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TPC In an FCC environment

results are all preliminary
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study in the context of ILD
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TPC operation

~100 ionisations/cm in Ar gas

E,B
«
gas amplifier
electron |
cathode ( technology
dependent)
high pr
charged particle
gas (“T2K’)
>
/ 2.2m
. ~0.3 ms (for electron)
Interaction ~0.44 s (for ion) o
Point \\\‘TPC contains ions from

collisions up to 0.44s earlier
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TPC operation

// gas amplifier

cathode /J

@/ 2.2m
~0.3 ms (for electron)
~0.44 s (for ion)

at ILC: bunch trains at5 Hz - separated by ~1m
— small distortions of ionisation electron trajectories 4



TPC operation
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at FCCee-91 : quasi-continuous collisions at 30 MHz
— continuous ion cloud
how thick is the cloud ? how big are the distortions?



e+ e- - hadrons



at FCCee-91, very large lumi and x-sec

most track multiplicity (TPC activity) from
e+ e- — hadrons ( @ ~50 kHz)

simulated TPC hits in one e+ e- —. hadrons event
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around 1M primary ions per event

estimate steady state ion density
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model the 2d (z-r) ion distribution

calculate electron trajectory distortion
(code by K. Fujii)
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stability of distortions

- If distortions are static, should be easy to correct

_0.575_10

r=0.575m

- different mixes of events

r-¢ distortion [um]

drift distance [m]

In general, r-@ distortions of trajectories in the TPC
due to ete- - hadrons seem stable within a few pm at FCCee-91



beam Induced backgrounds
— beamstrahlung
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beam backgrounds . usually small pr - particles do not reach TPC directly
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beamstrahlung: many very low energy e+e- created in bunch collisions

very different bunch structure, MDI at ILC and FCCee
— major effect on beamstrahlung backgrounds ?
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GuineaPlig : program to simulate beamstrahlung

beamstrahlung pairs @
ILC-250 (from ILD/Mikael Berggren)
FCCee-91, FCCee-240 (from FCCee/Andrea Ciarma)

simulate in various DD4hep ILD detector models:
using ddsim/DD4hep/Geant4

some special parameters to correctly track low pr particles

ILD @ ILC :
uniform 3.5T

ILD @ FCCee':
uniform 2.0T
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estimate number of primary ions produced in the TPC per bunch crossing
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model B-field MDI thousand ions / bunch crossing
[LD_I5_v02 3.5 (uniform) ILC 6.5 14 960
bunches less focused @ FCCee
— beamstrahlung much weaker
- TPC hits .
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estimate number of primary ions produced in the TPC per bunch crossing

FCCee-91 FCCee-240 ILC-250
model B-field MDI thousand ions / bunch crossing
ILD_15_v02 3.5 (uniform) ILC 6.5 14 960
ILD_15_v02_2T | 2.0 (uniform) ILC 6.9 15 4700
ILD_15_v03 3.5 (map) ILC 5.7 14 1100
ILD_15_v05 3.5 (map, anti-DID) ILC O.GV 3.7’v 4507
ILD_I5_vll1 2.0 (uniform) FCCee 390 1000 110000

FCCee MDI system induces x~50 increase in TPC activity
compared to ILC-MDI
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estimate number of primary ions produced in the TPC per bunch crossing

FCCee-91 FCCee-240 ILC-250
model B-field MDI thousand ions / bunch crossing
ILD_15_v02 3.5 (uniform) ILC 6.5 14

ILD_15_v11 2.0 (uniform) FCCee | | 390 1000 | 110000

“realistic” situations : a few 100k — 1M primary ions / BX

lons / BX at ILC and FCCee are similar

(reminder e+e- - hadrons ~ 1M primary ions in TPC) 16



TPC integrates over many collisions; maximum ion drift time ~ 0.44 s

roughly estimate number of primary ions in the TPC volume (42 m?3) at any time,
taking account of different collision rates

number of ions ~ primary ions/BX * BX freq * 50% [ions already reached cathode]

Collider FCCee91 FCCee-240 ILC-250
Detector model ILD_IS_vlly 1ILD_I5_vlly ILD_I5_v05
BX frequency (average) 30 MHz 800 kHz 6.6 kHz
primary ions / BX 270k 800 k 450 k
primary ions in TPC at any time 4.1 x 10?2 3.2 x 10! 1.5 x 10°
[average primary ion charge density nC/m’ 15 1.2 0.006|

primary ion density in TPC: 2500 times higher at FCCee-91 than ILC-250
200 times higher at FCCee-240 than ILC-250

c.f. ete- - hadrons @ FCCee-91 : ~1M primary ions @ 50 kHz

beamstrahlung dominates by 2~3 orders of magnitude 17



compare to ALICE-TPC 2 aaf
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Summary

TPC background from beamstrahlung:
same order per BX at ILC250 and FCCee
average BX frequency: 4.5k times higher at FCCee

TPC ions from beamstrahlung dominate those from ee - qq @ FCCee-91
— dominated by MDI: can it be redesigned to reduce back-scatter?

FCCee-91 ion cloud density looks similar to ALICE-TPC
— expect similar level of distortions O(cm)
— distortion fluctuations at FCCee not known

what TPC/momentum precision is needed at Z-pole ?
— requirement at ZH is driven by negligible Higgs width & beam energy spread

lon cloud fluctuations can in principle be measured and corrected
— machine learning ?
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