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ILC Experiments away from the [P

See also: ILCX workshop . N L e

Electron and positron beam dumps: N_,; =4 x 10! /year Invisible A
signatures N
Visible
Secondary beam lines: signatures
Light-shining-through-wall Strong QED, using laser on beam,
Requires 1-10 MeV photon beam  astrophysics, pathway to y-y collider LUXE-like, optical dumps for ALP
1017 y/s searches
Far forward detectors: ILC has increased boost compared K e .
: : By L wd

Off-axis detector to Be_IIe Il study found little to Belle Il - larger rate |.n FD ..

gain, as acceptance drops Beam structure allows direct Belle I GAZELLE

capture long-lived

particles with distance. correlation of events in ND <-> FD


https://agenda.linearcollider.org/event/9211/timetable/?layout=room#all.detailed

Why Experiments at an e*e” Linear Collider?

Clean collisions of elementary particles at precise energies.

ILD

Energy range extendable — full Higgs physics coverage

Polarization for e and e* to optimize signal rates and background
suppression

No pile-up as in hadron collider experiments
(Expect ~1 hadronic interaction per bunch train)
No trigger needed — record all events

Power pulsing possible — reduced material budget

Potential detector upgrade paths using new technologies




Brief history of ILC Detectors

Initial concepts — early “90s

LOls 2009 (3 Concepts)

ILD and SiD validated by International

Detector Advisory Group

ILC TDR 2013 —inc. ILD and SiD DBDs
2013

THE INTERNATIONAL LINEAR COLLIDER

TECHNICAL DESIGN REPORT | VOLUME 4: DETECTORS

October 20,
dating the SiD Detector

SiD Design update 20,

Up

2020

DY 30-034 - KEK Prapiost 2018-57

INTERIM DESIGN REPORT 2020

The International Large Detector
ILD Concept Group
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SiD Detector Baseline

Physics Measured Quantity M WLIW Required Performance
S System Characteristic
Process EE—
H — bb_c¢c. | Higgs branching fractions
Tt Vertex Impact parameter 3, ~ Sum @ 10um /(psin®’* 6)
bi o b quark charge asymmetry | DEtector = Flavor tag
20
ZH—44X Higgs Recoil Mass
Wy Lumin Weighted Eg Tracker C‘hm‘gg particle momentum a(p,)/ ;”,2 ~ few x 107°GeV!
ZH + Hvv BR (H —uw) resolution, o(p,)/p;”
. ) Y — Recoil mass
—uuX
ZHH | Triple Higgs Coupling
ZH — ggbb | Higgs Mass Tracker & | Jet Energy Resolution, og/E | ~3% for Ejer > 100 GeV
ZH—-ZWW* | BR (H > WW¥) Calorimeter = Di-jet Mass Res. 30%/[E 1, for By < 100 GeV
VW W™ | o(ete- — vv WHW-)
SUSY. eg. Tracker, Momentum resolution.
[ decay £ mass Calorimeter | Hermiticity Maximal solid angle coverage

= Event Reconstruction

A compact, cost-constrained detector designed to make precision
measurements and be sensitive to a wide range of new phenomena.

Robust silicon vertexing and tracking system — excellent
momentum resolution, live for single bunch crossings.

Highly segmented “tracking” calorimeters optimized

for Particle Flow.

Compact design with 5T field.

Detector is designed for rapid push-pull
operation.




i ILD Detector Design

Detector design requirements

Detector design should be able to do excellent physics in a cost effective way.
: the physics we know is there, may be there, and new unexpected physics

Very good vertexing measurement
6,=5 © 10/( p B sin®?0) um
Excellent momentum measurement

o(1/p,) =2 X10°GeV'P10%/(p sinf )

Good electromagnetic energy measurement.
o, /E ~ 15%/VE (GeV) © 1%

* The physics demands hermeticity and the physics reach will be significantly

greater with state-of-the art particle flow o _
B field 3.5T " (Close to 47 steradians. GEjet/ Ejet ~ 3 — 4% (W, Z separation)

TPC for Main Tracking * Bubble chamber like track reconstruction.
" An integrated detector design.
" Calorimetry designed for resolving individual particles.

Overall detector concept optimized for
Particle Flow

Both ILD and SiD designs have been simulated in detail — ILC physics studies are based on full simulation data.




