Global ILC Project in Japan: Accelerator / Physics / Detectors

Maxim Titov (CEA Saclay, France)
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The Intemational Linear Collider (ILC) - From Design o Reality
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2012 - Discovery of Higgs Boson: | "% Yt
“Revolution in Particle Physics” = “c s %% % LHC

l 2005 2006 2007 2008 2009 2010 2011 2012 2013

BAL DESIGN EFFORT (GDE) B

2007: RDR | . 2013: TDR . Linear

s THE INTERNATIONAL LINEAR COLLIDER COlhder.
Reference Design Report e e Collaboration

Execofive Sum -
COMPLETED §

Ref. Design Report

(RDR)

HEP £OMREREMZE 2004 BEIJING

F’ A= ] A
" r ‘ -




June 12, 2013: Official Completion of [LC TDR = TDRhanded to LCC Director Lyn Evans
“A World-Wide Event — From Design fo Reality”

https://agenda.linearcollider.org/conferenceOtherViews.py?
view=standard &confld=6004

H ILC TDR published in a Worldwide

Event: Tokyo = Geneva - Chicago

The In.ternational Linear Collider
— A Worldwide Event

From Design to Reality
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As compared to other projects of a similar scale (ITER,
LHC, ATLAS, CMS, ALMA, XFEL, FAIR, ESS, SSC),
the quality of the TDR documentation presented by
the GDE team is equal or superior to that utilized to

launch into a similar process

- THE ILC IS “READY TO GO AHEAD" !


https://agenda.linearcollider.org/conferenceOtherViews.py?view=standard&confId=6004
https://agenda.linearcollider.org/conferenceOtherViews.py?view=standard&confId=6004
https://agenda.linearcollider.org/conferenceOtherViews.py?view=standard&confId=6004
https://agenda.linearcollider.org/conferenceOtherViews.py?view=standard&confId=6004

The Rising Sun of the Linear Collider <> ILC as the “Higgs Factory’

% Discovery of a 125 GeV Higgs has reinforced the importance of the ILC

—

Integrated Luminosity (ab)

Physics confident:
- Higgs and Top Quark

% Learn “Everything” about H (125) New PhYSiCS beyond SM.:
% Probe Dynamics of EWSB

« Direct or Indirect DM Searches
% Evidence for BSM Physics
+» Hints of a New Mass Scale

K. Kawagoe
(modified)



"HADRON
COLLIDER

% Precision measurements of neutral current (i.e. polarized e+d) Whyv ILC Today ?
predicted m,, m, i i
- UA1/UA2 discovered W/Z particles

—> LEP nailed the gauge sector

Problem: no argument

for a particular energy
% Precision measurements of W,Z(LEP+Tevatron) predicted m, scale yet ®
- LHC discovered a Higgs particle

- LC nails the Higgs sector? .
= Push Energy Frontier

% Precision measurements of Higgs (HL-LHC + LC‘ will . Beyond LHC (HE-LHC,
nail the “New Energy Scale” ? CLIC, FCC-pp)©



Hadron vs Lepton Colliders

Proton is compound object

- Initial state not known event-by-
event

—> Limits achievable precision

Circular colliders feasible

High rates of QCD backgrounds
- Complex triggering schemes
- High levels of radiation

High cross-sections for colored-states

e*/e” are point-like

> Initial state well defined (\'s /
polarization)

- High-precision measurements

Linear Colliders (avoid synchrotron
rad.)

Cleaner experimental environment
- trigger-less readout
- Low radiation levels

Superior sensitivity for electro-weak
states



(G-  The ILC Accelerator Complex: How It Works ? = i

Ring to Main Linac Damping Rings Polarised Electron Source
(including bunch compressors (reduce emittance (deliver stable beam current)
- reduce 0z to eliminate —> smaller transverse

hourglass effect at IP) IP size achievable)

e+ Main Linac

Polarized e+ Source ) l
(use e- to pair-produce
e+ on target)

C.M. Energy 500 GeV

Beam Delivery/Final Focus System

o (demagnifty and collide)
\. Beam Rep. rate 5Hz
Two detectors (“Push-Pull” option)

Peak luminosity 1.8 x10%* cm2s!

Pulse duration 0.73 ms

Average current 5.8 mA (in pulse)

ILC TDR: key accelerator technologies in

hand after extensive R&D E gradient in 31.5 MV/m +/-20%
SCREF acc. cavity Q,=1E10

LG Sham | S weara Boemeong di



The ILC Superconducting RF Cavity

LHe tank HOM coupler
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Input coupler

Parameter Value
Fundamental 1.300 GHz
Average accelerating gradient 31.5 MV/m (£20%)
Quality factor =1x1010
Active length 1.038 m
Total length 1.247 m
Numbers of cells 9
Cell construction 2.6 nmun thick

Niobium sheet metal
Niobium material RRR > 300
W’eight 35 ke
1.3 GHz (9-cell Nb) Cavities 16,024
Cryomodules 1,855
10 MW MB Klystrons &

436

modulators

Approximately 20 years of R&D worldwide =
Mature technology, overall design & control of cost




Why is the Trend Towards Super-Conducfing RF 7

There are a number of

% Ultra-high Q, (10'9):
- small surface resistance = almost
zero power (heat) in cavity walls
- use relatively low-power microwave
source to ‘charge up’ cavity

% Long beam pulses (~1 ms)
- intra-pulse feedback

% Larger aperture / smaller beam loss

- better beam quality with larger aperture -

lower wakefields

% Future work will focus on engineering:
- Cryomodule (thermal insultation)
- Cryogenics
- Gradient to be further improved

technology:

Luminosity:
RF power / beam current
\J / Vertical

L oC UPH: 558 emittance

- (tiny beams)
Ecn \ &,
% For given total power (electricity bill !),
luminosity proportional to RF efficiency
ILC: ~160MW @ 500GeV

RF efficiency

% Capable of efficiently accelerating
high beam currents

< Low impedance aids preservation of
high beam quality (low emittance)

- Ideal for Linear Collider

each through technology coupled with precision & control



SRF Cavity Gradients: Performance and Industrialization

60 T T [

CEBAF: CW SRF Linac
XFEL & ILC: Pulsed SRF Linac

Continued progress in SRF Gradients: .

40

% Breakthrough of 45 MV/m gradient
and a record of 60 MV/m achieved
in 1-cell (1300 MHz) Nb cavity

m]

30

Eacc[MV

20

<+ Gradient demonstration of 45-50 MV/m 2 « o Lo e
in 9-cell cavity is foreseen in next 5 years. ¥ ‘ - n————
— “"ﬂ"/;wv 01915 1980 1985 1990 1995 2000 2005 z:nm a8
’ | v :{_{"ii‘ 45 { w0 L B bt ——
| Goal is to increase the number of qualified vendors in the Americas and Asia regions
g ) |
» Production yield: 94 % (+6%) at > 28 MV/m Yearly Progress in Cavity Gradient Yield:
—> acceptable for ILC mass production >28 MV/myield > 35MV/m yield
2nd pass: if gradient < 35MV/m and Q, < 8 x 10°
> Average gradient (2" pass): 37.1 MV/m 100 . N
- exceeds 2005 GDE R&D goal " &1}'
» ILC (linac) gradient spec. : 31.5 MV/m +20% %50 + .], % l
= 40 I l
% GDE global database: Asia — KEK; * KILC 2012
Europe — DESY; US - JLab, FNAL, Cornell 0 = < S 5
% Qualified cavity vendors: $ ra & &
Asia — 2; Europe " 2; w5—1 ,55"6 test date (#cavities) 'é?

e .



