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Overview from CDR to TDR

The main advances of the CEPCcryogenic system from CDRto TDR are summarized below:

The cooling scheme for the SRF cryomodules in both the Booster and Collider has been modified
from parallel to series, which improves the performance of the cryogenic system while reducing
costs. Prototype cryomodules for both the Booster and Collider have been built in collaboration
with domestic qualified companies and tested in the Platform of Advanced Photon Source (PAPS)
infrastructure to further improve the design.

The new design of the SC magnet cryogenic system follows a multiple technology strategy under
development for the interaction region (IR) magnets, with normal-conducting sextuples. The use
of large refrigerators for operational stability and cost was chosen.

Several key technologies, including the JT heat exchanger platform, multi-channel transfer line
test platform, virtual system establishment and automatic control strategy research, have been
well studied .

Overall, the CEPC cryogenic system has achieve big progress from CDR to TDR, laying a strong
foundation for further development in the EDR stage.



CEPC Cryogenic System Brief Introduction

Cryomodules for Higgs 30 /50 MW

30 MW Higgs:
Collider: 192 650 MHz 2 -cell cavities in 32 modules (6 HV / CM)
shatt  Booster: 96 1.3 GHz 9 -cell cavities in 12 modules (8 HV / CM)

CEPC " RF (900 m)
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8m 50 MW Higgs:
Collider: add 24 modules, in total 56 650 MHz modules
Booster: 96 1.3 GHz 9 -cell cavities in 12 modules (8 HV / CM)

ttbar 192 m
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CEPC Cryogenic System Brief Introduction

SC magnets cryogenic system overview

LTS Solenoid

LTS Solenoid'

ASolenoid located outside calorimet
Anner diameter 7.2 m, length 7.4 m
Kentral field 3T
ASuperconductor NbTi

KOperation temperature4.2 K

Schematic layout of QDO, QF1, and anti-solenoid HTS SOIenOid
From Zhu Yinghun FE—

ZhuZian WangMeifen

Yoke/Muon
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ASolenoid located inside
calorimeter/less material

Anner diameter 4 m, length 6 m
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Flow chart of SRF TDR Scheme

E To improve the cryogenic system efficiency
and reduce the cost, the cooling scheme has
been modified, from parallel to series.

Compressor
group

In this way, there will not have a lot of small valve
boxes in the tunnel, and much expenses and space
will be saved.

Auxiliary tunnel

Underground surface

14 cryomodules, 6x650MHZ 2-cell cavities each 3 cryomodules, 8x1.3GHZ 9-cell cavities
Collider Ring o each

Beam tunnel




Detailed flow chart for the IR Cryostat

A In CEPCcollider ring IPs, there are four IR SC magnets. The primary goal of the cryostat design is to

create reliable safe cryogenic system with the possibility of failure -free operation for SC magnets with
helium refrigerator

3bar@5K 3bar@4.5K
upercritical subcooled
Compressor Cold box Dewar Main Distribution Valve B?-x
3bar@4.2K LHe 3bar@4.2K LHe
3bar@S5K SHe 3bar@5K SHe
1.3bar@40K GHe 1.3bar@40K GHe
I.3bar@60K GHe  Heljum circulating Helium circulating 1.3bar@60K GHe
system 1 system 2

Cryostat 1 IP collision point Cryostat 2




Mechanical structure of IR Cryostat

A The structure of the IR SC magnets cryostat has been designed.
A The total weight of cryostat is about 2.5 Tones, total length is 6.7m.

A Mechanical design, stress analysis and thermal simulation have been finished.

LHe tank
thermal shield
SC Magnets

enlargement

Support-G10

5565 mm

1131.7mm




I Development of the key equipment and technology

1.3GHz cavity cryomodule
650MHz cavity cryomodule
KW JT heat exchanger



1.3GHz cavity Cryomodule
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1.3GHz cavity Cryomodule

r | CD supply
L L L L L T L T T T T T T .__': 40K HTTS supply
! GHe return
! LHe supply

80K HTTS return

!
; : 5K supply 5K hellum

MULTI TRANSFER LINE

A 2K superfluid helium is produced by the JT valve, and the cavity can be immersed in 2K helium
L e o e IR S o - St bath . The GHe returns to heat exchanger to recover the cold quantity . And it is heated by the

A ; electrical heater, then enter the pump station . Finally, it goes to compressor suction side to
| complete the whole circle .
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1.3GHz cavity Cryomodule Cooldown

A The first stage is from 300K to 150K.
A Automatic cooling method was adopted to guarantee the cavity can be cooled smoothly and safely.

A Temperature difference in the radial and axial direction should be controlled in the accepted domain.
A The second stage is 150K to 50K transition zone;
A To increase the cooling speed to prevent "hydrogen poisoning" phenomenon happening.

