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Collisionneurs Lineaires :
I'apres LHC ?
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Proton in the LHC at 4 TeV/beam Is a Quantum Mechanics Pizza

1 fm

)

Valence quarks |- -

" n, | + ® ] 0.0005 fm
3 % 7
V- y ... and in the fridge
Gluons S ' where Time is frozen
i = oy 7 N
Sea quarks  ,=’ — O
Bubbling up when the
pizza is being cooked
- |







When two pizzas touch : they interact (violently)
the total cross-section is close to tpe geometrical cross-ijgtion .




How an event looks like, one properly massaged to please the eyes

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

For the physicist it looks much less simple




For the PhD student it
looks like an hopeless
hyperbunch of raining
numbers she has to
crunch endlessly
on the Grid
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as she searches
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that will help
her to invert the

detector and

pizza effects

to reach Physics



“Typical” hadron collider event

nonperturbative
string/cluster
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underlying event from
secondary parton interactions
(pizza-pizza event)

Hard SM matrix

elements
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LHC project bravely launched nevertheless

Data taking



l.\.(j:l

Cracking NN(N)LO QCD Feynman diagrams ::>
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_‘ Lattice QCD breakthroughs

Mastering QCD | [worewtion
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LHC project launched without any hint that all this may happenm‘;
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But a key motivation for building the LHC was to ensure
The discovery/exclusion of the Higgs whatever its mass.
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But -- unlike the SU(3)xSU(2)xU(1) gauge symmetry, there is
nothing sacred about the minimal Higgs model.

Le pto ns 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?




We _should stay open-minded and filled with
curiosity: |
Exploration of Planet Higgs just began. - N
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Three types of machines, so far

History tought us that the interplay between
p-p & e-e & e-p colliders is intrumental
in allowing progresses
in our understanding of Physics



The future must be prepared well in advance

HE-LHC — main Issues and R&D: 2
uce ™
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« High-field 20T dipole magnets based on Nb,Sn, r\ibjAl, and HTS

» High-gradient quadrupole magnets for arc and IR

s Fast cycling SC magnets for ~1.3 TeV injector

» Emittance control in regime of strong SR damping and IBS

s Cryogenic handling of SR heat load (first analysis; looks manageable)

. Dynamic vacuum LHeC options: RR and LR LH.O
CMS RR LHeC:

new ring in
LHC tunnel,

History tought us that the interplay between
p-p & e-e & e-p colliders is intrumental
in allowing progresses
in our understanding of Physics



g i The proton is not an elementary particle

virtual colliders



The electron is an elementary particle,
but still, it is surrounded by photons

A much smaller effect,
but more and more relevant
as energy increases




MUO” CO”ider Serious thoughts on.the Next-to-Next
Conceptual Layout Possible colllders started Iong ago:

where US dre betting for the Iong term.

Project X
Accelerate hydrogen ions to 8 GeV
using SRF technology.

Compressor Ring
Reduce size of beam.

Target
Collisions lead to muons with energy
of about 200 MeV.

Muon Capture and Cooling
Capture, bunch and cool muons to
create a tight beam.

Initial Acceleration
In a dozen turns, accelerate muons
to 20 GeV.

Recirculating Linear Accelerator
In a number of turns, accelerate
muons up to 2 TeV using SRF
technology.

Collider Ring

Bring positive and negative muons
into collision at two locations 100
meters underground.




Timeline for HEP Global roadmap: 12 busy months ahead
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The dream-machine
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Mature technology SU(2), Full SM reach



The dream-machine

e-e collider
Clean Luminosity
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Mature technology SU(2), Full SM reach

e-e collider



The dream-machine

e-e collider

flexibilit Clean Luminosity
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Mature technology SU(2), Full SM reach




The dream-machine

Forces




The dream-machine

e-e collider

flexibilit Clean Luminosity
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Mature technology SU(2), Full SM reach




Higgs-strahlung Process:
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Invisible Higgs decays are made visible!




Two simultaneous thresholds : tf and HHZ

o(ef'e” — HX)' [fb] ' | q
ﬁﬁlzs Gl[v | b

1000

TU' L] Ll

100

10

7' Y‘A L '] Al

0.1F

l 1 1/!

