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Introduction: on the way to the TeV scale
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What can we learn from exploring the
new territory of TeV-scale physics ?
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What can we learn from exploring the
new territory of TeV-scale physics ?

How do elementary particles obtain the property of mass:
what is the mechanism of electroweak symmetry
breaking? Is there a Higgs boson (or more than one)?

Do all the forces of nature arise from a single fundamental
interaction?

Are there more than three dimensions of space?

Are space and time embedded into a “superspace”?

What is dark matter? Can it be produced in the
laboratory?

Are there new sources of CP-violation?
Can they explain the asymmetry between matter and
anti-matter in the Universe?

. . .
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The LHC and future collider projects

The Large Hadron Collider (LHC):
Proton–proton scattering at 7–14 TeV: composite objects of
quarks and gluons, bound together by strong interaction

p

g

g

p

⇒ Opens up new energy domain
complicated scattering processes

109 scattering events/s at LHC design luminosity
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HE–LHC: Higher Energy LHC

Proposal: increase beam energy to 16.5 TeV

HE–LHC needs new magnets (dipole field: 20 T)
⇒ new machine

Significant increase of LHC search reach, but very good
physics justification from future data needed
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LHeC: electron–proton collisions
in the LHC tunnel

Ring-Ring (RR) vs. Linac-Ring (LR) option

RR: energy limited, <
∼ 70 GeV, better prospects for higher

luminosity

LR: energy not physics limited, considered <
∼ 140 GeV;

somewhat lower luminosity

Baseline configuration:

60 GeV electron energy, luminosity 1033cm−2 s−1
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Potential for new physics searches at LHeC

Electron-quark resonances, leptoquarks, SUSY with
R-parity violation, . . .

R-parity conserving SUSY: selectron + squark production

Higgs production in weak-boson fusion

Excited leptons, anomalous top production, . . .

. . .

CDR in preparation
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Linear Colliders: ILC and CLIC

The International Linear Collider (ILC): RDR (+ costing)
issued in 2007, Technical Design Phase in progress

The Compact Linear Collider (CLIC): Ongoing R&D on
feasibility issues, preparation of Conceptual Design Report

e+e− scattering at <
∼ 1 TeV (ILC), ≈0.5–3 TeV (CLIC)

fundamental particles, point-like, electroweak interaction
well-defined initial state, full collision energy usable, tunable

⇒ high-precision physics
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Linear Collider Physics

Key features:

Precisely known centre-of-mass energy of hard process

Tunable centre-of-mass energy

Polarised beams

Clean, fully reconstructable events (also for hadronic final
states)

Moderate backgrounds ⇒ no trigger ⇒ unbiased physics

. . .
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LHC / LC complementarity

The results of LHC and LC will be highly complementary

LHC: good prospects for producing new heavy states

(in particular strongly interacting new particles)

LC: direct production (in particular colour-neutral new
particles)
⊕ high sensitivity to effects of new physics via precision
measurements

LHC / LC interplay
⇒ enhanced physics gain [LHC / ILC Study Group Report ’06]

⇒ comprehensive picture of TeV scale physics
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Muon collider

A µ+µ− collider in the energy range of 100 GeV to several TeV
could emerge as a (major) upgrade of a neutrino factory

Higgs production in the s-channel

Physics potential of a multi-TeV muon collider is in principle
similar to a multi-TeV e+e− collider
Can the same luminosity be achieved?

Small ISR, beamstrahlung,
but huge backgrounds
from µ decay

[V. Shiltsev ’08]
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LHC physics: where do we stand?

Day in 2010
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LHC Delivered
-1 s-2 cm31 10×Peak Lumi: 3.6 

Goal of current LHC run (until ≈ end of 2011):

collect 1 fb−1 of data at 7 TeV
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LHC physics: where do we stand?
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-1 s-2 cm31 10×Peak Lumi: 3.6 

Goal of current LHC run (until ≈ end of 2011):

collect 1 fb−1 of data at 7 TeV + x?

