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,'. ’I ": ILC Accelerator Baseline Parameter for Physics

The BASELINE:

E ., adjustable from 200 — 500 GeV

Luminosity [Ldt= 500 fb” in the first 4 years (L ~ 2x10°*cm?s”)

e beam polarization 80%

Upgradable: to ~ 1 TeV with 1 ab™! / 3-4 years

Options :

- e* polarization >50%

- GigaZ (high luminosity running at M, and 2M,,)
- vy, ey, ee collisions

Choice of options depends on LHC+ILC results

[http://www.fnal.gov/directorate/icfa/para-Nov20-final.pdf, Heuer et al]
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Superior Characteristics of ILC

m Electron/positron collision (elementary process)

Fixed Energy & Scan (controllable)
Controllable beam polarization
Very sensitive detectors

Trigger free

Precise theoretical calculation (<1%)
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Signal and background Cross-section

LHC
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BTV ¥— (BR) BRI TICEET S [&TOlT| 2 [0 &DD0D] R
& L)V XF—%E 275 5 (Energy Scan)
¢S /N HARNZIZ1 ~10 (ET - BEFa7 1 ¥ —0RE)
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& Minimum Supersymmetry (MSSM). Next-MSSM. #%tk v 7 28, REWRILORITE. -
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& FEE. Bk, Little Higgs, B &, B8 #4875, Mixing, .
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nHiggs 4k MicastM; (~210 GeV for 120 GeV Higgs)
sHiggs H G & 2 X MypastM, (~330 GeV for 120 GeV Higgs)
mTop quarkxfZEhk 350 GeV

s8R« ¥ —27 <= — 2 x LSP (mdmuissimthy EHa
mAny pair production 2 x &M (Ecm=500GeV7E H5M=250GeVE T)
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~31 Km

Not to Scale

€
e-/e+ DR ~6.7 Km

RTML RTML
’ o L 1— - T\
30m radius o exieaction o ] L—-—-——’/ i 30m radius
Lad, youu n & e~ Injection .
— N . e+ Linac
K 1l "
¥ 3
~1.33 Km 11.3 Km + ~1.25 Km ~4.45 Km 11.3 Km ~1.33 Km

Schematic Layout of the 500 GeV Machine
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u’f Accelerator Technology

EADELADBKIEL, IUAXEE, EF, BRESHE
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LHC N=7as54y—
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H I f* Large Scale Test Facilities for ILC accelerator R&D
"o

TTF/FLASH (DESY) ~1 GeV
ILC-like beam ILC RF unit

(* lower gradient) STF (KEK) operation/construction
ILC RF unit test

CesrTA (Cornell)
electron cloud
low emittance

FNAL OO Cornell

NML Faalﬂ'

R < AT & ATFZ (KEK) NML facility ILC RF unit test
DAINE (INFN Frascati)  ultra- low emittance Under construction
kicker development Final Focus optics

electron cloud KEKB electron-cloud



"IE Main LINAC TEST Facilities

DESY TTF/FLASH

KEK

FNAL

EURO-XFEL (Under constr.)
STF

NML
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FHi IL.C beam

The scale of the Beam at Collision Point

1LC — ! Gam—




ILC F5ROIEARBILE

FREI7TARVEERSBNTEIZRS

LHCHI 2D 1 i L2t < HpeZ2H¥5 L T
With respect to detectors at LHC:
Hl Vertex Detector

HMIinner layer 3~6 times closer to IP
M Pixel size 1/30
l Materials 1730
M Tracking Detector
B Materials in Tracker 1/6

Bl Track mom. resolution 1/10
Bl Calorimeter
B EM cal granularity 1/ 200

B /mpact Parameter resolution: < 5um + 10um / p(GeV) sin-32 0

W Jet energy resolution: dE/E < 0.3 /VE(GeV)
B Excellent Hermeticity: down to 6 < 5--10 mrad (active mask)



SiD Letter of Intent

« LOI signatories

The ILD group ~- 695 4
— 32 HE
Location of LOI and — 148 BT H4ES

supporting documents
http://www.ilcild.org/documents/ild-letter-of-intent

« LOI signatories

The SiD group ~ 240 %
— 17 7E
Location of LOI and — 77 W F A8 RS

supporting documents
http://silicondetector.org/display/SiD/LOI

15
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Standard Model @ E ~ 0.1 TeV

EAB= 3
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|a 1LC Technology-Driven Timeline

, ’ b NOW Ready for Project

Submission

LHC physics

U

Physics case and Research Strategy 1st Ecm range

\

Detector Design (Research Director process)

R&D R&D / Desi
Ref. Design Letter of Intent

Accelerator Design (Global Design Effort proce

Baseline Ref. Design

ag

s

Re-
TDES [ baseline TDP-2

Technical Design Phase (TDP) 1&2



' . ILC Reference Design Report (2007 Aug.)

