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... a combination of certainty and speculation:

e Excellent physics program guaranteed:

e Higgs physics - mass, couplings, potential, ...

* Top physics - properties (mass, width,...), ILC energy range
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... a combination of certainty and speculation:

e Excellent physics program guaranteed:

e Higgs physics - mass, couplings, potential, ...

* Top physics - properties (mass, width,...), ILC energy range

EI B -
top as a probe for New Physics = 10°F tt H+X E
(- .
* Precision physics - 2 102 E : _
electroweak measurements, QCD, ... §
o 10F =
7)) =
e -
O 1F E
e Discovery potential for New Physics e _ N
» Direct production of new particles - @
Mass reach up to /s/2 for 107 (') —— ‘10'06 — '20'06 — éOIOO
(almost) all particles /s [GeV]

o Spectroscopy of New Physics

 Indirect (model-dependent) search for New Physics extending far beyond /s
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and the resultlng Detector Requwements I

e A flagship measurement: Model-independent coupling of ey 'I;"'
Higgs to Z b-jet~ /
S / 7 o
~— . from'Higgs ,‘,

e Obtained from recoll
mass measurement of
reconstructed Z boson,
independent of Higgs
decay
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and the resultlng Detector Requwements I

e A flagship measurement: Model-independent coupling of
Higgs to Z

i .
j .
4
'

/ pfromZ

e Obtained from recoll
mass measurement of
reconstructed Z boson,
independent of Higgs
decay

ete™ — ZH — ut 1 bb ILD, 250 GeV
% Key detector requirements:
E | » excellent tracking to measure Z -> I*|" as
precisely as possible
* very efficient flavor tagging to measure Higgs
" Recoil Mass (GeV) couplings to fermions (separatlng b, ¢ and light Jets)
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... and the resulting Detect

* |[n general the cross sections of physics processes are ILD, 1 TeV

quite modest at ILC compared to LHC - at the lower
energy stages typically 1000s to 10s of thousands of
events - Want to be able to use all possible final states,
including high-BR hadronic decays
e Relevant in many different cases: Identification / TEN -

separation of gauge bosons (W, 2) ete” = WIW™ = qqqq

Generic consideration:

_ A significance:
Va :
/) Sy V5B
A . ‘ SRR
% 3~ / directly depends on
: -

. > mass resolution ,j

===
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* |[n general the cross sections of physics processes are
quite modest at ILC compared to LHC - at the lower
energy stages typically 1000s to 10s of thousands of
events - Want to be able to use all possible final states,
including high-BR hadronic decays

ILD, 1 TeV

e Relevant in many different cases: Identification /

+o= - -
separation of gauge bosons (W, 2) ete = WTW™ = qqqq

higher-energetic jet from W =
. . . . 12000_— Entries 417085
Generic consideration: ' 300 GeV ean 3054
10000 —
A significance: :
E, S 8000 —
Vit

Z S l ; S _I_EB) 60002—
e 4000_—

3~ ' directl de ends on 20005_
% | / irectly dep :

Eq > | mass resolution | A o
m‘:ﬂv - — —_— 0 100 200 300 400 500 600 700
EJet [GeV]
lower energy jet peaks at 50 GeV
multi-jet SUSY observables at 500 GeV
typically 20 GeV - 100 GeV jets
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and the resultlng Detector Requwements II

* |[n general the cross sections of physics processes are
quite modest at ILC compared to LHC - at the lower
energy stages typically 1000s to 10s of thousands of
events - Want to be able to use all possible final states,
including high-BR hadronic decays

ILD, 1 TeV

e Relevant in many different cases: Identification /

+o= - -
separation of gauge bosons (W, 2) ete = WTW™ = qqqq

higher-energetic jet from W £
. . . . 12000_— Entries 417085
Generic consideration: ' 300 GeV |wean s
10000 —
A significance: :
E, S 8000 —
Vit

%,ﬁ Sl’ m 60002—
N —— E— 4000
% L \3’-) / [ direCtly dependS on : 20002—

2 > | mass resolution | N
.'“v = - e e 0 100 200 300 400 500 600 700
EJet [GeV]

T — .
' Detector requirement: Best pOSS|bIe jet energy resolution || '0Wer energy jet peaks at 50 GeV
| multi-jet SUSY observables at 500 GeV

1 |
| over a wide energy ange | typically 20 GeV - 100 GeV jets
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... and the resulting Detector Requirements lli

Detectors at ILC
INSTR-14, Novosibirsk, February 2014
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ete™ — ttH — qgbqqbbb
ILD, 1 TeV

multiplicity environments

yas

do /dE [a.u.]

