
Manuela Boscolo13/09/2022   eeFACT22

FCC-EE 
MACHINE DETECTOR INTERFACE

Manuela Boscolo (INFN-LNF)
for the MDI team

65th ICFA Advanced Beam Dynamics Workshop in High Luminosity Circular e+e- Colliders (eeFACT22)
Frascati,  13 September 2022 

Thanks to: A. Abramov, A. Ciarma, F. Fransesini, H. Hofer, M. Koratzinos, , S. Lauciani, A. Novokhatski, K. Oide,  T. Raubenheimer, 
M. Sullivan, F. Zimmermann, …



Manuela Boscolo13/09/2022   eeFACT22 Manuela Boscolo 2

Outline

Manuela Boscolo

• FCC-ee collider 

• Interaction Region design FCC-ee
• Optics Layout 
• Mechanical layout and R&D
• Beam Backgrounds
• Beamstrahlung photon dump
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FCC-ee collider

• Double ring e+ e- collider
• Common footprint with FCC-hh, except around IPs
• Asymmetric IR layout and optics to limit synchrotron 

radiation towards the detector 
• large horizontal crossing angle 30 mrad
• crab-waist collision optics 
• Synchrotron radiation power 50 MW/beam at all 

beam energies
• Top-up injection scheme for high luminosity 

requires booster synchrotron in collider tunnel
• “Tapering” of magnets along the ring to 

compensate the sawtooth effect 

CDR
C=97 km

evolution of layout
8 surface sites
4 IPs
C=91 km
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• One common IR for all energies, flexible design from 45 to 182.5 GeV with a constant 
detector field of 2 T
At Z pole: Luminosity ~ 1036 cm-2s-1 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

High-level Requirements for the IR and MDI region
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• 100 mrad of physics cone
o trade-off between accelerator/detector needs expected

• Luminosity monitor @Z: absolute measurement to 10-4 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
• SR critical energy below 100 keV from last bendings upstream the IR at ttbar 

o constraint to the FF optics, asymmetrical bendings
• Background suppression and radiation shielding

• 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

High-level Detector requirements for the MDI design 
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FCC-ee IR optics design

Driven by synchrotron radiation:

Ecritical <100 keV  from 450 m from the IP
at ttbar (detector requirement from LEP 
experience)
→ Very Asymmetric IR optics

6

Beams enter the  IP from inside of the 
ring (left).
Bypass of the booster near the 
detector still an open question.
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FCC-ee IR optics design Flexible design with  final focus doublet 
in slices to adapt for the different beam energies

7

Horizontal aperture 
15 mm ≅ 18.7 sx at  QC1
25 mm ≅ 23.6 sx at  QC2
(potential issue at Z but larger than dynamic aperture)

K. Oide
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Parameter [4 IPs, 91.1 km,Trev=0.3 ms] Z WW 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  [1011] 2.43 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 2.5 / 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 2.17 0.64 1.49
vertical geom. emittance [pm] 1.42 4.34 1.29 2.98
horizontal rms IP spot size [µm] 8 21 14 39
vertical rms IP spot size [nm] 34 66 36 69
beam-beam parameter xx / xy 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

FCCWEEK22, K. Oide, D. ShatilovFCC-ee Parameters
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LumiCal

QC1L1

QC1L2

QC1L3

Screening solenoid

Compensation
solenoid

IP

Trapezoidal 
chamber

Central chamber

Cooling

Cryostat shell

Bellow (hidden)

canted cos 𝜗 coil design

3D view of IR

Courtesy F. Fransesini
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LumiCal

QC1L1

QC1L2

QC1L3

Screening solenoid

Compensation
solenoid

IP

Trapezoidal 
chamber

Central 
chamber

Cryostat shell

Cooling

Bellow
Assembly updated with the last design of the chamber and the last 
version of the components

3D view of IR

Courtesy F. Fransesini
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Inner radius 10 mm
Material thickness

AlBeMet162
(62% Be  and 38% Al alloy)

0.35 mm 

Paraffin (PF200) 1 mm
AlBeMet162 0.35 mm

Au 5 µm
TOTAL 1.7 mm
X/X0 0.59 %

Low impedance central chamber

warm and cooled  central beam pipe

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

Courtesy F. Fransesini
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Central chamber
12

Insertion of the internal part

Thick copper deposition to create the cooling inlet and outlet

Section with cavities for the paraffin flow

Hydraulic tightness

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

Courtesy F. Fransesini
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• Central IP vacuum chamber
test the cooling system and the vacuum system

• AlBeMet162 – steel transition
study the shape of the transition, ElectroBeam Welding process

• Bellow
vacuum and thermal tests

• Welding 
• EBW for elliptical geometry

• Trapezoidal vacuum chamber
test remote vacuum connection

• Central chamber support tube 

IR mock-up

Central chamber Prototype  

• Vibration sensors
• Alignment sensors

• QC1 design & prototype 
• cryostat model & prototype & support

require also 
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Bellow
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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.

The chamber thickness and shape and dimension of the cooling 
channel fits the requirements, and it is technologically feasible.

GEANT4, A. Ciarma

The design has a 
radiation length 
between 0.2-0.5 X0 
in front of the LM, 
due to AlBeMet162
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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.

Courtesy F. Fransesini, S. Lauciani

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

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

17

F Palla, F Bosi, INFN-Pi

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 
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IDEA CLD

Overall view: IR with two detectors
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Magnets of the Interaction Region

QC1 prototype during construction, 
tested at warm at CERN

QC1L1 e+

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

• 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.

Proposal by INFN-Genova to perform cold
tests on this prototype.

Courtesy M. Koratzinos

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

• 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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• 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

Synchrotron Radiation background

more by Andrea Ciarma

• The SR mask shows its effectiveness as 
expected from previous study (M. Sullivan)
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FCC-ee collimation studies

The first design of a halo collimation system is ongoing

Studies involved:
• 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 

scenarios
• Performance evaluation, including particles out-scattered from
• collimators and residual loss patters around the ring
• Development of simulation tools for collimation simulations

A. Abramov, M. Hofer

Collimation 
insertion

Ref. M. Hofer et al, IPAC22  doi:10.18429/JACoW-IPAC2022-WEPOST017

Loss map for collimation losses in the full FCC-ee
(benchmark with SIXTRACK-FLUKA, Xtrack-BDSIM, pyAT-BDSIM)

A. Abramov et al, IPAC22   doi:10.18429/JACoW-IPAC2022-WEPOST016
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First full-simulation from primary losses to detector beam background

talk by Andrea Ciarma

• 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:
• the occupancy in the VXD and TRK
• energy deposition in the final focus quadrupole

First results are encouraging: 
occupancy below 1%, 
energy deposition few Watts
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Beamstrahlung Radiation generated at the IP
Radiation from the colliding beams is very intense 
(370 kW over cm2 section!)

24

GuineaPig,  results are in agreement with D. Shatilov’s results

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 

A. Ciarma
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Challenge for a Beamstrahlung instrumented dump M. Calviani

• High energy and power densities (several kW/cm3)
• High average deposited power (hundreds of kW)
• Radiation damage and TID (hence shielding) in neighbouring areas
• Internal / external dumps
• Integration in the tunnel
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Strong interest by the President and the INFN Board to consolidate the Italian collaboration in FCC

First FCC-Italy workshop 21-22 March 22 https://agenda.infn.it/event/29752/

link CERN courier Jul/Aug ed.

link INFN news 

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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• 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.

Summary


