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I Outline

« Large accelerator projects in China
 SRF R&D needed for large projects
* New infrastructures in next 2 years

» Related Industries
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Large Accelerator Projects in China
( 2005-2025 )
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Large Accelerator Projects in China

Year Host Type Dimen. Energy Cost
BEPC-II 2003-08 IHEP e+e-ring| 240mC | 25GeV | ~100M §
SSRF 2004-09 SINAP e- ring 432m C 35GeV | 220M $
CSR 2004-10 IMP i ring 129m C [ 0.4 GeV/u| ~50M $
CSNS 2010-18 | IHEP-ep | p lintring | 100+200m | 1 GeV ~330M $

XFEL-TF | 2014-18 SINAP e- linac 293m L 0.8GeV | ~30M $
XFEL-UF | 2016-19 SINAP e- linac 532m L 1.5 GeV 110M $
CiADS 2018-25 IMP-GD p linac ~200mL | 0.5GeV | ~400M $
HIAF 2018-24 IMP-cp 1| ilintring | ~530m C | 4.2 GeV/u| ~350M $
H-XFEL 2018-25 SINAP e linac 3100m L 8 GeV ~1.4B %
HEPS 2018-25 IHEP e ring 1300m C 6 GeV ~700M $

GD: Guangdong Province (near Hongkong)
Cost: rough amount in USD for easy understanding
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Newly approved large accelerators in China
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I Maps of new accelerator projects in China I
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SRF-related features of new projects

Energy | Current Mode SRF Cavities | Key RF-related | note
/particle issues
CADS | 0.5GeV | SmA proton 162/325/650 High current
cw-linac MHz, ~200 cw p linac
HIAF 4.25 1E11u | heavy-ion j 81/162/325 High current
GeV/u accelerator } MHz, ~100cav cw i linac
XFEL 8GeV | 0.2mA | electron 1.3GHzx600 High Q
cw-linac 3.9GHzx16 Mass produc.
mu
HEPS 6 GeV | 200 mA | electron 166MHzx5 | Low freq. SRF
cw-ring S500MHzx2 for e ring
i I - heavily SRF
I 1 heavily
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I SRF R&D Infrastructures: so far

2010-2017

General information of SRF R&D programs

IMP IHEP PKU SINAP
Driven project ADS ADS/ILC ILC/FEL SR
Infrastructure Old campus | Old campus | Old campus | Old campus
locations Lanzhou Beijing city Beijing city Jiading
SRF R&D fund ~50M$ ~50M$ ~10M$ ~10M$

SRF Infrastructures in major institutions

Cryoplant-T | VTS Space EP | CM-int./HT | N_dope
PKU TOW@2K | 1x2cav | ~1000m2 | Yes 2-cav Yes/s
IHEP 100W@2K | 1x2cav | ~2000m? | Yes 1-cav Yes/s
IMP 850W@4K | 1x1cav | ~2000m? | Yes 6-cav No
SINAP 60W@4K 1cav | ~2000m? | No 1-cav No
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SRF Infrastructures at IMP (Lanzhou)

Control
system

Coupler condition
system

Assemble in Cryogenlc plant

clean room 850W, 4 2 K

complex
acid

Plasma condition
system



SRF cavities R&D for ADS at IMP

HWRO010 HWRO015 CH Double Single elliptical
Spoke Spoke

CW proton HWR010 and HWRO015 by Spoke by
25MeV, ADS ——




SRF infrastructure at IHEP

¢ Complete cryomodules for varies projects have been
developed, e.g. BEPC-II (500MHz), C-ADS (325MHz), ILC
R&D (1.3GHz)
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Layout of ADS injector I
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SRF infrastructure at IHEP
SRF testing

IR/
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o 2K (100W) VT dewar with
refrigerator-close cycle

¢ One test circle per week (at most
2 x 1.3GHz 9cell cavities at a time)

“!\mﬂ'f
"N / -
%, £

o SIOm




PKU SRF infrastructure
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Insert Magnetic shield




I SXFEL project includes sc cavity R&D I
6 Large Grain 1.3GHz cavities made in OTIC

."""‘"" Vil
Q)JA\J W, - v'«?

