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Caontéant

APreview of CEPC vacuum system
AProduction line development of NEG coating/ Spray for heating film in EDR
APrototype of thermal-spray heating layer and testing
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Preview of CEPC vacuum system

Machine and Vacuum Parameters

E I |
Gev A m
Higgs 120  0.0167 10700
W 80 0.084 10700
Z 45.5 0.803 10700
tt 180 0.0033 10700
Accelerator length/m
LINAC 1,601+335
Damping ring 147
Booster 100,000 s
Collider 200,000
Transport line 4,680 E
Total length/m 306,763 T ettt

Those prototypes havegoodapplication in HEPS.
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I Benefitsticomdik Gl Edatingating

NEG coating of 200nm is employed to suppress e-cloud of positron ring and absorb residual gases
simultaneously. SEY will blow 1.2 after 24h activation of 180t and could even lower under higher
activation temperature.

Similar to positron ring, NEG coating is proposed to vacuum chamber of electron storage ring to absorb
extra gas load.
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I VC bakingh& Wy spraypray heatitigig filhmn

The baking Is the most crucial procedure in achieving ultra

-high vacuum

A Necessity:
V In order to meet the ultra -high vacuum requirement
of achieving a dynamic vacuum level of 3.0E -10 mbar.

V NEG coating reactivation

g

Too thic Lifetime is P
For metals:
* If not baked (not heated) in-situ water| * If baked (heated above ~120°C) in- N,
is the dominant gas specie_ situ hYdrOgen HZ is the dominant gas H N H
_3x 1072 [mbar | 2 2
QH,0 ® t[h] s cm? 02 o
. torr | B 2
Outgassing rates g o at 20°C: Heat
Austenitic stainless steel not baked, - _ 2
S 10 B Bl 3x10 10 (main gas: H,0) High H,0
vacuum

Austenitic stainless steel baked in- L —— CcO

situ for 24 h at 150°C i H,0. or

OFS copper baked in-situ for 24 h at =i . COZ Inert gas COZ
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Sprayying; fanheatingfifilm
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E Multilayer heating film will be coated outside of the vacuum chamber  which composite d by ceramic and conductivity layer
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Heating layer Ceramic layer /
Thickness 0.5mm Convection Radiation
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A Related commercial products
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Processing of spray Plasma spraying Electric heating circuit De-icing for airplane




Preview of NEG coating/ Spray for heating film production line

A Requirement

U Dueto the differencein length,two productionlineswill be usedto completethe productionof vacuumchambers
for the CEPCollider The quantity of NEGcoating and sprayingfacilities for the two lines variesto match the
productionspeed

U The full quantity of vacuum chambersfor the collider will be manufacturedwithin five years, utilizing two

_ productionlinesoperatingat a combinedcapacityof 4,500 units per year

A Advantages

More stable process, less manpower, less NEG coating facility, more adaptive capacity in production, etc.

Heating laye spraying

Dimension A L 11400-d56-D62
Weight A 50~100kg
I A Thickness 200nma 30%
NEG coating A SEY<i11
A Sa Qa life-times
Soraving heatin A Thickness<0.5mm
praying 9 A Heating temperature <300+

Cleaning

NEG coating 8



CritidalSt€px éinpthe Rrodationdritéon Line

E Important nodes and progresses

V Technical scheme review 2024.10
V Procurement bidding 2024.12
V Process Review prior to Manufacturing 2025.6

V Most of components have been manufactured 2025.11

V The production line will be conditioned 2026.3
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Manufacturer visit Project kicker off

Process Review prior to Manufacturing
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Production line composition

Nee? )

Classification

Electrorbeam

welder

Brazing

Heating film spraying

facility

NEG coating tower

Measurement and

testing

Cleaning

Production line A
auxiliary equipment

A Electronbeamgun
A Power supply
A Vacuum chamber

A Mechanical holder
A Power supply

A Electrorbeam gun

A Powersupply

A Controller

A Mechanical Structure

A Pumping system
Vacuum measurement

A Power supply

A Vacuum chambers

A Discharge Gas

A Cathodé controller

A Dimension measurement
A Leakage testing

A rinsing

A Moving band
robot arm system
controller

A

To o To o I o Do

o T

Meets the Length of 11.4m vacuum chamber
6 working position

350k
11.4m long

Meets the Length of 11.4m vacuum chamber
Multilayer Spray
Ceramicand conductivity layer