—
<
\V]
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Putting the Requirements t

* Precise vertexing - impact

parameter resolution: op < 5@ 10/pp sin®/? 0 pm

High resolution tracking - transverse

Y _5
momentum resolution 0(1/pr) ~2x1077/GeV/c

Jet energy resolution ~ 2.5 0
separation of W, Z (not too far from AE jet/Ejet ~ 3.5%
perfect separation)
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A multi-layer pixel detector with small pixels close to the interaction point

High resolution tracking detectors

A strong magnetic field
 Low material budget - Eliminate multiple scattering as much as possible

* Imaging calorimeters inside of the magnet & particle flow algorithms

| J
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A multi-layer pixel detector with small pixels close to the interaction point

High resolution tracking detectors

A strong magnetic field
 Low material budget - Eliminate multiple scattering as much as possible

* Imaging calorimeters inside of the magnet & particle flow algorithms

Where this leads you: A detector design a bit like CMS, but
o Shorter detector barrel: Only small boosts of CMS system in ILC collisions

e Very different calorimeters: No emphasis on photon resolution, granularity instead to
achieve best jet energy resolution- HCAL plays a central role

 Much more aggressive reduction of material budget
 Reduced need for cooling: Power-pulsing possible
* Time for readout between bunch trains

e Technological advances - Thinner silicon, low-power electronics, light-weight
mechanics,...

| J
- I p Detectors at ILC
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A modern approach to event
reconstruction: Reconstruct every single

particle in an event, instead of thinking
in “towers”

Electron

Charged ;'
Hadrons

» Enables excellent jet energy resolution
by making use of all available
measurements of a particle
(p in tracker, E in calorimeters)

: | Neutral
~|Hadron

~ ' P Detectors at ILC _ _ B
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A modern approach to event
reconstruction: Reconstruct every single

particle in an event, instead of thinking
in “towers”

Electron

Charged x'
Hadrons

» Enables excellent jet energy resolution
by making use of all available
measurements of a particle
(p in tracker, E in calorimeters)

Neutral
~|Hadron

rtant than

I

~* Separation of close-by particles often more impo
| » Highly granular detector systems, in particular also in the calorimeters!

1
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Two Slightly Different Appr

3.5 T [ILD]

5.0 T [SiD]

* The requirements allow some flexibility for
design choices - the main parameter is
the radius of tracker

* To reach prresolution requirements:
* smaller tracker requires higher field

* smaller tracker requires higher spatial
resolution for space points

* To reach required PFA performance:

* smaller tracker requires higher field to
improve particle separation, splitting of
charged & neutrals in jets

* higher field favors higher granularity in

1.81 m [ILD

calorimeters

Detectors at ILC

e
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Two Slightly Different Appr

Jr:i SiD * The requirements allow some flexibility for
| design choices - the main parameter is
| the radius of tracker

* To reach prresolution requirements:
* smaller tracker requires higher field

* smaller tracker requires higher spatial
3.5 T [ILD] resolution for space points

* To reach required PFA performance:

5.0 T [SiD]

* smaller tracker requires higher field to
T 4 I improve particle separation, splitting of
— charged & neutrals in jets

EEEEEEEEEEE L

* higher field favors higher granularity in

1.81 m [ILD] calorimeters
1.22m[SID)| —— ————— .
- N.B. : Solenoid cost (and technical
—— 7 QDo | feasibility) steeply scales with field and |
| radius => Either large radius or high field! |
: "' n : Dete;tors atiILC .
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Two Slightly Different Approaches: ILD & SiD

Detectors at ILC
INSTR-14, Novosibirsk, February 2014

Different choices in tracker technology:
Trade number of measurements and
precision of individual measurements

* Five-layer all-Si tracker in SiD

 TPC with > 200 space points on a track in
ILD (NB: To reach resolution goal, an
additional Si layer outside of the TPC is
required!)