Reference I]ESIﬂII ﬂb’ﬂﬂf f

“““““““ _. http://www.linearcollider.org/cms/?pid=1000437

Execufve Summary |

Sighup
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* Site example studies
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@l Reference Design (2007) cost estimate

"o .
For Ecm=500GeV machine

« Estimated cost (2007) ~6.7 Billion ILCU*
— 4.9 Billion ILCU shared
— 1.8 Billion ILCU site-specific

1 ILCU (ILC unit) = 1 $ = 1/1.2 Euro = 116.667
Yen (IEFEIZ(Z1 Euro = 140 AT &)

ERE S AT L

28%

Fomd s

(= LHCOWIMR
BE kM _E

v Ao R

2008-2012 Technical Design Phase
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CLIC Compact Linear Collider
(Two-beam accelerator)

Aiming for Multi-TeV Linear Collider

DRIVE BEAM

QUAD CLIC 3Tev e
QUAD ’

352 Klystrons
Y Y'Y Suwisine

drive beam accelerator
2.37 GeV, B7 MHz

POWER EXTRACTION
STRUCTURE

combiner
rings

decelerator, 21 seclors of 669 m

2 Lo

& main linac , 30 GHz, 160 MV/m, 14 km IP1 &1P2 ¥ Fiac

RF power «<—

ACCELERATING
STRUCTURES

train combination
Ag 16 cm— 8om

booster linac,

MAIN BEAM

BPM & injector e+ injector,
24 GeV 24 GeV
) Drive Beam Accelerator 35A-14ps X 2 Delay Loop
Drive Beam 16 stryctures - 3 6Hz -7 MV/m 150 MeV
Injector \ e
\ | = g
\ [ ] I 1 — TLI 7 /,. /
Gl - BN v /LS
Canmarts e i, W il
[ \,
= £ aoash - \
Two-beam
;‘5 Test Area DMV
=\:,\ =
i0m = =
= Main Beam
Injector 35 A-140ns
150 MeV @  RF DEFLECTORS

mm HIGH POWER 30 GHz
TEST STANDS
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Discovery & Principle determination potentials at ILC

BROEEOREE — BARSENHETHIHIL X5z koiti

ZDFREDFR
Discovery of Self-coupling SUSY mixing Extra dimension Principle
Bottom Yukawa Di f Gravit
Charm Yukawa MSSM? NMSSM? Beyond? > overy ob Lraviton
Heavy Higgs LSP darkmatter N-Dimensions & Scale
Total width SUSY breaking
. . . 7’
| ble width
nvisible wi SUSY GUT . |
YHDM? Little Higgs
SUSY CPV
Strong EWSB
SUSY LFV (1] {

No other source of mass?

Top quark anormaly 32
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€ € Cross sections
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© aq (g=t)
10

10 oL Energy scan for discovery

ot A\ L

if 10 days run / point

~1000 events

1~100 events

140 GeV

300 GeV

600 000

800 1
Vs (GeV)
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Energy Scan Tunable Beam Energy

Precise mass., Spin and Coupling constants Determination

Top quark SUSY Higgs e'e-— ZH
4+ -
0.7¢ 200 (LK : :
- a) _ —_ e L =10 fb~'/point
06 mE® (my ) = 175 (165) GeV = 5
E i, =012 |V;‘n| 208 — & 4
0.5': No Higgs =10 — © 150F _
212 — e
3 04 |LC £ 104
—= | 100} 2 .
g 03F y
0.2F o
s 50} 5
- ACFAWG |
0.1
‘ ‘ 1 MC: 5 1 point ff
- " e b - -t i ‘ /’
b2 s 345\I.3é3v 350 352 354 0—256 260 264 268 0 et S
SiGeY) Eeme [GeV] 210 220 230 240

Mass resolution typically 50 — 100 MeV



Things we‘ll never do with a hadron machine:

Reconstruct the invisible

Model-independent
WIMP reconstruction:

Ml?ecoi/ =S 2'\/EE’)’

1005 — e'e’ > vvy
I i 7 4

102
10:

o;

PFlow Photons / 5 GeV

107§

102

I IS A | | | |

0 50 100 150 200 250 300 350 400 450 500
M, o0 [GEV/C?]

