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Booster ring:

» 1.3 GHz 9-cell cavities, 96 cavities Layout of CEPC Double Ring
» 12 cryomodules

» 3 cryomodules/each station Inj(LSS8) Ip_cc(LSS1) Inj(LSS2)
» Temperature: 2K 4 Cryo-stations
Collider ring: Refrigeration:4x18 kW @4.5K
» 650MHz 2-cell cavities, 240 cavities Circumference:100km
> 40 cryomodules Cryo-station |gy || RF Station(LSS7) RF Station(LSS3) ‘r g | Cryo-station
» 10 cryomodules/each station |
» Temperature: 2K
IR magnets: W
> 4 IR magnets, 32 Sextupole magnets, 36 cryomodules Estr(LSS6) Estr(LSS4)
Ip_cc(LSS5)

» 18 cryomodules/each station
» Temperature: 4.5K
Detectors:

» 2 detector magnets

» Thermosiphon cooling
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* Introduction

* Layout of the cryogenic system

* Discussion and Comparison on CEPC SRF cryogenic system

* Discussion and Comparison on SC magnets cryogenic system
* Summary



Warm equipment on the ground:
compressor hall, helium gas tanks

Beam tunnel

Cryogenic
transfer line

Cold equipment under the ground

2K valve boxes cryomodules




High pressure helium cylinders
Piston compressors

10*100m? helium gas /. ¥ <l
Pressure vessels |
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Helium purifier
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™ Recycle screw compressors
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4*50m3 LN, Storage Tanks
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BOOSTER POWER SOURCE TUNNEL COLLIDER RF TUNNEL

BOOSTER RF TUNNEL

Outside of the ring

COLLIDER POWER SOURCE GALLERY

Outside of the ring Inside of the ring

Gallery Tunnel
| |ﬂ s |i|a‘\__

Refrigera

Beam Tunnel

_ —_—
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Transfer line -~ 13GHz cryomodule

il
2K valve box H 650MHz cryomodule
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1.3GHz cavity
cryomodule

]_Booster part

igerator

Ve box \

Collider part ~ 650MHz cavity cryomodule
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* Layout of the cryogenic system

* Discussion and Comparison on CEPC SRF cryogenic system

* Discussion and Comparison on SC magnets cryogenic system
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CEPC SRF Layout

I RF Section A @ IP2/ LLS2 (length 1948.6 m)

37m 80m 1346 m 80m 3Tm
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@ 13%3m | om | 133m — 28 m [ 2m [ dem |
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k 790 m d | 368.6 m |

30 MW Higgs:
Collider: 240 650 MHz 2-cell cavities in 40 cryomodules (6 cav./ module). i ]
Booster: 96 1.3 GHz 9-cell cavities in 12 cryomodules (8 cav. / module).

50 MW Higgs upgrade(add 16 Collider modﬁ‘ 56 collider modules - " -
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24000

117000

/ i D
%, 110mm, ®114 x2.0
\ )
Return GHe \ I ~
( ®219+ 2.8,
Di = 213.4mm 5K LTTS 144£K H% 12
. X x1.
D Warm/LHe 14.6mm, 17 x1.2 . mm,
38.8mm, d42 x1.6 38.8mm, $42 x1.6 () o — 8K LTTS

5K LTTS 40K HTTS 18.8mm, P22 x1.6
30.8mm, ®34 x1.6

80K HTTS —
23.8mm, @27 x 1.6
30.8mm, d34 x1.6 .

/ CD,Warm/LHe
T 38.8mm, 42 x1.6

Compressor group Cold Box Dewar Main Distribution

Valve Box
Sub-tunnel 2K valve boxes 224000

bmodules, 6x650MHZ 2-cell ca
Collider Ring

Y

AY

AY

Heat exchanger
enclosure

Thermal |I Vacuum vessel
shield extension for
/ bayonets, cryo
Support valves, etc.
post —

Strongback



Compressor group
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24000

Cold Box Dewar

Main Distribution
Valve Box

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

Y

1
1
1

\ .
10 ! =
Cryomodules||

117000

Smaller diameter

2K valve boxes

e

A
>, 110mm,®114 x2.0
N | N
SK LTTS 40K HTTS
14.6mm, ®17 x1.2 14.6mm, 17 x1.2
80K HTTS = —_
18.8mm, ®22 x1.6 )

