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Consolidated e+e—factory proposals (and experiments)
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• Numbers in the following taken from e+e- factories CDRs + recent updates such as


• FCC: MDI presentations in FCC-US workshop (agenda, 04/2023)


• CEPC: beam parameters from 50 MW upgrade in TDR (slides at eeFact2022, 09/2022)


• ILC: MDI sessions at ILCX 2021 (agenda, 10/2021) and talk on TPC@tera-Z @ ILD s/w meeting (slides, 12/2022)


• CLIC: post-CDR CLICdp studies (link1, link2)


• Caveat:


• For circular colliders, some studies are still preliminary and some smaller bkg are not computed yet


• Latest updates = big step forward in realism of IR design wrt CDS but numbers can still evolve as design itself evolves 

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://indico.cern.ch/event/1244371/
https://accelconf.web.cern.ch/eefact2022/talks/frxas0102_talk.pdf
https://agenda.linearcollider.org/event/9211/
https://agenda.linearcollider.org/event/9903/contributions/51756/attachments/38604/60743/TPC-teraz-update.pdf
https://e-publishing.cern.ch/index.php/CYRM/issue/view/CERN-2019-001/pdf_2
https://cds.cern.ch/record/2704642/files/CLICdp-NOTE-2019-007.pdf
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• 1 IP / collider


• Multiple detectors possible, alternating with push-pull scheme (abandoned in latest baseline CLICdp working scenario)


• Large x-ing angle needed to avoid parasitic interactions away from IP 


• Very low duty cycle (train separation ~20 ms @ CLIC, ~200 ms @ ILC) allows for power-pulsing (beneficial for cooling)

Beam parameters: linear colliders (ILC/CLIC)
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ILC250 ILC500 CLIC380 CLIC1500 CLIC3000

√s [GeV] 250 500 380 1500 3000

Luminosity/IP 

(1034/cm2s) 1.35 1.8 1.5 3.7 5.9

Train collision frequency 
(Hz) 5 5 50 50 50

Bunches/train 1312 1312 352 312 312

Bunch separation (ns) 554 554 0.5 0.5 0.5

Train length (μs) 730 730 0.176 0.156 0.156

Beam size at IP

σx/σy (nm) 515/7.7 474/5.9 150/2.9 ~60/1.5 ~40/1

Crossing angle 14 mrad 14mrad 16.5 mrad 20 mrad 20 mrad

ILC CLIC

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Beam parameters: circular colliders (FCC-ee and CEPC)
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Z H Top Z Higgs Top

√s [GeV] 91.2 240 365 91.0 240 360

Luminosity/IP 

(1034/cm2s) 182 7.3 1.33 192 8.3 0.8

Bunches/beam 10000 248 36 19918 415 58

Bunch separation (ns) 30 1200 8400 15 385 2640

Beam size at IP

σx/σy (μm/nm) 8 / 34 14 / 36 39 / 69 6/35 15/36 39 / 113

Crossing angle 30 mrad 30 mrad 30 mrad 33 mrad 33 mrad 33 mrad

• 2-4 IP / collider (CEPC - FCC-ee)

• Even larger x-ing angle needed

• “Continuous” beams with high collision frequency (up to ~33 MHz at Z peak at FCC-ee) ⇒ no power pulsing possible (cooling)

FCC-ee CEPC

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Interaction regions
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FCC-ee ILC

FCC-ee CEPC ILC CLIC

L*  

(Δz between IP and first 

quadrupole)

2.2 m 2.2 m 4.1 m 6 m

Position of final quadrupole Inside detector Inside detector Outside detector Outside detector

LumiCal position z=1m, ~50-100 mrad

(Constrained by compensating solenoid)

z~0.95~1.11m  26-105 mrad 

(fiducial volume 53-79 mrad) z=2.5m, 33-80 mrad z=2.5m, 39-134 mrad

Tracker acceptance Down to ~9 degrees

(defined by luminometer) Down to ~8 degrees Down to ~6°


(defined by conical beam pipe)
Down to ~7°


(defined by conical beam pipe)

Inner beam pipe radius 10 mm 10 mm 16 mm 29.4 mm

Crossing angle 30 mrad 33 mrad 14 mrad 20 mrad

Main solenoid B field 2T 3T (2T at Z pole) 3.5-5T 4T

CLICCEPC

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Physics rates
• In central detector


• At Z resonance: 


• ~80 kHz for L = 180*1034/cm2s (FCC-ee, CEPC)