Trains repeat at 120 Hz

_beamless time

Pulse Format

133 1 nC bunches spaced by 700 ns

L. -

2625 bunches 30 RF periods (5.25 ns)
= 1 train

Experience from CLIC shows that Sil
t duty cycle able to deliver C3? physics with only

/ reduce heat load changes.

g for FE analog power

: 5 A
e material budget Detector requirements for C3 are esse

, same as for ILC

An ILC-like detec lesign and ongoing optimizations are viable for operation
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All Silicon Tracker
« Using Silicon micro-strips
¢ 25 um pitch / 50 ym readout
« V2 sensor prototype July 2017*
5 barrel layers / 4 disks
Tracking unified with vertex detector
« 10 layers in barrel
Gas-cooled
Material budget < 20% X, in the active region
Readout using KPiX ASIC
« Same readout as ECAL
« Bump-bonded directly to the module

residual2_I13

Entries 9335
Mean 0.0004801 1 —— Vertex Detector
Std Dev 0.009941
X2/ ndf 68.19 /28
Constant 468.1 +7.1
Mean 0.000473 + 0.000085
Sigma 0.006972 + 0.000083

= Strip Tracker

#Entries

it

_8.05-0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04 0.05
distance (mm)
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External tracking detector (SET)

__D Tracking
»i“

3 x109 volume pixels.

Time Projection Chamber (TPC)
224 points per track.
Single-point resolution
50 - 100 ym r-phi,
e+e- 400 pm r-z
r=330mm SIT ‘ | I | _ 1)(10—6 - -
5|-v| . N E I % LD i 90 1pC offers dE/dx for particle
ertex Detector Forward Tracking Disks ( ) % 0.8: : i - 500 ID and measurement Of in-
TPC Readout options: G oL £% & 400  flight decays
GEM, Micromegas, Pixel S I 300
. a W 0.4
Pixel readout for the TPC is a T E 200
promising research area for ILD S 100
0_7 Ll L 0
that needs targeted R&D support e 1 T

Momentum (GeV)
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LD Calorimetry Technologies

-sﬁgﬁv (24 X.: 20X 0.6 X.+ 10 x 1.2 X.) \ I~ \\\

- transverse cell-size 5mm X 5mm
- Scintillator-W with SiPM readout
-5mm X 45 mm X 2mm strips

- (Digital: MAPS)

2m Prototype for
SiW-ECAL (LLR)

I e 9 Rl
'MPPCs on HBU backside

l'— Ulncorrslected-lx' ”E
—&— Uncorrected: n* ]
HCAL s 3
AN ~ascr 4 ILCTDR
- Analog : Scintillator + Stainless Steel. o TS Vol 4
- Tiles with Si-PM readout ':’ L AR
- 3mm Sc, 3cm X 3cm. e
- Digital/Semi-Digital : Gas + Stainless Steel. ASIC (HARDROC) O0ussdiossfion oot
- Glass RPCs or MPGDs, 1cm X 1cm L/ 2' adason T T
Anode resistive coating
Glass plate (0.7 mm) stochastic  constant

- Chamber wall (1.2 mm)

— Glass plate (1.1 mm) global SC 45.8% 1.6%
Cathode resishive coating ’

| 3% 8Y

Spacer (1.2 mm) local SC 44 3% 1.8%

GND
SDHCAL _ .\ —JJ}— Gas mixure initial 57.6% 1.6%
HV




SID Electromagnetic Calorimeter

20 layers 2.5 mm W (5/7 X0)
10 layers 5mm W  (10/7 X0)
30 gaps 1.25 mm w Si pixels sensors

29X ;1A
AE/E= 17%/VE

1024 pixels
13 mm?