Global Superconducting RF Linac T@@hn@ﬂ@)gy

RF Cav1ty

Cryomodule
POWGI‘ TRIUMF, Canada Frequency
IHEP, China
Coupler "’}N STFG
FNAL, @Cornell ®
SLAQ\. \QJLAB LAL @iDESY > /}9 P%K Japan Tuner
\ g;INFN Milan / 48

}DBARQJ/ RRCAT India

&

l ,',"': G DE Acknowledging the efforts of the Tesla
e Technology Collaboration (TTC)

Klystron (10 MW)
1.65 ms, 10 Hz Multi-beam Klystron HOMS
| (higher order

SCRF Linac
Technology

modes)

" coupler

Promote development of 1.3 GHz cavities, expertize and infrastructure in all 3 regions



Injector

0 \
200

Bunch Compressor

European XFEL @ DESY

1000 o

Vertical Cavity RF Test @ DESY

EU-XFEL: Largest deployment
Main Lir  of SRF technology to date
Collimation

h__m_y_gg_ ulate

2500

i

808 cavities
1.3 GHz / 23,6 MV/m

Beam Distribution

Thales
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26 RF stations (10 MW) 0
operating at 5,2 MW
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Institute

Component 7 Task

CEA Saclay / IRFU, France

CNRS / LAL Orsay, France
DESY, Germany

INFN Milano, Italy
Soltan Inst., Poland
CIEMAT, Spain

IFJ PAN Cracow, Poland
BINP, Russia

Cavity string and module assembly; cold beam position
monitors

RF main input coupler incl. RF conditioning

Cavities & cryostats; contributions to string & module
assembly; coupler interlock; frequency tuner; cold-

vacuum system; integration of superconducting magnets;

cold beam-position monitors

Cavities & cryostats
Higher-order-mode coupler & absorber
Superconducting magnets

RF cavity and cryomodule testing
Cold vacuum components

XFEL Linac: the ultimate
‘integrated systems test’” for ILC

- Commissioning with beam:
beginning of 2016




Industrial Mass Production of SRF Cavities for EU - XFEL

% 800 XFEL SREF cavities for XFEL at DESY (5% of ILC @500 GeV)
- unique statistical sample to study properties of mass-produced cavities

% Industrial production (RI, ZANON) yields gradients > 23.5 MV/m (XFEL spec)

Yield of usable maximum gradient of 64 cavities (status as of Sep. 2013)
- 50 cavities passed in 1%t test + 14 cavities after re-treatment (2" pass)

20 100% 20 Te—e 100%
= 1st & 2nd pass . 15t & 2nd pass Status of MaV 2014:
18 90% 18 = =
- . st pass - . ™ 1st pass
16 - - , 80% 16 . | BO% .
\“ —#—yield 1ste2nd pass \‘\ +erld 1st & 2nd pa 14 300 XFEL Ca_VltleS
- ‘ 14 —s—yiald 15t pass T0% .:_14 ‘\ #+-yield 1st pass 70% d d b
212 60% 512 \ B0% VLS |PIY uf:e - y
. 10 sox %0 A so% 3 EZ, RI 9 similar
28 a% 28 B a0% gradient
26 T I I 305 performance
4 20% 4 20%
l X " . o i, D. Reschke,
2 10%
.. 1, SRF 2013
0 0% 0 o 0%
1113 1517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 111315 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 TTC 2014
Gradient MV/m Usahle Gradient N/
Average maximum gradient: Average usable gradient:
(30.9 + 4.4) MV/m (29.0 + 3.9) MV/m

% Yield for high-gradient cavities is limited by local defects in individual cells:
- quench of cavity or eventually field emission (excessive X-rays)

E.g.(recipes for post-treatment):
% Geometrical defects limit gradient <20 MV/m = mechanical polishing
% ILC: <20% cavities with <35 MV/m on the first-pass test = 279 pass includes HPR or light EP

p—. 4 S




Global Cooperation for [LC Accelerator

TTF/FLASH (DESY) ~1 GeV STF / STF2 (KEK)
ILC-like beam Quantum Beam experiment

ILC-RF unit (* lower gradient) ILC Cryomodule Test: S1-Global

CesrTA (Cornell)
electron cloud
low emittance

- " P

i‘NAL -"! Cornell

y e = NML /ASTA (ENAL)
DASNE (INFN Frascati) Ultra-low beam emittance ILC RF unit test
Final focus optics

KEKB electron-cloud

kicker development
electron cloud

% Solid SRF technological base for the ILC on a global scale is now in place
(EU: XFEL@ DESY; US: Future LCLS-II@SLAC; Japan: Development of ILC-Hub-Lab@KEK)



I]L@ TDR Value Estimate and Timeline

Electron Source
3%

Average project cost (site-independent):
» 7.8 Billion ILCU
» 22.6 Million person-hours

By accelerator
system

Positron Source
4%

Damping Rings
6%

60% of the cost is in the
main linac components

FALC Internat’l Negotiation

Joint Site Project Approval
REEEEE NN | Site Decision
Project Proposal

~2019

ILC Timeline: —s ICFA
ILCSC

Transitional Arrangement ILC Organization
Work Sharing (Pre-ILC Lab.) (ILC Lab.)

PrOgl‘eSS and GDE/RD Preparation Phase

PI'OSpECt RDR/DBD Activities

onstruction Operation
Expecting ~ (3+2) year

Site-dependent since (middle) 2013

design
We are here, 2014



Higgs Frontier —
“Next Energy Scale”

§ " (couplings, invisible decays, self-coupling)

Higgs Force

Top Quark Frontier:
(mass, EW couplings, FCNC, polarization, ...)

] whse statmavni
|

| e st
e

I LHc 3000 fb7, s = 14 TeV
I 1Lc 500 fb™, s = 500 GeV

Uncertainty

HL-LHC ILC
3000 fb? 100 b
Ws=14TeV +s=350 GeV

Yukawa Force]
-
v - & g\ff
10 100 i
Mass (GeV) T -

Coupling to Higgs

PILLARS

W

i projection | [ 1600 b, /s = 500 GeV
2500 fb™, S = 1 TeV

HL-LHC 3000 fb-!



Physics Prospects with LC: Power of Beam Polarization

Polarized beam(s) provide great diagnostics : e; and ey - different particles in gauge interactions

% Enhance effective luminosity:

e Leff :( _Pe+Pe—) ~H

e+R e 9 ZH
e+]'_ €r - /H

+ €1 -
~ 30 % lumi gain for P(e-,e+) = (+80%; +30%)

250 350 500 1000 1400 3000

ZH unpolar. 211 134 64.5 16.1 8.5 2.0
polar. 318 198 95.5 22.3 10.0 2.4

VeV, H unpolar. 20.8 341 71.5 195 278 448
polar. 36.6 72.5 163 425 496 862

e+e-H unpolar. 7.7 7.4 8.9 20.1 27.3 48.9
polar. 11.2 10.4 11.7 24.7 32.9 56.5

% SM background suppression

Example: Muon spair production

Background rejection:

- prominent example is the suppression of the WW

% Determine quantum #s (if new particle found)

7

U(l)y - gauge
boson Bu
SU(2); — gauge
boson Wu

Yf -hypercharge

of new particle

1 [b)
107 ¢ Pol,- = —1 --—= 1}
— o L = 0 ]
= 1Y ¢ = +1 L
B2 oyt ._ ......................... '
DS 102 [ T3
10-3 __ [ray ey
1074 | , o Ll
300 350 400 450
H. Murayama Vs (GeV)
00 - 700, =
-, a) Pole =0 b) Pole =+0.9
EIIII?
7 Ns=350 GeV
L B
00f/ — 100fb
2
40 2 WW 400
72/ 300
s /A —

SM production: with (Pe—,Pe+)=(+80%,0) polarization the o

W+W- cross section scales by a factor 0.2.