• includes O(10) kHz from ee→ee and O(100 Hz) from 
ee→γγ in detector acceptance (θ ~9–171°)


➡ fast detector response to minimise dead time


➡ zero-suppression to reduce data transfer/output rate


➡ trigger-less design (preferable to avoid trigger efficiency 
systematic uncertainties) could be challenging


• At √s >= 160 MeV: L<1035/cm2s, σ≲1 nb ⇒ rate ≲ 100 Hz


• In forward luminosity calorimeters


• sustained rate due to large Bhabha xsections at small angles:   
~80 kHz for L = 180*1034/cm2s (FCC-ee, CEPC)


➡ radiation hardness in very forward region
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https://www.sciencedirect.com/science/article/pii/S0370269318307056
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• All projects: very small beams ⇒ high EM fields ⇒ bend the trajectories of the opposite bunch particles


➡ beamstrahlung ⇒ photons


➡ incoherent pair creation (IPC) ⇒ e±


➡ γγ→qqbar ⇒ hadrons (jets)


• Circular colliders: bending of charged beam particles in dipole magnetic field


➡ Synchrotron radiation ⇒ photons


• Increase with energy: most significant at 365 GeV (FCC-ee) / 500 GeV (ILC) / 3 TeV (CLIC)


• Mitigated through machine-detector-interface (MDI) design, but pose constraints on detector design too


Backgrounds at e+e--factories
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• All projects: very small beams ⇒ high EM fields ⇒ bend the trajectories of the opposite bunch particles


➡ beamstrahlung ⇒ photons     


➡ Incoherent pair creation (IPC) ⇒ e± 


➡ γγ→qqbar ⇒ hadrons (jets)


• Circular colliders: bending of charged beam particles in dipole magnetic field


➡ Synchrotron radiation ⇒ photons     


• Increase with energy: most significant at 365 GeV (FCC-ee) / 500 GeV (ILC) / 3 TeV (CLIC)


• Mitigated through machine-detector-interface (MDI) design, but pose constraints on detector design too


Backgrounds at e+e--factories
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⇒  can lead to large occupancy and energy deposited in detector 

⇒ space granularity / time resolution for use of timing in offline reconstruction

⇒ very large e± rate at low pT => impact on design of inner region and on 
forward region (envelope around IR limits beam pipe and inner detector radii)

⇒  can lead to energy deposited in the detector if unshielded

⇒  SR in solenoid due to x-ing angle limits B field to minimise impact on luminosity

⇒ increase of IP size / center-of-mass energy spread. Impact on physics but 
not on detector (but requires measurement in situ of luminosity profile vs √s)

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Additional backgrounds
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• Additional sources of backgrounds that have been studied and found to be negligible in CLIC: 
• Beam halo muons from inelastic collisions of beam halo (inelastic beam collisions with gas in beampipe) with collimators


• can be suppressed with proper design of collimators and spoilers in BDS: 1 muon/BX with x20 safety factor, small 
occupancy => should be easy to identify and reject by reconstruction algorithms)


• Backscattering from downstream beam elements / beam dump: ~20γ (E<0.5 MeV) + 4n (E<1 MeV)/cm2, absorbed by 
detector yoke => negligible


• Additional sources of background under study at FCC-ee:

• Beam-halo diffused by collimators: some preliminary results available, shown later (muons from inel. collisions: to be studied)

• Backscattering: included as consequence of bkg produced by mechanisms described before, from detector support. Not 

studied yet: backscattering from beamstrahlung photon dump (design not finalised), but very far from IP (500m) -> expect  
negligible impact


• Beam-gas scattering: preliminary studies exist, but need 
to be replicated for new beam parameters 


• From top-up injection: study ongoing, no results yet

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Synchrotron radiation at FCC-ee
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• Beam optics around IP ⇒ critical energy of γ <100 keV  from upstream dipoles up to ~480 m (most power emitted @E<Ec)


• Synchrotron-radiation mask tips @ z=2.1m intercept most SR scattered particles

• 5 um gold coating of beam pipe partially absorbs scattered photons from the mask tips

• Cu beam pipe (outside central region) + high-Z shields (W) absorb most of remaining photons. 