Highly granular “imaging”
calorimetry essential for ILC
physics program:

Particle id/reconstruction
Tracking charged particles
Integral part of Particle Flow
detector design

Baseline design: Silicon/Tungsten

Single electron event

Beam tests, 9- Iayers SLAC

g— e

Si D

Total Measured Charge per Cleaned or Simulated Electron Events {ﬁ){nl

810
=
L
Ly
One
electron
107 events
F WO
electron
events
1072}

Beam Test Run 43
Beam Tesl Run 28
Simulation

37.3% simulated
events had > 1

[| electron

0 1000 2000 3000 4000 5000 000 7000 8000 9000 100

Tatal Measured Charae [{C]



I .
aseline technols
L]
Cal i1s Scintillatc
‘ CALICE
1 1 1 . Flexlead Electronics height: 17mm max 02t \ - o
SI m I |a r ISS u es fo . Polyimide Foil e o‘g:n?nacgﬁnector Robust Interface \ DIF, CALIB and POWER \ 76. 44 AHCAL
\\ UV LED Connerr mezzanine cards . e Test Bea ITCO m pare Si mu Iated Si n g | e
Steel 19mm non- ®) ~—v——— g ossl e / ] i
; materia - LH | SN / particle energy resolution
Air 2.0 mm Top plate 0.5 mm | 25 el o . ) ]
polyimide foll 0.5 mm ——— — 6=90 ¥ with actual CALICE test beam
; , y 8 < o1p 7-7_"""--—.,_,__7 ¥
e — i —results
‘ H Retiector tonv.L mm H ...... I~6\ ~75 05 / 7—7_7__7_7_7_’_7_7_
Scintillator 3.0mm . e ——
SiD HCal 46%
Reflector foil 0.1 mm SPIROC2 iy 100 J 005 | simulation n/\/f +1.5% 1
—llom pl2ie 0.0 0 in cutout Cooling Pipe \ Central Interface Board-
Tile with SipM _ HBU, 0.9mm thick Canestie Bolio Flis. N\ )
Steel 19mm ‘ (Printed Circuit Board) (Steel, 0.5mm thick) CIB socket (~2.4mm) o - - - - 1
Partide energy (GeV)
I Active layer thickness = 7.383 mm
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Bﬂaseline CI\/IS conductor S|D SO|eﬂO'd . B D s

= 'm\uf

LEN

Redesign of barrel/doorjunction
More efficient flux return

Early start on coil development is critical for Easier traﬂiort/haﬂdliﬂg

both SiD and ILD — no current producer of CMS-

1 <50G t15m/30 d t
style conductor - potential showstopper! auss at 1o

Conclusions from recent CERN Magnet Workshop

30deg

- Al-stabilized superconductor technology is appropriate
for HEP detector magnet technology.

45deg

- CICC (Cable-in-conduit conductor) approach may also be a solution
(see also: arxiv.org/2203.07799)

Distance from Beamline (m)



Monolithic Active Pixels for Tracking

Parameter Value . T .

Min. Threshold 140 e - Potential for prowdmg hlgher - SLAC working in WP1.2 collaboration
Spatial resolution 7 pm granularity, thinner, intelligent at CERN

Pixel size 25 x 100 2 . .

Chip size 10 % 10 em2 detectors at lower overall cost. - ALICE ITS3 upgrade main driver

Chip thickness 300 pm - Design 1.5x1.5 mm* prototype
Timing resolution (pixel) ~ns ] k with few pixels to test sensor +
Total lonizing Dose 100 kRads r StItChlng a3 Iarge Scale SENSOors, front-end

Hit density / train 1000 hits / em® reduced dead areas - Submission of first prototype in 2022
Hits spatial distribution Clusters

Power density 20 mW / cm? - Study sensor performance on TowerSemi 65

- Lower power, lower cost, less nm process
material - Feedback from WP 1.2 measurements at

CERN

Table 1: Target specifications for 65 nm prototype.

- Fully-depleted MAPS/CMOS: faster - ]
charge collection, higher efficiency, ThiS iS @ major research

less cross-pixel charge sharing area that needs urgent,
targeted R&D support.




40 GeV 19 — two 20 GeV y’s

Shower Hex Amplitudes
-

Hex Amplitudes
0 < Layer <40

Event 8

I BRI i
200 400 600 800 1000
Y-cord

— .
299000 —800 600 400 -200 0

SiD TDR hexagonal sensors
13 mm? pixels

Instruments 2022, 6(4), 51

Not to scale

Tungsten

Shower Clusters
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Gamma Resolution vs. Energy (B=5T)
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New SiD fine pixel sensors
25 pm x 100 pum pixels
11
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Geant4 simulated silicon gap structures

Cable. MAP Balconv  Bvpass Caps
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Thickness:

