn;)‘ ) 12 - = - i =] ) - :’””> 0 e
End of Linac Exit of LTU3 dog-leg Exit of LTU2 dog-leg
Laser-heater

> Laser-heater needed
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FEL Undulator Lines

3500

7000

3500

3500 | 3500
1

7000

o Left : EXFEL, single FEL line per 4.5m tunne
+ Right : SCLF, two FEL lines per 5.9m tunnel
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VH Heater

FEL parameters

1.3GHz
Cryomod

FEL-II : 0.4-3keV

De- T — )

|
FEL-I : 3-15keV =

eV eV FEL-IN : 10-25keV__
— - —D |
FEL-I FEL-II FEL-III
Undulator type planar Planar + EPU SCU
Period length 26mm 68mm 16mm
Section length 5m dm 4dm
FEL modes HXSS/SASE SXSS/EEHG/SASE HXSS/SASE
FEL photon energy 3.0-15keV 0.4-3.0keV 10-25keV
FEL peak power 5-25GW 30-55GW 4-18GW
FEL pulse energy* 25-1100pJ 130-2400p) 20-800pJ
FEL BW (RMS) 0.06% 0.1% 0.027%
FEL spot ( RMS ) 50pum 60pum 40um
FEL diverge. (RMS) 3urad 10prad 2urad




FEL S2E Simulations

et Longitudinal Phase Space
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Undulators
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Home-made undulators
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SC undulator

¢ SC undulator protype
¢ 0.8m length
¢ 1ntest

&) P= ) \ Design for 4m




Radiation and beam dumps

1000

500

500 F |

-1000 1 1 1 1 1 1
-1000 -800 -600 -400 -200 O 200 400

1x1012

1x1010

1x108

1x106

10000

100

Simulations on beam dumps

SCLF




Tunnel vibration measurements

11111
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R. Deng, J. Wang, et al

20170122 1-100Hz rms movements
Pts | Position | Depth Time Vert. N-S W-E
3 | Ground 0.4111 0.2338 0.2407
13:40-
13:50
4 Tunnel | 24.3m 0.1962 0.1549 0.1404
4 Tunnel | 24.3m %%(1%' 0.0629 0.0927 0.0649

Measurements of vibrations in similar tunnels

SCLF



I SXFEL project includes sc cavity R&D I
6 Large Grain 1.3GHz cavities made in OTIC
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Large grain cavities: VT results by PKU

e E... >25MV/m ( SCLF baseline : 1T6MV/m , blue)
e Q) ~1.6-24E10 @ 2K, at 16 MV/m, ~3.5E10 @1.8K

Q vs E of PKU 9-cell cavities (2.0 K) Q vs E of PKU 9-cell cavities (1.8 K)
LOE+11 LOE-1 .
' EEE ® 5 g i
XORX XK ”‘?"*?‘"‘** P !:l'{'-e . o
scogues |adAAAanadad 127 Syt ®ogy,
e
10E+10 LOE10 | 5 5 AXx
i . . n A
| | | n
< <
+ NXPKU1 + NXPKU1
LOE+09 = NXPKUZ [ | | LOE=09 - wnNxpKU2
A NXPKU3 | [ anxpkuz
X NXPKU4 | | [ xNxpku4
K NXPKUS | | xpkus
- 'NXPKL‘:E ® NXPKUS
1 |
' ) R 1.0E 108
00 50 10.0 l;.n M\zfo.n 250 300 350 00 0 100 150 00 250 100 50
acce 'fm
( ) Eacc (MV/m)

o Q,(1.8K)/Q,(2.K) = 1.50-1.79 (@~16 MV/m)

_ o Operation @1.8 K could be an option
& e SCLF
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SRF R&D Halls and cryogenic plant

—— s

Cryogenic pInt \- SRF Hall #1
TkW@2K ' === #2 comes at 2020
For SRF test === Cavity treatment
Ready mid 2020 ¢ TS Vertical Tests
[ ™~ Module integration
T &l Horizontal Tests

. ® 40m tunnel for horizatal tests
Vertical test caves

clean room




I Domestic collaborations
IHEP, PKU, IMP, industries, etc.

e “Platform of Advanced Photon Source
Technology R&D”, to provide infrastructure
for construction of future project.

e Budget: 500M CNY funded by Beijing Gov.
e Construction: 2017.5-2020.6
e Consist of 7 systems:

F. He, IHEP

» RF system

» Cryogenic system
» Magnet technology :
» Beam test

» X-ray optics

» X-ray detection

k- » X-ray application

June 26, Feasibility study meeting of SCLF module, Shanghai 18



Schedule

Duration:

7 years (likely 2018-2025)
Prototyping:

starting 2017(separate funding)

2018 2019 2020

1 2 3 4 5 & 7 3 3 101 12
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2022

1 2 3 4 5 § 7 8 3 1011 12(1 2 3 4 § & 7 8 3 1011 121 2 3 4 5 & 7 8 3 10 11 12

2023
1 2 32 4 5 &5 7 8 3 W11

2024

HEESNE |, FEH

X ERE TR eSS R AR ( Ef&cp M)

EEEEE TSRS arm W

1 2 3 4 5 5 7 8 310

Em.’:&:‘:—:ﬁi&‘ﬂl’!} CAEE  EEEEERAeETRREAT R AEE
¢ £
ERIPWEREE TR STl | SR Bhclik e = L

m1Ef1 2 3 4 58 7T 3 3 WU 12

SRR E S . FlR

i), W= Eht Ty SEEAEAS 6/E/2EE 125, |/nE = 1gitE THr22=
TR (25) TR, Wi . [ BT (TEm RTRE (SESpmE), (S A R
(VFNE, ESEaT e iUmairie ) N\ / a

A
. S oy
T FESOPCRANF SRR SR | SRR

PSR EE R A , M

(21R)

TAgRErT, T W
focane]

125/2E

L2E/MAE

fea

EFERies FTE IR

BAES

KW @2k P EAkW B2kEE R

sl . e P
= 2 EIHINER EIRINERST
LISHREER | RETREE)

gfjmfﬁ 18/225 L

1 Bl ARG L3R 24, £E {iﬁ#‘%&x

EEELE

=T EEE

L3R AR SO

Cryo-module design/fabrications and cryo-plant are critical.
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I Summary

+ Next major facility will be hard X-ray FEL based on scRF
technologies despite of huge technical challenges.

+ The main parameters and general layout have been
preliminarily explored to meet the requirements by the

XFEL performance.

o We are determined to greatly strengthen our scRF related
capabilities through the intense R&D programs and actively
seek the co-operations domestically and internationally to
accomplish the project and eventually contribute to the
community.
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