


 

 

 

 

 

 

Questions for the Collider Experiments



 

ILC to provide point-like particle
collisions from 0.3 TeV up to ~ 1 TeV
with tunable centre-of-mass energies,
particle species and polarization states;  

CLIC multi-TeV e+e- collider 
further pushes energy frontier 
up to 3 TeV. 

Studying New Physics at Colliders beyond LHC



 

Basic Microscopic Properties of DM Particles

WIMP arises naturally in models with 
conserved quantum number 
(SUSY - Rparity, UED – KK parity) 

Supersymmetry is a privileged framework
to study DM arising in models of New 
Physics beyond the SM;

Current WMAP data constrains the allowed MSSM regions to those where 
either the WIMP is light enough or efficient WIMP annihilation reduces
the excess relic density;

Three quantities are of major relevance:

Mχ, σχχ and σχp 



 

Discovery of the WIMP at LHC

LHC discovery reach independent
of details of the model: ET

missing+
jets and/or isolated leptons 
sufficient to ensure detection;

CMS
Physics TDR



 

Model-independent Discovery of the WIMP at e+e− LC

C Bartels, J List

Irreducible SM                        bkg
reduced by using polarised beams 

Analysis performed with full G4 
simulation and reconstruction;
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Mass Reach at e+e− LC



 

Mass Reach and Precision Measurements at e+e− LC

New particles at large mass
decouple from the DM candidate
and do not contribute to Ωh2 

t-channel processes with heavy 
particles are suppressed as 1/M4

Study of DM gives special importance to precision measurements on the 
lightest states of the new particle spectrum.



 

Determination of the WIMP Mass at LHC

ATLAS
Full Simulation

Availability of decay chains with 
multi-leptons, lepton+jets topologies
allows to determine masses from 
kinematical endpoints:



 

Determination of the WIMP Mass at e+e− LC

Momentum End Points

In two body decay                      Eslepton= Eb
χ  escapes undetected and energy
of only particle left (l) relates to mass
difference (ratio) between slepton and LSP :

Determine signal cross section at threshold 
as function of centre-of-mass energy, 
fit data to extract mass and width of 
pair-produced particles;

Threshold Scan



 

Determination of the WIMP Mass
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Nature of new particles can be 
clearly identified by a spin analysis, 
based on production properties and 
decay angles.

UED phenomenology

closely resembles SUSY;

Identification of the Nature of New Physics at e+e− LC



 

MSSM
Scan

LHC SPS1a’

Nojiri, Polesello, Tovey,
JHEP 0603 (2006)

Consistency with DM requires a
significant number of measurements
which may not be available in generic
SUSY scenarios;

Perform tests first within context of specific model (cMSSM) and then 
reconstruct full decay chain enabling model-independent mass measurements;

Estimation of the WIMP Relic Density at LHC



 

Estimation of the WIMP Relic Density at e+e− LC

Mass measurements alone
do not provide enough 
constraints to understand 
mechanisms controlling 
DM annihilation;

e+e- collider data allows to 
solve degeneracies by 
precise measurements of 
polarised cross sections.



 

LCC-1: SUSY Bulk Region

LCC1 
Benchmark



 

 

 
WMAP
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LCC-4: SUSY A0 Funnel Region

LCC4
Benchmark



 

Determine MA from

1 TeV ILC
LCC4

Determine M(τ1) and M(τ1) - M(χ1
0) 

from stau threshold scan and decays;  

MB, B Hooberman, N Kelley, PRD78 (2008)
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Estimation of the WIMP Relic Density at e+e− LC

Baltz, MB, Peskin, Wiszanski, PRD74 (2006)
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Spin-Independent Neutralino Proton Cross Section
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Annihilation Cross Section



 

 

 

 

 

 

Conclusion

Dark Matter likely to be first signal of New Physics at TeV scale;

Collider programs to discover new phenomena
and measure them with enough accuracy to test
their compatibility with both CMB satellite surveys
and ground-based DM searches;

If results would agree, major triumph for both Cosmology and Particle 
Physics, detailed data on DM particle would enable precise studies of 
Cosmology; 


