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The International Large Detector (ILD)

An overview

Multipurpose detector with outstanding physics performance for
e+e- collisions from 90 GeV to 1 TeV

* Optimized for 250, 500, ... GeV

» Designed for particle flow reconstruction of all final state particles
» Highly efficient tracking capabilities and excellent vertex resolution
« Highly granular and compact calorimetry

» Flexible design in order to adapt to detector R&D developments

Detector layout ILD IDR
- Silicon Vertex (VTX), inner (FTD/SIT) o .

« Time Projection Chamber (TPC) as main tracker

« Silicon External Tracker (SET) for improved momentum resolution s HCAL
» CALICE-like calorimetry inside coil (provides 3.5 T) field e, ECAL
« SET or first layers of ECAL for TOF measurements g TPC

Collaboration

« 58 institutes + ~10 institutes as guest members
BeamCAL LHCAL LumiCAL FTD/SIT
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https://arxiv.org/abs/2003.01116

ILD and other concepts

“Detector ancestry”

* Many components of ILD shared with other

concepts

* Common implementations in DD4hep / k4geo

 Detailed models include services & supports

e See llLD IDR (arXiv:2003.01116) for more info

From LCs to FCCee
From CLICdet to CLD

AAAAAAAAAAAAAAAAAAA

* A LC-inspired FCCee detector concept - retaining key performance parameters

Evolving from CLIC to CLD
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Belle Il CMS

detector(s) realised

at Higgs Factory

D. Jeans @ILD
workshop

Possible adjustments for operation at FCCee, e.g. as

done for CLD

* Lower energies — Thinner calorimeter

* Lower B-field — Larger tracker

* Lower beam bkg — Reduced VTX radius

* Higher BX frequency — More cooling

Retain physics performance in the process
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https://agenda.linearcollider.org/event/10211/contributions/53786/attachments/39292/61961/ILDmtg-devel-sim.pdf
https://agenda.linearcollider.org/event/10211/contributions/53786/attachments/39292/61961/ILDmtg-devel-sim.pdf
https://arxiv.org/abs/2003.01116rmation
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https://arxiv.org/abs/2003.01116
https://indico.cern.ch/event/1256374/contributions/5338875/attachments/2640536/4569978/2023_05_04_ECFA_WS.pdf
https://indico.desy.de/event/34916/contributions/147145/
https://indico.desy.de/event/34916/contributions/147145/

ILD and FCCee MDI

ILC FCCee
crossing angle 14 mrad 30 mrad
L* 41m 20m
detector 35T 20T
solenoid
additional fields @ anti-DID compensating,

| components

« Take FCCee MDI from CLD

(proposed) screening

» Take CLD inner Si tracker layout
* Squeeze / stretch to fit into available space

» Lower field strength affects backgrounds in
VTX and TPC resolution

* No re-optimization of this configuration yet
* Forward tracking, endcap calorimeters, ...
* Review of subdetector layout, material, ...
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https://github.com/key4hep/k4geo/tree/main/ILD/compact/ILD_l5_v11

TPC operation considerations Daniel Jeans

~100 ionisations/cm in Ar gas

Comparing ILC and FCCee

E, B
.-
gas amplifier
« Beam backgrounds ,
electron 4
* Low p. — usually no direct hits in TPC CELIERE:
* Backscatter from hitting (MDI) material
high pr
. . . h icl
« Bunch structure, materials and fields in il e
forward region 7 S g
ESEEEHGT ~0.3 ms (for elgctron)
- TPC “integration time” Point ~Qbeiforion) |, TPC contains ions from
. . . collisions up to 0.44s earlier
* Primary ions from many BXs in TPC at ' = I
any given time E " g
x 20 x Y
* lon Back Flow (IBF) from amplifier : aman
* Possible mitigations depend on bunch 5 o
structure 0 -
-5 /L ~C
» lons in TPC distort drift of electrons 10 e
* Impacts ro resolution ] o
7230(;“—300 —20(3“1110(; ],11(})1[' 1100‘ : 200 300 E
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Primary ion density in the TPC Daniel Jeans

