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Future Linear Colliders




The Linear Collider Machines



~31 Km

30m Radlus

Auqgust 2004

~1.1 Km

November 2004

0O
o
o
N
L
O
—
©
=




o e e e e Nt )
W e o N L e L L

: B i ‘ . ] . ) - ' * /




2007

ILC Technical
Progress Report
(“interim report”)

Technical Design
Report

Reference Design ey
*end of 2012 - formal
Rep0l't publication early 2013



AAA (Advanced Accelerator Association Promoting Science and Technology)
consisting of 84 private companies and more than 30 public research institutions and
Universities in Japan (since 2008)
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S E E U B
The Perfect Location

Science Frontier Kyushu

IN2P3 Physicist starting to dig the
ILC tunnel in Sefuri site, end of May 2012

FURUO KA AND SAGCA
PREFECTURAL GOVERNMENTS



CLIC multi-lateral collaboration - 44 Institutes from 22 countries
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Two LC concepts: the ILC and CLIC communities are working together
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Possible Organization

Replace ILCSC Expect nomination of the

Director by ICFA at ICHEP12




The Linear Collider Detectors
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Split Strip Algorithm

Reconstruct strip-based calorimeter geometry

othogonal strips in successive layers

Split method

n+1 = layer cofiThrmT—

n-1 = x layer
AW

n+1 = x layer
n=2zlayer Z

n-1 = x layer Camirmre

Strip Splitting Algorithm D T I T )
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Recently a lot of good progress
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Novel approach: a very compact, tungstene-Silicium electromagnetic calorimeter

5 mm granularity
~108 readout channels



Y. Sugimoto

) Name Duration 2018 2019 2020
o 0401020304Q1020304Q102 2 10401020304 Q

1 [  Ground breaking ERNG

2 Beam lines construction 1954d| @ ]

3 Tunnel 9129 —l

4 Beamline harware install 912¢

s Beam line shield 60 50t

6 Start of beam commissioning [ 12/28

7 BDS pre-commissioning 1200

8 Shield removal 10d |fsm
9 BDS ready for detectors 0d o628
10 Experimental Hall 1170d

" Access tunnel 3600 iﬂ

12 Cavern 6800

13 Services 1309

1 Detector construction on surface 1890d) v

15 Surface assembly hall 3000 &

18 Detector assembly on surface 300w

17 Solenoid construction 7200

18 Solenoid surface test 60

19 Yoke pre-assembly 1085d &

25 Detector assembly in cavern 705d P —

Yoke assembly 570d —
38 Solenoid 640d ey
49 Barreal detectors 535d P——
64 Barrel inner detectors 80d Cad
67 Endcap detectors 260d P—
7% QDO/FCALs install/cabling/test 180d P—y
82 Commissioning 210d P—
e Total construction time: ~8 years

Ee— : — L _— ¢ Detector underground construction: ~3 years

I Detectors status, S. Yamada, KILC 2012 I

The time line of the LOI process

Underground Cavern Design Study

* Oct. 2007: Call for LOIs was made by ILCSC

* Jan. 2008: Detector management was formed

* Mar.2008: IDAG formed, 3 LOI groups known

* Mar.2009: 3 LOIs submitted

* Summer 09: IDAG recommendation for
validation and ILCSC’s approval

* Oct 2009: Work plan of the validated groups

* Mar:2009: IDAG began monitoring the progress

* End 2010: Interim report completed

. DBD outline to be monitored
* End 2012: Detailed Baseline Design Repo

A Horvé et al.

D KILC12 @Daegu



The Linear Collider Input to the
European Strategy
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Timeline for the European Strategy Update

CERN Council (Brussels) - Strategy finalized

Open Symposium
Sept. 10-12 (Cracow, Poland)

Strategy Group drafting session
January 21-26 (Erice, Italy)

draft

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

| | = .. By accident, at about the time

Open Symposium Strategy drafting session |"= == |when the new CLICILC world
(deadlines->) Ju[y 31 Oct. 15 k= organization takes place.




Linear Collider input to the European Strategy e
Committee Members

(JLF

Europe

James Brau,
Rohini Godbole,

Mark Thomson,
Harry Weerts,
Georg Weiglein,
James Wells,
Hitoshi Yamamoto.