0
0 20 40 60 80 100 120 140 160 180

100]

0 20 40 60 80 100 120 140 160 180




“‘Window to New Physics” via the Top Quark Sector

» Top quark has a very special role: heaviest
Top quark mass _é Vacuum stability

fundamental fermion = most strongly
coupled to EWSB sector (intimately
related to the dynamics behind the SB
mechanism)

» Top Mass at the ILC:
1) From reconstructed invariant mass
(E > ttbar thr., L=100 fb!)

- relation between measured mass to a well--
defined parameter that is a suitable theoretical input

2) Measure from ee 2> ttbar threshold scan
(350 GeV, Lint =10 * 10 fb'1)
- Relation to well-defined mtop (calculated to
higher orders —theoretically) well under control

Electroweak production of ttbar:

e t

SM: X

Zy x Fiy

et t

BSM: ol

Strongly Interacting
Light Higgs

Little Higgs

Gauge boson couplings

Extra dimensions
via asymmetries,

polarized cross sections GaugE-HiggS unification

i L-R symmetric models ’

Testing the Chiral structure of the SM (ttZ coupling):

BSM physics modify the electro-weak ttX SM vertex
by Vector and Axial couplings to the X =7 ; Z°

’ _ i T _ - .
T8, 0,0) = i {1, (R 02) + ) + 7250+ GF) + 5FE(9) |,

< LHC: top quark couples either to y or Z° (2)

o v (F;)? = No sensitivity to sign of Form Factors
% ILC: y/Z interference

o « (F;) = Sensgitivity to sign of Form Factors



Precision Measurement of the Top Quark Mass

Top quark mass threshold measurement at the ILC:

The cross section
in the threshold
region depends
on the as

- The 1S top
mass and as are
simultaneously
extracted in a 2D
fit

.. §0.8 ; ;ithreshold ‘- 13‘ mlas; 1'II4.t; G;V S C;D
Initial-state s - — TOPPIK NNLO + ILC350 LS + ISR - 1
radiation (ISR) B | 1 simulated data: 10 fopoint 0.120 - 20
& luminosity % o6 - top mass + 200 MeV i
© 06| |
spectrum (LS) 8 I i eV;0.1179] |
o 0.118 —
affect the cross 0.4 i
section as a i I
function of 02} 0.116 -
the CM energy: I ILC | I |
gy L CLIC detector J l | CLIC 1
0 PR R S R P I = 4 L L L h . . 2 . L
. 345 350 355 173.95 174.00 174.05
Stat. and 1S top mass and o combined 2D fit g 0.6
syst. errors m, stat. error 27 MeV 8
onm m; theory syst. (1%/3%) | 5 MeV /9 MeV — 0.5
(ILCtS)-p a; stat. error 0.0008 =3
’ o theory syst. (1%/3%) 0.0007 /0.0022 <]
0.4
arXiv: 1311.2028
PRl ooy 13112028
O(100MeV) conversion from 1S to MSbar mass 0.3 |-
- precision of O(120MeV) achievable l HL-LHC
0.2~ 3000 fb-1
LHC / HL-LHC:
Dominated (already) by systematic error 0.1k

- hard to go below 0.5 GeV - what kind of mass
(it is justified my;=mp; ; to level of 200-500 MeV)?

Vs=14 TeV Vs=350 GeV

N 1 B

LHC stat+syst

- LHC stat
- ILC stat+syst
- ILC stat

Top Mass in
MSbar scheme:

ILC
100 fb! B




Top Quark Electroweak Couplings

With two beam polarizations < number of observables sensitive to chiral structure of ttX vertex:

Use Number of Observables: ¢ Precision determination of the
C - Fraction of right-handed .
s;:t-sizn Forward backward asymmetry top qugaxks form factors: ng ) Fzzv.
o1 At N(cos > 0) — N(cosf < 0) (F)r = (0tr)1 = . 7
FB.I ™ N(cosd > 0) + N(cosf < 0 B L4 | g p—
s> O Nl <) ! Fiv, Fiv, Fi4 =0, Fi,
5000 .. Polar angle of top quark
s000f % | 2 1 (calculated from the decay Accuracy on CP conserving couplings:
e Lo ] products in the hadronic
3000 - 3 S h > 1 3
sooo b | decay branch) £ [ I LHC 3000 b7, (s =14 Tev ]
S [ [ '.c 500 b7, s = 500 Gev ]
1000 f Precisi A ~2Y 3! i |
: recision on Ay o <
107 E
1 | 1 S 4 1 1 : :
. . . [ — gLili i ]
S}?O}E)elOf dlStrllljUtlon 0.8 } S (F."-‘.Férl{erattor -tV\é'Ihizard ) —: i ]
of he 1c1ty angle s 102E 4
(angular distribution of “t F .
the decay lepton in the 0.4f ¥ ]
rest frame of the t quark): i [ 1
Precision on slope A, ~3% | 10°
arXiv: 1307.8102 ' Fvy Fivz Fiaz Fo, Fon, Fovz
arXiv: 1311.2028
% Need to control experimental (e.g. top angle) and % DPotential for measurement of CP

theoretical uncertainties (e.g. electroweak corrections) violating couplings at ILC under study



Impact of BSIM Physics on Top Sector

L)

» Chiral structure of EW top couplings expected to be sensitive to the BSM sources

- variety of models predict modifications to t; and t; due to couplings to new strong sector

» Disentangling of t; and t;
is essential to separate
models (difficult at LHC)

» ILC: no assumption about
the photon couplings =2
right and left-handed
couplings are determined
independently

» ILC: uncertainty goes from
0.6 % =2 0.25%, if one
assumes photon cannot

acquire an axial component
arXiv: 1403.2893

t t,Z +8% R +0.6%
toteZ | —240%, +40% | £1.4%
tty | 7%, +12% +0.6%
tatey | —7%, +12% +0.6%

Deviations for different models for new physics scale at ~1 TeV

A4t ZIt 17

20% 1

10% 4 Composite Higgs with SO(5)/SO(4)

RS with SU(2)g % SU(2) * U(1)x
—k :

AtgteZltatzZ

80% -60% -40% -20%
AdSs with Custodial O(3) A -14

20% 40% 60% 80%

A y - . I
o, RS warped with Hosotani mechanism

Little Higgs

5D Emergent A 5o, 4 RS with Custodial SU(2)

Composite Top

< Beam polarization (both e- and e+) is essential to distinguish
the ttZ and tty couplings - rather unique for the ILC

% ILC provides a unique opportunity to measure electroweak
top couplings - powerful test of the chiral structure

< ILC sensitivity to FCNC couplings (up to 10 ©)



Higgs Frontier —
“Next Energy Scale”

§ " (couplings, invisible decays, self-coupling)

Higgs Force

Top Quark Frontier:
(mass, EW couplings, FCNC, polarization, ...)