A
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280 \
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240 —
220 .. =®m | ____= |
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A The third stage : large flow rate
fast cooldown.

A Established a large temperature
gradient to expel magnetic flux,
which can improve the cavity
performance greatly.
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1.3GHz cavity Cryomodule

PAPS Cryogenic System

[eateroneo]
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650MHz cavity Cryomodule

A Including six 2-cell 650 MHz superconducting cavities, six high power couplers,
six mechanical tuners and two HOM absorbers
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Cryomodule performance

Six 2cell CavitiesCryomodule

Heljnsulation 0
Overalllength(flangeto flange,m) 8.0 Hepeam pipe 0
_ Insulationlcoupler 0
Diameterof Vacuumvesselm 1.3 NSRS A Il InsulationMHbeam pipe 0
Beamlineheightfrom floor, m 1.5 Coupleripeam pipe 0
Cryosystemworking temperature, K 2 Alignment x/y inside (Cavities) 2 0.5mm
Alignment z inside within 2 mm
Numberof 2000POST 6

Coupler antenna design z within 2 mm ”



650MHz cavity Cryomodule

Prototype of 650MHz cryomodule with 2* 2cell
cavities have been installed in PAPS tunnel and past
the cryogenic test in 2021.
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650MHz cavity Cryomodule

EA The cooling rate of the superconducting cavity needs to be strictly controlled, and a three -dimensional@
flow field non-stationary numerical simulation of the cooling process of the 650 2-cell superconducting |

cavity is performed .

—— r :

Non-stationary analysis of Global velocity distribution
superconducting cavity cooling process
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650MHz cavity Cryomodule

PAPS Crvogenic
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KW JT heat exchanger

E

62% to 89% after the JT valve.

E For CEPCthere are 4 cryo-stations with the cooling capacity 2kW@ 2K, so we need 4 JT heat exchanger
with the larger massflow rate . 20
2022 .05- 2022 .10 Basic Design and Optimization . o
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KW JT heat exchanger

2022.10 - 2023.05 Manufacturing and Quality Detection.
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KW JT heat exchanger

2023.01 - 2023.06 Cryogenic experiment design and similarity experiment design.
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The similarity experiment will hold in 2023.7 Similarity Experiment Dewar
and cryogenic experiment will hold in 2023.12 and Inner structure 20




I Our Plan in EDR

Detailed PFD and dynamic simulation
Virtual system establishment
Cryogenic system mechanical layout diagram

Large refrigerator
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Detailed PID in CAD version

Cold box MDVB

Contains all process flow
— function, meeting different
operation requirements
Helium Gas Recovery and LHe storage -
Underground surface Storage Purification Dewar [ Proper cryogenic transfer
e e e e e e e e e e — O - 6 Ilnes (TL) Slzes
______________________ c =
| 2K | 48 A 5| LI Measurement point (P, T, F,
Auxiliary tunnel Coldbox E ? E E Q | etC)
E Cold compressor E E E‘L 8 g
== @j | ek T — Control logic
- . . — 8
| Safety valve and cryomodule
quench protection
40K-80K Thermal sheild suppl 40K-80K Thermal sheild supply
. 40K 80K Thermal sheild return 40E--80K Thermal sheild retwn z z
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Virtual Cryogenic System for CEPC

2023 .01-2023 .12 Started the design of a new dynamic simulation software for the CEPCcryogenic
system - i.e. Virtual Cryogenic System . Develop software according to the layered architecture
pattern, and carry out o K| j €ohesion and Low Coupling” code writing work in a four-level
structure of presentation layer, business layer, persistence layer, and database layer.
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il | UiDesign || Package Forms |
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Virtual Cryogenic System for CEPC

Primary Tech Stack
PyQT/PySide6 + python(numpy + scipy + coolprop) + pyMySQL +MySQL

Differences with commercial simulation software, e.g. EcosimPro,
Aspen, etc.

1.

High-performance surrogate model technology Customizedalgorithm module developmentfor
specific componentsin the cryogenic system of superconductingacceleratorsdesigninga rational
surrogatanodelto balancecomputationadccuracyandefficiency.

Selflearning capability. Capableof runningin parallelwith the actualcryogenicsystem,continuously
collecting real systemdataand utilizing online reinforcementearning algorithmsto optimize relevant
parameters thesoftware gnhancinghe software'gredictiveaccuracy

Relatively comprehensive cryogenic database Based on the opensource fluid property library
CoolProp, supplementedwith fitting of material properties commonly used in the field of
superconductingryogenicsin conjunctionwith relevantiterature
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Virtual Cryogenic System for CEPC
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Cryogenic thermal properties of superconducting Configuration interface for virtual cryogenic system
materials (Niobium and Titanium) (Valve box and cryomodule in HEPS)
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