*| Francois Le Diberder (chair),

Asia&America’s

Brian Foster

Steinar Stapnes
Juan Fuster

ILC
CLIC
WWS

¥

European Strategy




Linear Collider input to the European Strategy

~ [Reporaeivered |

Last LHC
input

ICHEP 2012

Community
feedback

Draft released

Community, =3
feedback

Strong delegation
From Spain

Benasqu (SPAI) 25 Moy-3 Jne 2012
-

Strategy drafting session
Oct. 15

(deadlines->)



The Linear Collider
Physics Case



Physics case studied since 20 years, and next HEP priority since long

New Physics Higgs

Newh Physics

Higgs

But we need the hard facts of LHC to confirm/infirm this Physics Case
The complementarity between LHC and LC have been demonstrated
In a 10-years collaborative effort.



recently boosted by LHC (&Tevatron) hints for SM-like Higgs 125GeV




SUSY LHT
XD DH

Lgsm

CGauge + LHiggs + CYukawa

Gauge Symmetry
Principle Bre%k'”g
Mass Generation
Established by
recision EW
_E,’tudm Untested !

Relativistic Quantum Field Theory

M. Peskin But -- unlike the SU(3)xSU(2)xU(1) gauge symmetry, there is
nothing sacred about the minimal Higgs model.

It is just a guess. There is no actual physics in it.

Reality could well be different. How would this show up in the
Higgs properties?






1.000 L | | I I | I | | | | | | | | | | | | | | I I | | I | |

0.500 — bb \\w

Higgs Branching Ratios : a wonderful window,
with a rich landscape to explore
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Linear Collider input to the European Strategy

New Physics?
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Executive Summary

Huge FireWorrks'
over Geneva lake
May have to await first year
of 13 TeV data taking

Introduction

Discoveries

not stressed

Pré¢cision measurements beyond SM

Great Fireworks
over Geneva lake

Meaning, at least no looming exclusion by
mid 2012, emphasis will obviously depend Energy/GeV 250 350 500 1000 1500 3000
on the status of the Higgs searches. Lumi [x10%cm2s] 075 10 18 36 23 59

Int Lumi [fb] 250 350 500 1000 1500 2000
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2007

Avpvaaviea vy kv °
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This energy range’
is within the reach
of circular machines.
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I'H— WW*) <« from WW fusion cross section
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Coupling constant to Higgs boson
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Two simultaneous thresholds : tf and HHZ

000 & a(ﬂe‘ — HX)'[fb] | '
L H7Z p=125GevV. §
100 B[ 0 Th—— et
10 |
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0.01 F = 1 ]
200 3p0 000 700 1000 2000 3000

Vs [GeV]

tt threshold  [Enersyicev w0 w0 |
v Cross section [fb] 250 130 >‘J
. Int Lumi [fb'] 250 350 7 \
350 GeV is the entrance to top world | |, ;1) evenss = e \




Mass of the Top Quark

July 2011 (* preliminary)
CDF-I dilepton y 167.4 +11.4 £10.3x 49)
DO@-I dilepton y 168.4+12.8 (£12.3+ 3.6)
CDF-Il dilepton R | 17034 8.7 20451
DO-I dilepton . o 174.0+ 31 (¢ 18+25)
CDF-I lepton+jets W 1761173 (£ 5.1+ 5.9)
D@-| lepton+jets _.—180.1 +5.3 (+36+309)
|

CDF-II lepton+jets
D@-II lepton+jets
CDF-l alljets

CDF-Il alljets *

173.0+£ 1.2 *0.7£1.1)

1749+ 15 (x08+1.2)

186.0+11.5 10,0+ 57)

1725+20 =1.4£1.4)

CDF-Il track

CDF-ll MET+Jets *

Tevatron combination *

166.9+ 9.4 (£9.0+238)
1723+ 2.6 (+1.8£1.8)

1732+ 0.9 (£0.6£0.8)

(£ stat + syst)
¥2/dof = 8.3/11 (68.5%)

150 160
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My, (GeV/c?)

190

W Mass (GeV)

February 2012
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Current educated belief:

LHC will not bring much

improvement to the top
mass determination.

Systematics limited (exp&the)
at about 1GeV
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normalized
residuals

entries / (2 GeV)
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N(Ay > 0) — N(Ay < 0)
N(Ay > 0)+ N(Ay < 0)
Lorentz invariant Ay = Yy — yi_:

same as Affbarg,

tt
AFB -

CDF Run Il Preliminary L = 8.7 fb™

0.5

]
<u' —— |+Jets Data

0.4 —— NLO (QCD + EW) tf + Bkg

0.3

0.2 +
of —

_l——_,_l

mass, GeV

0

350 400 450 500 550 600 650 700 750 800
M, GeV/c?