() () 8K LTTS
23.8mm, P27 x 1.6
@ ()

CD,Warm/LHe

valve boxes

38.8mm, P42 x1.6

3 cryomodules, 8x1.3GHZ 9-cell cavities each
Booster Ring
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Higgs Mode 50M

Predicted static heat load per cryomodule

Cavity dynamic heat load per cryomodule

HOM dynamic heat load per cryomodule

Input coupler dynamic heat load per
cryomodule
Module dynamic heat load
Each Module total heat load
Cryomodule number
EVB heat loss
EVB number
MDVB heat loss
MDVB number
Total cryogenic transfer line length

cryogenic transfer line heat loss per meter

Total cryogenic transfer line heat loss
Total heat load
Total predicted mass flow
Overall net cryogenic capacity multiplier

4.5K equiv. heat load with multiplier
4.5K equiv. heat load with multiplier

Total 4.5K equiv. heat load with multiplier

Four individual refrigerators (4 x 18kW@4.5K) will be employed for the CEPC cavity cryogenic system.

Collider

5-8K

Booster

5-8K

20 12 2 2 1 1
60 40 6 40 3 0.4
80 52 161.59 42 4 15.38
380 112 173.59 182 24 18.38
56 56 56 12 12 12
50 10 10 50 10 10
40 40 40 12 12 12
50 30 30 _ 50 30 5
4 4 4 lotal:Zdaoeum 4 4 4
1924 1924 1924 536 536 536
2 0.5 0.3 2 0.5 0.3
3848 962 577.2 1072 268 160.8
27.328 1.754 10.81824 4.056 0.796 0.52136
82.42 152.26 373.72 13.34 12.73 18.324
1.54 1.54 1.54 1.54 1.54 1.54
3.16 10.80 53.32 0.47 1.11 2.58
67.29 4.15

71,

44




Higgs Mode 50M

Predicted static heat load per cryomodule

Cavity dynamic heat load per cryomodule

HOM dynamic heat load per cryomodule

Input coupler dynamic heat load per
cryomodule
Module dynamic heat load
Each Module total heat load
Cryomodule number
EVB heat loss
EVB number
MDVB heat loss
MDVB number
Total cryogenic transfer line length

cryogenic transfer line heat loss per meter

Total cryogenic transfer line heat loss
Total heat load
Total predicted mass flow

Overall net cryogenic capacity multiplier

4.5K equiv. heat load with multiplier
4.5K equiv. heat load with multiplier

Total 4.5K equiv. heat load with multiplier

Four individual refrigerators (4 x 18kW@4.5K) will be employed for the CEPC cavity cryogenic system.

Unit

40-80K

Collider

5-8K

Booster

5-8K

w 300 60 12 140 20 3
W 0 0 153.59 0 0 13.98
w 20 12 2 2 1 1
W 60 40 6 40 3 0.4
W 80 52 161.59 42 4 15.38
W 380 112 173.59 182 24 18.38
- 56 56 56 12 12 12
W 50 10 10 Total:2460m 50 10 10
- 40 40 40 12 12 12
W 50 30 30 Total:864m 50 30 5
- 4 4 4 4 4 4
m 728 728 728 136 136 136 |
W/m 2 0.5 0.3 2 0.5 0.3
w 1456 364 218.4 272 68 40.8
kW 24.936 7.156 10.45944 3.256 0.596 0.40136
g/s 82.42 152.26 373.72 13.34 12.73 18.324
1.54 1.54 1.54 1.54 1.54 1.54
kW 2.89 9.97 51.56 0.37 0.83 1.98
kwW 64.41 3.19
kW 4 X 16.85 kW  67.60 Canreduce 4.04kW heat load compared schemg

1



@ Foreign refrigerator / liquefiers, features: mature and stable industry E ODomestic refrigerator/ quuefier

' > Institute of physics and Chemistry, CAS (FULL CRYO) has:
2kW@20K, 10kW@20K, etc.; 2.5KW@4.5K or 500W@2K Has
been successfully developed; 10kW@4.5K has planned

» Institute of Plasmé\Phy\sics, CAS: existing 500W@4.5K or 150L / h,

2.2kW@4.5K , planned SkW@4.5K

chain, wide range of users

» Linde refrigerator / liquefier series

. BEPCII: 2*500W@4.5K (IHEP)