0.01 | o ,
200 360 500 700 1000 2000 3000

Vs [GeV]
tt threshold

—
1

\ 4

350 GeV is the entrance to top world
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500 GeV is the portal to the whole SM
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1000 GeV is the Vector-Vector world
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Fit excluding Higgs searches

Fit including exp. Higgs limits
Fit assuming MH=125 GeV

=@- Tevatron m:mC [arXiv:1107.5255]
-J- DO x-section-based det. [Phys.Lett.B703,422-427]

using approx. NNLO of [Phys.Rev.D.80,054009]
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The direct
measurement
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6-jet + lepton cut flow

L=1ab"!, polarized beams

ttH ttg"-> | significa
cut\sample ttH (6J)) (8J/4)) tt uz ttbb nce

no cuts 282. ’ 358. 980739. 2407. 1160. 0.3

# isolated 180. 49.0 340069. 791. 398
lepton =1

thrust <
0.77 146. 37.7 144999. 617. 266. n

Yoo g>
126. 258 12298. 416. 114.
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axbtag 490 42 173 533 378 m Coupling Htt at about 10%

mass cuts  39.5 1.6 23.0 33.9 13.2
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Decaymode  |BR. [#eventsin 1ab!
qqbbbb 32%
vvbbbb 9%
qqbbWW*->qqgbbqgqqq 6%
lIbbbb 4%

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

tt -> bbqqqq
722, ZZH -> qqbbbb
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MLP response
significance
Energy (GeV) Modes signal background O measureron
@ (IT)
500 ZHH — (iT)(5b) (bb 6.4 6.7 2.1o 1.70
500 ZHH — (v)(bb) (%) 52 7.0 1.70 140
8.5 11.7 2.20 190
500 HH — (qq)(bb) (b,
16.6 129 140 1.30

Coupling HHH at about 20%




Coupling constant to Higgs boson
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S
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A 500+ GeV Linear Collider can cover
most accessible Higgs couplings

Coupling Mass Relation
The most
challenging
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Linear Collid¢

Physics

LINEAR COl
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Kelsubhe Fujlli, Duvil

2007
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Physics af the ILC

Resource Book
for Snowmass 200

American Linear Collider Working Gt

SiD Letter of Intent

2009
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- Japanese Mountainous Sites -

site-A KITAKAMI
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SEFURI Site-B
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' TOHOKU district
KYUSHU district
ip ILC possible timeline
(JLF
cY 2010 2011 2012 2013 2014 2015 2016 2017 2018
TDR reviews
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- Japanese Mountainous Sites -
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site-A  KITAKAM

2011 gl
Earthquake &=
& Tsunami fm
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KYUSHU district
AEPSHEP
The ﬁrst School 14-27 October 2012 at The LUIGANS Spa & Resort, Fukuoka, Japan

Euro-Asian is being
Held right now in a
Fukuoka resort

DG of CERN will come

N

For Young Researc hers & Graduate Students

Co-organized by CERN
And France as the daughter
Of the French-Asia initiative

launched in 2006 for LC

France is in a very good position,

we should maintain




Linac 1 IP. Linac?2
b0

0.5 TeV Stage

Higher energy reach option

Injector Complex
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Head of ICFA : now Fermilab Director
aii

Takes charge early February 2013
Linear Coliider Organizahon

o t1‘°' T Lyn Evans
|JOREHIC Project Leader of LHC
[ PAC },..{ Linear Collider Board project leader of LC
, yor . _ m N {
Lyn is setting up his team|
Lreclomie
iLC cLc Physcs & Detectors
Technical Design Report Conceptual Design Report  Detailed Baseline Design

Final review December 2012 major milestone in 2012  Final review December 2012
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Reconstruct strip-based calorimeter geometry
othogonal strips in successive layers
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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 dream-machine

e-e collider
Clean Luminosity

Mature technology SU(2), Full SM reach




It took more than 250 years to build Strasbourg Cathedral
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More than 10 years to go before the Linear Collider runs




Enthousiastic mail this morning (19 10 2012) from DG of CERN:
15-18 Oct 2012 Science Philosophy Theology http://public.web.cern.ch/Public/Welcome.html

Templeton Prize
2012 Dalai Lama

Templeton Prize
2011 Rees

-----

Templeton Prize
2000 Dyson

Templeton Prize
2009 D’espagnat

We must keep our ambitions up to what humanity means