Afterwards: shutdown for upgrade to 14 TeV running
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"Rediscovery" of the Standard Model:
W and Z production

[ATLAS Collaboration ’10]
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Cross section measurement for Z production

[CMS Collaboration ’10]
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Reconstruction of τ final states

[CMS Collaboration ’10]
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LHCb: charge asymmetry in W decays

[LHCb Collaboration ’10]
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Di–muon invariant mass distribution
[ATLAS Collaboration ’10]

⇒ Good prospects for new physics searches: Z ′ → µ+µ−

Georg Weiglein, EUDET Annual Meeting 2010, DESY, Hamburg, 09 / 2010 – p.17



The top quark made it to Europe

[CMS Collaboration ’10]
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SUSY searches: events with b jets and
missing energy

[ATLAS Collaboration ’10]
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W ′ searches
[ATLAS Collaboration ’10]

⇒ Searches will soon enter unexplored region
Georg Weiglein, EUDET Annual Meeting 2010, DESY, Hamburg, 09 / 2010 – p.20



Leptoquark searches

[CMS Collaboration ’10]
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Di–jet resonance search

[ATLAS Collaboration ’10]
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Prospects for the near future and
possible implications
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LHC searches are starting to cover new ground
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Prospects for the near future and
possible implications

LHC searches are starting to cover new ground

⇒ Exciting prospects for the first run

How about searches elsewhere?

What to expect?
⇒ Explore constraints from electroweak precision data
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Global fit in constrained SUSY model: indirect
experimental and cosmological constraints

SUSY search prospects:

Global χ2 fit in the CMSSM (m1/2, m0, A0 (GUT scale), tanβ,
sign(µ) (weak scale))

Fit includes (MasterCode, Markov-chain Monte Carlo sampling):
[O. Buchmueller, R. Cavanaugh, A. De Roeck, J. Ellis, H. Flächer, S. Heinemeyer,
G. Isidori, K. Olive, P. Paradisi, F. Ronga, G. W. ’08]

Electroweak precision observables: MW, sin2 θeff , ΓZ, . . .

+ Cold dark matter (CDM) density (WMAP, . . . ),
ΩCDM h2 = 0.1099 ± 0.0062

+ (g − 2)µ

+ BPO: BR(b → sγ), BR(Bs → µ+µ−), BR(B → τν), . . .

+ Kaon decay data: BR(K → µν), . . .
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Predictions for the SUSY scale
from precision data: CMSSM

Comparison: preferred region in the m0–m1/2 plane vs. CMS
95% C.L. reach for 0.1, 1 fb−1 at 7 TeV
[O. Buchmueller, R. Cavanaugh, A. De Roeck, J. Ellis, H. Flächer, S. Heinemeyer,
G. Isidori, K. Olive, P. Paradisi, F. Ronga, G. W. ’10]
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⇒ Good prospects for early discovery! Get hint in first run?
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Spectrum of the best-fit point
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⇒ Good prospects for LHC and ILC
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Prospects for dark matter direct detection

Present limit and future sensitivities on spin-indep. cross
section vs. preferred regions of global fit (CMSSM):
[O. Buchmueller, R. Cavanaugh, A. De Roeck, J. Ellis, H. Flächer, S. Heinemeyer,
G. Isidori, K. Olive, F. Ronga, G. W. ’09]
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⇒ Projected sensitivity of the SuperCDMS (and Xenon 100)
direct detection experiments will probe a sizable part
of the preferred region in the CMSSM
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CDMS results: two candidate events

[CDMS Collaboration ’09]
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Direct detection: prospects for Xenon100

[L. Baudis, SUSY10 Conference]
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SM Higgs: indirect prediction from precision data
in constrained SUSY models (CMSSM, NUHM1)

χ2 fit for Mh, without imposing direct search limit
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⇒ Accurate indirect prediction; Higgs “just around the corner”?
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SM Higgs: LHC prospects with 1 fb−1 at 7 TeV

[CMS Collaboration ’10]

⇒ Sensitivity for 95% C.L. exclusion for 145 GeV <
∼ MH

<
∼ 190 GeV

More data needed to cover region preferred by ew prec. tests
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SM Higgs: Tevatron limits

[CDF and D0 Collaborations ’10]
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SM Higgs: Tevatron prospects until end of 2011

[CDF and D0 Collaborations ’10]
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SM Higgs: Tevatron prospects until end of 2014

[CDF and D0 Collaborations ’10]
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SUSY Higgs: LHC prospects with 1 fb−1 at 7 TeV

[CMS Collaboration ’10]

⇒ Higgs searches with early LHC data have a chance to
discover the heavy MSSM Higgses H, A before a
light SM-like Higgs h is found
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SUSY Higgs: Tevatron results

[CDF and D0 Collaborations ’10]

⇒ Slight excess in CDF search
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SUSY Higgs: Tevatron prospects until end of 2014

[CDF and D0 Collaborations ’10]

⇒ Interesting competition between LHC and Tevatron?
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LHCb: sensitivity to BR(Bs → µ+µ−)

[LHCb Collaboration ’10]

⇒ High sensitivity to effects of new physics
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LHCb: sensitivity to CP-violating effects

[LHCb Collaboration ’10]
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Summary on prospects in the near future

There are exciting prospects that possible hints of new
physics may soon show up in searches at the LHC (including
LHCb!)