. PAPS: 2.5kW@4.5K (IHEP)

|
|
|
|
|
|
|
. HEPS: 2.0kW@4.5K+150L/h (IHEP) !
|

»  Air Liquide refrigerator/liquefier series i it ettt
~
. ADS injector |: 1kW@4.5K or 100W@2K DN
e o o o o mm mm mm mm mm mm mm o Em mm o Em Em Em Em o Em Em Em Em o Em Em o Em o Em Em I M ~ .
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Development status of 10kW@4.5K or 18kW@4.5K (CEPC) large helium refrigerator of FULL CRYO company:
> ST OO, BHEHE KT IACE M TAERE, Tk =3 & H10kw@4.5K R B AL, Ncepclfls 78 7 £

The pilot project has been approved, and the major projects of the Ministry of science and technology have
relevant work deployment, which is expected to be developed in three years 10kW@4.5K Large refrigerator, fully
prepared for CEPC.

> 2.5kW@4.5K gl i, PR TR TAE R,

2.5kW@4.5K or 500W@2K refrigerator has passed the acceptance this year, and it is the work achievement of the Institute of
physics and chemistry.

> 10kWHH R B A kB & & i A FHL R A R~ — A0 f

10kW@4.5K large helium refrigerator is also the next generation product jointly developed by the Institute of physics and
chemistry (TIPC, CAS) and FULL CRYO company.
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Designed by TIPC

Operating Required capacities Design capacities
temperature  [pressure (bar) Heatload (W) Pressure (bar)Heatload (W)|Equiv. heat load(@4.5K)
45K 1.25 500 500
2.0K 0.03 3950 0.03 4895 12191
40~80K 18.5 10300 18.5 10587 672
5~8K 5 2720 5 3000 1877
Total equiv. heat
load at 4.5K 15240
Other parameters Precooled by Turbin expanders | Precooled by liquid nitrogen
The consumption of the Liquid Nitrogen 0g/s (OL/h) 428.7g/s(2043L/h)
Gas flow for precooling 100g/s Og/s
Gas flow (g/s) 1668g/s 1551g/s
Power Consumption (KW) 3935.13 3721.3
Factor of merit: 258W/W#* 245W/W*
Designed by TIPC
Coldco INPRESSO 2K refrigeration units
Parameters The first | The second | The third
stage stage stage
Gas flow (g/s) 230.7 230.7 230.7
Temperature of the inlet (K) 3.387 6.073% 10.53*
Pressure of the inlet (kPa) 3.00 8.00% 20.00*
Temperature of the outlet (K) 6.073* 10.53* 17.01*
Pressure of the outlet (kPa) 8.00* 20.00% 44.0
Adiabatic efficiency (%) 60.0 60.0 60.0
Power consumption (W) 3208 5323 7765

(2 & Ry ) B/




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

Six 2-cell Cavities Cryomodule

Cryomodule performance

He —insulation
He —>beam pipe

Insulation ->coupler

Insulation ->beam pipe

Coupler >beam pipe

Alignment x/y inside (Cavities)

Overall length(flange to flange, m) 8.0
Diameter of Vacuum vessel ,m 1.3
! aumy Number of leakage
Beamline height from floor, m 1.5
Cryo-system working temperature, K 2
Number of 200-POST 6

Alignment z inside

Coupler antenna design z

0

o

within 2 mm

within 2 mm
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Criyeomoduleod6S 0N Hz2 celllcavities

» A test cryomodule with two 2-cell 650 MHz superconducting
cavities has been operated in the PAPS system this year.
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Design Goals:
 Low heat loss
Fast cool down

XFEL / LCLS-II type Cryomodule for High Q Cavity

 Cryogenic Group in IHEP has
manufactured 58 1.3GHz 9-cell
Cryomodules for EXFEL cooperated with
local companies.

 It’s a good foundation for the optimization
design for the CEPC cryomodules.




