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1. Introduction of SRF Cryogenic system

Cryogenic system
4 cryogenic station in the CEPC

Layout of CEPC Double Ring

cryogenic system; Inj(LSS8) Ip_cc(LSS1) Inj(LSS2)
Each cryogenic station lies besides 4 Cryo-stations

. . . . Refrigeration:4x18 kW@4.5K
the RF station, which provides helium eirigeration ax @

. . Circumference:100km
for the collider ring and the booster
ring RF Station(LSS7) RF Station(LSS3) |}
Collider ring Cryo-station Cryo-station
650MHz 2-cell cavities, 336 cavities; W

* .

40 (4*10) cryomodules; Estr(LSS6) S

Each cryomodule includes 6 cavities.
Booster ring

1.3 GHz 9-cell cavities, 96 cavities;
12 (4*3) cryomodules ;

Each cryomodule includes 8 cavities.

Ip ce(LSS5)




Cooling diagram for SRF cavities
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B One Cryogenic station will supply the cooling for 10 collider cryomodules and 3
booster cryomodules;

B Each cryomodule has two thermal shields, a 40K shield and a 5K shield;

m A 22K@1.2bar subcooled helium will be supplied for the cryomodules, and the 2K
helium gas return to the cold box by the cold compressors .



Cooling diagram for SRF cavities

One cryogenic station : 10 collider cryomodules and 3 booster cryomodules

24000

117000

Compressor group  Cold Box Dewar Main Distribution
Valve Box

10 cryomodules, 6x650MHZ 2-cell cavities each
Collider Ring

2K valve boxes

Higgs S50MW

3 cryomodules, 8x1.3GHZ 9-cell cavities each
Booster Ring

2K valve boxes




I 2. 650MHz cavity formal Cryomodule

Six 2-cell Cavities Cryomodule : Cryomodule performance Specification
13801, 8400, 95(2

Overall length(flange to flange, m) 8.0 Dynamic heat loads at 2K (Q_=1E10) 19.0(H), 8.7(W), 9.2(2)
Diameter of Vacuum vessel ,m 1.3 Static heat loads at 2K (Max. Operation) <5W

<1E-9 Pa.m3/s

Beamline height from floor, m 1.5 He —insulation
He —>beam pipe <1E-9 Pa.m3/s
Cryo-system working temperature, K 2 Number of Insulation ->coupler <1E-9 Pa.m3/s
leakage Insulation >beam pipe <1E-9 Pa.m3/s

Number of cavities
Coupler >beam pipe <1E-9 Pa.m3/s

Alignment x/y inside (Cavities) within£0.5mm
Alignment z inside within =2 mm
Coupler antenna design z within =22 mm

Number of coupler

HOM absorber
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I Heat Load of formal cryomodule

_“
Heat source

80K 5K 2K 80K 5K 2K

6 / / / / / 114(H)
6 36.00 18.00 2.10 60.00 36.00 6.00
12 / / / / / 6.00

6 44.37 6.81 2.10 / / /

/ / / 0.54 / / /

/ 3250 1.28 / / / /
113.87 26.49 4.94 60 36 126

Temperature
300.0

225.5

151.0

76.5

2.0
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3. Design and experiment Test Cryomodule

B To verify the feasibility and performance of the 650MHz cavity cryomodule
design, a test cryomodule (TCM) was constructed.

B A test cryomodule (TCM), housing two 650 MHz 2-cell cavities was
designed, fabricated and commissioned before the formal cryomodules
since the beginning of 2017.




Design of Test Cryomodule

I Tl mechanical tunner
.......

650MHz cavity

gate valve

5K shield

80K shield

80K shield

5K shield 2 phase pipe

cavity

mput coupler

5K pipe

adjustment part i

adjustment bolt

O Two 2-cell 650 MHz superconducting cavities;
O Two high power couplers

O Two mechanical tuners

O Three HOM couplers

O High Q,

O Fast cool-down is introduced

*Vacuum vessel

— Material:316L stainless steel

—Outer diameter = 1424mm

— Length=3000mm

eSupport post

—Supporting the all cold mass in the vacuum vessel
—Supporting Cavities: Diameter is 180mm
—Supporting RF-Gate Valve: Diameter is 150mm
—Number:2+2=4

—Material: FRP(G-10)

*Thermal radiation shield

—Aluminum plate 4+ Muti-layer insulation of aluminum-
evaporated film(Super Insulation)

—40K-70K Nitrogen gas, 5K-10K helium gas
«Strongback

—Stainless steel

—Room temperature



Distribution Valve Box
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2K J-T Heat Exchanger

120KPa (PI6310)
4.407 K

29.62KPa (PI16311-DP6314)
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Assembly of Test Cryomodule

March. 2021-May 2021, it takes two months to assemble, transport and
integrate to the accelerator system.

