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Large Accelerator Projects in China
( 2005-2025 )
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I Maps of new accelerator projects in China I
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Major accelerator projects in China 2018-25
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SINAP/SARI Zhangjiang Campus, Shanghai

SINAP/SARI : a photon science center of China
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XFEL Test FaC|I|ty




Photon science complex at Shanghai |

Hard XFEL
8 GeV linac, 04 25keV
3.1km, 3 FELs, 10-stations
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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
WP = SHINE




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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Scope of Hard X-ray FEL at Shanghai

o Officially approved April 2017, groundbreaking in 2018
¢ ~3km long, 8GeV cw linac, 1TMHz rep-rate, 3 FEL lines

¢ 3 beamlines, 0.4-25keV, ~10 stations, 100PWs laser
¢ Cost: ~ $1.4B, (~80% by local government)

¢ Schedule: 7 years (2018-25)

¢ Joint project team: STU, SINAP, SIOM

¢ Potentials: >6 undulator/beamline, ~30 stations, 100PW
laser vs. XFEL collisions, gamma ray physics, etc.
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SHINE: cornerstone of new science center
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Buildings and tunnels
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EXFEL , LCLS-II and Shanghai XFEL
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European XFEL LCLS-II SHINE

EuropeanXFEL | LCLS-Il (HE ) | Shanghai XFEL
RF mode Pulsed CW CW
Power source Klystron SSA SSA
Accelerator Single Tunnel | Tunnel + Gallery | Single Tunnel
2K heat load/CM ~20w/CM ~80w/CM ~80w/CM
Tunnel slope ~ 0.5% ~
N of modules ~100 ~35 ( +19) ~75
2K capability ~3kW ~ 2 X 4kw ~3x4 or 4x3 kw
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Shaft #1: Injector
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O 2 injectors in parallel possible
O allow independent commissioning
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High rep-rate gun : VHF as baseline

LCLS-Il Gun

APEX-VHF SINAP-VHF

'Mf Pplot 7.17 Poisson Superfish Plotting Program  File QWAVE.T35 m}
fle HardCopy Display View Zoom Help
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Field caIcuIatlons

LN2 Shield 3.5-cell Cavity Pierce Gun

Coupler Heclium Vessel Tuner

PKU-SC-DC  Wis-BNL-SC CU-DC |

KEK-SC KEK-DC
Main parameters of SINAP VHF gun

Frequency 162.5 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 SHINE




8GeV Linac

G LO LH L1 HL BC1 L2 BC2 L3 L4 SY
750 keV 100 MeV ~270 MeV ~2.1GeV ~5GeV 8 GeV
i Gradient | Energy( | © o R56
* z
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 -
{fﬂé ) e
&) M som * 6% spare SHINE



Lattice of linac

Win32 version 8.51/15 16/08/18 14.00.58
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Phase spaces

Linac tunnel:

Warm section:
Bunch compression:
De-chirper:

1430m

4 (DBA + 3BC)

2 BCs, 3" possible
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Beam distributions
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FEL performance
(shown is FEL-I, SASE)
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Undulators in tunnel

3500

7000

3500

3500 | 3500

o Left : EXFEL, single FEL line per 4.5m tunnel
+ Right : SHINE, two FEL lines per 6.0 m tunnel
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Infrastructures and R&Ds for future

¢ From low to high rep. rate: ahuge step (warm to SC)

¢ Y770M (~100M Euros) granted to project since 2017
¢ Priority: SRF infrastructures/R&D

¢ Also cw guns, new undulator, kickers, etc

+ Prototypes underway

¢ Team (integrated to construction): STU, SINAP, SIOM

¢ Collaborations w/ domestic and international institutions:
Crucial!
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Civil construction: Shaft #1 and #5

Shaft #5 Shaft #1

S pril 27,2018
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Summary I

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

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

XFEL performance.

