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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!

SiD -
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Physics Measured Quantity M tuitieal Detector Required Performance
Process System Characteristic

H — bb.cc. | Higgs branching fractions

g Vertex Impact parameter 8, ~ Sum @ 10uwm /(p sin’’* 6)
88.TT , Detector = Flavor tag
vh b quark charge asymmetry -
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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Muon Chambers

Vertex detector
5 layers Barrel+disk

1/1I/2Uz&

Silicon Strip Tracker

5 layers
r..=1.25m
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5T Coil
r=2.6 m

HCAL
40 layers




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.

Si D
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Barrel }\ Zmax

Layer 1 (;) 63
Layer 2 63

Barrel R Length of sensor Number of Number of
Region (cm) coverage (cm) modules in ¢ modules in z

Barrel 1 21.95 111.6 20 13
Layer 3 35 63
Layer 4 48 63 Barrel 2 46.95 147.3 38 17
Layer 5 60 63 Barrel 3 71.95 200.1 58 23
Tl Riiner  Router  Zeenter Barrel 4  96.95 251.8 80 29
Disk 1 12 1 75 Barrel 5 121.95 304.5 35
Disk 2 16 71 92 .

X Disk Z; R; Rout Number of
Disk 3 18 71 123 Region (lcl:lrlh i cm) cm) modules per end
Disk 4 20 71 172
Sl D e s e Disk 1 78.89 20.89 49.80 96

- Disk 2 107.50 20.89 75.14 238
Disk 1 28 166 207 .

Disk 3 135.55 20.89 100.31 438

Disk 2 76 166 541

Disk 3 166 832 Disk 4

inner radius of ECAL barrel @

maximum z of barrel 1./6m

164.09 20.89 662

longitudinal profile 20 layers x 0.64 Xo
10 layers x 1.30 Xo
EM energy resolution 0.17/\/@ ® 1%
readout gap 1.25 mm (or less)
effective Moliére radius (R) 14 mm

1/19/2022+
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Collider NLC|28] CLIC|29] ILC C? C?
CM Energy [GeV] 500 380 | 250 (500) | 250 550
o, [pml] 150 70 300 100 100
8, [mm 10 8.0 3.0 12 12
[y [mm 0.2 0.1 0.41 0.12 0.12
€; [nm-rad| 4000 900 500 900 900
€, [nm-rad] 110 20 35 20
Num. Binches per Train 90 352 133 )70/
Train Rep. Rate [Hz] 180 50 5 120 120!
Bunch Spacing [ns] 1.4 0.5 369 526 | 3.5
Bunch Charge nC] 1.36 0.83 3.2 1 1
Beam Power [MW] 5.5 2.8 2.63 2 2.45
Crossing Angle [rad] 0.020 0.0165 0.014 0.014 0.014
Crab Angle 0.020/2 | 0.0165/2 | 0.014/2 |0.014/2 | 0.014/2
Luminosity [x10%4] 0.6 1.5 1.35 1.3 2.4
(w/ IP dil.) | (max is 4)
Gradient [MeV /m)| 37 72 31.5 70 120
Effective Gradient [MeV /m] 29 5T 21 63 108
Shunt Impedance [M(2/m] 98 95 300 300
Effective Shunt Impedance [Mf2/m| 50 39 300 300
Length [km] 23.8 114 | 205@31) | 8 8
L* [m] 2 6 41 4.3 43




SiD Design Considerations for C3

Beam time structure — effects for each subsystem/bunch tagging
Beam profile at IP — VTX inner layer

Beam pipe

Beam exit profile for BeamCal

Pair background (also vs Ecm), beamstrahlung

In general we expect the
effects of using SiD at C3
vs. ILC to be relatively

Muon background — mitigation moderate with no show
L* - IR layout stoppers.
QDO/detector

Event overlap in calorimeters THISEEE I~ - cider

LumiCal these issues for the

Rep. rate — power pulsing subsystems of SiD.

P(e+) =0

250/550 running — multi-TeV?
One or two detectors?