] whse statmavni
|

| e st
e

I LHc 3000 fb7, s = 14 TeV
I 1Lc 500 fb™, s = 500 GeV

Uncertainty

HL-LHC ILC
3000 fb? 100 b
Ws=14TeV +s=350 GeV

Yukawa Force]
-
v - & g\ff
10 100 i
Mass (GeV) T -

Coupling to Higgs

PILLARS

W

i projection | [ 1600 b, /s = 500 GeV
2500 fb™, S = 1 TeV

HL-LHC 3000 fb-!



The LC is a "Higgs Factory” and the Energy Frontier Machine

Higgs Boson Production at LC:

+ - H E+ v
¢ Z 7 W
W
e Z e v
) Z

o(e’s = HX) [fb]
% 2 3 %

-
]
ra

e* e’
e
-H
&
e e

J. W” : < i
_ o , H
“H
EI Hl'v',%ﬂ T LA —
E pd He'e E—
T e
E o
E | TH HZ
I
% I‘ ||I H H~ E-Tu __.-_—______=___::
:— ” ."’l- T '_;.-""--- -
E / 7 - ~—_HHZ
X [ e T
A Ll L
0 1000 2000 3000
is [GeV]

Staged Running Program:

% Start with a Higgs Factory 250 GeV
% Upgrade to ~ 500 GeV (TDR baseline)

% Technical extendibility of energy
staging to ~ 1 TeV has to be secured

' Higgs mass

——é Vacuum stability

\

Supersymmetry

—) Composite Higgs models

Higgs Couplings

Two-Higgs Doublet Model

Invisible decay

) Dark Matter

Self-coupling

) Electroweak baryogenesis

Baseline ILC Program (250 + 500 + 1000 GeV):
Model-independent global fit for couplings:

ILC’s precisions on
will ultimately
reach sub-% level
(luminosity

upgrade)!

Control of systematics:

Systematic Errors

Baseline  LumUp

luminosity 0.1% 0.05%
polarization 0.1% 0.05%
b-tag efficiency 0.3% 0.15%

arXiv: 1310.0763

Higgs Force

. ) \A ]
A B il

' t
“ : Gauge Force H.-
) g SF
- i -
S i 2 W
et 3 1| e LW
oy 4| Y &
o e
=3 -:.- ZHH
g ; 2 i
0.01L cT Yukawa o'rce
; f
; ) . vV gY
1 10 100 i
ACFA Report MBSS {GEV] .



The Flagship of ILC @ 250 GeV: Recoil Mass Measurement

“Window” to absolute measurements of all 6(ZH) x BR and model-independent determination of
Higgs boson couplings, total width (e.g. invisible Higgs, H = cc, modes undetectable at LHC)

120

I130I - I14IlOI o 150
IVlrecoil (GeV)

Statistical uncertainty on o(ZH) at Vs =250 GeV
eventually limits the precision on all BR measurements:

WH BRUH 227 o
/ bz

e

; [ T T T T T T I T T T T I T T i
- + - ]