N,,,(cos 6=>0) —N
8 N,,,(cos @=0) +N,,,
A = Ntop (eL_) _Ntop (e;)
" Ngp(er) +N,(eR)

(cos 8<0)
(cos @ <0)

top

(top direction)

(e polarization flip)

Semileptonic decay mode :
tt—(bW)(bW)—(bqg)(blv) Lepton gives top charge




Energy/GeV 250 350
A(o)lo 3.0% 3.7 %
=+ AQuzz)9uzz 1.5% 1.8 %

H—bb: A(BR)/BR 27% 23%

H—cc: A(BR)/BR 9% 65%
H—gg: A(BR)/BR 10% 7%
Hovtr: A(BR)BR 6% 6%

H-WW* ABR)BR ~5% ~4%

A(mH) recoil 30 MeV 80 MeV
A(mH) direct - 40 MeV







_ o(ete” —|{HX) [fb] ° | q
1000 .
100 |
10
X
OJ.% ;
0.01 |- ol | | , .
200 350 5p0 700 1000 2000
Vs [GeV]
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500 GeV is the portal to the whole SM

3000



10F| .
1 a
B He+
0.1 - -
0.01 F / £ 1
200 350 500 700 1000 2000 3000
Vs [GeV]
Decaymode  [BR. |#eventsin 1ab”
qgbbbb 32%
vvbbbb 9%
qqbbWW*->qqgbbqgqqq 6%
libbbb 4%

qgbbWW*->qgbbqqlv 3%
qgbbWW*->qqgbblvqq 3%

tt -> bbqqqq
722, ZZH -> qqbbbb

146
42
28

19
14

[ TMVA response for classifier: MLP |

% 8 S‘igha‘ '[ T Ll T l T T T T [ T T T T
~ -
< Background
P 7 - 4
€ r i
T 6 e
3 MLP_bbbb > 0.6 1z
- 1e
- —> 4=
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3f 4%
- =
. N
- {/] 4%
"\ el
B - 1S
-1 -05 0 0.5 1
MLP response
significance
Energy (GeV) Modes signal background AR, measureron
(V) (Y
500 ZHH — (1) (bb) (bb 6.4 6.7 2.1o 1.70
500 ZHH — (v)(bb) (%) 5.2 7.0 1.70 140
8.5 11.7 2.20 190
500 HH — (q7)(bb) (b
16.6 129 1.40 1.30

Energy/GeV
AN

500
<50 %




6-jet + lepton cut flow

L=1ab"!, polarized beams

do/dm,. (fb/ GeV)

0.005

significa
nce

0.3

0.4

ttH ttg*->
cut\sample ttH (6J) (8J/4)) tt 174 ttbb
no cuts 282. 358. 980739. 2407. 1160.
#isolated o5 490 340069. 791. 398
lepton =1
thrust <
0.77 146. 37.7 144999. 617. 266.
Vsa> 126 25.8 12298 416 114
0.005 ; . . : g
4x btag 49.0 4.2 ’ 173. 533 378
mass cuts  39.5 1.6 23.0 33.9 13.2

2.8

Based on FarreII & Hoang, PRD74, 01 4008 (2006)
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m, =175 GeV —
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with ¢f bound-state effects
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m. (GeV)

Energy/GeV 500
A(Grtt)/ Gt ~10 %?
A(Grww)/Grww 1.2%




Coupling constant to Higgs boson

-t

g
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A 500+ GeV Linear Collider can cover
most accessible Higgs couplings

Coupling Mass Relation

T v T T

Bdhdhdhedhadhdid. P

Ak il

Mass (GeV)
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0.01
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350 500 700  1QoO0 2000
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A\

1000 GeV is the Vector-Vector world

3000



Significant improvements. EnergyIGeV 3000
Energy/GeV 350 1TeV H—bb: A(BR) /BR 29,
I'y; recoil 7% 3.5%

H— 3 %
H—uu: A(BR)/BR 15 %
Energy/GeV 3

H—bb: A(BR)/BR
H—cc: A(BR)/BR
H—gg: A(BR)/BR
H—tr: A(BR)/BR
H—-WW* A(BR)/BR

2.7% 23%

9 % 6.5 %

10 % 7 %
6 %
~4 %

Events/ 0.5 GeV

15% stat. precision on o(H—up)
requires forward electron tagging
to suppress background

3

105 110 115 120 125 130 135
Di-muon invariant mass [GeV]




Energy/GeV 500 1000 1500 3000
Int Lumi [fb] 500 1000 1500 2000
Cross section [fb] 80 220 320 510
N(Hvv) Events 4E4 2E5 SES 1E6
, p
- \\Ho
Energy/GeV 1400 3000
AN <20% <25%




A 1000+ GeV Linear Collider can cover .IP

all accessible Higgs couplings v
and the whole Standard Model

250 350 500 >1.5TeV
w7 2 12% ?
Guyy 15% 1.8%

O 1.3% 1.1%

Ohee 45% 3.2% 1.5 %
o ~3 % ?
Ot - - 10% ?
O - - 8 %
M (HHH) - - <80% <20 %

A very rich program: many aspects not mentioned here, like:
W mass, VV scattering, searches for New Physics, GigaZ ...
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