2.243 mm
w

200 um
394um L% | 394um
Air Air
silicon
< Tmm
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High Priority, Critical R&D Needed
Technology R&D

Superconducting Coil(s) - wire and winding techniques, project with industry

MAPS for Tracking and ECal — stitching, large scale sensors, reduced dead areas

Pixel readout for TPC — GridPix dE/dx from cluster counting

Fast timing/power requirements — explore benefits for tracking/calorimetry
Detector Concept development

Concept major parameters: overall dimensions, magnet field strength, MDI, services
Major subsystems: main calorimeters, magnet return yoke, tracker and their interplay

Strategy for assembly and installation of detectors



TLC project timeline (IDT)
-siccess oriented and asnming no maj

Technology Network Preparatory Construetion Phase
Phase Phase ~11 years for the construction and commissioning

2023 201 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 =+

R&D and effort to gaina common  ILC preparation laboratory and
view and understanding. intergovernmental discussion

Possible ILC Detector Timeline

ALCC subgroup - 31 Mar 2023

Q1 2024 - Q3 2030 - Detector R&D

o R&D ramps up now since TDRs require 2 years effort, building
on and during R&D,

Q1 2027 - Formation of Preparatory Phase

Q1 2027 - Formation of ILCC

Q1 2027 - Call for Detector LOls - due Q4 2027

Q1 2028 - Q2 2028 Review of LOIs by ILCC
o Down select of LOls to proceed to TDR phase

Q3 2028 - Initiate TDR efforts (to be completed before Q3 2030)
o Detector R&D continues until Q3 2030

Q1 2030 - ILC Construction Begins

Q3 2030 - TDRs submitted at beginning of Q3 2030

Q3 2030 - Q4 2030 - Review of TDRs

Q1 2031 - Start of detector component production

Q1 2036 - Start of detector installation

Q1 2039 - Start of integrated detector commissioning

Q1 2039 - ILC Commissioning starts

Q1 2040 - First physics running at 250 GeV




Conclusions

A Higgs Factory has been identified via the Snowmass process as the highest HEP priority after
HL-LHC upgrades construction — also consistent with European Strategy and JAHEP statement.

A Linear Collider offers unique features, such as polarization and extensibility of energy range,
that will fully map the Higgs Physics Program, including self-interaction, in a timely manner.

Development over an extended period has resulted in two validated e*e  detector concepts.
R&D is needed for technologies beyond the original designs
Support is needed to bring ILC detectors to the TDR stage.

In order for the US to play a major role in a Higgs Factory an “immediate, vigorous and
targeted detector R&D program” (Snowmass EF report) is needed.
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Quantity

Symbol

Unit

Initial

L Upgrade

Z pole

Upgrades

Centre of mass energy
Luminosity

Polarization for e™ /e™
Repetition frequency
Bunches per pulse

Bunch population

Linac bunch interval
Beam current in pulse
Beam pulse duration
Average beam power
RMS bunch length

Norm. hor. emitt. at IP
Norm. vert. emitt. at IP
RMS hor. beam size at IP
RMS vert. beam size at IP
Luminosity in top 1%
Beamstrahlung energy loss
Site AC power

Site length

V'

GeV

£ 10%¥em—?%s1

P_(P.)
[ rep
Mbunch
Ne
Aty
Ehuhe
tpuhe
PE.'!."H
o
Tex
ey
o
ﬂ'*
Loo1/L
dBs
F, site
Leite

%
Hz
1
1010

ns
maA

Us
MW

mm
pm

nm
nm
nm

MW
km

250
1.35
80(30)
5
1312
2
554
5.8
727
5.3
0.3
5
35
516
7.7
3%
2.6 %
111
20.5

250
2.7
80(30)
5
2625
2
366
8.8
961
10.5
0.3
5
35
516
7.7
3%
2.6 %
128
20.5

01.2
0.21/0.41
80(30)
3.7
1312/2625
2
554,366
5.8/8.8
727/961
1.42/2,84*)
0.41
6.2
48.5
1120
14.6
99 %
0.16 %
94/115
20.5

500 250 1000
1.8/3.6 5.4 5.1
80(30)  80(30) 80(20)