D 250 F Zh—u"wX ]
(D B Semi model indep. analysis i
- Ly =250 b, {s = 250 GeV

LO 200 P(e’, e*) = (-0.8, +0.3) -
9/ : ° Signal+Background (MC) :
~~~ i Fitted Signal+Background ]
_fL) 150 N Fitted Signal i
GC> : ------- Fitted Background :
> 100 [ -
L C ]
50 2 N .

; i J ..... 1

O L ! L

T(H — WW*)

<

——H BR(H—WW*)

I'H — ZZ7) & -
BR=0(1%): precision limited by low stat. More advantageous but not easy at low E
for H->ZZ" events 250 fb ™' @250 GeV 250 b~ @250 GeV

ATy /Py = 20% ACp/Ty = 11%  gnwsbe 22

Higgs recoil analysis =2

identify 2 opposite charged leptons with
invariant mass consistent with M,

2
M% = (pem — (Dt +pp-))

250 fh~t@250 Gey " T PGV

QG'H/O'H = 2.6%'
Amypg = 30 MeV
BR(invisible) < 1% @95% C.L.

scaled from mH=120 GeV



Events /500 b

| Shuter | 68% CL: 3000 fb™", 14 TeV LHC and 250 fb', 250 GeV LC

ILC @ 500 GeV: Total Higgs Width / Coupling Measurements

Hadron experiments cannot directly measure a narrow Higgs width (<5 MeV) = cannot
51multaneously constrain the Couphngs and new contributions to the total width

T T T
400 | 350 GeV: ¥} _* gt bue

350 |- I sicied h
i + _____ Background
B e Fit resulc —]

300 -

250 -

4
L

200 -
150

100

1 I = STy Thoa
1] 50 100 150 200 250
Missing mass (GeVIcz)

0.2 Fam 250 ", 250 GeV LC Ge=0x (144,
== HL-LHC + LC250
0.15 |t HL-LHC + LC250 (A= Ag)
0.1

0.05

o e
-0.05 .{

-0.

0.15

-$= 3000 fb o, 14 TeV LHC

]
[ e ]
[

LC(250): great precision on AZ, total
w1dths is an issue (stat. limited: oxBr (HZ))

* 4L 5 % % % <1 9 %

» Model-independent handle of total Higgs width:

= Processes ete- 2> ZH (Z = vv) and ete- 2 Hvv are
separated by a fit to the missing mass distribution

- Use information on the HWW coupling from
c(e+e- 2 Hvv) to determine '(H> WW)

1ﬁWW
BR(H - WW)

—> A precision of 5% on I';, at 500 GeV can be reached

>Take Br(H > WW) and:  Tior =

E> 68% CL: 3000 ib! . 14 TeV LHC and 500 tb . 500 GeV LC
== 3000 fb .14 TeV LHC

0.2 Fam 5001b, 500 GeV LC Ox=0x" (1+4,)
== HL-LHC + LC500

0.15 [t HL-LHC + LC500 (Ay= Ag)

0.1

B
;;-Llc:(soo): o m




% Theory uncertainties on BR are very important

Higgs Gouplings Measurements: Theory Errors and “Ultimate Precision’

- Need to match superb experimental
precision and sensitivity to new physics

% TLEP (350 GeV) - ttH is not measured directly:

2> Non-measurement of At means determination via Ac;
H->cc theory error leads to deterioration of precision

>
>

cascades into Ag
impacts the total width

250 GeV: 250 fb-!
500 GeV: 500 fb!

ILC Model Independent Global Fit for Couplings:

0.08

0.06

0.04

0.02 |

0

-0.06

thler
[«@= ILC 1TeV+lumi- upgrade
ILC 1TeV-+lumi-upgrade + CLIC gx = Ox

| = TLEP

-0.04 |

s

-0.02 f

M (1 +A.x)

%

250 GeV:

250 tbl

<

BRI

D. Zerwas
/

R

250 GeV: 1150 fb-!
500 GeV: 500 fbt * 500 GeV: 1600 b1

%

1 TeV: 1000 bl Baseline ILC Program: Luminosity Upgrade: ! TeV: 1000 1 TeV: 2500 £
coupling 250 GeV 250 GeV + 500 GeV | 250 GeV + 500 GeV + 1 TeV coupling 250 GeV 250 GeV + 500 | 250 CeV + 500 CeV = 1 TeV
HZZ 1.3% 1% 1% HZZ 0.6% 0.5% 0.5%
HWW 4.8% 1.1% 1.1% HWW 2.3% 0.6% 0.6%
Hbb 5.3% 1.6% 1.3% Hbb 2.5% 0.8% 0.7%
Hce 6.8% 2.8% 1.8% Hee 3.2% 1.5% 1%
Heg 6.4% 2.3% 1.6% Hegg 3% 1.2% 0.93%
Hrr 5.7% 2.39% 1.6% Hrtt 2.7% 1%% 0‘9?0:
Hyy 18% 8.4% 4% - v S —-
Huw 919 919 16% Hupu 42% 42_0c lO_f-ﬂC
I 5.4% 2.5% 2.3%
r 12% 4.9% 4.5% - - o T
Hitt - 14% 3.1%
HHH - 83%() 21%() HHH m 46%(*) IEAGEE




16%
14%
12%
10%
8%
6%
4%
2%

0%

Higgs Couplings: Physics Prospects with HL-LHC and ILC

g Precision{ Model-Dependent Fit

e e————————————

arXiv: 1310.8361

169 Projected Higgs Coupling Precisioif, Model-Independent Fit

#,T deb Kuct KW

K KY

Z 8

(o] P —
ILC: Ref. arXiv:1310.0763
I 250 Gev, 250 fb" ® 500 GeV, 500 fb™
— o/ |— —
14 /o [ 250 GeV, 1150 b @ 500 GeV, 1600 b
250 GeV, 1150 fb™' @ 500 GeV, 1600 fb™!
—] 12 0/o - ®1TeV, 2500 fo! |
— 1 O O/O - —]
—] 8 O/o |
— 6 0/o -
— 4 O/O -
] . ] h h
O O/O L L L
K. K, K, K Ky K; Kg K,

Model-independent coupling
determination is unique to the ILC



» Deviations in Higgs couplings is a signature of

> Sensitivity to BSM physics manifesting itself only

Etfect of New Physics on Higgs @@U@ﬂﬁngg

many BSM theories

- The pattern of deviations can be specific

for each model.

through deviations to Higgs couplings
(no new particles observable at LHC):

Singlet mixing
2 HDM

Decoupling
MSSM

Composite
Top Partner

7

~1%
~0%

~-3
~-2

%
%

“'6%
~10 % ~1%
~1.6% <15%

~-(3-9) % ~-9%
~2% ~+1%

Precision Higgs coupling measurements at the ILC at the 1% level enable us to fingerprint the different models

-10%|

-15%"

5%}

ILC: Lumi 1920 fb, sqrt(s) = 250 GeV, Lumi 2670 fb1, sqrt(s) = 500 GeV
o o

Standard Model

Standard Model

Deviation from SM

5%}

-10%

-15%"

MSSM (tanff = 5. M, =700 GeV)

D_

—

CJO

&~ o~
T 1 L

5%}

0%}

Supersymmetry :
(MSSM) ]

% We must examine this Higgs to the fullest extent !
- It may be the only clue to leave the SM oasis and cross the desert !!!

Deviation from SM

—
3
S

5%}

5%
-10%|

-15%"

MCHMS (f = 1.5 TeV)

D_

0%}

w Z

Compomte nggs
- (MCHM5)
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BSM Higgs: Heavy Higgs Mass Reach

<+ LHC: Heavy Higgs direct search Zg
% ILC: Indirect search via effect on Higgs 10}
couplings BR(h>WW)/BR(h—>bb) /Yoo
50 discovery potential —iLe

e [ rmnm— e

Lumi 1920 fb™!, sqrt(s) = 250 GeV 5 expected deviation

Lumi 2670 fb™, sqrt(s) = 500 GeV P B Wb il

200 400 600 800 1000

M, (GeV)

Combined effect of yy, tt, bb channels Cahill-Rowley, Hewett, Rizzo

HL-LHC 3000 fb! ILC (1150 b1, 250 GeV & 1600 fb!, 500 GeV)
- 60 -

50 09 é 0.98
0.8 = 0.8

40 0.7 a 0.7
= 06 0.6 2
g 30 053 053
- - 0.4 3 045
0.3 E 0.3%

10 0.2 % 0.2§
01 2 0.1

% -0 500 1000 1500 2000 0.0
m(A) (GeV) m(A) (GeV)

*the fraction of models having given parameters that are excluded by the combined HL-LHC or ILC searches



Top Quark Frontier:
(mass, EW couplings, FCNC, polarization, ...)

] whse statmavni
|

| e st
e

I LHc 3000 fb7, s = 14 TeV
I 1Lc 500 fb™, s = 500 GeV

Uncertainty

HL-LHC ILC
3000 fb? 100 b
Ws=14TeV +s=350 GeV

PHYSICS: |

KEY

PILLARS

W

i projection | [ 1600 b, /s = 500 GeV
2500 fb™, S = 1 TeV

HL-LHC 3000 fb-!

& “(couplings, invisible decays, self-coupling)

Higgs Frontier —
“Next Energy Scale”

Higgs Force

Yukawa Force]
-
v - & g\ff
10 100 i
Mass (GeV) T -

Coupling to Higgs



SUSY Precision Measurements: LC as a Higgsino Fa@ﬁ())ry

Light Higgsino scenario: e'e” > X1 X1 vISR)
e*e” > %" %2’ Y(ISR)

< Almost mass denerate light higgsinos: %% ; %1% %2°

> AM (1", 12°) & AM (1,0, 12°) < a(sub) GeV

% Other supersymmetric particles are heavy a few TeV et %
. | 300 TTrTT LI B T L B B | LA B | LI | . .
Itis extremely 3 e L Recoil mass of hard ISR photon is
