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New Physics search @ the ILC

The Standard Model (SM) is one of the most successful models 
describing physics below O(100) GeV. There are, however, some
problems that can not be explained in this framework.

～ Hierarchy Problem ～

O(102 GeV)2
O(10-2)Λ2

mh
2 = Tree level 

mass (m0
2)

+ Quantum 
Corrections

The cutoff scale Λ should be smaller than O(1) TeV.

～ Dark Matter Problem ～

1. No candidate for dark matter in the SM.
2. WIMP seems to be natural for the DM.

New particle (dark matter) will be at O(1) TeV.

Neutral & Stable particle with O(1) TeV mass
Cold DM & Correct Relic Density of DM!



New Physics search @ the ILC

New Physics
@ 

1 TeV Scale
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New Physics appears at the Tera-scale and it is expected to solve 
the problems and contains the SM as a low energy effective theory.
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Physics at the LHC
○ Discoveries of New

particles up to O(1) TeV.
○ Investigating natures 

of colored new particles.
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Physics at LC (Direct)
○ Investigating natures of 

all particles up to ～s1/2.
○ Investigating interactions 

among the new particles.
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Physics at LC (Indirect)
○ Investigating natures of

heavy particles radiatively.
○ Searching NP beyond TeV

scale by precision measurs.



New Physics search @ the ILC

LHC & ILC have therefore complementary roles. One of important 
purposes at the LC experiments is to clarify new physics model 
(Lagrangian) at the Tera-scale in a model-independent way.

The natures of lighter particles 
are important because the dark 
matter is one of the particles.

…

M
a
s
s

DM

Lighter new 
particles in 
the NP at the 
Tera-scale.

1. Mass & Spin
2. Gauge charges

(SU(2)L x U(1)Y)
3. Interactions with

the new particles.
・ Vertex structures 
・ Coupling constants

Once we know all about the dark matter, we can predict   
scattering and annihilation cross sections of the DM.
By comparing astrophysical observations, it (may) be
possible to investigate the dark side of the universe.



Dark Matter detection at ILC (I)

The case where all new particles (except
the DM) are too heavy to access at the ILC.

DM should be singlet to satisfy EWPO.

This case is almost nightmare scenario!

…
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Too heavy
to access. 

・ Interactions as low 
dimensional as possible.

・ Z2-symmetry for the 
stability of the DM

・ DM interactions only 
thorough the Higgs

(mDM < mH/2) Invisible decay width of H
(mDM > mH/2) Xsec. through off-shell H

1. s1/2 = 300 GeV.
2. Accumulating 2 ab−1 data
3. Using e- polarization (80%)
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Dark Matter detection at ILC (I)

When mDM < mH/2, the signal can be detected at the ILC (95%C.L.)  
even if the coupling between DM & H is small.

(OK when Br(X DM DM) > 0.95% at ILC, while Br > 50% at LHC.)

When mDM > mH/2, it is difficult to detect the signal even at the ILC 
when the coupling between DM & H not large.

(There may be other processes for efficient DM detections.)
(We should consider the processes from higher dimensional Ops.)

Sensitivity to detect the signal at the ILC (95%C.L.)

1. Brown regions: Excluded by CDMS & XENON experiment (2σ).
2. Dark green region: Consistent with the CDMSII result (1σ ).
3. Green line: Sensitivity to detect the signal at the LHC (2σ)
4. Blue line: Sensitivity to detect the signal at the ILC (2σ)



Dark Matter detection at ILC (I)

When mDM < mH/2, the signal can be detected at the ILC (95%C.L.)  
even if the coupling between DM & H is small.

(OK when Br(X DM DM) > 0.95% at ILC, while Br > 50% at LHC.)

When mDM > mH/2, it is difficult to detect the signal even at the ILC 
when the coupling between DM & H not large.

(There may be other processes for efficient DM detections.)
(We should consider the processes from higher dimensional Ops.)

Sensitivity to detect the signal at the ILC (95%C.L.)

1. Brown regions: Excluded by CDMS & XENON experiment (2σ).
2. Dark green region: Consistent with the CDMSII result (1σ ).
3. Green line: Sensitivity to detect the signal at the LHC (2σ)
4. Blue line: Sensitivity to detect the signal at the ILC (2σ)



Dark Matter detection at ILC (I)

When mDM < mH/2, the signal can be detected at the ILC (95%C.L.)  
even if the coupling between DM & H is small.