Backgrounds PRELIMINARY RESULTS!
_ _ _ _ _ FCCee-91 FCCee-240 ILC-250
¢ Gumeaplg for SImU|at|ng beamStrahlung pairs model B-field [T] MDI thousand ions / bunch crossing
* |LC-250 (ILD/M. Berggren) mean + RMS
. ) ) . ILD_I5_v02 3.5 (uniform) ILC |65+199 14+ 14 960 + 150
FCCee-91, FCCee-240 (A. Ciarma) ILD_I5_v02_2T | 2.0 (uniform) ILC | 69+11.1 15+ 11 4700 + 300
. : : : : ILD_I5_v03 3.5 (map) ILC 57+7.9 14+11 1100 =+ 200
FuII.S|muIat|on of different ILD models via ILD_I5_v05 3.5 (map, anti-DID)| ILC 06+15 3.7+97 450+ 110\
ddsim ILD_I5_vIIB | 2.0 (uniform) FCCee [[390+£120 1000+ 170 | 110000 = 2400
. Vary MDI and magnetic fields ILD_I5_vlly 2.0 (map) FCCee [12704+ 100 8004 140 | 100000 4 1900

* Special config to correctly track low p_ particles ILC and FCCee similar: O(100k) - O(1M) primary ions / BX

« Estimate number of primary ions produced

in TPC per BX Collider FCCee-91  FCCee-240  ILC-250
Detector model ILD_IS_vily ILD_I5_vlly ILD_I5_vO0S

« Estimate number of primary ions in TPC average BX frequency 30 MHz 800 kHz 6.6 kHz
I . primary ions / BX 270 k 800 k 450 k
volume at any time primary ions in TPC at any time 1.8 x 10'2 1.4 x 10! 6.5 x 108

* primary ions/BX * BX freq * max drift time * 0.5 average primary ion charge density nC/m? 6.8 0.54 0.0025

(some primary ions already @cathode)

primary ion density in TPC (wrt ILC): x2500 @FCCee-91
x200 @FCCee-240
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. : . . : PRELIMINARY RESULTS! Daniel Jeans
Estimating distortions in the TPC oo
. . & : i ~ vy &
Preliminary studies 2o00c : : = b ILD preliminary QU@ 100
- full geant4 simulation ILD ¢ 90f B poy
1500 & 7 < " - =g
. . . P r /. P e . , E:__x;(lh‘ Stm].
* Physics events with high activity: 1000 N[/ | A : =~y
ee - qq @91 GeV — " SN B s
* ~1M primary ions / event of- _ | 100 =031t
« ~10'0 primary ions from physics in TPC at  -soo- AP VY ~150F |
any time (c.f. 2x10'2 from beamstrahlung)  -to00" VA ﬁ» 3l
- : ‘“ J ‘< ) ~200E @r=10x(2[TV/3.5[T1)=5.71
. . . . . . . . ~1500/— / B :......1.......i..................
Primary ions with drift distortions in ro of : g5Q L b L L
~100 ym (physics only) “20%b00 1500 —1000 500 0 500 1000 1500 20 drift length [m]
* Naive scaling: expect max distortions ~20 mm _
i [rmeen 38 kHz 2% § 0.12;2';;5:”“T::"*V’“‘:” case  ALICE
° . | 8 :‘:" : @® no sc-fluctuation correction B no sc-fluctuation correction
ALICE TPC (Run3): " Y L [ipzee S
¢ 20-120 fC/cm® — cm-level distortions o Wi (i s
. . L . . ” I 9. .« —m— _—n . " o o —o—]
« Consistent with our “first principles | .4' ; - o sl A e e ¢ A
) C
estimate | > - , e
o '9-‘“ ﬂ,l 0.06—
. . . R | . 8 ='=:‘:
 Data driven corrections are possible but | 2 g o LR .- —a—
. . _200} i —— 5 g ==
achievable performance needs studies mﬂ,d ........ et “ALICE ¢ s e :!: | |
* Uncertainties after corrections? AR R T . 2 o o8 ue |t‘anW|

Matthias Kleiner - Goethe-Universitat Frankfurt
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Summary & Outlook

Summary
« |ILD is a well established detector concept with “intrinsic” particle flow capabilities for a future collider

* Highly efficient tracking system and highly granular and compact calorimeters
* Optimized for ILC running conditions

