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FCC-ee Underground Structure Overview

Integration of FCC-ee Arc Cell

Integration FCC-ee Arc Cell Alternative

FCC-ee Underground Structure point A

Integration of FCC-ee Beamstrahlung dump

Integration of RF sections

> FCC-ee Underground Structure point L

+ FCC-ee RF/Cryogenic Layout point L

 FCC-ee RF Machine tunnel cross sections
* FCC-ee Klystron Gallery cross sections

* FCC-ee Undergeound structure Isometric views

> FCC-ee Underground Structure point H

FCC-ee RF/Cryogenic Layout point H
FCC-ee RF Machine tunnel cross sections
FCC-ee Klystron Gallery cross sections

FCC-ee Undergeound structure Isometric views

Integration of FCC-ee RF sections Alternative
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FCC-ee Underground Structure Overview

@IS FCC Tunnels
@S Experimental points
IS Access points
e Service caverns

Only schematic,
and not to scale.

[ ¥ Connection tunnels
e Electrical alcoves
Klystron galleries

SIS Tunnel widening
LHC

Beam
Di

Courtesy A. Navascues Cornago
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Integration of FCC-ee Arc Cell




.‘;“ ENGINEERING
O FCC 06.12.2022 F. Valchkova-Georgieva 1) DEPARTMENT

Integration of FCC-ee machine elements (reqular arc)

| 3770 |
5500
100

Machine tunnel 5.5m in diameter

Main cross section as for FCC-hh

Main ring below of booster ring

Main ring and booster ring 1.03 m distant

Water distribution changed to DN550 + flange (2630)

Collider Center
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Integration of FCC-ee machine elements (reqular arc)

Perspective view

Machine tunnel 5.5m in diameter

Collider Center
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Integration of FCC-ee machine elements (reqular arc)

Front view

Dipole magnet Dipole magnet
Booster ring Sextuple magnet Quadrupole magnet

T
[

\ i3 ﬂT}ﬂ%\h \“ﬂ s

Sextuple magnet | | Quadrupole magne
Dipole magnet Dipole magnet

ﬁ‘ ? — = 7 — R = 7 — 7 o

Main ring
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Alternative Integration of FCC-ee Arc Cell
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Alternative Inteqgration of FCC-ee machine elements (regular arc)

3770

Machine tunnel 5.5m in diameter

Booster ring next to the main ring
Main ring and booster ring 2.1 m distant
Demineralized water circuit DN 550 + flange (¢630) in a trench

4790 Collider Center
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Perspective view

Machine tunnel 5.5m in diameter

Collider Center
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FCC-ee Underground Structure point A
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FCC Experiment Underground Structure version 2022

Experimental Shaft 18m

I

Booster ring

Elliptical Service Shatft

18x12 \

FCC-ee Detector

A

35000

Service Cavern
Extension
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FCC Experiment Underground Structure version 2022

FCC-hh Detector
Elevators and Stairs

Safety Area

Connection tunnel , two levels
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FCC Experiment Underground Structure version 2022
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FCC Experiment Underground Structure version 2022

Experimental Shaft g18m Evacuation
connection tunnel

Elliptical Service Shaft

Service Cavern

-

Connection tunnel g 5.5m

Machine tunnel

/

Survey Galleries

Experiment Cavern

Connection tunnel g 5.5m

T

Connection tunnel g 10m
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FCC Experiment Underground Structure version 2022

Elevators and Stairs

Open Space for transport of detector parts

Experimental Shaft g18m
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Integration of FCC-ee Beamstrahlung dump
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FCC-ee main and booster rings Layout

Two different trajectories for booster ring Courtesy K. Oide/ A. Chance
IP (A)

—

Collider Centre 8
1P (J) - — |« 1P (D)

3

~

The separation of 3 rings is about 12.7m
Wide tunnel in necessery around the IP
for 0.8 km

H / F
m— - ring 18 m— E-ring

E+ ring = ~ E+ring
T = Booster ring
IP(G) +== = Beamstrahlung Dump

—-2.0 7]I..5 71‘.0 7(]].5 UiO UjS ljU 115 2.0 .
Z [km] = Booster ring
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FCC-ee beamstrahlung dump integration at point A

m— E-ring

m— [+ ring

= Booster ring

= Beamstrahlung Dump

500m 400m 300m 200m

e |
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FCC-ee beamstrahlung dump integration at point A

A

7501mm

‘2866rpm

- <
L0
L0 VJ’[
-
A\ 4 N

Booster ring

226mm
G ™ E-ring

E+ ring

15.3m

A

500m

400m

300m 200m

—

T~ Beamstrahlung

100m
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FCC-ee beamstrahlung dump integration at point A