• With shielding proposed in CDR:


• CLD: < 1 hit/BX @√s up to Higgs, few hundred hits / BX @ top, mainly in first 2 
layers of tracker (R ~2.5 cm, 25 um pitch)      ⇒ negligible occupancy ~10-4


• IDEA: average occupancy O(%) in drift chamber (R=35–200cm, z=±200 cm, ~1.4cm cells) with 400 ns integration time 
(maximum drift time) ⇒ need to exploit timing (γ: localised depositions) to reduce to O(.1%)

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Synchrotron radiation at FCC-ee
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• Updated studies of SR with new lattice and detector layout and latest software in progress

• Preliminary study to replicate CDR results using tracking in Key4HEP, for the CLD detector ⇒ overall good agreement

• CLD tracker: without shielding, SR photons scattered by mask tip lead to occupancy<0.1%, except tracker endcaps (1%) 
• For trackers with limited z segmentation (eg drift chambers) effect could be significantly higher (⇒ use timing)


•

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Electron-positron pair production and hadron production
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• e+e- production: emitted photons interact coherently/incoherently with opposing bunch particles and convert to ee

• most pairs from coherent production are produced along outgoing beam direction and remain in beampipe 

• pairs from incoherent production have flatter θ spectrum ⇒ can reach detector, though typical energy small


• Hadron production: mainly in central region and at low pT. High pT tail can produce jets in calorimeters 

CLIC CDR

sqrt(s)=3 TeV


No angular cut

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Electron-positron pair production and beam pipe radius
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• Large flux of scattered ee pairs spiralling in main solenoid’s field determines radius of beam pipe (envelope of high-pT 
component)

• CLIC (B=4T, √s = 3 TeV) : 30 mm

• ILC (B=3.5-5T, √s = 500 GeV) : 16 mm

• FCC-ee (B=2T, √s = 365 GeV) : 10 mm 

CLIC 3 TeVFCC-ee 365 GeV

CLD  
Detector  
envelope

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Electron-positron pair production and hadron production @ FCC-ee
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• Studies for CDR indicate that incoherent pair production and hadron production lead to negligible backgrounds in central det:

• Incoherent e+e- pair production:


➡ Peak occupancy in CLD tracker 10-4/BX (inner radii of first disk: 
R~70 cm, pixelated, pitch = 25um)


➡ Average occupancy in IDEA drift chamber 2.9% 

• γγ→hadrons: < 0.01 events/BX @top with mγγ > 2 GeV


• Negligible occupancy both for CLD and IDEA trackers

CLD VXD barrel CLD VXD endcap

IDEA, timing information used for 
photon signal suppression (ee bkg 
mostly due to secondary photons from  
scattering off upstream material)

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Electron-positron pair production @ FCC-ee - latest updates
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• Updated studies of IPC with new layout (smaller-R beam pipe and vertex, 4 IP lattice, realistic field map including screening and 
compensating solenoids), updated CLD detector design (new VXD radii: L1 = 13 mm, L2=35 mm (L3=57mm)


• No big impact from new lattice+anti-solenoids

• Occupancy <% everywhere, even with long 

10us readout window, except VXDB @Z

• Non negligible fraction from backscattering, out 

of time - could be exploited offline for further 
bkg suppression

per BX

In readout 
window

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Bkg @ FCC-ee: impact on calorimeters and luminometers
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• Central calorimeters: not studied yet, as supposedly not impacted as significantly as vertex detector or very forward regions


• Luminometers in forward region:


• Synchrotron radiation:  @top (where highest) proposed beam-pipe shielding leads to 7 MeV/BX


• Incoherent pair production: @Z 350 MeV/BX in each calo, mostly outside fiducial volume


• Could be eliminated with thin layer of W shielding at inner radius of luminometers


• Potential additional background from off-momentum particles from beam-gas scattering deflected by the quadrupoles


• vacuum + shielding + coincidence => negligible rate compared to Bhabha

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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FCC-ee - other beam backgrounds
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• Beam losses on the horizontal primary collimator and the off-momentum collimators

• Dedicated halo collimation system in PF (two-stage betatron and off-momentum 

collimation in one insertion) 

• Bkg from halo losses at horizontal primary collimator mostly affects tracker endcaps


• Background @Z from losses at off-momentum collimator


• Studies on bkg from top-up injections are starting

CLD

Inner tracker 

endcap

@Z @tt

Very preliminary!

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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CLIC beam-related background (e+e-, γγ→hadrons): impact on tracker
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• Inner detectors are shielded from back-scattered particles originating in forward region by 
4.8 mm thick steel walls of conical beam pipe sections. The walls point to the IP at an 
angle ~7°, which defines the forward acceptance of the tracking system.