Figure 4: Recoil mass distribution for a
180 GeV Spin-1 WIMP.

[List et al, Birkedal et al]

Mass reconstruction of
invisible Higgs:

2 2
my; = (Dyigibe = Pinitial)

events/2.5

LI S S i T LI I B B S e e e e
[ T T 1 T T I T I T

3000 =

2500

2000 -

1500

\Signal(120)_.

1000

20 40 60 80 100 120 140 160 180 200 220
M, (GeV)

[Schumacher]
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Higgs Physics

by JANLT 77 bV —

Higgs-strahlung WW fusion

4ot 2-jet + missing e'elu'yH
—_ : : : 1
. 00
€ | SM Higgs AL |
g0 e ALLHff |
- p—
= a0
2 120 GeV Higgs HZ only 400 a0k
R B
200 |
. 30
= ~ 5 600 600}
& 10° Higgs
for 500fb-?
100 | 40 annf 0
20 - 100
0 1 L L
200 300 400 500
Ecm (GeV) 0 0 0
70 80 90 100 110 120 130 140 150 160 | 70 80 90 100 110 120 130 140 150 160 | g0 90 100 110 120 130 40 150 160
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"
Higgs Sector is unknown

Electroweak fit at LEP/SLC/Tevatron tells
At least one should exist below 150 GeV

which couples to Z and W —

Almost NOTHING is known

A)

N

B NOTHING is known for Yukawa-coupling
B NOTHING is known for self-coupling

M Various Models
M Single Higgs? Two Higgs field doublets?
M Additional singlet? Triplet? ~__
B SUSY? Extra-dimension?
Il Composite?
M Type-1? Type-11?
B Why top is so heavy? Special for 3rd generation?
B CP-violation in Higgs sector?
Bl More exotics?

NN,

\\Grad A g
N— 3N

(ﬂ%kﬂi?ﬁ\‘
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Higgs potential = Origin of EW Symmetry Breaking
HE&Ea N
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Deviation from SM value

gicse~ S

SUSY / Multi Higgs ey  RMTF BEEEHORE
% |[[MCOC00CE C
+20% "
' cosa/sinp | "
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1(S|\/|) I .................................... o 08
o i . : . 1 06
-10% -sin(a=f) | ] »
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| Kamoshita et al MA (GeV')

+ ACFAWG

Model Independent Analyses
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PR PERL 1 lepton, jet
N éRéR, éLéL, éRéL, Deﬁe f/‘].‘(‘)/R /,’7
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Calorimeter for IL

281 physicists/engineers from 47 institutes
and 12 countries coming from the 3 regions
——1H (Asia, America and Europe)

Electromagnetic CAL : Hadron CAL :
« Scintillator-Tungsten * Analog HCAL (scintillator-based)
* Digital HCAL

» Silicon-Tungsten Si sensor prototype

* MAPS (Monolithic Active Pixel Sensor) with 5x5mm? pad size

MPPC prototype
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Ve rtex d ete CtO r . C—halll-leigk?ﬁﬁ rate by e*/e- pair background

» High readout speed (~20/1ms)
* Very fine pixel size (~5x5 um?)

« Various Sensor technologies — Very low mass (0.1 — 0.2 %X,/layer)

— Fine pixel CCD (FPCCD) wafers and support structure
— ?I/\I/Io,&lglslt)hlc active pixel sensor — Excellent spatial resolution (0<3um)

— Depleted FET sensor (DEPFET)
— 3D pixel sensors (SOI)

| DEPFET | MPI(3hR)

Clear SW DEPFET-matrix Gate SW

—~ || 2 F I Bl
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» Possible spin-offs 13D (V-integration)| OKI iK‘EK N KEK‘ OKl
—  X-ray astronomy = —
— Protein crystallography Rty Detector
— Electron microscopy oIC
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