Meets the Length of 11.4m vacuum chamber
6 working position

Background vacuum <b&Pa

Baking temperature 200

Dimension measurement 11.5m/0.1mm
Leakage testing 120 mbarl/s

deionized water rinsing

Meets the Length of 11.4m vacuum chamber

Design and manufacturing

Low temperature brazing in air by
conductivity heating, expecting stea
by double hole copper tube

R&D

Developing to be more fitted the
production line

Design and manufacturing

Design and manufacturing

Design and manufacturing
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Procedure of NEG coating & spraying of production line (P

Spraying (Air plasma spraying)

Sandblasting Transitionlayer MCTrAlY alloy 50~100
Spraying_Isolation_layer Isolatiortlayer Al203cermic ~200
Spraying_Conductivity-layer Conductivitylayer ~ NiCralloy 50~100
Spraying_Isolation-layer solation] AI203 . 500
Spraying_Contactor-layer solatiordayer cermic

. Contactorlayer Copper ~50
Cleaning g PP
Outside
Inside
NEG coating

vacuum chambers, cathodes assembling by mechanical arms (flanges sealing). &

Leakage testing.
Deliver the assembles to vacuum oven/ baking/ NEG coating;

Disassembly the vacuum chambers




Layout & compositionof NEG coating facility

A NEG coating, VC assembly and disassembly with DCMS for NEG coating BRI MR, U
automatic robot arms. mmﬁ j@u
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I Vactiunnnchamberlastomaticrassémblysembly




Vactiunnnchamberiacitomaticrassémblysembly

Due to the diameter of CEPC is D56, we plan to replace the cathode wire with a magnetron sputtering cathode
Permanent magnenstead of the solenoid which supplisgagneticfield for DCMS;

By combining the low vacuum chamber outside of the vacuum chambers to be coated with NEG, the high vacuul
process is simplified;
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Safetyinsurence | VC & cathode support UHYV system for NEG coating




Praiotypesef cathadeériod NEGrdeatiBgcoating

Motor for magnets driven

Ak i e e 2 7\ )8t e ,,Q’,i .
) 23000mm(23 meters) .

~12000mm(12 meters)

Magnetron Cathode

A After testing and conditioning,
the cathode achievesa stable
DCMSplasma dischargeunder
367Vandl.1A.
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I Manuidetutingi progress of prodéictiondine tion line

A The oven for NEG coating, which provides a low vacuum environment and baking capabilities, is under manufactu




I Manufdetutingi progress of prodéigtiondine tion line

A The main components of vacuum oven for NEG coating have been manufactured and under are now being assen
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Plasma Spraymmgisystepstem
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& Laser etching room

The vacuumchamberwill be transferred by motorized conveyanceo
| the coating station, where a robotic arm will execute multi-layer

depositionusingan automatedspraygun.




Heatinig ¢oatinging spnayyingy

E The processing step for the heating coating spraying

Sandblasting —  Plasma Spraying —_— Etching by laser

| =® | ==k
NEE R LA 2 B s
IS ERLRE S 150~180mm
DE A BT AL BT 2 =@30mm
< 5k
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IEfe 1= Smm i
nEa L =3 O0O.25-0.6MPa
(ETUED . .
S RS A 5| 1~3KG/min - B 100mm
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I Lengiitlofdlf. SmSrototyper o Sprayirgpraying

E A 1.5-meter prototype has been developed to validate key process steps that will be implemented in
the production line.

Sandblasting Spraying
LTEE—

Spraying_Isolatiodayer Spraying_Conductivityayer Spraying_Isolation_layer
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Elementstandthicknessof: themmalhermal-sprayhéatingjlaydayer

i Y, g,“ ‘ “ % § Y
[ 1 - axat wat
3.0kV 4.9mm x5.00k SE(UL) 's0.0um [l 3.0kV 5.0mm x10.0k SE(UL) oourn [l 3.0kV 5.0mm x1.00k SE(UL

NiCrConductivitylayer ALO; isolation layer NiCrTransitionlayer ALO; isolation layer

Cr

Thickness

Ni Ka1 CrKa1

10.0kV 5.0mm x100 LM(UL) Al Ka1 OKat



Prototype of thermal -spray heating layer and testing

Dimension: L1500*D60 Substrate: copper

e —=—No0.01 R=05
—e—N0.02 R=0.5
—4— No.03 R=1.4

Temperature ('C)
2
——a

—v—No.04 R=1.4
—+—No.05 R=1.4
—<4—No.06 R=1.1

N8 Rt Constant V=110V
. . S R -
° (I) 50 100 150 200 250

Time (min)

Several ten times reheating tests which shows a good lifetimes and performance D60-1500 mm
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