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FCC-ee collider . o
evolution of layout 2

8 surface sites

« Double ring e+ e- collider

« Common footprint with FCC-hh, except around IPs z:;i km o \ o

. Asymmetric IR layout and optics to limit synchrotron = A
radiation towards the detector

« large horizontal crossing angle 30 mrad

- crab-waist collision optics

« Synchrotron radiation power 50 MW/beam at all
beam energies CDR

« Top-up injection scheme for high luminosity C=97 km "
requires booster synchrotron in collider tunnel

«  “Tapering” of magnets along the ring to I ®D D (RE)

compensate the sawtooth effect
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High-level Requirements for the IR and MDI region

* One common IR for all energies, flexible design from 45 to 182.5 GeV with a constant
detector field of 2T

At Z pole: Luminosity ~ 103¢ cm™s requires crab-waist scheme, nano-beams & large crossing angle.
Top-up injection required with few percent of current drop.

Bunch length is increased by 2.5 times by beamstrahlung

At ttbar threshold: synchrotron radiation, and beamstrahlung dominated the lifetime

* Solenoid compensation scheme
Two anti-solenoids inside the detector are needed to compensate the detector field

* Synchrotron radiation control in the IR
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High-level Detector requirements for the MDI design

* 100 mrad of physics cone
o trade-off between accelerator/detector needs expected
* Luminosity monitor @Z: absolute measurement to 10-* with low angle Bhabhas
o window acceptance of the lumical, alignment and stabilization constraints
* Low X/X0 vacuum chamber with cooling system, keep low material budget
e SR critical energy below 100 keV from last bendings upstream the IR at tt,,
o constraint to the FF optics, asymmetrical bendings
* Background suppression and radiation shielding
e Detector occupancy below 0.1%-1%
* Robustness against machine bkgs, radiation hardness
* Impact to the collimation scheme and shielding around the beam pipe
* Accessibility of inner detectors (Lumical and vertex) for maintenance and repair
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FCC-ee IR optics design

Driven by synchrotron radiation: e ZwE e c’,a?‘m — I SRR i R =
Z 60 \ Yy 0

Ecritical <100 keV from 450 m from the IP
at ttbar (detector requirement from LEP
experience)

Manuela Boscolo

FCCee_z_528_nosol.sad

TNy Ny (Mm)

-1 500

1000

500

O

1000

1500 m

FCCee_t_527_nosol_0.sad

T T T T T

400
beam -

200

0

1500 1000 500 0 1000 1500 m

Ty My (mm)

-> Very Asymmetric IR optics
L HJHWMWWWWMWWW

wwmwwwmwwmmwwwww

FCCee_z_530_nosol_23.sad
L e S A s

-1000 -500

. . 10;— Beams enter the IP from inside of the ring. —
Beams enter the IP from inside of the [ ', MeFtsninedion Heloit by 05 m) g -
ring (left). £ :
Bypass of the booster near the 3 E
detector still an open question. o ) E
: I “r (l) * - ‘5010 — ‘10100‘ —

GX (m)



(O Fce

13/09/2022 eeFACT22

FCC-ee IR optics design

VB VBy (Vm)

120 T T T T

FCCee_z_530_nosol_23.sad

T T T T
100/ /”\ ’“\ — VB
80 o i o By 3
80 -7 AN >4 i
40 \ / =
20F- 4
o | | \1/ | | !
T T 1 T T T f 1
1

— 0,

08 b

,UY
06F 4
0.4 4
0.2F 4
5 ot ] R R BRI o T T —r
-8 -6 -4 -2 0 2 4 6 8m

o o [+ o o o o o o o

O o (33 (33 (3} (33 (33 (33 o [+

52 A = 2 2 L
— —> — —>
a=25mm a =15mm a=15mm g =25mm

Horizontal aperture
15mm = 18.7c, at QC1
25mm = 23.6 6, at QC2

in slices to adapt for the different beam energies

VB VBy (Vm)

Oy, Oy (um)

120

2 @ o
S © o

40
20

Manuela Boscolo

Flexible design with final focus doublet
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K. Oide



