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FCC-ee Underground Structure Overview

FCC-ee Machine tunnel Layout

FCC-ee RF/Cryogenic Layout
* FCC-ee RF/Cryogenic Layout point L

FCC-ee Underground Structure point L
 FCC-ee RF Machine tunnel cross sections

* FCC-ee Klystron Gallery cross sections

» FCC-ee Undergeound structure Isometric views

FCC-ee RF/Cryogenic Layout
* FCC-ee RF/Cryogenic Layout point H

FCC-ee Underground Structure point H
* FCC-ee RF Machine tunnel cross sections

» FCC-ee Klystron Gallery cross sections

» FCC-ee Undergeound structure Isometric views
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FCC-ee Underground Structure Overview Only schematic,
and not to scale.

@S FCC Tunnels
e Experimental points
. Access points
e Service caverns
0 ) Connection tunnels
e Electrical alcoves
Klystron galleries
s Tunnel widening
LHC

Injection Tunnel

Courtesy A. Navascues Cornago
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Integration of FCC-ee machine elements (reqular arc) 1 yvi-cnins wnnel 5.5min diameter
3770

. ©5500
Smoke/He extraction

Cable trays: Cablg trgy: _
Fibre optic MV distribution
LV distribution

Control cables

Chilled water

E— Firefighting/Row water

Demineralized water

Leaky feed I Alignment space occupation

T

Warm He recovery

He \ Compressed air
Demineralized Y _ y Fresh air diffused
water felling ‘
Electrical HV Collider ring
power transmission e

Main cross section as for FCC-hh _
Main ring below of booster ring Collider Center
Main ring and booster ring 1.3 m distant

Fresh air duct
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FCC-ee RF reference table

Courtesy F. Peauger and O. Brunner
12-May-23
per beam booster per beam booster 2 beams booster 2 beams 2 beams booster
RF Frequency [MHz]
RF voltage [MV]
Eacc [MV/m] 5.72 6.23 10.61 20.01 10.61 20.76 10.61 20.12 20.10
#cell / cav
Veavity [MV] 714 5 a3 7 os 19 75 7 a5 10 14 7os 19 a5 19 23
#eells 56 120 264 280 528 540 528 2440 3000
## cavities 264 264
# CM 14 6 33 14 66 27 66 122 150
I I I I
+#CM 14 6 33 8 0 13 0 122 123
- #CM 14 _ _
T operation [K]
dyn losses/cav * [W] 19 0.3 129 3 129 4 129 23 3
stat losses/cav * [W] 8 8 8 8 8 8 8 8 8
Qext 5.8E+04 3.1E+05 9.2E+05 7.6E+06 9.1E+05 1.6E+07 4.5E+06 4.2E+06 8.1E+07
Detuning [kHz] 9.885 4.385 0.575 0.140 0.106 0.012 0.009 0.056 0.002
Pcav [kW] 901 210 378 89 382 47 78 163 8
energy loss / turn ** [MV] 39.40 39.40 370.00 370.00 18590.00 1890.00 10100.00 10100.00
cos phi 0.33 0.28 0.35 0.35 0.90 0.90 0.98 0.89
Beam current [A]
Lacc [m] 0.375 0.937 0.749 0.937 0.749 0.937 0.749 0.937 0.937
#cav/CM
R/Q [ohm]
G [ohm]
ao 2.7E+09 3.0E+10 2.7E+09 3.0E+10 2.7E+09 3.0E+10 2.7E+09 3.0E+10 3.0E+10
Ep/Eacc
Bp/Eacc
Ep [MV/m] 12.58 12.76 21.23 41.03 21.23 42.55 21.23 41.25 41.21
Bp [mT] 30.65 26.96 56.57 86.66 56.57 89.87 56.57 87.13 87.05
Cavity design
Prf no beam [kW] 225.14 52.53

94.60

22.30

95.57

11.68 19.49

40.68
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FCC-ee RF 400 MHz Cryomodules space occupation Courtesy V.Parma/E. Montesinos

400 MHz Cryomodule
Longitudinal space occupation

400 MHz Cryomodule 800

800 -—
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* Beam height cou e ~1000, but increased to 1400 for standardization with 800 MHz - e
. Overall CM length shall be the same for single-cell and four-cell cavities

+ Consider only 2 types of CM
+ Same CM design for 1_cells (Z) and 2_cells (W, H) 400 MHz systems — distance between WG must remain constant