,,,,,,,,,,,,,,,,,,,,,,,,,, 0.15W/m single loop transfer line heat loss

To Booster
& - - Supply transfer line: 80m, DN15
MDVB| Q=2W Supply transfer line: 350m, DN32(Di=38.8 mm, ®42x1.6) (18.8 mm, ®22x1.6)
3.0bar,2.2K Pressure drop 2.5kPa
98.01g/s ™ o= | =107m L=27m L=27m L=27m L=27m L=27m L=27m Le2rm | | L=24m L=28m L=2sm |
LHE‘ sug I Q—l%W : C-Pipe-1 C-Pipe-2 -Pipe-: -Pi C-Pipe-5 C-Pipe-6 C-Pipe-7 C-Pipe-8 C-Pipe-9 C-Pipe-10 P 2.975bar B-Pipe-1 B-Pipe-2 B-Pipe-3
Pump  CC3  CC2 CCL PRl ToCollider | b L_ - - n i J - K - ! 0
Py =l u
N 3 H H z H E % DNI5(Di=188 [ 3 1
5 s ' 3 s g mm o6 [ 2
o= o=10w Q=10W Q=10W Q=10W Q=10W v Q=10W Q=10W =10W
EVB1 J EVBS EVB6 J EVB7 EVB8 EVB9 J EVB10 J EVB1 EVB2 J EVB3
W
Helium
ColdBox Vessel & Qe173sow Q=17350 W Q=17359 W J Q=17359 W J Q=1838 W
P:3130PaCrypmodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule
2K HX S o ° 5 ° © . ° N H X o o
=) - B -~ H ] ] g g E £ g g 2 DN25 (Di=308 f§ ¢ H
1 S DNB80 (Di=85 I H H H S s N H ] 5 H H S
g I S mawa | 13 z g A e z g g N 2 mm oseds |2 A
t y
P: 27.3mba _ b b
T: 2.058K From Collider C-Pipe-11 C-Pipe-12 C-Pipe-13 C-Pipe-14 C-Pipe-15 C-Pipe-16 C-Pipe-17 C-Pipe-18 C-Pipe-19 C-Pipe-20 B-Pipe-5 B-Pipe-6
m: 98.01g/s b L b L o b o iy b |-
- L=107m L=27m L=27m L=27m L=27m L=27m L=27m L=27m L=27m L=27m =28m
gturn transfer line: DN200 (®219x2.8, Di=213.4 mm DN100
Pressure drop 0.4kPa (110 mm, ®114x2.0)
From Booster "
Collider Ring Booster Ring
To Booster
=i . .
MDVB Q:;W Supply transfer line: 152m, DN25(Di=30.8 mm, ®34x1.6) main supply transfer line: 34m,
3.0bar,2.2K Pressure drop 2.47kPa DN10 (14.6 mm, ®17x1.2)
‘ : e m e o7 480/s ~ | L=107m L=5m L=5m L=5m L=5m L=5m L=5m L=5m L=5m Lssm |=2em L=5m Lsm |
LHe.sug I = Q—l%W ) C-Pipe-1 C-Pipe-2 C-Pipe-3 C-Pipe-4 C-Pipe-5 C-Pipe-6 C-Pipe-7 C-Pipe-8 C-Pipe-9 C-Pipe-10 P 2'Ag74bar B-Pipe-1 B-Pipe-2 B-Pipe-3
Pump  CC3  cC2 CCL pp To Coilider [ - € f g h i ] K ! m n 0
N b “ '} g u
_ - = = _ - Q=10W Q=10W Q=10W Q=10W v Q=10 Q=10W =
EVB1 \Cm Q=10w EVB2 Qe1ow EVB3 j o EVB4 j o EVBS Q=10W EVB6 j ow EVB7 EVB8 a‘J EVB9 J EVB10 EVB1 \QM o EVB2 J : EVB3 Friow
w
Helium
ColdBox Dewar Vessel \®J Q=17350 W \®J Q=17359 W. J Q=17359 W \®J J Q=173.59 W \®J Q=18.38 W Q=18.38 W
P:3130Pacm Cry Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule Cryomodule
2K HX s x
t y
P: 27.3mba ) 1 9 g 9 q q g 1
T: 2.058K From Collider: ., C-Pipe-12 C-pipe-13 C-pipe-4 C-Pipe-15 C-pipe-16 C-pipe-17 C-pipe-18 C-Pipe-19 C-Pipe-20 B-Pipe-4 BPipe-5 B-Pipe-6
m: 97.48q/s |- [ b [ [ b L T b
—— L=107m L=5m L=5m L=5m L=5 =5 1 =5 L=5m L=5m L=5m L=5m
Return transfer line: DN1 ®168%2.8, Di=162.4 mm
eturn transfer line 50 (®168x2.8, Di=16: ) (110 mm, ®114x2.0)
Pressure drop 0.4kPa