QO rec YR G FCC-ee Parameters INEN
Parameter [4 IPs, 91.1 km,T,.,=0.3 ms] Z WWw H (ZH) ttbar
beam energy [GeV] 45 80 120 182.5
beam current [mA] 1280 135 26.7 5.0
number bunches/beam 10000 880 248 40
bunch intensity [10'1] 243 2.91 2.04 2.37
SR energy loss / turn [GeV] 0.0391 0.37 1.869 10.0
total RF voltage 400 / 800 MHz [GV] 0.120/0 1.0/0 2.08/0 25/8.8
long. damping time [turns] 1170 216 64.5 18.5
horizontal beta* [m] 0.1 0.2 0.3 1
vertical beta* [mm] 0.8 1 1 1.6
horizontal geometric emittance [nm] 0.71 217 0.64 1.49
vertical geom. emittance [pm)] 1.42 4.34 1.29 2.98
horizontal rms IP spot size [um] 8 21 14 39
vertical rms IP spot size [nm] 34 66 36 69
beam-beam parameter &, / &, 0.004 /0.159 0.011/0.111 0.0187/0.129 0.093/0.140
rms bunch length with SR/ BS [mm] 4.38/14.5 3.55/8.01 3.34/6.0 1.95/2.75
luminosity per IP [1034 cm-2s-1] 182 19.4 7.26 1.25
total integrated luminosity / year [ab-1/yr] 87 9.3 3.5 0.65
beam lifetime rad Bhabha + BS [min] 19 18 6 9
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3D view of IR

Screening solenoid
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3D view of IR

Screening solenoid

Cryostat shell
Compensation
solenoid QC1l3
LumiCal
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chamber Bellow

\Trapezoidal Assembly updated with the last design of the chamber and the last

version of the components

chamber
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Low impedance central chamber

warm and cooled central beam pipe

Inner radius 10 mm
Material thickness

Thickness of the chamber AlBeMet162 0.35 mm

40,35 mm Uniform thickness of the (F2e e el wieee &) dllloy)
11 mm trapezoidal chamber set at Paraffin (PF200) 1 mm
0,35 mm 2 mm AlBeMet162 0.35 mm
/ Au 5 um
TOTAL 1.7 mm
X/Xo 0.59 %

90 mm

105 mm
155 mm

More on CST calculations for this vacuum chamber,
Thermal analysis and heat load calculations later by
A. Novokhatski

Courtesy F. Fransesini
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Central chamber Insertion of the internal part

e

13/09/2022 eeFACT22

Manuela Boscolo Courtesy F. Fransesini

™

<

Thick copper deposition to create the cooling inlet and outlet

|

Section with cavities for the paraffin flow

The channel for paraffin is opened only in the part
where the internal central chamber has cavities.
tightness Using the “thick copper deposition” the

hydraulic tightness is assured in the parts in contact
with AlBeMet
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IR mock-up

e Central IP vacuum chamber
test the cooling system and the vacuum system

Central chamber Prototype . AiBeMet162 — steel transition

Vibration sensors
Alignment sensors

study the shape of the transition, ElectroBeam Welding process

e Bellow
vacuum and thermal tests

* Welding
* EBW for elliptical geometry
e Trapezoidal vacuum chamber
test remote vacuum connection

* Central chamber support tube

requirealso  * QCldesign & prototype
e cryostat model & prototype & support
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Bellow

* 12 RF copper spring (can be increased to 16)

* Compact size in length

e 8mm stroke (-5mm +3mm)

* Finger to ensure contact between RF-spring to bellow (like
ESRF bellow)

it

Future steps for the bellow:
Simulation to validate the design
Optimization of the size and the
convolutions number

Inclusion of cooling

Evaluation of different designs
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Luminosity Monitor acceptance and the vacuum chamber

* The central chamber has double layer with Paraffin cooling
* The vacuum chamber (2 mm AlBeMet162) before the luminosity monitor (LM) has
cooling channels, copper thermal exchangers with water channels.