A ¢ 6000 N
mm 5217 N
c 4/ 9 mm . \
m /
(s
v S M _ P
Slemm = E+ ring
Booster ring | § 5 T E- ring
« 15.3m ‘\ Beamstrahlung =)
o00m 400m 300m 200m 100m

:t===_
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FCC-ee beamstrahlung dump integration at point A

Beamstrahlung

E- ring
c g 4500mm ) 6886m
g vi—n E+ ring
N '
i v IP
2030mm
Booster ring - >

17.8m ( =)

500m 400m 300m 200m 100m

S S— N — -
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FCC-ee beamstrahlung dump integration at point A

Beamstrahlung

“ E- ring
c 4478mm:: 829
p ) E+ ring
P | P
Booster ring \ s 9
) 17.8m ‘
500m 400m 300m 200m 100m

S N - —
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FCC-ee beamstrahlung dump integration at point A

Shielding considerations

Dump cores need to be shielded:

Booster ring

« The shall mitigate il and
radiation effects in nearby equipment and ensure radiation

A protection of personnel during shutdowns/technical stops
https://indico.cern.ch/event/
c 1165640/contributions/4912
L0 773/attachments/2461229/
© 4219826/FCCeeBeamstrah
b lungDump_13062022.pdf P
A\ 4 v
N
/\ 5380mm - [ 4
Beamstrahlung E+ ring
17.8m ( =)
500m 400m 300m 200m 100m



https://indico.cern.ch/event/1165640/contributions/4912773/attachments/2461229/4219826/FCCeeBeamstrahlungDump_13062022.pdf
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Integration of FCC-ee RF sections
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Integration of FCC-ee machine elements (reqular arc)

| 3770 |
5500
100

Machine tunnel 5.5m in diameter

Main cross section as for FCC-hh

Main ring below of booster ring

Main ring and booster ring 1.03 m distant

Water distribution changed to DN550 + flange (2630)

Collider Center
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DEPARTMENT 27

Courtesy F. Peauger and O. Brunner

18-Nov-22
per beam booster per beam booster 2 beams booster 2 beams 2 beams booster
Frequency [MHz] 400 800 400 800 400 800 400 800 800
RF voltage [MV] 120 140 1050 1050 2100 2100 2100 9200 11300
Eacc [MV/m] 5.72 5.34 10.95 21.55 10.78 22.42 10.78 22.52 22.50
# cell / cav 1 5 2 5 2 5 2 5 5
Vcavity [MV] 2.14 5.00 8.20 20.19 8.08 21.00 8.08 21.10 21.08
#eells 56 140 256 260 520 500 520 2180 2680
# cavities 56 28 128 52 260 100 260 436 536
I #CM 14 7 32 13 65 25 65 109 134 I
T operation [K] 4.5 2 4.5 2 4.5 2 4.5 2 2
dyn losses/cav [W] 22 0.3 163 4 158 5] 158 32 5)
stat losses/cav [W] 8 8 8 8 8 8 8 8 8
Qext 6.0E+04 2.5E+05 1.1E+06 8.3E+06 1.1E+06 8.6E+06 9.4E+06 4.2E+06 4.6E+07
Detuning [kHz] 9.777 5.606 0.472 0.131 0.096 0.025 0.031 0.028 0.005
Pcav [kW] 962 192 385 95 379 99 45 202 18
rhob [m] 9937 9937 9937 9937 9937 9937 9937 9937 9937
Energy [GeV] 45.6 45.6 80.0 80.0 120.0 120.0 182.5 182.5
energy loss [MV] 38.49 38.49 364.63 364.63 1845.94 1845.94 9875.14 9875.14
cos phi 0.32 0.27 0.35 0.35 0.88 0.88 0.56 0.96 0.87
Beam current [A] 1.400 0.140 0.135 0.0135 0.0534 0.005 0.010 0.010 0.001
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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 -—
o . - O o @) O (%)
S - 2 : 2
R S w = OT —
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(@ M o (=] =
R o 2% o F s s o
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height could b b d f dard h Nakes
* 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 }
2 =) S HAREH A RLRH AL AN> AL
8 % LY CM envelope g g ! n— 0>) g - g -
@ 5 2 ; r‘ & 9 1z 9 B 2 z !
Q. »n o ) = = = =
v >~ S o o Tunnel passage side 2
c z o : a’g (ring center side)
= - ~
2 .|k ~800, 900 , «__~2000
5 .3 : 7'500
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X
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(@] 400 800

*  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 L.Delprat, B.Bradu and K.Brodzinski