. O [ ATLAS Preliminary === Observed limit (15 0
challenging for £ 250 L [ Lot 20715! toss Toy oo Bttt 16 used to measure mass of ;" , %,
LHC to Observe L7 i;'qw""f:z"‘if Py ATLAS 13.0 1", \s = 8 TeV - i . : : : .
L m:=m, g Al limits at 95% CI ] w1000 - i" oy
or resolve such ~~se[ % K _ E S F E fiﬁ? S L
. i . 4 g S soo | — % " _
low energetic and \mﬁr : | T [Esm My, = 168.6 2 1.0 GeV
”degenerate 150: 5 ] I% 600 -~ simul. data
: - - 2a\Y
sparticles » - 400 | 2 <My
100 7 200 [ 'l'
dm770 ] :
Particl::ass Rﬂe::;uﬂq;ew 50 <] J %00 250 800 350 40D 480 500
h 127 - N wefGeV
% 166.59
i—i lﬁ?l% C i1 1 1 |- 1 LA il l L1 1 1 o T T T T
el 167.63 o0 150 200 250 300 350 G C’{])o Si1zo0f O x xz ¥ dM7TO
- M. .. |Ge -
x: “or e = “1000 | E :;.;l' ! M= 166.3 + 0.8 GoV
. 600 [
Precision on mass t5(|:" X BR} ~ 1.5% oo 2 My,
and cross section } } 5
 sec SM._+ (Mgo) ~ 1.5(1.6) GeV !
determlnatlon g ! gﬂﬂ 2_5IU = 3EIIU- 350 400 450 500

(500 fb! @ 500 GeV): = §A M(fif: ﬁ) ~ 920 MeV \srGev



Mode! - Independent (WIMP / Dark Mafter) Searches

Signature ISR photon + E miss
Irreducible vv(y)

Signal: background

go B T

Loopholes of HL-LHC - Hunting Ground of ILC

»Cint

o

Polarization (et+,e-) is very important:

—> Suppress ee>vv(y) bkg.
- Distinguish models /operators
(axial, vector, axial-vector)

|

Oa = (X7u75X) (UyH~°0)

W
102 AX|aI-vector operator (D8)
140n + 5000_ |IL|CI I LI ] I LHC ] I_
3000 fb -1 09 E" : — 2 b7 P&, %) =(+80%,+60%) == Snowmass 14 TeV, 3/ab ', Ref. arXiv:1307.5327 :
1200 % B . . = = Snowmass 14 TeV, 300/fb ',Ref. arXiv:1307.5327 -
0.8 4000— = 5001b",Ple e7)=(+80%+30%) m— CMS,8 TeV, 19.5/ib ', Ref.[CMS PAS EXO-12-048] —
i~ B ]
1000 0.7 % — - .
— > e e e — — — — — — ]
> fos g > 3000¢ —_ LC :
O 800 ] 0] e — — — — - .
= 105 > - [ O\ .
< = < 2000 A\ -
£ 600 104 5 N\ .
T:,.a TR T ST R T R ST E ST T T S TR TR S = _-_—__\. ~ -
100 §o3 & 1000
'l 2 '§ B
200 = C
015 0
R
g | =
0500 1000 1500 2000 2500  owev 2900 4000 00 §
m; (GeV) -
» LHC sensitivity: Mediator mass up to A~1.5 TeV

> ILC sensitivity: Mediator mass up to A~3 TeV for DM mass up to ~Vs/2



sensitivity to SUSY and BsM Effects

% Gluino search (LHC) Hee Tf: ég;?:biquérkflT v Preliminary
; 1 s=14Te
%+ Chargino/Neutralino search (ILC) (B(:::V:;fp I | K
—> Comparison assuming gaugino mediation | @\VQ/-C 500 GeV
mass relations | v
Wino LSP :%
. (Anomaly —] Q/@o
» No gluinos at the LHC mediation | <
- not the end of llght SUSY Q,JFS' (no relation between y and M.,
Higgsino LSP o‘é
(Higgsino LSP: no mass relation connecting O& ¥ , , ,
the Higgsino mass parameter (1) with the 0 D 2 3 4 5
gaugino masses (e.g. models - gluino mass is K\',Q Gluino mass M, (TeV)
arbitrarily large, while Higgsino mass small) xO
N
> —
Searches for Z’ : Heavy Neutral Gauge ~ {e}(’\,ns ILC Projection | [ 1600 fb™, s = 500 GeV
O 2500 fb™, s =1 TeV
E.g.: L-R symmetric models, string-inspired <1 (ES) ...
g y g-insp \\QQ (E8) ..,
(b 1
. 2y z B-L
. - Direct search for ¥ A Q> resonances .
€ 7’ f (Z’) at the LHC / ®+‘Q Jetermination) 2
<O “y
- Indirec” 4@ _nes via interference Z,
7 effects 2 Ao _.C (coupling 2
/2 meas’ @Q’ ts and model discrimination) §
.- } HL-LHC 3000 fb-1
_ beam | .iarizations improve reach and o
e f discrimination power 0 10 20

Mass (TeV)



Neutrino Connection and Grand Unification

Origin of neutrino mass = Connects flavor-changing . o

+ - =00, ]
neutralino decays to neutrino mixing angles 0.45 o(e'e—y, ¥,)=3441b S
ys=500GeV P{e’,e)=(-0.3,0.8)

If R-parity violation is the origin of the v-mass = 0.4
one predicts the value of the mixing angle ©,, o
Z 0.35— =
. .. ) ?/'__ current best fit value
Stlldy neutrino mixXing angle et Xt “ I precision from neutrino experiments 1
by analyzing neutralino decays: \‘\'I-F”F Y W _ 0.3 [ I experimental precision at ILC i
+E a o Ae b | [ +7% parametric uncertainty ]
tan? (H ‘ ) N ():hi:[,’i'i"# B BR{)EEI . H”,H) - /4\-—.\%‘ - et 005 i I:l +T}'%p:arxmlutric :.mm:’taint].:' ]
0%, BR(Y] - Wr) o 500 1000
EPJ C74 (2014)2720 integrated luminosity [fb™]
Gaugino mass relation: < 2000 [~
(if ILC see chargino the gluino mass can be predicted O Gaugino mass unification:
assuming the mass relation = scale of next pp collider): O, Higgsino-like LSP scenario
Check of M;-M, relation = discrimination of SUSY

spontaneous symmetry breaking scenario !

H. Baer 500
LHC: gluino discovery—> mass determination J. List

P NN YN NN NN [N NN [N NN [N ST SN NI S
ILC: Higgsino discovery = M1, M2 via mixing 0 10 10° 107 10° 10" 10" 10" 107

between Higgsino and Bino/Wino Q [GeV]

—
o
o
o
LI | LI | LI | LI




Individual R&D Efforts
(e.g. vertex detectors):

Rt

conge A il;L“Hl- ﬂ_" T

Time Projection

Chamber
for Linear
Collider

ILC Detector Chaﬂﬂ@ng@sz R&D Collaborations and Group Efforts

R&D Collaborations:

£ M

o =gyl U =

Y

High precision design

Forward
calorimeters
for Linear
Collider

Calorimeter for ILC

Highly granular
calorimeters

for Linear
Collider




LC Detector Challenges: The Higgs is an Important Driving Factor

< VERTEX: flavour tag, IP resolution (H = bb, cc tt) = “Push-pull Option” — 2 detectors:

~1/5 Tyeampipe:1/30 pixel size, ~1/10 resolution (ILC vs LHC) similar concepts/ditferent realizations
(central tracking with Si or TPC)

10
psin®’? 6

Op =0 (um)

< TRACKING: recoil mass to Higgs (e+e- > ZH > 1IX)
~1/6 material, ~1/10 resolution (ILC vs LHC); B=3.5-5T

-5 -1
o(l/p)=2x107(GeV ™) A R
e I —uwX
N e
« CALORIMETRY: particle flow, di-jet mass resolution 1oor —— Siona
1000x granularity, ~1/2 resolution (ILC vs LHC); : | Recoil Mass to Z
detector coverage down to very low angle sor | § (Higgs-strahlung):

oe | E =0.3/1/E(GeV) b

m, 1GeV

recoil

ILC TDR: June 2013 - Detailed Baseline Design (DBD) for Detectors
http://www.linearcollider.org/ILC/Publications/Technical-Design-Report

% Key detector R&D technologies have been demonstrated with prototypes in test beams
% Physics performance has been studies in full simulations
% Major engineering R&D efforts and optimization of detector concepts are still needed


http://www.linearcollider.org/ILC/Publications/Technical-Design-Report
http://www.linearcollider.org/ILC/Publications/Technical-Design-Report
http://www.linearcollider.org/ILC/Publications/Technical-Design-Report
http://www.linearcollider.org/ILC/Publications/Technical-Design-Report
http://www.linearcollider.org/ILC/Publications/Technical-Design-Report
http://www.linearcollider.org/ILC/Publications/Technical-Design-Report
http://www.linearcollider.org/ILC/Publications/Technical-Design-Report

Large TPC
R~1.8m
Z/2~2.0m

Tracking Systems —

11

Central and forward
Si tracking system

ILC Example | H\Hﬂ\\\\l\

Low mass for tracking & vertexing