The requirement coming from the LM is an acceptance of a 50 mrad cone with a low
material budget.

courtesy of F. Fransesini The design has a
radiation length
between 0.2-0.5 X,
in front of the LM,
due to AlBeMet162

Copper Cooling
AlBeMet Pipe

GEANT4, A. Ciarma

The chamber thickness and shape and dimension of the cooling
channel fits the requirements, and it is technologically feasible.
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3D view of IR including supporting tube

Proposed lightweight rigid structure, carbon fiber, to provide a cantilevered
support for the vacuum chamber and lumical.

The rigid structure would allow the central chamber to be thin and
light as requested by the experiment.

Courtesy F. Fransesini, S. Lauciani

Support for vertex detector and
tracker will be inside the structure.

This supporting tube will be
anchored to the detector.
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Study the integration of the vertex detectors
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Manuela Boscolo

The design of the vertex detector region has started

Presently we are studying the insertion of vertex detectors inside the cylindrical rigid structure supporting the
LumiCal and the beam pipe

Innermost structures supported by the beampipe

Outermost layers (and endcaps) supported by the rigid structure - Mechanical structure still under study

IDEA barrel vertex detector almost defined, wrapper and endcap will soon be finished

The integration of the CLD vertex detector will follow

¥

Sezione B-B

INEN 17

INF

F Palla, F Bosi, INFN-Pi
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Overall view: IR with two detectors

CLD
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Magnets of the Interaction Region

*  Two superconducting compensating solenoids inside the detector

Final Focus superconducting Canted Cos theta (CCT) quadrupole QC1 at 2.2 m from the IP, inside
detector and embedded in one of the two compensating solenoids.
* Max gradient 100 T/m, NbTi, 4.2 K.

* It provides an an excellent field quality and allows for embedded correctors.

Magnetic field on surface of model

Courtesy M. Koratzinos

: \“_1 Proposal by INFN-Genova to perform cold
‘ tests on this prototype.

The experiment will consist in a functional
N test for quench analysis.

x-axis [mm]

z-axis [mm]
.

0 A0 __40n . .
y-axis [mm]y 5 1 15 2 25 3

minimum distance between the magnetic
centers of e+/e- for QC1L1 is only 66 mm

QC1 prototype during construction,
tested at warm at CERN
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Major Highlights from IR magnet review
4-5 April 2022 (chair J. Seeman)

* The cone angle of 100 mrad cone between accelerator and detector seems tight, it should be
optimized considering constraints on both sides.

e Various magnetic fields and correctors in the cryostat to be studied all together (and produce a 3D
field map for DA and optics studies) to assess field quality, compatibility and constructability

* Mechanical, electrical and field tolerances to be studied as an integrated group and loosened as
much as possible.

 Determine a clear picture of heat loads on the magnets and components.
worst-case scenario for the cryogenic system from individual sources of heat loads
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Synchrotron Radiation background

* New independent simulations performed with BDSIM from about 1.2 km from the IP, very

good agreement with previous studies with MDISim

* Only the last dipole upstream the IP, and the quadrupoles QC3L, QT1L, QC1L produce SR

that propagates until or traverses the IP.

* SR from last bend intercepted by the mask has been tracked through the present beam

pipe to the detector with Geant4

* The SR mask shows its effectiveness as
expected from previous study (M. Sullivan)

more by Andrea Ciarma

photon position [mm)]

primaries .secondaries




O FCC 13/09/2022 eeFACT22 Manuela Boscolo A. Abramov, M. Hofer INFN 22

INF

FCC-ee collimation studies

The first design of a halo collimation system is ongoing

= . &,
Py + SSeE0m e + o
7N S$SS=1400m | (Secondary

Studies involved: e eperiment
e Aperture studies, including tolerances, definition of aperture model

* Design of layout and optics in collimation insertion

* Definition of collimator settings, materials, needed active lengths

* Studies of protection during regular and irregular beam loss BB e e Y
scenarios insertion
. . - . IRA IRB IRD IRFIRGIRH IRJ IRL
* Performance evaluation, including particles out-scattered from "

Bl Warm

e collimators and residual loss patters around the ring 10-1 BN Collimator
* Development of simulation tools for collimation simulations 710
E, 103
S 104
105
Ref. M. Hofer et al, IPAC22 doi:10.18429/JACoW-IPAC2022-WEPQOST017 10-6