Trading cost vs. jet energy resolution at

higher energies (1 TeV option): Depth of

the calorimeter system

e SiD HCAL: 4.5 A, ILD HCAL: 6 A

Frank Simon (fsimon@mpp.mpg.de) 13



Two Slightly Different Appr

Jr:i SiD  Different choices in tracker technology:
| Trade number of measurements and
| precision of individual measurements

* Five-layer all-Si tracker in SiD

 TPC with > 200 space points on a track in
ILD (NB: To reach resolution goal, an
additional Si layer outside of the TPC is
required!)
e Trading cost vs. jet energy resolution at
- ‘ _ _ _ _
e .I higher energies (1 TeV option): Depth of
" the calorimeter system

e SiD HCAL: 4.5 A, ILD HCAL: 6 A

“In general: How much cost is emphasized |
| drives the choice between small and large

e | QDo detector: ECAL radius as main cost driver, |
. but larger detector favorable for PFA “
:'P Detectors at ILC Frank Simon (fsimon@mpp.mpg.de) 13 ; /,/
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» Pixel detector system with barrel and forward discs (forward strips an option for ILD)

Double-walled support cylinder Power 4 pixel inner disks 3 pixel outer disks

and cooling gas distribution manifold distribution card

1) AV
I Powler delivery cables / \i
== | o B JL \‘

Low-mass cables

| 1 \W |
Z \ A

2 of 4 beam tube \ :
support locations 5-layer pixel barrel Beam tube

5 barrel single layers (SiD) / 3 double layers (ILD default)

as close as possible to IP: Innermost layer at ~ 15 mm

Low mass: Goal ~ 0.15% Xo per layer

Single point spatial resolution ~ 3 -5 pm
 Low occupancy, not exceeding a few % also in innermost layers

» Pixel sizes of ~ 20 x 20 pm? or smaller,
single bunch timing (~ 700 ns) for SiD

| J
- I P Detectors at ILC
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nological Possibilities

—— == = = e ——————

* A wide range of technologies under study for both ILD and SiD
« CMOS MAPS, DEPFETs, SOI, FP-CCDs, 3D integrated sensors
> All require thinned silicon on the 50 pm level
* \ery light-weight supports, no liquid cooling to achieve material budget goals

» Low power consumption crucial to allow air cooling: Power-pulsing of readout
electronics

| J
- I P Detectors at ILC
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The Vertex Detector Technologlcal POSS|b|I|t|es

* A wide range of technologies under study for both ILD and SiD
« CMOS MAPS, DEPFETs, SOI, FP-CCDs, 3D integrated sensors
> All require thinned silicon on the 50 pm level
* \ery light-weight supports, no liquid cooling to achieve material budget goals

» Low power consumption crucial to allow air cooling: Power-pulsing of readout
electronics

e First mechanical concepts demonstrated:
low-mass PLUME double ladder
(two layers of MIMOSA sensors)

PLUME ladder =

thinned sensors

e first prototype with 0.6% Xo total budget
demonstrated in test beam

* Improved prototype with 0.35% Xo in
construction

50 um to servncmg board—»

|00 um
2 mm

| J
- I P Detectors at ILC
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The Main Tracker: Two quite different Appro

aches

SiD: all silicon tracker ILD: TPC, augmented with Si trackers

¥ .

==l -
T TP

| | | |

k - / /
] \
18 al [
e one stereo strip layer outside of TPC

* 5 barrel layers, axial-only measurement

* 4 discs, stereo layers (SET, ETD)

* two stereo strips inside (SIT)

central tracks:
e 220 space points in TPC,
~ 60 - 100 pm precision
3 measurements in Si, ~ 7 ym precision

central tracks:
5 measurements, 8 um precision

N Detectors at ILC e
l' i i —~
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e Very low-mass design:
Front-end chip directly bonded on silicon sensor
- no need for electronics hybrid

| * Compact electronics: KPIX chip, 1024 readout
channels per ASIC

2 il T T T T T

% 12 —

,_l__l 10 — Vertex Barrel

@) . — Inner Vertex Disks

CIL) 8 — Outer Vertex Disks

o) - — Tracker Barrel i

& 6 Tracker Disks —

-] — Total

Z 4b s F
I /bp :
I N ot vvaweon oo It

0] 10 20 30 40 50
0[°

.' I P Detectors at ILC
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The SiD Main Tracker

e Very low-mass design:
Front-end chip directly bonded on silicon sensor

- no need for electronics hybrid

channels per ASIC

= Compact electronics: KPIX chip, 1024 readout

4
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e Large-volume TPC with MPGD readout in
endplate, 1 x 6 mm? pads