- & Process values (mm)
A:13bar, 22K (AP=25 mbar) 80
253m B : 30 mbar , 2 K (AP=2 mbar) 365
Shatt C: 3 bar, 4.6 K (AP=130 mbar) 110
D: 1.3 bar, 4.5 K (AP=70 mbar) 200
E: 20 bar, 50 K (AP=10 mbar) 80
Service Cavern F: 18 bar, 75 K (AP=15 mbar) 80
' Vacuum jacket (400MHz) 550"
Vacuum jacket (800 MHz) 800*
*+100 mm for bellows and flanges
< 900m 923m >
Collider CM Collider CM Collider CM

Collider CM ‘

{400 MHz @ 4.5 K) (B00MHz@2K) (B00MHz@2K) (400 MHz @ 4.5 K)

RM RM RM RM

LSS

—2im—» ——A00m——» ——A48Tm———>» #——436m———>

v

1823m

o —
T .., DNEOO
DNG50 -
EU— / . . DMaop
o DNS50 i .
; kS i

F Y

.. DNBDO

—.
. ., DNEoD

\ e
(I

(e

+ 2K Collider CMs near to cryoplants then 2K Booster CM

TLSS length: 2160 m

Access Point L

wWCs
Z machine e
{0.24 GV, 100 MW) : )
14CMs | [+ | 14CMs!
400MHz/1Cell |Beam 1 : — 43K — ‘ —
Jeam 2 T H eam
800MHz/2 Cell | Booster 2K : Booster
' 184m i © 180m)]
W machine ! | e
i H LB
(2.1 6V, 100 MWJ i —’

32CMs | H  s2oMs |

400MHz/2 Cell |Beam 1 : ; A
Beam 2 —— R

= —— Beam 1

800MHZ/5 Cell | gooster ; ‘ sh i Booster
| 420m | ! | 415,8m
5 [Cwes )
. i : © [Cuce
H machine : ; g
(4.2 GV, 100 MW) ! I_I |
| 32eMs | [ ] | 33 CMs
400MHz/2 Cell | 52 1 e 45K ; — Beam1
800MHz/5 Cell | Booster j 25k Booster
420m | 435,8m !
ttbar machine | W)
UCB [Cuce
(22,6 GV, 100 MW) I
LCB LcB
400MHz/2 Cell 32cMs | S4cMs [ [ S5CMs | aacws
800MH2/5 Cell | 5oom 1 R 2K = A —— Beam 1
| 800MHz/5 Cell | Booster 2K Booster
420m 479,1m 487,2m 435,8m

TOTAL RF LENGTH: 1822,1 m

ZI0L N LUV 204,210
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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
* 55 e*e"CM (487.2 m)
110 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 (435.8 m)
* 66 Kklystrons

Quadrupole magnets

w= : Collider Center
— Collider 800 MHz Cryomodules
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FCC-ee RF Machine tunnel cross section zw.Hmachine)

Waveguide « e*e beam separation 0.40 m (needs quadrupole (model) with that spacing).
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 800 MHz Cryomodules

— Need a new design of
Quadrupole magnet

\ Collider ring

| Cryomodule 400 MHz Collider Center
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FCC-ee RF Machine tunnel cross section (ibar machine)

Wav i * e*e beam separation 0.40 m (needs quadrupole (model) with that spacing).
aveguide - QRL @ along 800 MHz section 0.90 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

L

C}/Transport

Collider 800 MHz Cryomodules

Collider ring
Cryomodule 800 MHz

Concrete cut-out

Collider Center
4430
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FCC-ee RF Machine tunnel & Klystron Gallery cross section ar machine)

Bunker
(LXWxH=5x3x3 m)

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

5400

4050

° 2440
7509 =
\_J
8900

Faraday cage
(LXWxH=10x2x2.5m)

Collider Center
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FCC-ee Underground Structure

Service Shaft

Connection Tunnel (Cavern/Klystron Gallery)

7 Evacuation staircase

Klystron Gallery (each 270 m)

Service Cavern

Connection Tunnel (Cavern/Machine Tunnel)

Junction Cavern

Machine tunnel Collider Center
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FCC-ee RF/Cryogenic Layout point H

Courtesy L.Delprat, B.Bradu and K.Brodzinski

AJA1: 1.3 bar, 2.2 K (AP=25 mbar) 75/40
BiB1 : 30 mbar , 2 K (AP=2 mbar) 3501175

UCB | UCB

C: 3 bar, 46 K (AP=130 mbar) -
D: 1.3 bar, 4.5 K (AP=70 mbar)

E: 20 bar, 50 K (AP=5 mbar) 80 139m
F: 18 bar, 75 K (AP=10 mbar) 80
Vacuum jacket right 500*
Vacuum jacket left 650 Service Cavern

LSS
center

«—800m

LCB LCB

* +100 mm for bellows and flanges

w

=)