A. Abramov et al, IPAC22 do0i:10.18429/JACoW-IPAC2022-WEPOST016 Loss map for collimation losses in the full FCC-ee

(benchmark with SIXTRACK-FLUKA, Xtrack-BDSIM, pyAT-BDSIM)
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First full-simulation from primary losses to detector beam background

Collimation simulation assuming a failure scenario evaluated beam losses close to the IR
IR / MDI area modeled in GEANT4 including the present mechanical model

GEANT4 tracking of primary losses has been performed into the IR
with the goals of evaluating:

e the occupancy in the VXD and TRK
e energy deposition in the final focus quadrupole

1000— Energy deposited in the Finial Focus Quadrupoles
First results are encouraging: = 8
occupancy below 1%, £ 05 y e I
energy dEpOSition feW Watts E ”'fe‘;‘;‘j"‘ Tot Energy : 207838.0 GeV/BX (5.02 W)
~1000— fosses | FFQs Edep : 98171.1 GeV/BX (2.37 W)
'—stl)oo' | '-4c|)00' | l-2c|>ool - (l) - '20|00' | '4olool | 'solool

z [mm]
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Beamstrahlung Radiation generated at the IP

Radiation from the colliding beams is very intense Total Power [kW] Mean Energy [MeV]

(370 kW over cm? section!) z 370 1.7

ww 2 7.2
. GuineaPig, results are in agreement with D. Shatilov’s results 36
x10

2 2.4F ‘ 147 22.9
‘® F = 10®
g 22 Top = 77 62.3
° 2 S 10"
é 1.8 2 0.5
3 16 g " 0 —
2 145 - 05 e
8 1.2F .
> 1F 10" g 15
£ F T x 2
cEn 0.8 i ve
E— 06; :3

0.41 o

0.2F ~ 35 | g5 sone

Qi L L 10° 1(;5 134 134 YR g 0 .%o H:(;m 100 150 200 250 300 850 400
45 50 55 60 65 70 Photon ESergy (Gol .

Distance from IP [m]
Beamstrahlung radiation hits the vacuum chamber at the first bend downstream the IP
Requires special beam pipe extraction line and alcove -> Beamstrahlung instrumented photon dump
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Challenge for a Beamstrahlung instrumented dump M. Calviani

. High energy and power densities (several kW/cm?3)

. High average deposited power (hundreds of kW)

. Radiation damage and TID (hence shielding) in neighbouring areas
. Internal / external dumps

° Integration in the tunnel = S Plots courtesy of F. Kuncheva-Valchkova

FCC-ee booster

7 7
300 400 500 __506— 74 607 1100! 1200 130

dump integration in tunnel to be studied

For an external dump at 300+ m from IP, ]

Experiment Cavern
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First FCC_ltaly WOI’kShOp 21-22 March 22 https://agenda.infn.it/event/29752/

Strong interest by the President and the INFN Board to consolidate the Italian collaboration in FCC

FIELD NOTES FIELD NOTE!

\CEcollabora- withthehope Anelement collaborationshowsa 13-4 2o discrep- SEcoND AFRICAN CONFERENCE ON FUNDAMENTAL AND APPLIED PHYSICS
2 depend
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‘Furthermore, the
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In this spirit, the African School of

Future Circular Collider workshop debuts in Italy Vennah v etneess neewoning
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committee GrulrCllder (P tokplcenfane
from 211022 March and was attended by
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A. Quaranta, L. Rossi, R. Tenchini, A. Zoccoli
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IL PRIMO WORKSHOP ITALIANO SUL GRANDE ACCELERATORE DEL FUTURO e e O ot e scond day of the workshop