Hefei Juneng Electro Physics High-tech Development Co., Ltd
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Transport of Test Cryomodule

M First case for cryomodule long-distance transportation at IHEP;

B The cryomodule has been installed in the tunnel, connected with the 2 K distribution valve
box and cryogenic transfer line.
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Cool down of test cryomodule

B The first cool down of the TCM started at the middle of June, 2021;

Temperature, T/(K)
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m 4.2 Kto 2K cool down curves is
300 K to 4.2 K cool down curves is shown as figure;
shown as figure; B cooling process was lasted about 2.5
cooling process was lasted about hours

24 hours.



Operation and Heat load experiment

8.0 7100 7 5.0 T—————r—f——————y—————T 60 - 50
Because TCM has not realized 724 00 a5 56 Fas
operation with beam, and in order to  “'1%1"T kg pien—— ~ R
simulate the steady state operations . F [ 1 T et

- - [ S | S S — e sale LA ] LY L -
-18 60 _‘!.0 L : g:i’ - "M" 1] :

with beam in the cryogenic system, ITRETRERS o S el Lo [ 05
the electrical heater with 100W 321007207 — =

. M . 244 3049 1.5 4K S CEEeS S Lol h__-
power is loaded in the helium vessel. 171" T e —T

1.64 204 1.0+ TI5112 1 53 Lo

LIST12 | {
The pressure in the helium vessels 0 10_—Og_--_________glcsxl_ﬁ;]z:_Hgm fL 13
are 31mbar+10 Pa . 00] oJool o e

(g/s) (%) (K)ﬂ D AN A A
O O (A P

=)}
T
L

[§8]
T

T
2 2 42 L3

")0 L ()

‘o
2+
-

E ]
G"
21
e

A0 QA
W7 AT 5T 67
Time/(hh:mm)

4.09100 2. 60 1
1 1 ; = ; | TIS112_1;——FI9210 }
3.6 9611 PI5123 B: LIS112[2° [

3.24 924 1. _——TFCV5126

The average mass flow rate is 21021
0599/5, 2.8 88 1.4

244 8441

The static heat load is 13.8W at 2K 20] 0110l i

temperature. 164 7603 .
1.2—- 72—- . -
0.8- 68—- . ~ : ; i ; | : ‘ L
04 6102t

0.0-60—(00)-i-i-i-i-i-i-i-i-i 10.-0

(K) (%) (5), . )

P q(\“ &v VRN \“ \“D
Time/(hh: 111111)



I 4. Fabrication of 1.3GHz Cavity Cryomodule

'HT station: Cryomodule+Valve box+Feedcap+Endcap+Platform




Fabrication of vacuum vessel

Fabrication of vacuum vessel in manufacture company.
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Wauxi Creative Technologies Co., Ltd.

2022.02.22 10:14




Fabrication of cold mass

Fabrication of cold mass in manufacture company.

0)

v - UL i pa O FPHOTRRR S IR

Wuxi Creative Technologies Co., Ltd.
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Fabrication of assembly tool




I Horizontal test facility at PAPS Huairou)

PAPS ( Huairou, Beijing )
Platform of Advanced Photon Source Technology R&D

cryogenic hall Tanks zone




PAPS cryogenic system diagram
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Conclusion

B Conceptual design of 650MHz cavity formal cryomodule
have been completed.

B Design, assembly and experiment of the 650MHz cavity test
cryomodule were introduced.

B 1.3GHz cavity cryostat and assembly tools have been
fabricated.

B Next, 1.3GHz cavity cryomodule will be assembled and
horizontal tested at the end of 2022.

B 650MHz cavity test cryomodule will be commissioned at the
end of 2022.



Thanks for your attention




