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The timely realisation of the electron-positron International Linear Collider (ILC) in Japan would be compatible with this

strategy and, in that case, the European particle physics community would wish to collaborate.

e — HEPAP

ILC in Japan as an example of US participation in global science

»Current support from the U.S. to enable Japan move forward with the ILC
» To strengthen the long-standing U.S.-Japan cooperation in science and technology,
concerted effort during last 12-15 months by the U.S. Government — DOE, U.S. State
Department, The White House Office of Science & Technology Policy, and the National
Security Council — to support a Japanese initiative to move forward to the proposed ILC
“Pre-Laborato hase of the project

ent Team (to setup ILC Prg:L'é’I‘o) to be in place by
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The SiD Detector and the SiD Consortium

SiD Detector

SiD Design Study started 2004 (Victoria ALCPG)
Validated by International Detector Advisory Group
Can deliver for the ILC Physics Program as configured

SiD Consortium

- since 2013
- Byelaws
- Individual and institutional memberships (Guest membership available for

Snowmass studies!
- IB Chair — Phil Burrows (U. Oxford)

Very open and welcoming of new colleagues to join SiD to make it
better by contributing new ideas, upgrades/alternatives— particularly
by the younger generation!

Si D
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. ) o Critical Critical Detector . )
g:l::;{; Measured Quantity Svstem Characteristic Required Performance
H — bb cc. | Higgs branching fractions
S Vertex Impact parameter - in>'?
_ 88.T¢ b quark charge asymmetry Detector ’ =>pFlavor tag % ~ pm ©10pm Apsin=0)
bb
ZH— 11X Higgs Recoil Mass
Wy Lumin Weighted E.y Tracker Charge particle momentum a(p)! pf ~ fewx1 05 GeV!
7H + Hvv BR (H resolution. G(pt}fpf '
(H—uw) .
. - = Recoil mass
—wuX
ZHH Triple Higgs Coupling
ZH — ggbb | Higgs Mass Tracker & | Jet Energy Resolution, og/E | ~3% for E;; > 100 GeV
ZH—ZWW* | BR (H—= WW#¥) Calorimeter = Di-jet Mass Res. 30% /| E jer for Ejp < 100 GeV
vwW W™ | o(e+e- — vv W+W-)
SUSY. eg. Tracker. Momentum resolution.
[ decay [ mass Calorimeter | Hermiticity Maximal solid angle coverage
= Event Reconstruction
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The SID Design Rationale

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

Design basics:

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.
lron flux return/muon identifier — component of SiD self-shielding.

Detector Is designed for rapid push-pull operation.
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TT ILC Beam environment:
S-Layer Barrel EﬂS{'ﬂ"L-EtEI} = 0.99 <

Bunch crossing rate (Collisions rate) ~3 MHz

Number of bunches in bunch train up to ~3000
(first 250 GeV stage 1312)

Bunch trains interval — 200 ms. (5 Hertz)

Support Structure
Connections to

Pixel Disks with Beam Tube

Support Membranes (4 places)
ppo side vi

Occupancy for SiVertexBarrel wrt to tot # cells
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Number of cells

E

o et o 4TS £ o]

€ [pnm] 3, [mm] 5, [mm]
10 13.0 0.41
13.0 0.41
: 4 9.19 0.41

(I ILC2S0 sl (B {d) TLC250 st (C) Number of hits per cell ' 9.19 0.58
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Following a multi-year R&D A N
effort, Chronopixel '
prototype 3 demonstrated a

working ILC CMOS vertex

sensor that satisfies the ILC _

design requirements. ] puom |

1 9.0 18
6.2 26
2.7 59 Detector Noise 25 electrons 29 electrons

2
3
4 4.9 33 Comparator Accuracy 0.2 mV RMS 0.2 mV RMS
5
6

ILC Requirement Prototype Tests

Detector Sensitivity 10 pV/electron 59 uV/electron

Silicon oxide
NWELL  pereren n-wells in elactronics transistors

ELECTRONICS N \ Transistor gates

9 45 Sensor Capacitance 10 fF 2.7 fF
8.9 18
Clocking Speed 3.3 MHz 7.3 MHz

ak 1.12 63
T 1.08 a2 Readout Rate 25 Mbits/sec 25 Mbits/sec
1T 29
1.21 37

Charge collection time 300 nsec 20 nsec

Power Consumption 0.13 mW/mm?2 OK by estimate

20 3 a0 50 G0 70 &) %0 10 110

Fits over threshoMd GuV 123 38 Radiation Hardness 1011 neutrons/cm2/yr  1013neutrons/cm2or 110 Mrad
0.98 54 -
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All Silicon Tracker
« Using Silicon micro-strips