Flux in trackers, with safety factors 5*e+e-, 2*γγ→had:

=> occupancy for vertex (25x25 um2 pixels)    : < 2.8%/pixel/train

=> occupancy for tracker (30x300 um2 pixels) : < 0.6%/pixel/train


Radiation damage @ 3TeV: 

• NIEL damage: 1MeV neq fluence at most 6e10 n/cm2yr (inner layers)

• TID: up to 9 Gy/yr in inner layers


• In general, fluences and doses much smaller than at LHC

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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CLIC: impacts of e+e- and γγ→hadrons bkg on calorimeters
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• γγ→had dominates bkg energy in ECAL, IPC (backscattered n from e± on BeamCal) in HCAL


• Occupancy/train (post-CDR, w/safety factors):


• Barrel (no time slicing): ECAL < 1.8% (5x5 mm2 cells), HCAL < 0.8% (3x3 cm2 cells)


• Endcap (assuming 25ns slicing):


• ECAL barrel max occupancy ~30% at lowest R with 200 ns 
readout ⇒ timestamping


• HCAL: reduction of occupancy from back-scattered neutrons 
possible from redesign of fwd region (shielding) / detector (more 
granularity in space / timestamping)


• Energy/train (post-CDR, no safety factors)

SWX: n absorber (5%-borated 
high-density polyethylene)


https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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CLIC: impacts of bkg on very forward calorimeters
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• Direct hits from coherent pair production (CPC) avoided by adopting conical vacuum 
pipe with half opening angle of 10 mrad for outgoing beam pipe (coherent pair production 
very focused around beam direction)


• Very high rates from incoherent pair production (IPC) that are less focused 

• Occupancy: very large in both LumiCal (~90%/pad/train with pads of 3.75 mm x 
13-44 mm) and BeamCal (100%/pad/train with pads of 8x8 mm2) ⇒ granularity 
(pixels?), timing (fast readout)


• Dose: max in BeamCal: TID 7 MGy/yr, NIEL up to 1.4e14 neq/cm2yr ⇒ rad hardness


• Side-effect: IPC impact on BeamCal produce backscattering into inner detectors 
e.g. vertex ⇒ optimise geometry to reduce amount of backscattered particles to 
negligible compared to bkg from IP:

• low-Z absorber coating on IP side of BeamCal

• Increase diameter of vacuum pipe wherever possible

• Increase mask of conical part of vacuum pipe on IP side of LumiCal

LumiCal Acceptance [mrad] 39—134

Z (start) [m] 2.5
Number of layers (W + Si) 40

BeamCal Acceptance [mrad] 10—46
Z (start) [m] 3.2
Number of layers (W + Si) 40
Graphite layer thickness [mm] 100

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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CLIC: impacts of bkg on muon system
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• Muons from inelastic collisions of beam halo with collimators also included in calculations/simulations


• With pad readout of (RPCs) of 30x30 mm2, no time slicing:


• Occupancy/train in barrel < 1%


• Occupancy/train in endcap as high as 100% 
in inner radius of endcap yoke


➡ Can be mitigated with shielding (and further 
with more granularity)

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Backgrounds in ILD-like TPC @ Z-pole
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• ILC sits in a "sweet spot” (250-500 GeV) where bkg are not as demanding as @ Z-pole or at 3 TeV


• Si tracking / muon detector / sandwich calorimeter technologies for CLIC also well adapted to ILC


• “Relaxed" constraints of ILC environment also favourable for use of a TPC for tracking


• However, ILC detector concepts are being evaluated for use @FCC-ee => severe constraints on TPC due to Ion-BackFlow: 


• Ions produced copiously in amplification device, a fraction flows back to drift space and drifts very slowly, leading to positive 
charge that accumulates and gives rise to space charge that distorts E field


• Recent study uses e+e- beamstrahlung pairs from FCC-ee simulations (100 BX @Z) to assess impact on TPC with Geant4

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://agenda.linearcollider.org/event/9903/contributions/51756/attachments/38604/60743/TPC-teraz-update.pdf
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Conclusions
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• Careful accelerator design reduces the constraints on detectors


• Remaining constraints exist in terms of granularity / time stamping / read-out … but no showstopper so far


• Radiation hardness should not be an (or a big) issue, at least for the sensors


• Detailed radiation maps are / will be available => feasibility of using COTS electronic equipment can also 
be assessed


• Numbers evolve in parallel with updates of accelerator (& detector) designs as well as with improvements in 
reconstruction software


• Particularly for less mature projects such as the circular e+e- machines

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056