* The use of half-height WG may allow to reduce the number of WG holes — to be studied in detail
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FCC-ee RF 800 MHz Cryomodules space occupation Courtesy V.ParmalE. Montesinos

800 MHz CM (based on SPL design, bottom RF coupler)
Longitudinal space occupation

800 MHz CM (based on SPL design, bottom RF COUpler) * Cryomodule, FPC, WG space envelopes (does not include WG routing to ceiling)
[ + Cryomodule, FPC, WG space envelopes (does not include WG routing to ceiling) 500
§e
- 2 T
g Eﬁ- 1200
3 © w w w w
(@] 5 — = ' - ) 3 }
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8 % LY CM envelope g g ! n— 0>) g - g -
@ 5 2 ; r‘ & 9 1z 9 B 2 z !
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*  The use of half-height WG may allow to reduce the number of WG holes — to be studied in detail
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FCC-ee RF/Cryogenic Layout point L

Courtesy Cryo team
PA31-3.0: shaft location is uncertain. Different scenarios to be assessed:
S1: Shaft at nominal point

°
« S2: Shaft at 300 m
UCB | UCB . UCB | UCB
- « S3: Shaft at 600 m .
N « S4: Shaft at 900 m
Shatft
uce [ uce
Service Cavern gzr:vei?s
LcB | LCB 253m LSS
- - Shaft End LCB . Les
QUI n; i center
So*m Service Cavern
ce | " | Lee =
rm - LSS — [LRM]
= End aul Sooster CM ScosterCM | Booster CM
Booster CM Booster CM : (800MHz@2K) (800MHz@2K) | (800MHz@2K)
(800MHz@2K) (B0OMHz@2K) g 50*’“ Loyt ¢ H '
< 650 m LSSA 550 m v J : ;<—><—41o m— Br—— LSS | ————1016m——— !
s 4 [Rv] 1 6m : End i, ‘ R
< R > E Booster CM Sooster CM 1 s 1305 a L v
e, DNGSO : (800MHz@2K) (800MHz@2K) oo ONToD _
TN : LSS : g . P—
/ D\ // € D\.‘* p— T —— T — Van Ny / CD\\“ 7 N
. B @ & : < 1300 m. ; > B1 D/ | B ® | { D\ onre
\ ‘ \_e®/ \e E/ e o
- i " ®//
DN600 DN700 @  DNB80O

\ / DNEsO " DNeso /”g\w 7 C\ -

B [l B

Scenario:1 A\ / DNGSO\ / DN650 Scenario:3 Scenario:4
Scenario:2
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FCC R F/C . L . L TLSS length: 2032 m
y q v p Access point L P
WweCs -
Courtesy Cryo team _ 1A
Z machine 1
(0.14 GV, 5 MW) I—|—|| 1016 m
. . Beam 1 ~—— Beam 2
Point L cryogenic layout (ttbar) [oomrtcat |51 e
‘ 800MHz/2 Cell | Booster Booster
48,9m
» S4: Shaft & Service cavern are at the end of the LSS. s
uce
W machine (s}
Service Tl
Cavern (1.05 GV, 5 MW) kT
LCB il
Lss 400MHz/2Cell | Beam 1 | : ! gear 2
Beam2 — T - eam
center 800MHz/5 Cell | Booster :14 CMs | : Booster
:120,7m
L wes |
, |
i Diameter (mm) U%B ]
i Er=Eel] QRL Header H machine B
i (S00MHz@2K) sS4 ri J I
2.1GV, 5 MW |
v S — T — A:13bar, 2.2 K (AP=25 mbar) 80 x|y
5 400MHz/2 Cell |Beam 1 : Beam 1
End < 1300 > B: 30 mbar, 2 K (AP=2 mbar) 360 | /2Ce | geam 2 27 CMs : : i Beam 2
C: 3 bar, 4.6 K (AP=130 mbar) - ] 232.8m i i |
D: 1.3 bar, 4.5 K (AP=70 mbar) [CWCS |
ONTO0 ttbar machine Uk |
E: 20 bar, 50 K (AP=5 mbar) 20 L |
(11.3 GV, 5 MW) H
F: 18 bar, 75 K (AP=10 mbar 90 I
: ) - x]yq] |
Vacuum jacket right 700* 800MHz/5 Cell ?eam 1 —g | Beam 1
m2 1 | Beam 2
* +100 mm for bellows and flanges 800MHz/5 Cell | Bocster —';"";5“;;5 """" | Booster
648.5m 648.5m
—
i i TOTAL RF LENGTH: 1297
= 2K Booster CMs near to cryoplants Midpoint m

RF section
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FCC-ee RF Machine tunnel longitudinal view (bar machine)

» Distance between e*e- quadrupoles 52 m, length 3.1 m.
» Distance between booster quadrupoles 52 m, length 1.5 m.