SesaME CuLTuRAL HERITAGE DAY

“The F

is a large Infrastructure and theoretical physicists have been . h :
i et tentos fomai st recay worns, ([ fcabilty coying ove 1 deeply andecstand SESAME revives the ancient Near East
ki sdershg i igh-energy oty e epuy sy cader e sh sl ptemt o th viion
il primo workshop italiano dedicato al progetto per il physics research. This project is there Zimmermann covered the technological - ary FCC project, the specific requests The Synchrotron-light for Experi- ol playan
successore del Large Hadron Collider al CERN, il Future Circular Collider halle for the detectors and the associated mental Science and Applications in the that
‘ ¢ o st il hecoming oo Tt et Opporsuntes o MDac i e S CESAMEY 250G SEoANE e
Alfevento, organizzato dallINFN, hanno partecipato 120 ricercatori e ; lated to -
ficercatrici, e sono state presentate 15 relazioni. Zoccol in his introduction. “INFN has the FCC-ee were then presented, along  organised by INEN to promote and source developed under the auspices o
o ‘great potentlal and could veakea sig- with machine studles, In which INFN _ support the FCC project and pursue aversatile
cument adelle mhumLunln\wuonm|L>|mpleanLa ase alieady involved. Sclentific and the key technological R&D needed toolfor 1 heri l 1l .
Nelufimo documento sulls sategia europeape  ica delle patce o perapestie s operart il R o ot e e s o i i T et o
approvato dal Council del CERN nel giugno 2020, FCC & indicato come il be strer m- < next update of th as well as international cooperation
Progeto futuro di massima priot: da qui  iziato unvasto program P esures ety s Ing am mereating ncusion wieh iy S U
di studi di fattibilita, che costituira un input importante per la prossima mdumm] partners.” ), Manuela Pakistan, Palestineand Turkey. Asauser  heTitage materials,
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e Euroepan Strategy for »wll)‘ leader Michact Benedikt, who in the FCC coordination structure and  University of Udine. fromawide range of disciplines, allowing  the region As materials n-destructive, and ™

11 progetto FCC prevede una nuova macchina acceleratrice molto pis potente dellattuale LHC, con una circonferenza di circa 91 km in un
tunnel sotto il teritoio francese e svizzero, in prossimita del CERN per sfruttame le nfrastrutture gia esistenti.In una prima fase (FCC-e¢ b carmcoumR nTMeM T concounIa pLswenTIe 1
il tunnel dovrebbe ospitare un collsore di elettron e positroni di energia variabile da 90 a 365 GeV. Successivamente, questo verrebbe

sostituito da un collisore di protoni (FCC-hh) con urienergia nel centro di massa di 100 TeV, quasi un ordine di grandezza superiore a quel

di LHC. Lidea & di partire con FCC-ee e in parallelo proseguire il lavoro di R&D necessario per realizzare i dipoli di 16 T necessari a ||nk IN F N news

mantenere la traiettoria dei protoni di 50 TeV di energia allinterno dellanello.

“Con FCC silavora a una g alfEuropa sualead la ricerca infisica delle alte
energie: il progetto & dunque di importanza strategica nel panorama internazionale negli anni a venire’, ha sottolineato Antonio Zoccoli Jury/Aveust 2022
presidente dellINFN, nel suo discorso di apertura in occasione del workshop. “LINFN ha grandi potenzialita e pud dare un contributo
notevole alla sua realizzazione: in questa prospettiva & quindi importante identificare con chiarezza le principali attivita dove investire,
coalizzare le necessarie risorse umane e individuare possibili partner industriali®

link CERN courier Jul/Aug ed.



https://agenda.infn.it/event/29752/
https://cerncourier.com/wp-content/uploads/2022/07/CERNCourier2022JulAug-digitaledition.pdf
https://home.infn.it/it/news-infn/news-comunita/4810-il-primo-workshop-italiano-sul-grande-acceleratore-del-futuro
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Summary

* Progress on various key aspects of the MDI design.

* Vacuum chamber with thermal analysis and cooling system and bellow, compatible with the acceptance
required by the luminosity monitor

* Collimation scheme for the FCC-ee ring

* Beam loss map from failure scenario tracked with GEANT4 through the IR to evaluate detector backgrounds

* Synchrotron Radiation background full-simulation: primary photons from BDSIM tracked through the IR to
evaluate the impact on detector, IR heat load, and optimize shieldings.

* Beamstrahlung radiation, challenging photon bump

Next steps

* Progress on the overall IR magnets design including solenoids and correctors will help with the
cryostat design, supports, and the overall general assembly and integration.

* List of requirements for IR magnets, detector, luminosity monitor, MDI key elements.