ILC Beam environment:

S-Layer Barrel  oq(theta) = 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

Su rt Membranes (4 places)
ppo side view

Occupancy for SiVertexBarrel wrt to tot # cells

& 8 3

.._.-m_.‘:._-.-.-. P pr—
Number of cells

=

¢ [hm] 3, [mm] 5, [mm]
10 13.0 0.41
! ; sy 13.0 0.41
s : atlided 2 9.19 0.41

P

{e} TLC250 sel (B) ' {dl) TLC 250 set (C) Number of hits per cell 9.19 0.58

S

=

o i e 40,975 x b
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jixel - Oregon, Ya

Vertically Integrated (

3-D Pixel

Detector

Following a multi-year R&D
effort, Chronopixel

ROIC

E prototype 3 demonstrated a :

S : working ILC CMOS vertex :i" N ':Em

= sensor that satisfies the ILC Y i ot
i . CMOS ]

design requirements.

ILC Requirement Prototype Tests

i 1 9.0 18
- - Detector Sensitivity 10 pV/electron 59 uV/electron
BINcOn okl =i n-walls in electronics transistors i i 2 62 26
NWELL  peprpren FeS5 test for different sensor options
ELECTRONICS | S\ Teanietor gaes Option1 (2 3 2.7 59 Detector Noise 25 electrons 29 electrons
! PR R \ ___ Option2(DPN “;))
RN O fF RE RR RE b ~ Option3(SHI
PR - 4 4.9 33 Comparator Accuracy 0.2 mV RMS 0.2 mV RMS
:‘_:-LLL‘ --L_H_‘_H_ Option 6 (NTGEB) s 4.9 33
109 _H—“:LL__ Mo : Sensor Capacitance 10 fF 2.7 fF
: 6 8.9 18
]jq L[ 1 ILLH Clocking Speed 3.3 MHz 7.3 MHz
[‘[ ] a LL_‘ p W — 53 — Charge collection time 300 nsec 20 nsec
b .
0 [y j 2 1.08 02 Readout Rate 25 Mbits/sec 25 Mbits/sec
3 a7/ 29 n .
ﬂ I . o - Power Consumption 0.13 mW/mm?2 OK by estimate
N B 5 1.23 38 Radiation Hardness 1011 neutrons/cm2/yr  1013neutrons/cm2or 110 Mrad
6 0.98 54

1/19/2022 A. White SiD for CCC J. Brau — CPAD Workshop Dec ‘19




what timing precision is necessary, particularly in the most challenging case of C* with its small
bunch spacing? Is single bunch tagging necessary, or i1s it possible to function with less precise
timing information and the resulting overlap between successive collisions?

does each hit within a readout column require an independent timing measurement, or would one (or
two) timing measurements per column be sufficient?

what is the effect of the insensitive balconies at the sensor edge? At what balcony width does the
detector performance begin to degrade?

what is the effect of a dead pixel, column, or pixel matrix within the sensor? What fraction of such

dead elements can be accepted from the point of view of overall detector performance?
A. White SiD for CCC




Power Pulsing

Power pulsing cycle Li(e

ILC— 5 Hz. “On” for ¥1ms , “off” for 199ms

ILC — allow few ms for acquisition

C3 - 120 Hz -> bunch train (133 bunches x 5.26ns = 700 ns) every 8.3ms
C3 — few pus for power on/off. EMI effects? Pulsing in 5T field?

MAPS — “lower power” -> needed reduction factor from power pulsing?
(1/100) for ILC — similar for C3

* Power On
: . Period: 10ms
71 (100 Hz)
- DutyCycle:
« 2/10
1 Enable
* Acquisition

Trigger for
§ chip readout




SiD VTX for C

Required time resolution? MAPS initial goal ~3 ns (power limited)
SiD is following ALICE/ALPIDE (MAPS for ITS) developments
Do we need single bunch tagging?

Need new study/simulation (train) of pair background
Reduced bunch charge C3 vs ILC -> smaller pair background
Pair envelope — stay-clear region?

Occupancy per layer

Beam pipe design — same a for ILC?

Beam profile — radius of inner layer?

Is 5T optimal?

Power pulsing — cooling/material



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

* Readout using KPiX ASIC
« Same readout as ECAL
« Bump-bonded directly to the module

MAPS/Pixel tracker option

kPixM — optimized for tracker, 25pum x
500um pixels. Position resn. < 10um,
S/N >20

Future initiative: SLAC/DESY for MAPS
tracker development.

kPix + cable

Pixel tracker option and al
Carbon fiber structure
1/19/2022+

ow material, integrated services (Oxford, Lancaster, Liverpool)

A. White SiD for CCC

« Material budget < 20% X, in the active region

200 f

100 |

Y0 720 130 140 150
Recoil Mass (GeV/c?)