Midpoint
RF section

800 MHz cryomodules (g 1.09 m x 7.5 m), half RF LSS
* 75 booster CM (648.5m)
* 150 klystrons

Faraday cage

Klystron, circulator & rack

\ fl IllllI

HV Bunker "I"llll
i gl

il
IIIIIIII I' “ﬂmmﬂﬂ
IIII

Collider Center

- Quadrupole magnets
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FCC-ee RF Machine tunnel cross section (ar machine)

Waveguide « QRL @ along 800 MHz section 0.8 m.
» Distance between e*e- quadrupoles 52 m, length 3.1 m.

» Distance between booster quadrupoles 52 m, length 1.5 m.

Machine tunnel 5.5 m in diameter

Midpoint
- Booster ring RF section
Cryomodule 800 MHz

—— Transport

Collider Center

Booster 800 MHz Cryomodules
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FCC-ee RF Machine tunnel & Klystron Gallery cross section bar machine)

HV Bunker

Klystron, circulator & rack

j
il
b
b
i
A

Klystron Gallery

.

Waveguide duct

5400

4050

- 2440 |
A/

8900 \

Faraday cage

Plete
'3
\
\
i

Machine tunnel :
Collider Center
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FCC-ee Underground Structure

Klystron Gallery
Service Shaft

N

Midpoint RF section

Connection Tunnel
(Cavern/Klystron Gallery)

3 Evacuation staircase

Machine tunnel

Connection Tunnel

(Cavern/Machine Tunnel) .
Service Cavern Collider Center
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FCC-ee RF/Cryogenic Layout point H

Courtesy Cryo team

06.06.2023 / FCC Week

UCB | UCBE

QRL Header Diameter
& Process values (mm)

A:1.3bar, 2.2 K (AP=25 mbar) 72
139 m Shalt B: 30 mbar, 2 K (AP=2 mbar) 320
C: 3 bar, 4.6 K (AP=130 mbar) 110
D: 1.3 bar, 4.5 K (AP=70 mbar) 185
Service Cavern E: 20 bar, 50 K (AP=10 mbar) 80
. F: 18 bar, 75 K (AP=15 mbar) 80
LCB LCB Vacuum jacket (400MHz) 550
|W| Vacuum jacket (800 MHz) 750*
* +100 mm for bellows and flanges
ISD m
< 976 m » d 076 m >
Collider CM Collider CM Collider CM Collider CM
(400 MHz @ 4.5 K} {S00MHz@2K) {B00MH=@2K) {400 MHz @ 4.5 K
LSS
€—4Em—» +—530m—>» 530 m——» €——46m—»
1950 m >

-
<

DNE50 e /ONTSO e DNTSO DNESO
DNSSO Bhiaso DNgso DNS50

DN850 DN850 DN650
= 2K Booster CMs near to cryoplants then 4.5K Collider CMs

DN650

TLSS length: 2032 m

Access Point H

ENGINEERING
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wes
. 1
Z machine =
(0.24 GV, 100 MW)
114 CMs
400MHz/1Cell | Beaml 4.5 Beam 2
B 2 T Beam 1
800MHz/2 Cell | Booster : 2% Booster
© 180m 184m |
WCSs
H UCB
W machine , o
1 ce
(2.1 .GV, 100 MW} ‘ '
| 33CMs | [ 3Ms |
400MHz/2 Cell |Beam 1 B . :__ig(::—‘ Bean
! P =T — F=—— Beam1
800MHz/5 Cell | pooster i : ok . Booster
| 435,9m 435,9m
WCS
. UCB
H machine ) ‘
Lc8
(4.2 Gv, 100 MW)
| 33cMs [] 32CMs
400MHz/2 Cell Feaml e A5k Beam 1
800MHz/5 Cell | Booster 2K Booster
435,9m | 435,9m |
ttbar machine W s
(22.6 GV, 100 MW) o Sl
LCB LCA
400MHz/2 Cell | 330Ms GIBh 61CMs : 32¢Ms
800MHz/5 Cell | Lo2m 1 T —m- 2K T fl*%e_é"jll
800MHz/5 Cell ‘ Booster 2 Booster
h 435,9m 539,2m 539,2m 435,9m

TOTAL RF LENGTH: 1950,2 m
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FCC-ee RF Machine tunnel longitudinal view (bar machine)

» Distance between e*e- quadrupoles 52 m, length 3.1 m.
» Distance between booster quadrupoles 52 m, length 1.5 m.