- Different technologies under investigation,

including pMegas, GEMs, - in general w/o gating -

needs strong ion feedback suppression

==

W

B e

N T TS SRS | oge prototype with low-mass
ae end-plate, to be tested with
)| UMegas, GEMs

2 12
< c
8 [7p)
— ©
o200 all silicon El 08
o 1 €
o h
g 150 inner silicon ] 3
§ " -
100 vertex detector 1
50 F -
[ 1 ]

0 Ly
90 80 70 60 50 40 30 20 10 O
6/degrees

= === — — = el S g ——— E—— = o ——— ————— = S
= = = S = = — = ‘
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e Large-volume TPC with MPGD readout in
endplate, 1 x 6 mm? pads

- Different technologies under investigation,

including pMegas, GEMs, - in general w/o gating -

needs strong ion feedback suppression

A -]

T yr

B e

k LT s Sy Large prototype with low-mass
1 ..‘E‘_\S&‘\‘_‘gn;"‘ -3",\, . J"" y J : - P '_ - 1
QB 2 endpiate IR ¥ end-plate, to be tested with
N

\\‘\\\i\\}\\\\\\\\\\\ AR AR s | UMegas, GEMs
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bt 1 E 1,
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“100f  vertex detector P resolution goals
50} “in full simulation
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The Calorimeters

* The detectors where PFA “happens” - Quite different than calorimeter systems at
current experiments in terms of granularity: Segmentation finer than the typical
structures in particle showers

o ECAL: Xo, pm (length scale & width of shower)

« HCAL: length scale ~ A, but em subshowers impose requirements not too much
different than in ECAL

| J
- I P Detectors at ILC
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The Calorimeters

* The detectors where PFA “happens” - Quite different than calorimeter systems at
current experiments in terms of granularity: Segmentation finer than the typical
structures in particle showers

o ECAL: Xo, pm (length scale & width of shower)

« HCAL: length scale ~ A, but em subshowers impose requirements not too much
different than in ECAL

S—

- NB: Best s—eparation for narrow shoers |
| particularly important in ECAL |
<~ Use W in ECAL!

Depends on materlal
. |nW X0~3mm oM~ 9 mm

When addlng active elements ~ 0.5 cm3 segmentation in ECAL ~3-25 cm3 in HCAL
= 010’8 cells in HCAL, 108 cells in ECAL! - fully integrated electronics needed.

H I Detectors at ILC
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The Calorimeters

* The detectors where PFA “happens” - Quite different than calorimeter systems at
current experiments in terms of granularity: Segmentation finer than the typical
structures in particle showers

o ECAL: Xo, pm (length scale & width of shower)

« HCAL: length scale ~ A, but em subshowers impose requirements not too much
different than in ECAL

e = ==

| Depends on materlal - NB: Best s—eparation for narrow showers |
L e inW: Xo~3mm, pu~9mm | | particularly important in ECAL
. |n Fe: Xo~20 mm, pM~30 mm N 9UseW|n ECAL!

l

When adding active elements ~ 0.5 cm3 segmentation in ECAL ~3-25 cm3 in HCAL
= 010’8 cells in HCAL, 108 cells in ECAL! - fully integrated electronics needed.

