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Brief introduction on IHEP

IHEP serves as the backbone of China’s large science facilities

***In operation
* Beijing Electron Positron Collider (BEPCII)
* China Spallation Neutron Source (CSNS)
* Yangbajing Cosmic Ray Observatory (ASy & ARGO)
* Daya Bay Neutrino Experiment
* Hard X-ray Modulation Telescope(HXMT), launched on 15/06/2017
* Accelerator-driven Sub-critical System (ADS) =

“*Under construction
e Jiangmen Neutrino Underground Observatory (JUNO)
e R&D of the High Energy Photon Source (HEPS-TF)
* Platform of Advanced Photon Source Technology (PAPS)
e Large High Altitude Air Shower Observatory (LHAASO)

**Planning

e HEPS, XTP, HERD, CEPC ...
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IHEP Organization
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IHEP
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B Employee: ~1450
B Students : ~ 400
B Visitors: ~ 400
B Budget: ~1.2BRMB/yr
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Current & future projects in IHEP
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CEPC/SppC
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Collaboration on accelerator between CERN & IHEP

ey w5

Plate | Chang Wen-yii (centre) with Luke C.L. Yuan (left) talking to Kjell Johnsen at CERN, June 1973. (Photo Plate 12 E.J.N. Wilson (second from left), W. Pirkl (fourth from left) and Fang Shou-hsien (extreme right) at Guilin
CERN) airport, October 1978. (Photo X)

B SPS & BEPC (1978 -1995) ll ® LEP & LHC (1992 - 2002)

B LHC & HL-LHC (2012 — Now)
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A total amount of ~

LHC
2M

will be invested for CCT

+* China-CERN collaboration meeting in Sept

+*MoU signed for HL-

collaboration

Euro from IHEP/CAS
magnet manufacture
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HL-LHC Collaboration — Accelerator technology

**CCT magnet for HL-LHC

* China will provide 12 units CCT corrector magnets for HL-LHC before 2022
* A0.5m model and 2.2m prototype to be fabricated and tested by June 2019
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Magnet specifications of the short 0.5-m model

“*Mechanical length: 0.5 m Bore field /T 204 I
o . Current / A 422
**Integrated field: 0.757 Tm Layers e
s*Aperture: 105 mm (cold) CCT angle /° 30
. G turn / 5.2(0.6
“*Beam distance: 188.19 mm ai — “mlmm 5(5 )
urns per layer
’ [ ]
**Current : 422 A Integrated field / Tm 0.757
“*Ramps rates: 100 s to target value Peak field / T Skl
lo/Ic 55%
"’ N [ [
¢ YOke' 614 mmin dlamEter Slot size in former 2 mm*5 mm,0.6 mm for rib
e Coil size & length /mm ©614/539.4
Hole for yoke fixing pin e
Cooling hole

CCT coil pack assembly 105 mm O

Yoke alignment & slot

"= for welding backing strip

8§ — yoking keys (hybrid on poles
and non-magnetic at mid-plane)

Laminated magnetic yoke

Corrector Bus-bar slot & lifting.
=2 bus bar slot

614 mm O

2D design from CERN




Magnetic Field Calculation in OPERA-3D

Coil gap : 15
Iron core . 30
Background : 120
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The whole structure The coil structure

Parameters of superconducting wire

Insulated Insulation Number of | Cu/non-Cu Critical RRR(273K/
size (mm) meterial filament ratio current@4.22K (A) 10K)

®0.991£0.01 Kapton+S glass 2192 1.3%£0.13 >767@3T, >700@4T >100
Insulation voltage >2500V



Three-coordinate measuring result of outer former ,

1# outer 2# outer 1# outer 2# outer Crlterlon H[;]'
formerl formerl former2 former2

Groove bottom size -0.0239 -0.0437 -0.0983 -0.0442 122.6-123
(different grooves)
Groove bottom size -0.0218 -0.0377 -0.0415 -0.0121 122.6-123
(same groove)
Inner circle size -0.0214 -0.0118 -0.0066 Qualified 118.98-119.035
Outer circle size 0.0029 Qualified Qualified Qualified 132.97-133.028
Groove width Qualified 1.9965 Qualified Qualified 2-2.04
Groove profile Qualified Qualified Qualified Qualified 0.05
Inner circle Qualified Qualified Qualified Qualified 0.03
roundness
Outer circle Qualified Qualified Qualified Qualified 0.03
roundness
Coaxially Qualified Qualified Qualified 0.0329 0.03

Because od different materials and processes, there will be some deformation in the process.