From Booster

Booster Ring

Collider: after modified, Smaller diameter
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IHEP
T: 5.0K . . .
P: S.0bar Collider 350m main supply pipe
x:0
WAL as0gs Heat loss per meter: 0.5W/m
CoMBox - . |< < T DN25 (Di=30.8 mm. $34 X 1.6) ,;! l¢ - : - >|
EG‘ 1.|: : - Pau-2 : C-Pge-d : -Piged ]~_ -Pigets F :.I-_; 1 - Page-4 " - Paedt __ P10 Ej _ILI gl ] B-Pige-3 n]
1: . DNIO, ~
m: 45.73g/s 1 E © (Di=14.6 mm,
b ol gl G i oW g i i e17X1 | e e
EWEL B — . —_ e | rws o —_—_— e | rm | riE L — rE
n g : Qdnw | @-liw Q4w -l w Q-llw @-lzw T @-lzw @-liw 21w
® e)] &J ® & Q | R & Q| ® |
B "‘S““' Crpomedu ks Crputn adu ks A0 Ll Cryom wdu b Cryom wu ke ot “ryenn e Cryom wu Crpomwdule
" _ DNI10 ]
(Di=14.6m, ] ¥
From Collider F’ 8 P @17%1.2) B E
Vv & Branch return gas pipe 350m main return gas pipe 80m main return gas pipe
1 DN15(Di=18.8 mm. ®22X1.6) DNS0(Di=85 mm. $89 % 2.0) DN20(23.8 mm. 27X 1.6)
R Bowster Collider Ring Booster Ring
T: 8460 K
P:40bar « Total main supply pipe length is 430 meters, and the heat loss per meter is 0.5 W.
m: 51.21 g/s « The mass flow of liquid helium needs to be provided by the refrigerator is no less
than 51.21 g/s .
« Main supply pipe sizes: collider- Di=30.8 mm, Booster-Di=14.6 mm.
« Main return gas pipe sizes: collider- Di=85 mm, Booster-Di=23.8 mm.
« Branch supply pipe sizes: collider- Di=18.8 mm, Booster-Di=14.6 mm.

Branch return gas pipe sizes: collider- Di=18.8 mm, Booster-Di=14.6 mm.



IHEP

T: 400K

P:16.00 bar Collider 350m main supply pipe
01
m: 26,88 g/ Heat loss per meter: 2.0 W/m
a T T m: 3.930g/s
F MDVE o510 W i ’Bra.nch supply pipe 350m main supply pipe 80m main supply pipe
R e DN15 (DiF18.8 mm, 9221.6) DN25 (Di=30.8 mm, ®34 X 1.6) | 1-2)>|
T_oGj |_| ; P * e Pt O Fipes »_.: Sy : |_ - P-4 T Pt i_ Pl Tj DNlO . =P m
m: 22.95g/s | E i E Y- WV ic14.6mm
\ . ; . _ C®17X12)
EVEL QJM | e ] FVES T wvE ] — L'iEG ". LVET 7 rEs s EVES % EVELN 'm ) EVEL
: i) ; ; ; - i Qamw QW g-znw Q-miw @-Fw 2-3w
® | Q| ® | ® & & ® @ | ® | ® |
E d k  ryonnodu b RIS Crpomedu b Crom odu b Cryemeduls Crpemedule Crromadu b Crpomadu b Croemeduls
~ DNI10
{(Di=14.6ma. [§
. : 3 : 'y j N y: 3 D oe17x12) Q3 Y
From Collider P E:’p -Fi Pl 3 - - Pigi- 14 - o~ P 15 - P18 - A -Pige- 1 7 - o Pape-1d h TPl - - Fige- 21 - B-Pigud _I_J B-Pige-5 -
o ColdBox - = - - - - - - —— -
VvoE Branch return gas pipe 350m main return gas pipe 80m main return gas pipe
‘ DN13 (Di=18.8 mm, é,zzx 1.6) DNSZ(DI=333 mm., $42 X 16) DNIS(DI=]38 mm., $22 X ]6)
T: 86 DI:“BHM Collider Ring Booster Ring
Pe 1400 bar « Total main supply pipe length is 430 meters, and the heat loss per meter is 2.0 W.
m: 26.38 /s « The mass flow of liquid helium needs to be provided by the refrigerator is no less than