+ We are determined to greatly strengthen our sc 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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XFEL: new generation
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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 kmuﬁ o

Xisting /3 Linac (1.kpa) -
(//HJ' rnodifications ) G~ : «:

e = -:/ Bt
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IC system

CMs and cryogeni
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600 RF cavities: ~12kW@2K heat load

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

20
——QO0=1.0E10
——Q0=2.0E10
Q0=3.0E10
——Q0=4.0E10

15

0 5 10 15 20 25

Eacc / MV/m

« For QO >3E10 @ 16 MV/m
Surface treatment : N-doping, infusion
Lots prototyping ahead
« For QO >2E10 @ 16 MV/m
State-of-art non-doping cavities
Large grain materials
2.0 K—1.8K operating

Siom

Operating points
in considerations

Gradient: 14~18MV/m

Qo:

2.0~3.0E10

Load d: 4~8kW@2K

Plant;

~12 kW@2 K

TESLA 9-cell 1.3GHz cavity
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Cryomodule
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SHINE tunnels: all with 6m diameter
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SHINE cryomodule layout

Cryomodule
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Shaft #2 (at SINAP): switchyard
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Undulators
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Polarization Control: VP and more
likely VP for FEL-I(warm) and -IlI(sc) as baseline

Left : LCLS-II VP undulator R1ght SINAP stackable VP undulator
| ._ S o

‘/

CTRA TeaTes - o
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Future: more FEL lines in a tunnel

-

Typical, 1 FEL/4.5m tunnel, EXFEL

''''' )

Two-in-one HPU, 4 FELs/ 6m tunnel

e | L, =

Stackable VPU

) 6 FELs / 6m tunnel

INE




Photon beamlines /end-stations
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Extreme Light: 100 PW Laser System

The marriage of optical laser pulse with the intensity of 1023W/cm?
and intense XFEL will open the gate for the investigation of high field

vacuum QED P New science

Ultra relativistic optics

10 W/cm?

—h

o
)
(3]

QED vacuum

1

Relativistic optics

—

o
%)
o

Bound electrons e . '
Relativistic interaction, plasma

CPA 14 2 o/ e
«+— Mode locking m QQ '
1010 «— Q-switching —

Atoms and molecules

'y

o
-
[z

Focused intensity [W/cm?]

1960 1970 1980 1990 2000 2010 2020 2030
G. Mourou and T. Tajima
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¢

SHINE strategy on SRF

TESLA type cavity/cryomodule technology are well established, thanks
to the continues global efforts especially by TTC and EXFEL/LCLS-II
project.

- join and cooperate with community, hopefully make contributions
Major components have been industrialized.
- multi commercial suppliers (to deal with tendering/bidding
procedures of funding agencies)

Novel technologies (N-Doping, infusion, etc.) are of great importance to
project for cost-effective performance and future potentials.

- all for it since now, while keep other options going

CM Integration/SRF-testing need to be taken care of on-site to a large
extent unless good partners found

- build up full capabilities while look for collaborating institution/industry

-
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SRF R&D Halls and cryogenic plant at SINAP

\: ‘ ‘ Bi- X = {L -‘;- B nrk R -; 5 Pn;f‘_—d‘ m"‘hﬁ:’;" ;jf -

P

SRF Hall #1 :

s #2 comes at 2020
=== Cavity treatment
B Vertical Tests

~, Module integration
= Horizontal Tests

Cryogenic plant
TkW@2K

For SRF R&D only

Ready mid 2020

E————

. o0 40m tunnel for horizatal tests
Vertical test caves

clean|rooms




New SRF infrastructure at SINAP

2 SRF Halls + CM storage : total 8000m?
SRF treatments/CM integrations Inside
1kW@2K cryogenic plant

4 \/T caves
2x40m bunkers: 4 HT stations

*® & o6 o o

Different scenarios envisioned

¢ 4x4-cavity and 4xCM tests max.
¢ 2-CMs HT with interconnect

¢ gun + 1-2 CMs = beam test

¢ SXFEL wide tunnels for several
CMs (~a SC VUV FEL)
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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 I