Excellent momentum resolution to
abtain the best possible recoil mass
measurement

06— — Vertex Detector
0.5 = Strip Tracker

04
03
0.2

0.1




Charge

gsigma = 0.619 +/- 0.003
+ IMPV = 2.820 +/- 0.003
Isigma = 0.262 +/- 0.002

-

b I B S I ERPETES SRR Bt
1 2 3 4 5 6 7 8 9 10

_ fC
Charge distributiq_n"%gn track
MPV of charge of 2.8 f
1/19/2022
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distance (mm)

Ve
Wire-bohding 25

0.05

0.03

0.02

0.01—

8.

5 1

15 2 25 3

Readout Floating

strip

strip

35
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#Entries

Residuals of sensor m

External telesc

Single point resol

_ residual2_I13
C Entries 9335
500; Mean 0.0004801
C Std Dev 0.009941
| . 2
400 x2/ ndf 68.19/28
C Constant 468.1 +7.1
C Mean 0.000473 +0.000085
3005 Sigma 0.006972 + 0.000083
200
100~
C T +++++‘ f**m -
!ﬂAI'L"*f‘I"*P‘"’r'IVIIIllillIIIllIILLIIIIIIIL*’L?JWP*'J—AAII.v
—&.05— .04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04 0.05

distance (mm)




SiD Main Tracker for C3

Required time resolution? MAPS initial goal ~3 ns
Do we need single bunch tagging?
Develop new layout for VTX + TRK system using MAPS
New material profile
Study:
- tracking efficiency/dead pixels/lost hits
- fake rates
- use of fast timing/4-D tracking
- issues (material?) from including fast timing?
- pattern recognition
- momentum resolution
- effects of beam backgrounds



S|D Electromagnetic Calorimeter . ¢ID

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

20 :ayers 2.5mmWwW ((5/7/X0) )

- 10 layers 5 mm W 10/7 X0

1024 p|Xe|S gg )g(ap51§\25 mm w Si pixels sensors
13 mm?2 AE/E°="17%/E

L4.36m

t14:2 mm

Oregon, SLAC, UC Davis




Test Beam Profile

3
o

Number of Events
g

m
S

: Dead Pixel

< 0per 1000
0-0.5 per 1000

@ 06-10per1000
1.1-1.5per1000
1.6 - 2.0 per1000

21-2.5 per 1000

B AdivEd Bie

RELIMINARY

Cosmics Run with Calorimeter Sensor

Two Electron
Separation
Efficiency

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

, new cable wire-bonded. Sensor and KPiX calibrate — all

onnections are good.
A. White SiD for CCC

37.3% simulated
events had = 1

electron
One

electron

events
Two

electron
events

1000 2000 3000 4000 5000 6000 7000 8000 S000 100




Shower Clusters

Clusters

0 < Layer <40

Resolution (%)

Event 0

Gamma energy (GeV)
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.

Solenoid

Marco Oriunno
(SLAC)

-

-~

Baseline technology for the SID
HCal is Scintillator/SiPM/Steel ,

53T om

3R

n HBU backside

. S

1/19/2022 UTA' SLAC' NIU A. White SiD for CCC 20



Flexlead on Electronics height: 17mm max

Reflector Foils
olyimide Foil 0.8mm connector Ropyst Interface DIF, CALIB and POWER

mezzanine cards

absorber
material:

sntillator3.omm || | |

Central Interface Board-

Cooling Pi
SOlNg RS CIB (1.7mm thick)

Tile with Sipm _ HBU, 0.9mm thick B Plat
1wt S (printed Circuit Board) ?s‘:::f,‘g’jsrs"?gick)a e

)
"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  ©

Event Energy Deposit DigiReco Event Energy Deposit DigiReco
Y 2 CALICE

AHCAL

Test Beam StUdy by UTA

. / undergraduates
6 =90°

SiD HCal

46% [
+1.5%
simulation /E ’

Partide energy (GeV)