3
o a—

LSS Booster CM Booster CM
(SOOMHz@2K) (800MHz@2K)
€ 918m > «—260m—>
< 1178m >

DNTS0

DNG5SO

ENGINEERING
DEPARTMENT

TLSS length: 2160 m

Access point H P
WICS
Z machine 800 m e
{0.14 GV, 5 MW) 1
2] . ]
400MHz/1Cell |Beaml — — —
E — 4 CMs 3 CMs Beam 1
800MHz/2 Cell ‘Uoosler Booster
32,3m 24,3m
WG|
: uce
W machine : (L]
(1.05 GV, 5 MW} i 2K| |
; 1
| 400MHz/2 Cell |Beam1 ___ ] . —  _Beam2
eam2 — 7 CMe TR Beam 1
| soomHz/s cell | gooster — s .| Booster
60m 51,9m
WCS
UCB B
H machine : T
(2.1GV, 5 MW) |
) x| :
400MHz/2 Cell |Beam1 __ T Beam1
e 13 CMs 12CMs™ !
800MHz/5 Cell | Booster === Booster
e 112m I 103,9mi
336,3m_ 260 :
: ;WI(S ] WCs |
ttbar machine | bl :I:;uis !
| ! | |
1136V, 5MW) | i \ﬂ.—ﬁ 1B :
I
Beam 1 'l |- Beam 1
B0OMHz/5 Cell | Beam 1 —— ; } —fi= peam 1
| s00MHz/s cell | Booster e |t} Booster
67 CMs I 67 CMIs i
581,5m ' 596,3m
Il 5m
H -
Midpdint

RF section TOTAL RF LENGTH: 1177,8 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.

Klystron, circulator & rack

800 MHz cryomodules (g 1.09 m x 7.5 m), half RF LSS Faraday cage \
* 67 booster CM (596.3 m) (LXWxH=10x2x2.5m)
» 134 klystrons

g
Bunker o i
(LXWxH=5x3x3 m) .|.

Midpoint
RF section

Booster 800 MHz Cryomodules

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

* QRL @ along 800 MHz section 0.6 m.
» Distance between e*e- quadrupoles 52 m, length 3.1 m.

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

Waveguide

Machine tunnel 6.3 m in diameter

Booster ring

— Cryomodule 800 MHz

- Midpoint
__— Transport  pr section

=~ Collider ring

Collider Center
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FCC-ee RF Machine tunnel cross section (ar machine)

* QRL @ along 800 MHz section 0.75 m.
» Distance between e*e- quadrupoles 52 m, length 3.1 m.

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

:

Waveguide

Machine tunnel 6.3 m in diameter

Booster ring
Cryomodule 800 MHz

Transport

Midpoint
RF section

ollider ring

Booster 800 MHz Cryomodules

L

Collider Center
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Bunker
(LXWxH=5x3x3 m)

-

Klystron, circulator & rack
QO
O
O
\£:>

8900

5400

4050

° 2440
&>

Faraday cage
(LXWxH=10x2x2.5m)

Collider Center
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FCC-ee Underground Structure

Service Shaft

3 Evacuation staircase
(each 260 m)

Midpoint RF section Connection Tunnel

(Cavern/Klystron Gallery)
Klystron Gallery

Connection Tunnel
(Cavern/Machine Tunnel)

Service Cavern

Junction Cavern

Collider Center
Machine tunnel
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Alternative Integration of FCC-ee RF sections
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Alternative Inteqgration of FCC-ee machine elements (regular arc)

3770

Machine tunnel 5.5m in diameter

Booster ring next to the main ring
Main ring and booster ring 2.1 m distant
Demineralized water circuit DN 550 + flange (¢630) in a trench

4790 Collider Center
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FCC-ee RF Machine tunnel cross section (ar machine) point L

Waveguide * QRL @ along 400 MHz section 0.90 m.
» Distance between e*e- quadrupoles 52 m, length 3.1 m.

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

4330

Machine tunnel 7 m in diameter

_— Booster ring

4450

_
Flo™ ===

——— Transport

’—"10101

Collider ring
Cryomodule 800 MHz

——

Main ring and booster ring 1.5 m distant
Demineralized water circuit DN 350 + flange (2400) in a trench

Collider Center
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FCC-ee RF Machine tunnel cross section ar machine) point H

4330 * QRL @ along 800 MHz section 0.75 m.
| » Distance between e*e- quadrupoles 52 m, length 3.1 m.

®7000
» Distance between booster quadrupoles 52 m, length 1.5 m.

Waveguide

Machine tunnel 7 m in diameter

r Booster ring
Cryomodule 800 MHz

S o
o,

4450

[ Transport

EITEIEEES

e ~~ Collider ring

Main ring and booster ring 1.8 m distant
Demineralized water circuit DN 350 + flange (2400) in a trench

Collider Center

6000
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Thank you
for your attention,
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