5 10 4
1312/2625 2625 2450
2 2 1.74

554 /366 366 366
5.8/8.8 8.8 7.6
T27/961 061 897
10.5/21 21 27.2
0.3 0.3  0.225

5 5 5

35 35 30

474 516 335

5.9 7.7 2.7
58.3 % 3% 445%
4.5% 26% 105%
173/215 198 300

31 31 40

Table 4.1: Summary table of the ILC accelerator parameters in the initial 250 GeV staged configuration and possible upgrades.
A 500 GeV machine could also be operated at 250GeV with 10Hz repetition rate, bringing the maximum luminoesity to
5.4 . 10%ecm~2%~! [30]. *): For operation at the Z-pole additional beam power of 1.94/3.88 MW is necessary for positron

production.
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SiDBarrel

Technology

In rad Onut rad

7 extent

Vix detector
Tracker
ECAL
HCAL
Solenoid
Flux return

Silicon pixels
Silicon strips
Silicon pixels-W
Scint-steel

5 Tesla SC
Scint-steel

1.4 6.0
21.7 122.1
126.5 140.9
141.7 249.3
259.1 339.2
340.2 604.2

+ 6.25
152.2
176.5
301.8
298.3
303.3

SiDEndcap

Technology

In z Out z

Out rad

Vtx detector
Tracker
ECAL
HCAL

Flux return
LumiCal
BeamCal

Silicon pixels
Silicon strips
Silicon pixel-W
Scint-steel
Scint /steel
Silicon-W
Semicond-W

7.3 83.4
77.0 164.3
165.7 180.0
180.5 302.8
303.3 567.3
155.7 170.0
277.5 300.7

16.6
125.5
125.0
140.2
604.2

20.0

13.5

Table 6.3: Key parameters of the baseline SiD design. (All dimension are given in c¢m).




Barrel Technology T'in/ NN
VTX Silicon pixel 16
SIT Silicon pixel 153
TPC Gas 329
SET Silicon strip 1773
ECAL Silicon pads 1805
HCAL scintillator or RPC 20568
Coil 4 Tesla Solenoid 3425
Muon Scintillator 4450

Endcap  Technology Zmin,/ MM

FTD 1 Silicon pixel 220 153
FTD 1 Silicon strip 645 200
ECAL Silicon pads 2411 250 2096
HCAL scintillator or RPC 2650 350 3226
Muon Scintillator 4072 350 7716
BeamCal GaAs pads 3115 18 140
LumiCal Silicon pads 2412 84 194
LHCAL  Silicon pads 2680 130 315

Table 6.1: Main parameters of the ILD detector for the barrel and the endcap part.




S-Layer Ramel cos(theta) = 0.99

Support Structure
Connections to

Pixel Disks with Beam Tube

Support Membranes (4 Places)
— side view

Occupancy for SiVertexBarrel wrt to tot # cells

i i e (0975 a0 5B
o partic e o 1 878 a1 1) St

Number of cells

(b} TLC250 set (A)

Set € [|J.1'[l] 131 [l'[l]'[l]
TDR 10 13.0
(A) 13.0
- (B) 9.19
{11} TLC250 set {C) Number of hits per cell ©) 01

o g i e 0T G 2 )
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MDI Studies
BDS muon study

.l . . %: i Al layers _
Magnetized Wall |_1_ o 10°%: i i:tﬁgggfizﬁﬁi:zﬁmﬂ
5 magnetized spoilers Y g E | ILC250, & spoilers
/k_.-—-“’f = 107 = jl —— ILC250, 5 spoilers + wall
et | s e
FER [ ==
s — = e
: A O T e
L™ 100 -l | faas=- |
|
o T LT
yg-12C --]5-- don L AR |25| L1 1
| L Assumed buffer depth
T . - At ILC250, magnetized
bunch crossing ILC250 1 1LES00 . - spoilers without wall are
— | Sulfflme_nt for occupancy Anne Schuetz
No shielding 39.3 130.1 mitigation. (DESY)
Magnetized 13 4.3 Wall might me
spoilers neccessary at higher
Magnetized 0.03 0.6 stages, and as a tertiary
spoilers + wall ' ' containment device.




Thickness is
3.38 cm

trips with WLS fiber and SiPM readout

aseline HCal scintillator technology
layers, strip dimensions.

ab:

Events /1.0 cm
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