CCT magnet manufacture




CCT magnet test procedure
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cooling by LN2
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excitation 1A/s
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CCT magnet test procedure
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* The wire of inner 6# and
outer 5# quench first
 The wire of inner 7# and
outer 2# quench later




CCT production schedule

schedule
(date)
N0, department 1 2 3 4 5 6 7 8 9 10 1 12 3 14 15 16 17 18 19
nE 10th Sept. | 17th Sept. | 24th Sept. Ist Oct. 8th Oct. 15th Oct 22nd Oct 29th Oct. 5th Nov. 12nd Nov. 19th Nov 26th Nov. 3rd Dec 12nd Dec. 17th Dec. 22nd Dec. Tth Jan L4th Jan.
Three™ ) partnent of
1 dimension B
design
design
5 engineering |Department of
drawing design
i desian |Department of
3 Jig design ot
| superconduct i |Department of
ng wire supply
R forner and -y partnent of
5 yoke sample o
nachines supply
foner fomer |y vtnent of
6 machine (PPNt
1#,28) pety
outer former
7 machine (  |Department of
supply
s other parts |Department of
machine supply
) Joke machine |Pepartment of
supply
10 former quality
checkout department
18 Imner | oduction
1 former
departnent
winding
(date)
o department 20 21 2 23 24 25 2 27 23 29 30 31 3 33 34 35 36 37
" "f'o::;j‘ production hE 21st Jan. 28th Jan. 4th Feb. 11st Feb. 18th Feb. 25th Feb. Ath Var. 11st Mar. 18th Mar. 25th Mar. Ist Apr. 8th Apr. 15th Apr. 22nd Apr. 29th Apr. 6th May 13rd May 20th May
department
winding
inner forner
6 machine (17, 22| Departaent of
) supply
outer former | o or
7 machine (1%, 24| JeParinent o
) supply
8 other parts |[Department of
machine supply
B Joke machine | Department of
supply
0 former quality
checkout department
0 1# inner production
former winding| department
o 1# outer production
former winding| department
5 1# coil production
i assenble department
o production
1 1# ot ver | FOOE Y
production
15 1# coil test department
16 former quality
checkout department
| 2 inner production
! former winding| department
s 2% outer production
former winding| department
1 2# coil production
assemble department
20 2 coil ypr | Production
jepar tment
- production
21 26 coil test | GO
22 whole assenbly| Production

department




SC Magnet Experiences of Chinese Team
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cavity (HEPS)

QO at 2K
10 4
1
QO at 4.2K
1E9 +
HEPS target

Vertical test

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 Eacc(MV/m)

6.6 MHz SC

Qo

70 8 90 Epeak (MV/m)

|||||||||||||||

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 Bpeak (mT)

[1] P. Zhang et al.,, “The 166.6 MHz Proof-
of-principle SRF Cavity for HEPS-TF”,
SRF2017, TUPB034.

200MHz SC cavity (HL-LHC)

o, o

Cavity Envelope

[2] R. Calaga, R. Tomas, “A 200 MHz SC-RF System for the HL-

LHC" IPAC2016, TUPMWO034.

[3] R. Calaga, HL-LHC RF Road-map: Technological Aspect,

present at Chamonix 2014.

|

Similar RF requirements

2l



Superconducting RF technology

500MHz 300kW CW

>/ LHC 400MHz SPS 200MHz

500kW CW 500kW CW

ERL 1.3GHz HEPS 166MHz
30kW CW 300kW CW
N ‘ﬂa\l@! [l 47

—

650MHz 50KW SSPA SPS 200MHz 2MW SSPA




SRF cavities developed at IHEP

325MHz Spo 325MHz HWR  650MHz 5-cell (CADS) ||} L
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Couplers developed at IHEP

BEPCII 500MHz CADS 650MHz




SRF infrastructure at IHEP

' |
100W@2K cryo system ISO4&ISOS clean room Chemlcal pohshlng syste[nl1l l:l

Ultrapure water ~




b

SRF infrastructure in Huairou — new site for light source HEPS._ ...

-
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s»*Platform of Advanced Photon Source Technology R&D (PAPS) o IHI:]'

gl

J

* Mass production (~200 cavities/year), cleanroom, cavity post-process, couplers
* Cryogenic system: 300W @ 2K, cavity vertical & horizontal test, cryo-module test
* Area: 4500m?, to be completed in 2020, largest SRF infrastructure in China
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Possible collaboration — Cryogenic technology e

Wy T h
“ee

**Simulation of large scale cryogenic system, developing the related software: ™ “":]l
s Control of the cryogenic system, improving the efficiency of system operation
and reduce the recovery time once fault occurs.

*»*Design of large scale 2K cryogenic system.

**IHEP has a lot of experiences on the cryomodule and cryostat development. If
possible, IHEP can provide supports or contributions to CERN in this area.




Conclusion

B Accelerator physics & technology collaborations between CERN ™
and IHEP are historical and very much beneficial to both sides.

B HL-LHC will be a good chance for China to join the international
collaborations in accelerator-based large science facility.

B A Chinese team led by IHEP will contribute the CCT magnet
production, and hope to have more collaborations on SRF,
cryogenics tech as well.




Thanks for your attention!