»f // siom SCLF



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

_ o Operation @1.8 K could be an option
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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
=
=4

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



N-doping: Initial results by IHEP and PKU
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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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Infrastructure on SRF at SINAP

Annealing B Roots pumps Vertical Test
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I SRF Infrastructure and R&D so far

* Proton cw linac machine:
ADS R&D made significant advances in past years
by IMP/IHEP teams
foundations for CADS/HIAF projects

« Electron cw linac:
R&D / infrastructure much underfunded.
huge efforts needed to take new challenges facing
us on Hard XFEL at Shanghai

2017 is turning point as Shanghai XFEL and HEPS
projects(prototyping and construction) got funded.
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New projects: huge challenges

-

“Intense R&D done. Dedicatéd R&Bsince 2016
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EXFEL , LCLS-lI(HE) and Shanghai XFEL

A =
vl G 20m Al
LCLS-Il =
EuropeanXFEL | LCLS-Il (HE ) | Shanghai XFEL
RF mode Pulsed CW CW
Power source Klystron SSA SSA
Install Single ac Tunnel | Tunnel + Gallery | Single ac 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
o 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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6CMs
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Cryogenic plant: ~12kW@2K total

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

20 ——Q0=1.0E10 . .
i Operating points
s | in considerations

Gradient; 14~18MV/m
Qo: 2.0~3.0E10
Load d: 4~8kW@2K
Plant; ~12 kW@2 K

0 5 10 15 20 25 30

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

TESLA 9-cell 1.3GHz cavity

L2
=

// siom SCLF




Cryomodule
based on EXFEL&LCLS-II type
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SCLF 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 Infrastructures: next

2018-2019 (fully funded, ongoing)

General information of SRF R&D programs

IMP IHEP PKU SINAP
Driven project HIAF/ADS | HEPS/CEPC/ XFEL XFEL
ILC/ADS
Infrastructure HIAF site HEPS site Same XFEL site
locations Huizhou Huairou location Zhangjiang
SRF R&D fund TBD ~50M$ ~10M$ ~100M$

SRF Infrastructures in major institutions

Cryoplant-T | VTS Space | CM-int./HTS | EP/N_doping

PKU 70W@2K | 1x2cav | ~2000m?| 2-cavCM Yes/9-cell
IHEP-1r | 300W@2K | 3x4cav | ~4500m? | 8-cavCM/2HT | Yes/9-cell
IMP-cp TBD yes |~TBD m? Yes yes

| SINAP | 1000W@2K | 4x4 cav | ~8000m? | 8-cavCM/4HT | Yes/9-cell

T =T



Locations of SRF infrastructure / Industry

New SRF infrastructures are around new projects!

irbine I
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North Korea

,Seoul

South Korea

HEPS
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NX-OTIC
° f:r'IrMP
China _A A
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® anghai
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Chengdu SINAP
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SRF Infrastructure

SRF related firms
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SRF R&D Halls and Cryogenlc plant at SINAP

P

SRF Hall #1
S #2 comes at 2020
== Cavity treatment
&= \ertical Tests
—— . , =~ Module integration
il = 4 — B Horizontal Tests

Cryogenic plant
TkW@2K

For SRF R&D only

Ready mid 2020

T

. ® 40m tunnel for horizatal tests
Vertical test caves

ISO4 clean room




I 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 HTS

® & o6 o o

Different scenarios envisioned

¢ 4x4-cavity and 4xCM tests

¢ 2-CMs HT with interconnect

¢ gun + 1-2 CMs = beam test

¢ SXFEL wide tunnels for several
- CMs (~aSC VUV FEL)




I Domestic & international collaborations
on prototypes & R&D

¢ atleast 5 prototype CMs (CM#-5 to CM#-1)

- component R&D and supply chain

- cavity VT and component tests (use PKU/IHEP VTS until 2020)
- CM integrations

- HT ( 1kW CP ready in 2020)

¢ N-Doping, infusion R&D

- infrastructure

- above all, build up a good team (& collaborations)
- recruiting both experienced & young people
- reviews/workshops/committees ahead

L2
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IHEP's new infrastructure: PAPS

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

+ Budget: 500M CNY funded by Beijing Gov.