Several technological options both in ILD and SiD:
 ECAL: Tungsten absorbers, Si or Scintillator with SiPMs as active medium
« HCAL: Steel absorbers

e analog: Scintillator tiles with SiPMs

 digital or semi-digital: RPCs, GEMs, uMegas (digital or semi-digital)

» Detectors at ILC Bl
ilp mon (s A
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The ILD Calorimeters

« ECAL: Si PIN diodes with 5 x 5 mm? pads or crossed W i
scintillator strips with SiPM readout, 5 x 45 mm? & (":l::‘ ::"3 R )
e two longitudinal segments with different absorber e R luc: 75 n
thickness, a total of 30 layers with tungsten absorbers fo | waler: 325 i
 integrated readout electronics on a PCB e Kapton® film: 100 um

.' I p Detectors at ILC
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» ECAL: Si PIN diodes with 5 x 5 mm? pads or crossed W, .
scintillator strips with SiPM readout, 5 x 45 mm? SR PCB: 1200 ym

(with FE embedded)
e two longitudinal segments with different absorber

thickness, a total of 30 layers with tungsten absorbers

6.8 mm

wafer: 325 um

 integrated readout electronics on a PCB | I Kapton® film: 100 um

e HCAL: Scintillator tiles (3 x 3 cm?) with SiPM readout or
RPCs (uMegas) with semi-digital 3-threshold readout
6 A\ - 48 layers, 2 cm steel absorber here: AHCAL

Flexlead on Electronics height: 17mm max

Reflector Foils ey ey = s - v Y D S R
Polyimide Foil 0.8mm connector Robyst Interface | DIF. CALIB and POWER E-‘j@ | (B [eag 7701
UV LED mezzanine cards = =m%‘2—; B a:
non- . - ; 75 r-mlx = n E.‘.F
absorover| 3 - % ! -
T ST
. L T | : - .\ n X
54mm | ' ‘ 5 e !
capecsceds 4 — - . = e o — - -
( | in mm, ] ~75 \T\o .
f not in scale ' I
SPIROCZ / |
in cutout Cooling Pipe \ Central Interface Board-
H hick CIB (1.7mm thick)
Tile with SiPM BU, 0.9mm thic Cassette Bottom Plate

(Printed Circuit Board) (Steel, 0.5mm thick) CIB socket (~2.4mm)

~ I p Detectors at ILC : , |
HTA INSTR-14, Novosibirsk, February 2014 Frank Simon (fsimon@mpp.mpg.de) 20 ,/é



 ECAL: Si PIN diodes with hexagonal pads (13 mm?) or
MAPS sensors with 50 x 50 pm? pixels

e two longitudinal segments with different absorber
thickness, a total of 30 layers with tungsten absorbers

o ASIC directly bonded to Si wafer to reach thinnest
possible active layers, < 1.25 mm

" ’ p Detectors at ILC
,'b INSTR-14, Novosibirsk, February 2014
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 ECAL: Si PIN diodes with hexagonal pads (13 mm?) or
MAPS sensors with 50 x 50 pm? pixels

e two longitudinal segments with different absorber
thickness, a total of 30 layers with tungsten absorbers

o ASIC directly bonded to Si wafer to reach thinnest
possible active layers, < 1.25 mm

e HCAL: Digital calorimeter with 1 x 1 cm? cells, using
RPCs, double GEMs / thick GEMs, pMegas, scintillator
tiles with SiPMs and analog readout also considered

e 4.5\ thickness - 40 layers with 1.9 cm steel

1.2 mm gas :

gap
Resistive paint
Mylar
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Forward Instrumentation

Beamcal

Mask SiD (ILD similar)
— 216
a0, T
JH 1 ﬂ =
5.35 — 5 — “__ |
==t =—mprr_.--———-3——t - == — —&——
|2 — I 22l
e 7 I ekttt 2o I
Lumical | "y B
-143~- in ILD: Additional LHCAL
- to extend HCAL coverage ...-

S B d ~~S AT
2775 3247

L* = 3500

e Forward instrumentation (cosf > 0.99) important for luminosity monitoring

 LumiCal - measurement of the integrated luminosity using small-angle Bhabha

scattering better than 103

« BeamCal - measurement of the instantaneous luminosity from beamstrahlung pairs

on the 10% level per BX

 Both serve to increase detector hermeticity

 Require rad hardness: Si sensors in LumiCal, GaAs or CVDDiamond in BeamCal
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Magnet, Yoke & Muon System

e The solenoid is one of the key components of any experiment -
For ILC detectors we can build on the CMS experience

e For ILD: Similar field, max. 4T, radius ~ 50 cm larger,
for SiD higher field, somewhat smaller radius

 The muon system: instrumented return yoke
 |dentification and tracking of muons

 Tail catching for the calorimeter system

A key task of the yoke: Reduce the stray field
of the solenoid to allow maintenance on one
detector while the other is in operation