25 pum pitch / 50 pym readout
v2 sensor prototype July 2017*

« 5 barrel layers / 4 disks 200
» Tracking unified with vertex detector :
« 10 layers in barrel
« Gas-cooled T
« Material budget < 20% X, in the active region
* Readout using KPiX ASIC
« Same readout as ECAL

« Bump-bonded directly to the module

100 |

B e B R e,

130 140 150
Recoil Mass (GeV/c?)

Excellent momentum resolution to
abtain the best possible recoil mass
measurement

MAPS/Pixel tracker option

_____ kPixM — optimized for tracker, 25pm x 055 —— Step Tracker
Sl 500um pixels. Position resn. < 10um, os
S/N >20 R o2
Future initiative: SLAC/DESY for MAPS <© & ”
Dix + cab tracker development. ow‘*\éé\o 0
Pixel tracker option and : ethods (Bristol) OQQ \Q’
Carbon fiber structur ow materi tegrated services (Oxford, Lancaster, Liverpool) ®

e
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ump-bonding

Residuals of sensor
External telesc

Single point reso

Charge _ residual2_I13
= . gsigma = 0.619 +/- 0.003 . 8 C } Entries 9335
= N IMPV = 2.820 +/- 0.003 E 2 = 5001 .Jf J(ﬂ Mean 0.0004801
- Isigma = 0.262 +/- 0.002 E 800 T c - Std Dev 0.009941
— 'E' LLl B
- 8 700 L #4000 x2/ ndf 68.19/28
E_ ..Ei. 500 S C Constant 468.1 + 7.1
= % E} C Mean 0.000473 =+ 0.000085
f— 500 g 300— Sigma 0.006972 +0.000083
= = -
=2 200
1 OE‘ 7 L I B PP P rarae e 100; ,
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fC ; 15 2 25 ; g =% r i by
. . . ReadOUt Floating e _B_“'M-va*r%"f‘fmn [ NI T | |+?T+?WW;-L~A L
Charge distributio its on track i tri 05-0.04-0.03-0.02-0.01 0 0.07 0.02 0.03 0.04 0.05
: P P distance (mm)

MPV of charge of 2.8 f
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S|D Electromagnetic Calorimeter ]l

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

Compact Electromagnetic Calorimeter w 13 mm Moliere Radius

.‘.!E!ES. %g :ayers §.5 mn;vw {(5{&);0}30}
egesesetesetetesele! . ayers 5 mm
{g 1624989495 1024 plXGlS 30 gaps 1.25 mm w Si pixels sensors =
CHHD ! 29 X ; 1 A )
Se2e 000 2 AE/E = 17%/VE .
oosse 13 mm L4.36m
¢

t 142 mm

Oregon, SLAC, UC Davis




Test Beam Profile
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A. White SiD ICHEP2020

Two Electron
Separation
Efficiency

10 15 20 25 30 35 40 45 50
Separation {mm)

bonded to
calibrate — all

37.3% simulated
events had = 1

One
electron

events
Two

electron
events

1000 2000 3000 4000 5000 6000 7000 8000 S000 100




: L e
adron Calorimeter

PN m
“J'I‘._.____ ; | ',: - i

BE SR SN S

\

\

12-fold barrel
geometry sl

'

: .__Marco Oriunno
Baseline technology for the SiD (SLAC)

HCal is Scintillator/SIPM/Steel

Same issues for CMS HGCAL
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Flexlead on Electronics height: 17mm max

Reflector Foils
olyimide Fail 0.8mm connector Robyst Interface
UV LED

sintillator30mm | | |

Cooling Pipe

Tile with SiPM _ HBU, 0.9mm thick Cassette Bottom Plate
(Printed Circuit Board) (Steel, 0. 5mm thick)

) —
"Total_E_Sigma_cver_Mean_vs_E_dats_05162018.64" wsing 1:2  *
Ll

“Total_E Sigma_over_Mean_vs_E CALICE TB dstatit” using 1:2  ©

E Event Energy Deposit DigiReco
vent Energy Deposit DigiReco _ __ CALICE

AHCAL

Test Beam StUdy by UTA

. / undergraduates
6 =90° )