¢ Construction: 2017.5-2020.6

¢ Consist of 7 systems:
> RF system

> Cryogenic system

> Magnet technology

> Beam test

> X-ray optics

> X-ray detection

> X-ray application
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Layout of the SRF facility at IHEP's PAPS
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Blue lines: Cavity VT workflow

Black lines: FPC conditioning workflow

Red lines: CM assembly and test workflow SCLE



New infrastructure at HEPS campus

+ SREF facility construction

o Civil construction is on going, and
will be finished by Oct. 2018.

o Purchase on equipments is on
going, and installation will be
finished by Mar. 2019.

o Commissioning of the cryogenic
system will be finished before
Oct. 2019.

¢ RA&D activities

e N-doping study has started:
samples were analyzed; baseline
cavities were tested; more
cavities were under fabrication.

e Tunable FPC for CEPC has been
designed.
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SRF related industry: a glance

Domestic suppliers of major SRF components
(incomplete)

Nb-materials | Cavity-FPC Cryostat SSA
NX-OTIC(-Pku) int. supplier Cavity
HERT (-IHEP) Cavity/FPC
HITivP) Cavity
RuiYuan(ivp) Cavity
WUXI-inno. yes
Wanrui- yes
BG-electronics yes
CD yes

L2
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SRF cavity supplier- Ningxia OSTEC

# Cavity type Number
1 | 1.5GHz single cell 1

2 | HWR =0.29 For FRIB 7

3 | 1.5GHz 7cell 2
4 | 3=0.085 162.5MHz QWR 2
5 | 325MHz HWR 2
6 | 1.3GHz 3cell slot cavity 1

7 | 162.5MHz Taper HWRO015 2

8 | Spoke012 5
9 | Spoke021 5
10 | 1.3G single cell 12
11 | 650MHz single cell/2-cells | 3 /2
12 | 162.5MHz Taper HWR009 2
13 | Large grain 1.3GHz 9cell 6
14 | Deflection cavity 1

&) A o

Ningxia Orient Superconductor
Technology Co., Ltd (OSTEC)

SCLF



IERT by IHEP @ BT R AT

Beifing HE-Racing Technology Co., Lid.

+ Beljing HE-Racing Technology company is experienced in
production of jacked SRF cavities, FPC couplers, and

other NC accelerator components
. A new post processing facility is to be built in 2018.

Vacuum Furnace EBW Machine - Helium Léak DetecgcCLF



HERT (SRF cavities)

¢ 14 SRF cavities have been
fabricated, including spoke
cavities, elliptical cavities,
and QWRs.

+ More elliptical and spoke
cavities are in progress

¢ Capability: ~80 cavities per
year.

Cavity type Freq.(MHz) | Time Status
C-ADS Spoke012 325 2015 | Beam commissioned
C-ADS Spoke021 325 2015 | Beam commissioned

ILC 9cell TESLA 1300 2016 | Vertical tested
HEPS-TF QWR 166.6 2017 | Vertical tested

TN =IO



+ More than 60 FPCs have been fabricated
o Capability: ~100 FPC couplers per year

HERT (FPC couplers)

Project | \7°% | Power (kW)
LCR&D 1300 Iel\j:/:V,LSms,SHz
162.5 | Oper.: CW, 80 kW




Industry: SRF Cavity (HIT)
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Build more 50 cavities
Planning to expanded
production

Planning 1000
cavities/year




SRF cavity supplier- RuiYuan

Lanzhou Ruiyuan Machinery and
Equipment Co., Ltd.(LRME) is a private
high-tech enterprises founded on the
basis of a group working on military
technical production. The company is
mayjor in the designing and
manufacturing of high technology,
scientific research and production
equipment, such as modern physics
equipment, superconductivity, electrical,
magnetic and application of ultra high
vacuum technology.
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Permanent _
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som charge state ion “ vessel
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Wuxi-inno. for cryostat
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Outlook

» Large accelerator projects got a boost in past 2
years, in which most of them are SRF-based.

 SRF R&D were far from enough so far. Domestic
SRF industries are limited yet growing steadily.

* New funding for infrastructures and prototyping will
help greatly in next few years.

« Fairly long way to go for the new projects. We are
at the starting point. Collaborating is essential.
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