A. White SiD for CCC



CALI(ed
CA\’C Note: C3 bunch spacing 3-5 ns

- Three time regimes:
- Quasi instantaneous
- Intermediate 10-50ns

- Late > 50ns Quasi instantaneous

- Late energy deposition are due to slow neutrons

- Study time evolution in steel and tungsten absorbers

Intermediate
~10ns - 50ns

- Compare to monte carlo Small part of
deposited energy

Late > ~50ns

A. White SiD for CCC /‘f
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L T ] mm

fh=A__ —er'f‘""+;ﬁusmr @™ 4 Ci
- 60-GeV-hadrons - turigsten-- - — Callce
Thast = 8.7 1S, Ty, =480 1S, € = 5.5E-06 | . -
o BDGthadronsl__steeI | . N 3 P AHCAL
"L}H_:"THS‘I: -TEnsc -31E-06 : -t e A
A 180 GeV muons : ] |
— G 12E-06

\

. CALICE T3B! .
- o - = ; el
PO |
o ° R m“

L

150 200
Time of First Hit [ns]
e —

- T3B: Timing measurements parasitic to the CALICE AHCAL
- Complex time structure of hadronic showers visible Frank Simon et al./CALICE

- Steel / tungsten absorber

A. White SiD for CCC




Timing layers for SiD HCal

CALICE test beam prototypes (SiPM/Tile — based) have achieved O(1ns) timing accuracy.
LHC experiments are including LGADs with timing resolution of 30ps.

For C3 with 3-5ns bunch spacing, would few x100ps resolution contribute usefully to a
Particle Flow Algorithm?

e+e- - Low cross-sections — low overlap probabilities
Can the few x100ps resolution be achieved for readout of the cells in the HCal?
Is there a downside to adding timing layers to the HCal?

Are there integration problems arising from inclusion of timing layers?



SID 4.1/9.5m FD with FB Kicker Behind QDO

01 -

0.2 -

0.3

1566 —> (Door Closed) 117cm>
| <— Movers — \
|
LumiCal Valves/
umiCa
| QDO Pumps
L*=4.1m FB l
Kicker
m—
‘ W Mask -
Beampipe
: Bellows & L] QDo
‘ Flange [ iService
BPMs I Pipe -
D01 - BeamCal
PolyCarbonate
QDO Cryostat
|
]
: Door Yoke PACMAN
1

4 5 7

A. White SiD for CCC




Forward calorimetry - 5D -

T e « Sensor irradiation studies for Forward Calorimetry
(B. Schumm et al. UCSC - SLAC Expt. T-500)
Cal radiation dose at inner radius ~100 Mrad/year 570 Mrad
_— ol RS electromagnetic A g
s e W radiation damage o/
=T et O studies (Si diode, i 300pum
el = R GaAs...) within FCAL . s Area 0.025 cm?
B ¥ ' : Collaboration umbrella

600
Bias Voltage (Volts)

Median Charge vs. Bias Voltage for GaAs26

- Gallium Arsenide sensor provided by
Georgy Shelkov, JINR _
- Sn-doped Liquid-Encapsulated : Expect integrated
Czochralski fabrication radiation dose to
- 300 pm thick ) be similar to ILC
- 0.16 cm? area

harge (fC)

GaAs Charge Collection after 100 Mrad
Exposure
(previously only for 21 Mrad) Sean Hyslop




spoilers &

5 magnetized spoilers

rs LI

BDS muon stud

Magnetized Wall

St

#muons /
bunch crossing ILC250 ILES00
No shielding 39.3 130.1
Magnetized
spoilers 1.3 4.3
Magnetized
spoilers + wall 0.03 0.6

1/19/2022

Fraction of dead calls

1078

107

10 11

1072

3

T T Al Tayers

| ILC500, § spoilers

—— ILC500, 5 spoilers + wall
ILC250, & spoilers

—— ILCZ250, 5 spoilers + wall

—

T

=t
+
ﬂj*‘+;?

.e—.._,l,_._r::;.. ++.+.+++ H
| =

- 1
——
=
R

I
1
I
|
I
I
1

dod B bR
10 15 20 25 30
Assumed buffer depth

At ILC250, magnetized
spoilers without wall are
sufficient for occupancy
mitigation.

Wall might me
neccessary at higher
stages, and as a tertiary
containment device.