* Implemented detector model with FCCee MDI and CLD-like inner tracker

« “First principles” studies on using a TPC in FCCee conditions
* Not impossible

Future plans

* Optimize and study in more detail the possibilities of a TPC also at TeraZ
* Mitigation strategies for drift distortions (corrections, redesign MDI elements?, ...)
» Stability of distortions wrt time, operating conditions, ...
* Effect on overall tracking performance (including inner Si tracker)

 Further studies towards a particle flow driven detector at FCCee in cooperation with CLD
* Gas or silicon tracking
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Thank you



[ ] \ O\
£ d th Id ILD
reemke |  1he Collaboration ILD ILD around the wor ~
Result of recent membership confirmation:
* S8 institutes confirmed The first incarnation of ILD was developed at | ' | R
. kgm;ml%ﬁ:gﬁutes s et Tl DESY in the 1996 as TESLA detector for R e e .
& the TESLA CDR (Ron Settles/ Siegfried Schreiber) 4 '5. '3:.‘ < .
oY 2 . P2 i
ILD as a group got started around 2008 e b 4 e —a'¥ 5™~ ¥ g Vo w‘-,,.c'
institutes per region . o e, v
ILD grew out of two concepts: - h g e S ., " SRSt ol
LDC (Europe) and GLD (Asia/ Japan) T o B AT e o s
:22" ILD’s roots are linear colliders, ILC in particular P A T e
EU k& oA st
ILD’s main objective is to develop the 1SR ¥
68% best possible experiment for
a Higgs/ Electroweak and beyond facility Memberships of Russian groups is currently suspended due to the war in the Ukraine

The current state of the artin ILD LD

The work of ILD over the last years

« ILD workshop @CERN, Jan

1 5-1 7 2024 has been documented in the IDR INTERIM DESIGN REPORT 2020
and pUbliShed in 2021. The International Large Detector
ILD Concept Group
1 11 Signed by 302 authors f 62 institut
e ~40in person pal'tICIpantS, igned by 302 authors from 62 institutes

§

~30 remote

Americas E

6% Asia 5

25% W Americas =

M Asia
Europe
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https://arxiv.org/abs/2003.01116

TPC hits from beamstrahlung
TPC hits
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o
TPC Simulation

» Sensitive volume — ionisation is used for digitisation and reconstruction!

Onerow: track

pads volume
o . _ -—-- surf
See full details in U. Einhaus h=6mm utpaad

@ECFA simulation workshop

ionisation
I3 mm
- Readout granularity in r: 6 mm pad height,

220 rows inside sensitive volume 1324.6 mm

- Provide 2 tubes per row and add ionisation
of both into one SimTrackerHit per row with
precise center position

- (2 x) 440 tubes with Ar = 3mm, Az = 2225 mm

TPC Digitisation
Uli Einhaus | ECFA Higgs Factories: 1* Topical Meeting on Simulation | 01.02.2022 | Page 20

* Geant4 — SimTrackerHits — TrackerDigi — TrackerHits — TrackerReco — Tracks

» TPC Digitisation takes Sim input and transforms it into an equivalent of what an actual
detector would see, taking into account various resolutions

* Hits which are closer than the double-hit resolution Aye =2 mm or A; =5 mm are
merged

» Hit positions are smeared in r/¢ and z according to the diffusion which depends on the
hit z position, i.e. the drift distance, and the track direction in ® and 6
2 2 Z
af/¢=(502+9oozsin2¢+(%-(£) sing)—=)um®  0;=(4007+80%—) um’
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https://indico.cern.ch/event/1097819/contributions/4685508/attachments/2382543/4071262/2022_02_01_ECFA_Higgs_Simulation.pdf
https://indico.cern.ch/event/1097819/contributions/4685508/attachments/2382543/4071262/2022_02_01_ECFA_Higgs_Simulation.pdf

Conceptual TPC layout and gating

(a)

Gate open Gate closed
Drift E_ eecton Drift E.
region ? Orift 9 region ? Drift ILD IDR
Gate device
E faw 1 I g LR z
(Large aperture GEM)
te.. el
Amplification region i Amplification region
(b)

Figure 5.6. (a) Conceptional layout of the TPC. (b) Principle of the ion GEM gating scheme showing the two electric
field configurations within (left) and outside (right) bunch trains.

gas amplification region
* Possible at ILC due to bunch train structure
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lon backflow (IBF) into the drift chamber can be mitigated using a gate device to collect ions produced in the
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