o  Thin silicon sensors

~50 pm for pixel vertex detectors
o Light support structures

e.g. advanced endplate for TPC

| ‘“ \‘ M

e

- lv||mnmm|mwumuuummr‘_

y-” "W’M'*

l

Split tracks

-+ Data, full ID

-+ Data, Si only

-%- Simulation, full ID



Vertex Detector System

State-of-the-art pixel technologies: CMOS MAPS, DEPFET, FPCCD, 3D, Chronopixel, SOI

Motivation:

K/

% high efficiency & purity flavor tagging

(bottom, charm, tau, jet-flavor - e.g. b/c-
quark separation for Higgs decays, b-quark

charge measurement

Approach:

% 2-sided ladders concept, very low power
% unprecedented granularity & material

budget (ultra-thin ~ 50pum sensors)

CMOS MAPS: Spatial Resolution and Time Stamping

time stamp 15}‘64 pm2
2l 4 % \
ol o«?
16x16 / N
x16 um?2 ~ spatial resolution

Ultrathin ladder - PLUME

‘ Vertical residual ‘

~ 3um track resolution achieved:

mini-vector

I

sl

Entrias 41612

Mean 0.01684 = 0.01581

Sigma 3.236 = 0.012

front side

Entries 41612
Constant 4040 = 24.4
Mesn  -0.01591 = 0.02008

Sigma 4.075 « 0.014

back side

Entries 41612

Constant 4148 = 25.2

Y Mean  0.05053 = 0.01955

Sigma 3971 0.014

0

5

10 15 20

track-hit position (um)

A complex set of highly correlated issues:

> pixel sensors
» staves/ladders: thermo-mechanical
aspects and services

- need careful thinking in terms of
material budget and power cycling,
besides the usual speed/resolution/
data flow requirement

DEPFET: Mechanical ladder
tested for power pulsing




YV V

Central Tracking — Time Projection Chamber

ILCTPC with MPGD-Readout

—> spatial resolution <100 pm @ 4T
(precise momentum: et+e->ZH->[IH)

Wet-etched triple GEMs
Laser-etched GEMs 100um thick (“Asian”)
GEM + pixel readout

Resistive MM with dispersive anode

InGrid (integrated Micromegas grid with
pixel readout)

Resistive Micromegas @ DESY Test-Beam:

LPTPC
@ o T00mm
L~ 600 mm

e (@ TN

ILD TPC
g~ FE00
A~ 4000 mm

N e l/

Endplate of 7 paneis @ =80cm

Large TPC Prototype with Versatlle endplate @ DESY

Resistive MM: B=1 T Cd 94 2 pm/\/cm (Magboltz)
200

180 __ G{I 60 8 * 0 5 B
Goal for final TPC 0Ny 39.0+04 |

=
T

can be reached:

» GEM /MM
performance similar
—> both extrapolate
to better than ]
100 ym at B=3.5T & Eo b T
drift length 2.25 m 0w 30 S 6

Drift Distance (cm)




State-of-the-Art in Calorimetry: Particle Flow

% R&D in Calorimetry is an LC driven effort = a marriage with “Particle Flow Algorithm”
(pioneering work) has delivered a proof of principle and been established experimentally

Goal is AB /E, - 3-4%: <+ PFA Algorithm (jet energy carried by ...):
(separate hadronlc W/Z decays)

» Charged particles (e*, h™*,u®*)): 65 % - most precise measurement by tracker
up to 100 GeV

» Photons: 25% - measurement by ECAL

» Neutral Hadrons: 10% - measurement by HCAL and ECAL

% Overlap between showers compromises correct assignment of calo hits
(“Confusion Term”):
—> control by highly pixelised calorimeter readout

- new technologies (5i, SiPM, MPGD,RPC, etc ...)

Detector cost is driven by instrumented l ILD/SiD Calorimeter Concepts:
area rather than channel count
04 - ' PFA Calorimeter I
1o T +
e r——r EcAL_|
LHC 76K(CMS)  10K(ATLAS) ° .
. E — i'
analog| | digital = og! ldlgital
[in} =
£ .4:*; ﬁ‘-’\ < @ @\}“Q & & .131‘# & {sl-ﬁp .,Qi"'{‘ 1 l l ' ' : !
[ o .ei'.‘ L I H
- @ \a‘*ﬁ « !Si!imn‘ {Scimiualor |MAPS ‘ iScintillator ‘ RPC || GEM ‘n'fg;g}sJ




Calorimeter Technologies: Towards Final Systems

Physics Prototype Technological Prototype CALICE (SlW ECAL)
Proof of principle Engineering challenges LC detector

2003 - 2011 2010 - ... % From first prototypes to full
calorimeter systems

- technological integration
(power pulsing, compact
design, scalability)

_ _ _ - R&D oriented towards LC but
Number of channels: 9720 Number of channels: 45360 ECAL : number of

o o ) channels: ~100 106 synergies with other projects
Pixel size: 1x1 ecm? Pixel size: 0.55x0.55 cm (e g CMS ECAL Endcap Upgrade)
Weight : ~ 200 Kg Weight : ~ 700 Kg Total Weight: ~130t
Forward Calorimetry (FCAL) Hadron Calorimetry (HCAL)
& LumiCal ios inteerated Tuminosit Large Scale
¢ Lumil-al provies iegrated iminosity Prototypes: Excellent hadronic energy resolution
. measurement , , o by software compensation
% BeamCal Provides instant luminosity & 022 e e
measurement and assists beam tuning E; 020 - E”C"”ectegi“; E
L —=— Uncorrected: i
S 018 ~m-Global SC:w
E o --a-- Global SC: n*
0'16:_ \;F —— | ocal SC: ]
014 \ —— Local SC:n* 4
oiz- =
01— . i
0.085- %q._ _ =
0.065 \!\.1“*1-&.%_“&_” =
0.04

| . (]_II‘I‘I‘{)II‘Iz‘OI‘IéldI‘Iq‘OI‘IIE,‘OI‘“6'{)'”'7‘0'”‘8'[]‘"'95
. 1m?3 abs.: steel or W ..., [GeV]




ILC Detector R&D: Spin-Off's is a Key Word to Survive

Al
"

ILC Detector R&D:
Its Impact

September 2011

ILC Research Directorate

Director: Sakue Yamada

Prepared by the Common Task Group for Detector R&D

Dhiman Chakraborty, Marcel Demarteau (convenor), John Hauptman,
Ron Lipton, Wolfgang Lohmann, Tim Nelson, Aurore Savoy-Navarro,
Felix Sefkow, Burkhard Schmidt, Tohru Takeshita, Jan Timmermans,
Andy White, Marc Winter

Prototype for
U PET Applications:
Outside PP
High 3x3 array of LYSO
Energy Crystals Wlth

c SiPMs (300 ps
PhYSICS. time resolution):

Major Impact in HEP Domain Beyond ILC:

CMOS-MAPS Initial Objective: ILC (with staged performance)
- applied to hadron experiments with intermediate
requirements (STAR, ALICE, CBM)

STAR 2012 CBM 2017 ALICE 2018
Solenoidal Tracker @ Compressed Baryonic A Large Ion Colliderr
RHIC (~ 1600 CIIIZ) Matter( ~ 500 cm2) ( Inner Tracker SYStEIIl)Z
l(l(_'ll'.,\-u.....‘l‘i \

bof g Uug Uog ling gl g |htllﬂh‘lu|_mhhn_'-_h‘u
1m T

CMOS MAPS
for STAR

- owm m W uw

o | Bele I pivel el design
DEPFET for BA0XIE pvels mati

Belle I1 0475060 e’ pivel el

TRECAM (Tumor Resection |
CAMera): miniaturized gamma- |
camera for breast cancer surgery

49 x 49 mm? field of view

LaBr;:Ce crystal optically

coupled to a multi-anode
photomultiplier tube




ct in Asia
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Linear Collider Proje



http://www.pref.iwate.jp/seisaku/suishin/ilc/024538.html
http://www.pref.iwate.jp/seisaku/suishin/ilc/024538.html
http://www.pref.iwate.jp/seisaku/suishin/ilc/024538.html
http://www.pref.iwate.jp/seisaku/suishin/ilc/024538.html
http://www.pref.iwate.jp/seisaku/suishin/ilc/024538.html

The Way Forward

The ILC is a Global Project, to be designed and constructed by a worldwide

cooperation of scientists and engineers

The TDR is the evidence that the ILC can be built
now within “carefully estimated envelope”
based on the real EU-XFEL@DESY pro]ect Costs

o

- 7 i '
Today, launching the project (= ILC approval by governments) has the highest priority