26.88 g/s .
« Main supply pipe sizes: collider- Di=30.8 mm, Booster-Di=14.6 mm.
« Main return gas pipe sizes: collider- Di=38.8 mm, Booster-Di=18.8 mm.
« Branch supply pipe sizes: collider- Di=18.8 mm, Booster-Di=14.6 mm.
« Branch return gas pipe sizes: collider- Di=18.8 mm, Booster-Di=14.6 mm.
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i 'm 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 2ce||
superconducting cavity is performed.

l A certain simulation basis is laid for the subsequent automatic cooling.

Non-sta}tlonary analys'ls of Global velocity distribution
superconducting cavity cooling process



O&T% BSEMNTEZREULTER:
. Next, the following things still need to be determined on the superconducting chamber side.

- HITIRIBERZEAFARRIETERMMAL, UESAP=0.4kPaJEfEAFHHITERMNIL;
More detailed process calculations and optimization of the cryogenic system, optimization of the
tube diameter in terms of return gas AP = 0.4 kPa pressure drop.
§-WF%#ﬂuﬁ%%(&DR¢ EEF) , [BiRssZIBEREIKINSHTRIA, %H%@\
 EASE— RS E ;
. Cryostat structure design optimization (interface size, orientation, etc.), the structure of the room
temperature magnet between the cryostat needs to be confirmed with RF group, magnet group . '
- EMRENZEEREEAEZLT SRR
- Design and testing study of high performance multi-channel cryogenic transfer lines.
. SEERRESESRERK KL
. Optimization of the design of vacuum isolation for multi-channel cryogenic pipeline
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* Introduction

* Layout of the cryogenic system

* Discussion and Comparison on CEPC SRF cryogenic system

* Discussion and Comparison on SC magnets cryogenic system
* Summary



Inner Ring

Outer Ring W& ZMode Outer Ring
—’->_<-<—

Inner Ring Inner Ring

CEPC

Schematic layout of QDO, QF1, and anti-solenoid

Yoke/Muon

From Zhu Ying-shun
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0 1000 2000 3000 4000

P I T R
5000 6000

LTS Solenoid

LTS Solenoid :

«Solenoid located outside
calorimeter

eInner diameter 7.2 m, length 7.4 m
«Central field: 3T
*Superconductor: NbTi
*Operation temperature: 4.2 K

IDEA detector

HTS Sorlr_enoid

HTS Solenoid :

Solenoid located inside
calorimeter/less material

eInner diameter 4 m, length 6 m
«Central field: 2T
*Superconductor: YBCO
*Operation temperature: 20 K

Zhu Zian, Wang Meifen



4.5K main loop Thermal Shielding 40~80K
Heat load for Heat load for

Name ; Heat load \[o} Heat load
each each
IR SC sextupole magnet
Valve Box of IR SC sextupole
magnet
Current lead heat load of IR SC W
sextupole magnet
IR SC magnet W 4 30 120
Valve Box of IR SC magnet W 4 30 120
Current lead of IR SC magnet gls 4 0.5 2
Main distribution valve box W 4 50 100
Cryogenic transfer-line W 4000 0.3 1200 3424 1.5 5136
Total heat load @4.5K w 2500 5136
Total heat load @4.5K W 2500W+2g/s 5136
Total heat load @4.5K W 2523.45 5136
Coefficient 1 0.05
Total heat load @4.5K W 2523.45 256.8
Total equiv. heat load @4.5K W 2780.25
Total equiv. heqt I_oad @4.5K with W 4170
multiplier 1.5
Cooling capacity of
refrigerator@4.5K W 2 4kW@4.5K 8kW@4.5K

*Two individual refrigerators (2 x 4kW@4.5K) will be employed for the CEPC SC magnets cryogenic system.