SiD HCal
simulation

Partide energy (GeV)
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1566 —> (Door Closed) 117cm>
| <— Movers — \
|
LumiCal Valve
umiCa
| QDO Pum
L*=4.1m FB
Kicker

‘ Beampipe

0.2 -

W Mask
: Bellows & L] QDo
‘ Flange [ —— Service
BPMs [ [ _Pipe
D01 - BeamCal
PolyCarbonate
QDO Cryostat

0.3

|

Door Yoke PACMAN

4 5 7

A. White SiD ICHEP2020




- Collaboration
High precision design

2 X, pre-radiator;
introduces a little
divergence in
shower

Sensor sample

Not shown: 4 X,
“post radiator” and
8 X, "backstop”

Forward calorimetry

5D -

« Sensor irradiation studies for Forward Calorimetry
(B. Schumm et al. UCSC - SLAC Expt. T-5006)

oeamCal radiation dose at inner radius ~100 Mrad/year

Ongoing
electromagnetic
radiation damage
studies (Si diode,
GaAs...) within FCAL
Collaboration umbrella

- Gallium Arsenide sensor provided by
Georgy Shelkov, JINR

- Sn-doped Liquid-Encapsulated
Czochralski fabrication

- 300 um thick

- 0.16 cm? area

GaAs Charge Collection after 100 Mrad

Exposure
(previously only for 21 Mrad)

Charge

___Median Charge vs. Bias Voltage for WSI-P4 600MRad EX p O S u re

« Pre-Irrad
« Pre-Anneal
+« RoomTemp ||
« 35°C Anneal
+ 45°C Anneal||

60°C Anneal

300pm

ttttt

Area 0.025 cm?

400 600 800D 1000 1200

Median Charge vs. Bias Voltage for GaAs26

Bias Voltage (Volts)

Sean Hyslop



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.
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M. Oriunno (SLAC)
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Paper published: 0
NIMA, 848, 54-59, 2017
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DESY 20-122,

KEK Preprint 2020-8,
IFIC/20-34, LCTP-20-14
SLAC-PUB-17543

July, 2020

ILC Study Questions for Snowmass 2021

LCC Paysics WORKING GROUP

arXiv:2007.03650v1 [hep-ph] 7 Jul 2020

THE EUROPEAN
PHYSICAL JOURNAL PLUS

Eur Phys, I Flus {2030 |35:525
Ittpsz/idoi g 10,11 6 epipds | 3360020005282

Regular Article

Cheow tor
[l

Primer on ILC physics and SiD software tools

Chris Potter! 45

_I' Physacs Department, Universily of Ovegon, Eugene, USA
= lmstinste for Fundamestnl Science, University of Ovegon. Bugens, USA

Receved: 26 May 20200 Accepied: |1 June 2020
£ Socreth Daliana di Fisica and Speinger-Yerlag GmbH Genmany, part of Sponger Mare 20200

Abstraet We first outline the standard mode] of particle physics, particle production and
decay, and the expected signal and background m a Higgs factory like the international
lingar collider (ILC). We then introduce high-energy colliders and collider detectors and
briefly detail the ILC and the silicon detector (Si), one of the two deteciors proposed
for the ILC. Next, we review the availuble software tools for ILC event generation, SiD
detector simulation, and event reconstruction. Finally, we sugpest open avenues in research
for detector eptimization and physics analvsis. The pedagogical level is suitable for advanced
J" undergraduate and beginning graduate students in physics and research scientists in nelated
fields.

o
A 7/28/202

Introduction

Ceneral references on ILC physics

Simulation Tools and Data Sets
3.1 Overview on dats samples and tools to be provided . . 0 . 0 0 0 L L. 1
32 Generator-level events . . . . _ . . . L. L. L.