There may also be exciting news from searches at the
Tevatron, direct detection experiments, etc.

But: We’ll need to be rather lucky to get to a firm discovery
until 2012

Even if this is the case, the interpretation of what has been
found will almost certainly not be unique
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What can one infer from LHC searches for the
discovery potential at the LC ?

LHC with 1 fb−1 at 7 TeV:
Besides resonance-type production of a single state of new
physics (Z ′ → µ+µ−, gg → h, h → τ+τ−, . . . ) the early LHC
searches will mainly be sensitive to coloured states of new
physics
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What can one infer from LHC searches for the
discovery potential at the LC ?

LHC with 1 fb−1 at 7 TeV:
Besides resonance-type production of a single state of new
physics (Z ′ → µ+µ−, gg → h, h → τ+τ−, . . . ) the early LHC
searches will mainly be sensitive to coloured states of new
physics

The complementarity between LHC and LC implies at the
same time that the extent to which the discovery potential of a
LC can be predicted from measurements at the LHC is limited

Inferring the colour-neutral part of the spectrum of new
physics states from the coloured part of the spectrum is only
possible on the basis of model assumptions (SUSY: coloured
states tend to be heavier than colour-neutral ones)
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What can one infer from LHC searches for the
discovery potential at the LC ?

⇒ The observation of a SUSY-type signal at the LHC can
most easily be interpreted in the context of the LC if the
signal involves (e.g. via cascade decays) also
colour-neutral states of new physics

Georg Weiglein, EUDET Annual Meeting 2010, DESY, Hamburg, 09 / 2010 – p.42



What can one infer from LHC searches for the
discovery potential at the LC ?

⇒ The observation of a SUSY-type signal at the LHC can
most easily be interpreted in the context of the LC if the
signal involves (e.g. via cascade decays) also
colour-neutral states of new physics

The non-observation of a signal in the early LHC data would
mainly set limits on coloured states of new physics
⇒ There may nevertheless be colour-neutral states within

the reach of the LC

Georg Weiglein, EUDET Annual Meeting 2010, DESY, Hamburg, 09 / 2010 – p.42



What can one infer from LHC searches for the
discovery potential at the LC ?

⇒ The observation of a SUSY-type signal at the LHC can
most easily be interpreted in the context of the LC if the
signal involves (e.g. via cascade decays) also
colour-neutral states of new physics

The non-observation of a signal in the early LHC data would
mainly set limits on coloured states of new physics
⇒ There may nevertheless be colour-neutral states within

the reach of the LC

What about the observation of a Z ′ with a mass beyond the
LC reach?

Georg Weiglein, EUDET Annual Meeting 2010, DESY, Hamburg, 09 / 2010 – p.42



What can one infer from LHC searches for the
discovery potential at the LC ?

⇒ The observation of a SUSY-type signal at the LHC can
most easily be interpreted in the context of the LC if the
signal involves (e.g. via cascade decays) also
colour-neutral states of new physics

The non-observation of a signal in the early LHC data would
mainly set limits on coloured states of new physics
⇒ There may nevertheless be colour-neutral states within

the reach of the LC

What about the observation of a Z ′ with a mass beyond the
LC reach?
⇒ LC information can be crucial for revealing the mechanism

of EWSB and the origin of a possible tension with
the electrowealk precision observables
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What next ?

The interpretation of the early LHC results and their possible
implications on future projects will obviously be an important
topic in the near future

Please note in this context:
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What next ?

The interpretation of the early LHC results and their possible
implications on future projects will obviously be an important
topic in the near future

Please note in this context:

IWLC2010, Oct. 18–22, 2010, Geneva / CERN
ECFA Plenary discussion session:
Physics scenarios at the LHC and their possible impact on the LC

Update of the European Strategy for Particle Physics
(“to be concluded by the middle of 2012”)
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