TIHEP

Zhu Zian, Wang Meifen

layout for detector magnet

ERBE (WHK)

e collider tunnel (IR )

access shaft for service cavern transport shaft for main cavern
*
M SHEEEH
shaft for booster bypass tunnel
\w\ short auxiliary tunnel e
transport shaft for service cavern
access tunnel for IR =
main cavern
53 M3
A EARR BB ft
EEasRRE
booster bypass tunnel

ltems Parameters
Radiation heat load at 60~80K 1000W
Supports 500W
Radiation heat load 40W
Others(Holdings&junctions&valves&pipes) 170W (pipes 100W)
Current lead LHe mass flow rate 2.5g/s----250W
Dynamic heat loads due to field ramping 240W

Valve Box of Detect Solenoid Magnet 20w
Cryogenic transfer-line 150W

others 30w

Equiv. heat load @4.5K 975W

Cooling capacity of refrigerator@4.5K 1500W
Installed power (COP(300W/1W)) 0.45MW

Refrigerator selection

Liquefaction 430L/h

Refrigeration 2 X 1.5kw

@4.5K

Liguefaction/Refrigeration

1kW@4.5K & 150L/h

m

Access tunnel

RTEHEH (9=9m)
Transport shaft for service cavern ( 9=9m )

ES / '
Collider tunnel

g 4
HTESES (9=16m)

Transport shaft for main cavern ( @=16m )

4

BT
service cavern  concrete wall

REERE
short auxiliary tunnel

BT (80mx18mx18m)
Service cavern ( 80m*18m*18m )

FEME
Booster bypass tunnel

SEREEH (9=Tm)
Booster bypass tunnel ( @=7m )

RS m&nm'g)
Concrete wall ( 10m thick )

EfT (40mx30m=30m)
371 5] Main cavern ( 40m*30m*30m )
Collider tunnel




» 2 IPsin CEPC Interaction Region, there are 4 QD0 magnets, 4 QF1 magnets, 4 anti-solenoids and 32
sexupole magnets.

Plant A. Large refrigerator Plant B. GM refrigerator

Refrigeration:
2.5kW@4.5K

€ The GM refrigerator’s vibration is unacceptable, besides the electricity power consumption is very high.

€ The maintenance of the GM refrigerator is very difficult, and failure rate is many times that of a single large
refrigerator.

@ Compressor takes up space and produces vibration and noise in tunnel.



4.5K main loop Thermal Shielding 40~80K

GM refrigerator
Name 1 : Heatp]ﬂo{‘?:l for Heat load No. Heatelaoc?ld for Heat load g
IR SC sextupole magnet W KDE4155A
Valve Box of IR SC sextupole W BEaE < 3.5K
magnet —i5 —45
Current lead heat load of IR SC W 32 $S W (S0H2) —
sextupole magnet 35W @ 50K 1.5W @ 4.2K
IR SC magnet W 4 30 120 = O
Eisad@ () < 60min (4.2K)
Valve Box of IR SC magnet W 4 30 120
Current lead of IR SC magnet g/s 4 0.5 2 = &3k AR
Main distribution valve box w 4 50 100 B 19 kg 118kg
Cryogenic transfer-line Y 4000 0.3 1200 3424 1.5 5136 B EREYL KDC(‘/OOOV
Total heat load @4.5K W 2500 5136 BE / 3]
= ESOHZ
S 3 + J e
Total heat load @4.5K w 2500W+2g/s 5136 6.5kW \\/ ZkW/
Total heat load @4.5K w 2523.45 5136
Coefficient 1 0.05 BHHR X
Total heat load @4.5K W 2523.45 256.8 RN ; )
Total equiv. heat load @4.5K W 2780.25 KRURER > 4.0
Total equiv. hez?t lload @4.5K with W 4170 REUE 20Ax20m
multiplier 1.5 PR 10000h
- I H;IFS rs
S:fii;%:&l;gn;f w 2 4KW@4.5K SkW@4.5K E
— mE iwiT =
. MRS ER 4-40 °C 20-65 *C
SC magnet: 41\ . - :
€ 10W heat load of each SC magnet Jdb JMARHBR | 70kPa~110kPa | 20kPa~110kPa

€ 1.5W@4.2K GM refrigerator, needs 8 sets of GM
refrigerators/each SC magnet, total 16*8=128 sets . . . -
€ power consumption 7.2kW/each GM refrigerator » Considering the operation stability and

€ 16 SC magnets power consumption: 16%8*7.2=921kW power consumption of the system, the

@ If adopts a large refrigerator, power consumption ~800kW |arge refrigerator scheme is selected.
@ Therefore, the small GM refrigerator scheme has no

advantage in the power consumption aspect.