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)
- 1.0E+11 |
: ans = 5 4 | !
KR X KK !X&%ﬂ(m* %&xg‘ *:llxll.' " o
ssogues ettt ¥ ¥ Y 2 Y § Cos0q,
e
1.0E+10 LOE10 | 5 5 AXx
i . . n A
| | | n
< =4
+ NXPKU1 + NXPKU1
LOE+09 = NXPKUZ [ | | LOE=09 - wnNxpKU2
A NXPKU3 | [ anxpkuz
X NXPKU4 | | [ xNxpku4
X NXPKUS | | xekus
- 'NXPKL‘:E ® NXPKUB
X ,
' , s 1.0E 108
0.0 50 10.0 l;.n M\j:lﬂ 25.0 30.0 350 o0 0 106 150 200 250 100 150
acce 'fm
( ) Eacc (MV/m)

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

_ e Operation @1.8 K could be an option
- SHINE
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Horizontal tests of 1.3 GHz CM (2-LG cavities) at PKU

Horizontal test of NX-PKU4 at 2K (2018-01-30)
1.0E+11

1.0E+10

Qo

1.0E+09

1.0E+08
0 5 10 15 20
Eacc (MV/m)

Horizonal test setup:
 Pulse mode: 0.5 Hz, 700 ms
« Qe~6x108 for Q-E measurement

E..c >20 MV/m without quench

Q-drop after 15 MV/m:

Caused by Cryogenic capacity limitation (~55 W at 2 K for cooling down both 3.5-cell injector
and 2x9-cell cryomodule ) and probably field emission
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N-doping: Initial results by IHEP and PKU

Q
9.0E+10 6.00E+010
S
s ~ 'h'. Quench |
7.0E+10 ..--v...” - ( - S
6.0E+10 » {B%ii(65051)

= {8%()5i(65051)

i
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5.0E+10 i '\.::::' 1
S.OE+ - ""k
i B %11 4.00E+010
4.0E+10 4 ).?‘A\\\ * 18501 (65052)
o ..

3.0E+10 N 0, * 8% (65052)
’ : 3 - *,
2.0E+10 Multlpactm;.'\. N *, o
at 2.0K .~
1.OE+10 LN
poEn 2.00E+010 -
0 5 10 15 20 25 30
Eacc(MV/m)

1.00E+010

CEPC 5 TR SR EEMAER (2.0K)

Eacc (MV/m)

IHEP 650MHz single-cell cavity N-doping PKU N-doped 1.3GHz cavity

= | IHEP/PKU/SINAP to have 9-cell cavity EP/N-doping in 2018
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SHINE SRF R&D
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First result of SINAP-3900 vertical tests (2018-07)

e ®%e
(1] L
8E+9 R B
6E+9
(an]
=t 'il"‘-u-
4E+9 a Ay ahih A
2E+9 SHINE spec *

ikl )i | BrohiBtiniE S/ FE 0 s 10 15

#3900-501 N-doped

= 3900-502 N-doped }Ig

4 3900-503 Baseline
® 3900-S04 Baseline

20 25

8 SRR

BEBA.,

2 STRHARAT , 218

RS

=rk1.3GHZEE T
N ,

Bk ins, 18 |

SRrIES/HE

KT

B - o=zl
RIS |

LS|




Undulator lines

o FEL-I(3-15keV ) : SASE. Self-seeding.
e FEL-II (0.4-3keV ) : EEHG/HGHG, SASE, self-seeding
o FEL-III ( 10-25keV ) : SASE. self-seeding, with SC undulators

FEI -\/T

SR *K‘""i&’ S Lk

RS
100pC, 1.5kA
0.4pm-rad, 0.01%8&¢E
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Tunnel vibration measurements

11111

AN —_—

=

R. Deng, J. Wang, et al

isplacement Power Spectral Density
H i i T H

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
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Schedule

Duration:
Prototyping:

7 years (2018-2025)

starting 2017 (separate funding)
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Cryo-module design/fabrications and cryo-plant are critical.
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