33 Delphes .. 0 0L

34 SGY (Simulation & Grande Vitesse) . . . . . .. ... ... L. 8

36 Matching Tools and Topees . . . . . .0 000 0oL oo L 9
4 Notable features of ¥ ¢~ collisions ]
5 Questions ahout general ¢*e~ event analysis 11
6 Questions about Higgs boson physics: ete — Zh 13

7 Questions about Higgs hoson physics: WW fusion and higher energy

reactions 15
B Questions about top quark physics 16
9 Questions about ete™ 4 ff 18
10 Questions about W hoson physics 19
11 Questions ahout precizion electroweak measurements 20
12 Questions about QCD and jets 21
13 Questions about scarches for new particles 22
14 Questions about the theory of Higgs boson conplings 25

15 Questions about SM Effective Field Theory interpretation of e*e

measurements 26
16 Contact information for the SiD and TLD detector groups 27
17 R&D collaborations, and contact information for joining them 25

p

<
‘4-(

SiD Snowmass 2021 Monte Carlo
4+ 4 =
i D
N

Documentation

* Primer on ILC Physics and $iD Software Tools (2002.02399)
* Delphes Fast Detector Simulation (Delphes)

* Delphes 51D on Hepforge (DS:iD)

* Example Root Macro for Analysis (macro.cc)

Generated Signal

* Higgs to Invisible: ete- -= ZH, H->invisible (250 GeV CME, P=80/30)
o Z-=ggbar Whizard StdHep Delphes Root
o Z-=1+1- Whizard StdHep Delphes Root

* Higgs to Tau Pairs (250 GeV CME)

* Double Higgstrahlung (500 GeV CME)

* Double WW Fusion (1000 GeV CME)

DBD Backgrounds*

* 250GeV CME, L=2501b-1, P=80/30 Whizard StdHep Delphes Root
* 350GeV CME., L=3501b-1, P=80/30 Whizard StdHep Delphes Root
* 500GeV CME, L=5001b-1, P=80/30 Whizard StdHep Delphes Root
+ 1000GeV CME, L=1000fb-1. P=80/20 Whizard StdHep Delphes Root




it The ILC and SiD going forward | - $iD -

infernafional linear collider
- The ILC is moving towards realization!
- The International Development Team starts work next week.

- SiD has a validated detector design that can deliver the ILC Physics
Program.

- There are many opportunities for new ideas and optimization.

- SiD welcomes new members — join us for Snowmass and beyond -

especially young physicists!
Marcel Stanitzki (DESY) marcel.stanitzki@desy.de
Andy White (UTA) awhite@uta.edu


mailto:marcel.stanitzki@desy.de
mailto:awhite@uta.edu

Thank you
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Site length

7/28
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Quantity Symbol Unit Initial TDR Upgrades
Centre of mass energy Vs GeV 250 250 500 1000
Luminosity £ 103 em—2s™1 1.35 0.75 1.8 4.9
Polarisation for e (e™) P_(Py) 80 %(30%) 80%(30%) 80%(30%) 80%(20%)
Repetition frequency frep Hz 5 3 5 4
Bunches per pulse Nbunch 1 1312 1312 1312 2450
Bunch population Ne 1010 2 2 2 1.74
Linac bunch interval Aty ns Hh4 HhH4 Hh4 366
Beam current in pulse TI'puise mA 5.8 5.8 5.8 7.6
Beam pulse duration tpulse (s 727 727 27 897
Average beam power Pive MW 5.3 5.3 10.5 27.2
Norm. hor. emitt. at IP Yeéx [m 5 10 10 10
Norm. vert. emitt. at IP Yéy nm 35 35 35 35
RMS hor. beam size at IP O nm 516 729 474 335
RMS vert. beam size at IP o nim 7.7 7.7 5.9 2.7
Luminosity in top 1% Lo.01/L 87.1% 58.3% 44.5 %
Energy loss from beamstrahlung  dgs 2.6 % 0.97% 4.5% 10.5%
Site AC power Pste MW 129 122 163 300
Lsite km 20.5 31 31 40




Barrel

Rinner

Forward Disk  Rjyner

28
76
117

Router

71
71
71
71

Router

166
166
166

Zcenter

Zcenter

g
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Length of sensor Number of Number of
coverage (cm) modules in ¢ modules in z

Barrel 1
Barrel 2
Barrel 3
Barrel 4
Barrel 5

Disk 1 78.89
Disk 2 107.50
Disk 3 135.55
Disk 4 164.09

Number of
modules per end

inner radius of ECAL barrel
maximum z of barrel
longitudinal profile

EM energy resolution
readout gap
effective Moliére radius (R)

A. White SiD ICHEP2020

1.27 m
1.76 m
20 layers x 0.64 Xo
10 layers x 1.30 Xo
0.17/vVE & 1%
1.25 mm (or less)
14 mm
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