A. White SiD for CCC

HEBEEERREEE

QOBNBHEHERE
BOBHAREEEEE

Anne Schuetz
(DESY)

Expect for C2 muon
background similar
to ILC — but need to
simulate. 27




Winding Mandrels

(GLant ek Cyliniars) Inner Thermal Shield

A. White SiD for CCC

/door ju
flux retu
rt/handli

"
™
a0

Bz field (gauss)
3 22 8 3 &

" "
Distance from Beamline (m)

M. Oriunno (SLAC)




Marco Oriunno
(SLAC)
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Thickness is

Flasher LED Cable connectorto  Counter mother board
) front-end board /

SiPM mounting block

r of layers, strip dimensions

3 ;
£ A, B

e —— ~BmRr ———————— -

0
ro
o
1=

————— 2 AR————— =

Time resolution

Events / 1.0 cm
@
=]

212

L

s o o o o 0.8

x % x x x x® x Xx 06

0.4

-100 -50 0 50 xlc?r(r:) 02

~ Paper published: 0
- NIMA, 848, 54-59, 2017
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Muon 1dentifier/Calorimeter Taill Catcher

Scintillator strip/SiPM system shows O(1ns) time resolution
Should be good for C3?

How many layers to instrument for SiD?

? Use muon layer(s) to time end of hadron showers?



Global/programmatic issues

C3 — path to 550 GeV running built in from start (RF upgrade)

1 or 2 Detectors — risk, redundancy, cost,...

Multi-TeV running — 3 TeV? Increase gradient, extend accelerator
> 3 TeV? Re-design SiD — no VTX,...

P(e+) = 0, strong push for P(e+) at ILC (systematics)



y SiD Consortium

Si
By

Ino )nal memberships (Guest membership available for
Sna

IB C (U. Oxford)

Very of )ming of new colleagues to join SiD to make it

better by g new ideas, upgrades/alternatives— particularly
by the younger generation!

/1S & A. White SiD for CCC P



SiD Detector for C3

SiD would work with C° to deliver Higgs and complete physics program
Mainly minor issues center on C3 timing
Potential solutions with precision timing — need studies

Also need to study/check: pair envelope/backgrounds, muon
background/mitigation.

Upgrade of SiD design (MAPS, timing layers,...) gives opportunity to
consider needs for C3

Open invitation to join SiD — new colleagues are very welcome!



RF Power
—

Beam
—

-~ *w, e crcuminmnce (900m)
A

Polarized { Damping Ring‘)
Electron Sourz:fw ,._____.__.____z;,\ Pre-Damping Ring

[ ~—

- Elm -

— oo
. S|
Positron Source e — 3

A m
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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
Site length Lsite km 20.5 31 31 40

A. White SiD for cc'
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& il ILC Candidate site in Kitakami, Tohoku
Iransition — Sl e
:central ‘ it

(Development Team)  egion

RTML
RTML

e- Linac
Beamline 7 mrad

&
e- injection

e+ Linac
7mrag Beamline

e+ extraction
e- exgaction
e+ injection

"]
NDULAT(Q

30m rad7
30m raius\

Preparatory
Phase (Pre-Lab)

Not To Scale

50 GeV staged con b

IL (:T L d b Parameter :::;ael TDR

Model Dependent EFT / & Fit {I‘BSM:{) & no anom. hZZ/hWW coupl.)
[~ LCC Physics WG B HL-LHC arXiv:1902.00134

S1: CMS, S2: ATLAS&CMS
HL-LHC @ ILC250

HL-LHC @ILC250 @ ILC500
dark/light: $1/52

C.M. Energy (GeV) 250 500
a T T e e T e T P D T e Length (km) 20 31

- ILC, Scenafio H20-staged
— ECM = 250 GeV
= ECM = 350 GeV
= ECM = 500 GeV

A

10 SRF Cavity Gr (MV/m),
Q,

Site Power [MW) 129 163

]
N
o
o
o

Luminosity (x1034) 1.8

Repetition (Hz)

Beam Pulse Period (ms)

Beam Current
(mA in pulse)

Upgrade

Beam size (y) at FF (nm}

Integrated Luminosity [fb
Luminosity Upgrade

Ener

o
(@]
Precision of Higgs boson couplings [%]

1/19/2022 y A. White SiD forccC
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