800 MHz cryomodules (g 1.09 m x 7.5 m), half RF LSS
* 61 e*e"CM (539.2 m)
+ 122 Kklystrons

Klystron, circulator & rack

Collider 400 MHz Cryomodules

400 MHz cryomodules (g 1.17 m x 11.4 m), half RF LSS
» 33e*e"CM (435.9 m)
* 66 Kklystrons

Quadrupole magnets

= _ Collider Center
— Collider 800 MHz Cryomodules I
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FCC'ee RF MaChine tunnel 400 MHZ CMS (ttbar machine)

» Distance between e*e- quadrupoles 52 m, length 3.1 m.
» Distance between booster quadrupoles 52 m, length 1.5 m.

HV Bunker
Klystron, circulator & rack

Quadrupole magnets

Faraday cage
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FCC-ee RF Machine tunnel cross section (ar machine)

Waveguide + QRL @ along 400 MHz section 0.65 m.
» Distance between e*e- quadrupoles 52 m, length 3.1 m.

» Distance between booster quadrupoles 52 m, length 1.5 m.

Machine tunnel 5.5 m in diameter

_— Booster ring

_— Transport

___ Collider ring
Cryomodule 400 MHz

Collider 800 MHz Cryomodules

Collider Center
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FCC-ee RF Machine tunnel & Klystron Gallery cross section ar machine)

HV Bunker

Klystron, circulator & rack 7 \ ——-—== z

5400

4050

° 2440
7509 =
\_J
8900

Faraday cage

Collider Center
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FCC-ee RF Machine tunnel 800 MHz CMS (ibar machine)

» Distance between e*e- quadrupoles 52 m, length 3.1 m.
» Distance between booster quadrupoles 52 m, length 1.5 m.

Klystron, circulator & rack

HV Bunker

Faraday cage

Quadrupole magnets

N

Collider 800 MHz Cryomodules

7500 | ‘ 7500 | | 7500 | L 7500 _J |_ 7500 J
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FCC-ee RF Machine tunnel cross section (ar machine)

Waveguide « QRL @ along 800 MHz section 0.85 m.
\ ©5500 » Distance between e*e- quadrupoles 52 m, length 3.1 m.
» Distance between booster quadrupoles 52 m, length 1.5 m.

Machine tunnel 5.5 m in diameter

7 _6 _— Booster ring

___— Transport

lo
C)

5

I
3200

5

cl

o

i __ Collider ring
; Cryomodule 800 MHz

»850

,—"'l'o-l:[

600]1030

’/
S
~

Collider 800 MHz Cryomodules :
Collider Center

2185 2245
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FCC-ee RF Machine tunnel & Klystron Gallery cross section ar machine)

HV Bunker

Klystron, circulator & rack W\ z

5400

4050

° 2440
7509 =
\_J
8900

Faraday cage

Collider Center
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FCC-ee Underground Structure

Service Shaft

Connection Tunnel (Cavern/Klystron Gallery)

7 Evacuation staircase

Klystron Gallery (each 280 m)

Service Cavern

Connection Tunnel (Cavern/Machine Tunnel)

Junction Cavern

Machine tunnel Collider Center
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Conclusion

» For Collider Z, W, H and ttbar machine all 400MHz Cryomodules will be housed at point H.
« For Collider ttbar machine 800MHz Cryomodules will be housed at point H.
» For Booster Z, W, H and ttbar machine all 800MHz Cryomodules will be housed at point L .

-

400 MHz CMs 800 MHz CMs 400 MHz CMs 800 MHz CMs
Z machine 4 5K N O N O 2K
W machine 4 5K 2K
H machine 4.5K C M S C M S 2K
ttbar machine 4 5K 2K 2K

* Integration study of RF scenarios and stages, selection of cavities and location of cryomodule, RF frequency
and cryogenic temperature continue.

23
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Thank you
for your attention,