N Detectors at ILC e
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e Current concept: Two
detectors share one
Interaction region -
Exchange by push-pull on
air-cushioned platforms

» Requires well designed
Integration & services

> Imposes strict requirements
on stray fields of solenoids
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e Current concept: Two
detectors share one
Interaction region -
Exchange by push-pull on
air-cushioned platforms

» Requires well designed
Integration & services

> Imposes strict requirements
on stray fields of solenoids

' NB: Here two detectors do not |
| increase the total integrated |
luminosity - The gainis in

- systematics, risk reduction |
(and sociological aspects! |
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Performance ...

» Studies based on full detector simulations - in quite a few cases key performance
parameters have been validated with prototypes in test beams

e energy resolution & PFA performance (calorimeters), tracking, spatial resolution of
pixel detectors,... more in other talks throughout this conference!

e
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» Studies based on full detector simulations - in quite a few cases key performance
parameters have been validated with prototypes in test beams

e energy resolution & PFA performance (calorimeters), tracking, spatial resolution of
more in other talks throughout this conference!

pixel detectors,...

Global performance - just one example: PFA in ILD
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clean separation of W and Z in hadronic final states!
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and Cost

Total 400 MUSD SiD M&S Total 320 MUSD

"1 ILD
(430 w SiW ECAL, 350 w Scint ECAL) 160 -
0.3 A average of SiW and 140
ScintW options 120

100

0.2 -+

M$
o)
o

0.1 4

II I.-II 0 | =lm  mEm I I iﬁ .
0.0 1
v

o
\ .\ ‘é"v. QV‘ (((’?‘ ‘X\ O

® o o~ o <
& C \\) o ’b\\ ‘—)Q s> A
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* First estimate of cost (excl. labor) - for the some of the more expensive systems
already quite detailed (NB: on some items the cost models of ILD and SiD are different)

» Clearly reflects the design for PFA: ~ 50% of the total cost is in the calorimeters

» Shows SiD optimization with cost-effectiveness in mind

Studies to evaluate the cost and performance impact of parameter changes are ongoing
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e The physics program at ILC requires highly performant detector systems:

* Flavor tagging - b, ¢ and light jets
* Precise momentum measurement

* Excellent jet energy resolution - a factor of two better than state of the art

e |LD and SiD meet these challenges with:
* low-mass, small pitch pixel vertex trackers
* high resolution main trackers, either all silicon or silicon + TPC

* highly granular “imaging” calorimeters
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e The physics program at ILC requires highly performant detector systems:
* Flavor tagging - b, ¢ and light jets
* Precise momentum measurement

* Excellent jet energy resolution - a factor of two better than state of the art

e |LD and SiD meet these challenges with:
* low-mass, small pitch pixel vertex trackers
* high resolution main trackers, either all silicon or silicon + TPC

* highly granular “imaging” calorimeters

2 —

| Key issues have been demonstrated with proto

|}} and the physics performance has been studies in full simulations

U= = === e —— e ———
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Next Steps: Optimization

 The ILC detector concept have demonstrated their performance for various channels
Now: Take a step back and re-examine the design choices:
e Better understand physics drivers for performance requirements
 |dentify key performance drivers, find possible “breaking points”

 Reduce cost - but without de-scoping of performance goals

- main tracker radius & aspect ratio
_ number and placement of tracker layers
- calorimeter granularity (in 3D!)

- — ECAL technology: Si/ Scint / Hybrid

- magnetic field

— yoke & stray field
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o Starting now: Optimisation of the detector design - Study impact of design choices
on physics performance and cost, react to new LHC results

» Prepare for a Technical Design Report by ~ 2018
e Further demonstration of technologies in beam tests
e Complete mechanical design

 More thorough cost estimate

after approval: 6 - 8 years for
final design, production and installation
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o Starting now: Optimisation of the detector design - Study impact of design choices
on physics performance and cost, react to new LHC results

» Prepare for a Technical Design Report by ~ 2018
e Further demonstration of technologies in beam tests
e Complete mechanical design

 More thorough cost estimate

after approval: 6 - 8 years for
final design, production and installation

{:V/The physics program of th ILCi
| clear and we have the detector
technology to do it!
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