-~ We need to make sure that we can launch the project GLOBALLY

- We need a VISION, STRATEGY and HARD WORK to materialize our belief



The Way Forward: Recent ILC Progress in Japan

X/

% The candidate site is unified by the Japanese HEP < Japanese government makes a move
August 2013: Hitoshi Murayama | 23 January 2014 December 24, 2013:
MEXT (not researchers)

requested $0.5M for ILC -
approved in Dec. 2013

- Japanese Mountainous Sites -

site-A KITAKAMI

SEFURI Site-B

o ti:(l!DKA H o
_ % * Japanese government
allocates “investigation
budget” for the ILC as

an official project (for

o L
TOHOKU district
In August 2013, the Japanese site evaluation
. oW committee by scientists and experts in Japan
KYUSHU district recommended the Kitakami-site as a candidate for ILC.

. e g

Internal Review Committee concludedthat Japan's House of Representatives room. the first time)
the proposedsite is in good geological conditions.

< KEK sets up Planning Office for the ILC <+ Expert committee has been setup under MEXT:
ILC Project Preparation Office [REMEIYSMEIENIsEI TaSk Force Kick-off Meeting:
Director: KEK-DG KEK Organiation (2014) May 8, 2014
- = All-JP Organization
Deputy Director - Global Org. (2015) 4 .
Academic Particle*Nuclear
. . Coordination Uni Phvsics WG
ILC Project Unit T Expe.rts L Y )
Committee
TDR Validation WG
 Oversight a broad range of activities % Investigate the reliability on hosting the ILC
required for ILC realization in Japan (report to be completed in FY 2015)




The Way Forward: Japan Started High Level Intemational Discussions
Positive Reference from Japan Prime Minister é@ ME X T sciiscs momcamoioersan

N Jan. 2014:
Secretary of Energy MEXT Minister, Japan to

Department of Energy

1000 Independence Ave. SW .

wahingonDe 20585 oecretary of Energy, USA:

United States of America ) .
February 7, 2014

Dear Secretary Moniz,

It was a great pleasure to talk with you when I visited the United States
recently. In our conversation, I explained the current situation regarding the
International Linear Collider (ILC) project in Japan, and I would like to reiterate
what I said through this letter.

April 30,2013: US-Japan Symposium in Washington D.C

100 invited participants from US-Japan (each ~50 persons)

from HEP researchers, industry, political and government | It was a great pleasure to talk with you when I
visited the United States recently. In our
US-Japan Advanced Science and Technology Symposium conversation, I explained the current situation
T oo gl US sl s ades B plosmabanibon e Bl lssace il iovaluia regarding the International Linear Collider (ILC)
academia and industry. ssion will cover project in Japan, and I would like to reiterate what
the US-Japan co-opecat] VVith the ILC as an example, ... rwrealizaﬁon of I said through this letter.
economic growth as well as methods and policies for the development of scientific and technical human Researchers in the United Stales, Furope and Japan have becn discussing and

continuing their R&D with enthusiasm in the ILC project. Considering the
significance and benefit of the 1ILC project, I believe that discussion from a wider
perspective is essential. For this, I recognize that working-level informal
exchanges of views among Japan, the United States and / or Europe should be
started from the current stage. )

TE50Urces.

However, the priorities for academic and scientific projects and the
financial status vary between the countries. Therefore, for making a decision of
whether or not to join the ILC project, discussion and sharing of the consensus
about the scientific significance and challenges between government and
scientists in each country that is interested in the ILC project is indispensable. 1
understand that the project prioritization process in the field of particle physics in
the United States is ongoing. The United States is one of the leading countries in
the field of particle physics research in the world, and I hope that substantial

T =

e 3 e . s o NS - Similar letters from MEXT were sent to:
Next meeting — July 2014 CERN DG and European Government




Building for Discovery

Strategic Plan fc(E.S. Particle Physics in the Global Context j

v\'
-\
US P5 Report Released May 22, 2014:

Rec. #1 (“HEP Global Nature”) =

“Pursue the most important
opportunities wherever they are ...”

Report of the Particle Physics Project Prioritization Panel

|
Sen seen s ]

May 2014
Project/Activity
Large Projects

Mu2e small reprofile
Yv needed " ¥ Y

Muon program: MuZ2e, Muon g-2

HL-LHC Y Y Y

LBNF components
delayed relative to
Y' Scenario B. Y

LBNF + PIP-II Y, enhanced

The Way Forward: ILC International Support

“ Japan is expressing growing interest in hosting
the ILC (substantial resources could enter the project)

< European Strategy for Particle Physics (2013)

- There is a strong scientific case for an electron-positron collider,
complementary to the LHC ... and whose energy can be upgraded
... The European groups are eager to participate.

< US Particle Physics Prioritization Panel (P5
Report) (May 2014)

- Motivated by the strong scientific importance of the ILC ...
... 'Play a world-leading role in the ILC experimental program
and provide critical expertise and components to the accelerator,
should this exciting scientific opportunity be realized in Japan.’

- Participation by the U.S. in ILC project construction depends on
a number of key factors, some of which are beyond the scope of P5
- This is a reminder that the financial scale of the ILC in Japan is
such that high-level political agreements need to be established.

Executive Summary: as the physics case is extremely

possibly small

R&D Only R&D, hardware contri

7 butions. See text.

ILC

NuSTORM N N N

RADAR N N N

strong, all budget scenarios include ILC support at some
level through a decision point within the next 5 years



ILC Site Candidate Location in Japan: Kitakami Area
ILC Accelerator Design Integration and 3D Modelling

EDMS (Engineering Data Management) will have a 3D system model of all ILC technical areas
(design integration, accelerator layout, Kitakami geology, tunnel/cavern requirements, civil engineering)




sSummary and Outlook

HEP Community

Governments

GLOBAL
[L.C PROJECT
INRENINNE

Worldwide Cooperation

% Very strong physics case
- Model-Independent Top/Higgs Measurements
—> SUSY, BSM Physics, DM searches ...

< Today, is the only mature technology for
the future accelerator at the energy frontier

;é‘ Concluding Wish:

i«% May all “ILC coming challenges”

n 7 jﬂ tace ZERO RESISTANCE !!!

Wy \ ﬂiﬁﬂ&% | * (ILC uses “Superconducting Technology”)
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