HlowWAschemelofi Tradltlonal SEImaghets

Main Distribution

Compressor  Cold Box
Valve Box

group

Detector

®
&

S

: )=

2]

ill h ||| DO0,QF
QD0,QF . ?andQ
to another '
. . . 1, ?_nd Detector  gnti-
anti- i
z solenoid
SM SM SM solenoid

1.5kW@4.5K



Flow scheme o Modified SC magnets

cwWeodgenicEsystem
J. Gao
» The requirement for IR sextupole magnets is updated.
» The magnet bore and pole field is reduced. IR sextupoles have been changed from SC
» Conventional sextupole magnet technology can be used ‘ magnets to normal conducting ones and
(FeCoV pole). Max strength 3886T/m? is achieved with cryogenic system for sextupoles can be

bore aperture 42 mm. Max current < 200A. eliminated.

M o0 YW. Wang

Compressor  Cold Box Dewar Main Distribution
group  3kW@4.5K Valve Box IR geometry

10 )
\ IRD S.C magnet =
\ P PR P IRU S.C magnet =
_-5ggm 839m 1031m o
5 S ys2irU HSTIRU HS2!
_-311m /lr
/ _ -~ \S1IRU
: € 0 2.2m
‘ - D
> ﬁlm
HS2IRD
,,,,,,, 5 209m 398m 555m
VS1IRD g2 rp HS1IRD
D0,QF
QDO,QF e > (lzan(;;2
to another 2
1’ and Detector anti- ‘1 0
anti- 0 500 1000 1500 2000

solenoid

solenoid X [m]

1.5kW@4.5K



3bar@5K

upercritical

3bar@4.5K
subcooled

=

ag

EnECHAE

y

E4aH HRHRHE
3bar@4.2K LHe
3bar@5K SHe

1.3bar@40K GHe
1.3bar@60K GHe

[IEAR RS

RiEtRA]

SERES2  1.3bar@60K GHe

RRIEZH2

3bar@4.2K LHe
3bar@5K SHe
1.3bar@40K GHe
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5 W mA-2 KA-1] = o S

Calculation conditions: the outermost layer is set
as convective boundary condition, the surface —
that the support structure contacts with the 300 220 260 220 e v
helium pool is set as 5K, and the surface that
contacts with the cold screen is set as 60K

(K

8 [Wmn-2 KN-1] (=) =2 | =1
— K
300 290 280 270 260 250

Support numbers

convective heat transfer
coefficient

SW m”-2 KA-1 268.97 K 268.98 K 270.52 K 282.76 K 283.32 K

8W m”-2 KA-1 273.14 K 273.14K 274.09 K 285.34 K 286.65 K




VacuumiichambelisstiesskamalySis;

BEATH0.15mm@E1.2Bar

B AR 169.343MPa@%ME1Bar B AMNA125.73MPa@KJE1.2Bar



: ¢ ETR, BEHMANEEEHEUTER:
Next, the following things still need to be determined on the superconducting magnet side.

o FIRHAMERIMIETT, ARBERFTEITE MFANKERSRIT
Need to follow up on the progress of multiple technology routes for the magnets, and more
detailed design of the cryogenic system can be done after the program is determined.
- BSMHKKERERSFAITEAFANSGL T, UASHRRERSFIEITSHENRINE
RARWE, SthinEmisSmesingit, ERARETE
More detailed structural design of the superconducting magnet cryostat, as WeII as multi-
dimensional flow and heat transfer simulation calculations for the cryostat, analyze the flow field and

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
. then guide the optimization of the structural design to form a closed-loop design idea.
I
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@ Previous CDR and TDR works have laid a good foundation for the further design.

&®For the CEPC cryogenic system TDR design, relevant aspects have been considered
Including process scheme, layout, and key equipment design.

& Several key technologies (JT heat exchanger platform/cryo-circulating pump/multi-channel

Transfer line test platform/Virtual system establishment and automatic control strategy
research) are introduced.

& Further TDR design is going on. Now it‘s just at the stage of scheme comparison, and there
Is still a long way to complete the whole TDR design. In the later time, the project team

members need to work together to greatly push forward the work, and complete the TDR
design on time.



Thanks for Your Attention !