(OK when Br(X DM DM) > 0.95% at ILC, while Br > 50% at LHC.)

When mDM > mH/2, it is difficult to detect the signal even at the ILC 
when the coupling between DM & H not large.

(There may be other processes for efficient DM detections.)
(We should consider the processes from higher dimensional Ops.)

Sensitivity to detect the signal at the ILC (95%C.L.)

1. Brown regions: Excluded by CDMS & XENON experiment (2σ).
2. Dark green region: Consistent with the CDMSII result (1σ ).
3. Green line: Sensitivity to detect the signal at the LHC (2σ)
4. Blue line: Sensitivity to detect the signal at the ILC (2σ)



Dark Matter detection at ILC (I)

When mDM < mH/2, the signal can be detected at the ILC (95%C.L.)  
even if the coupling between DM & H is small.

(OK when Br(X DM DM) > 0.95% at ILC, while Br > 50% at LHC.)

When mDM > mH/2, it is difficult to detect the signal even at the ILC 
when the coupling between DM & H not large.

(There may be other processes for efficient DM detections.)
(We should consider the processes from higher dimensional Ops.)

Sensitivity to detect the signal at the ILC (95%C.L.)



Dark Matter detection at ILC (I)

When mDM < mH/2, the signal can be detected at the ILC (95%C.L.)  
even if the coupling between DM & H is small.

(OK when Br(X DM DM) > 0.95% at ILC, while Br > 50% at LHC.)

When mDM > mH/2, it is difficult to detect the signal even at the ILC 
when the coupling between DM & H not large.

(There may be other processes for efficient DM detections.)
(We should consider the processes from higher dimensional Ops.)

Sensitivity to detect the signal at the ILC (95%C.L.)

Invisibly Decaying Higgs

[M. Schumacher,
LC-PHSM-2003-096]



Dark Matter detection at ILC (I)

When mDM < mH/2, the signal can be detected at the ILC (95%C.L.)  
even if the coupling between DM & H is small.

(OK when Br(X DM DM) > 0.95% at ILC, while Br > 50% at LHC.)

When mDM > mH/2, it is difficult to detect the signal even at the ILC 
when the coupling between DM & H not large.

(There may be other processes for efficient DM detections.)
(We should consider the processes from higher dimensional Ops.)

Sensitivity to detect the signal at the ILC (95%C.L.)

Invisibly Decaying Higgs

[Conf.@Univ. of Tokyo (2009)]



Dark Matter detection at ILC (I)
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X-section for the observation

mh = 120 GeV 
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Dark Matter detection at ILC (II)

The case where several new particles, in 
addition to the dark matter, are light 
enough to access at the ILC.

Dark Matter detection may be possible 
using the production of new particles.

…
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DM

Heavy!

Accessible! 

When new particles are non-singlet
under SU(2)L, there exist χ+ having
the χ+-χ0-W interaction (χ0 = DM).

As a benchmark study, we discuss 
the discrimination of the models.
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Dark Matter detection at ILC (II)

200 fb, BG subtracted

40 fb, BG subtracted

Measurement Accuracy
(σ=   40 fb) 0.2 % for χ±

4.5 % for χ 0

(σ= 200 fb) 0.1 % for χ±

1.3 % for χ 0

Energy distribution of W Threshold behavior

Error bars are given by
assuming 50 fb-1 data!

n = 0.5 for SUSY case,
n = 1.5 for other cases.

(General vector case is …)

It is possible to discriminate
the SUSY case from other
cases (IH & LH cases)

40 fb case



Dark Matter detection at ILC (II)

Angular distribution of reconstructed χ±

There are two-fold ambiguity to determine θ in the reconstruction of χ±

IH SUSY LH 

200 fb case 200 fb case 200 fb case

～ Distributions of production angle ～

～ Comparison between data  & theory ～

IH Theory SUSY Theory LH Theory 

Comparisons between simulation results and theoretical predictions.



Dark Matter detection at ILC (II)

Angular distribution of reconstructed χ±

～ Separation Power among three models ～

Separation power > 19σ is obtained with 200 fb signal cross section.
In 40fb case, 2.5σ separation power is expected between IH & LHT.

～ Comparison between data  & theory ～

IH Theory SUSY Theory LH Theory 

Comparisons between simulation results and theoretical predictions.



Summary & Discussions

• New Physics is expected to appear at the TeV scale, which will give 
solutions for hierarchy and dark matter problems. LHC will  discover 
several New Physics signals, which give a clue to explore physics 
beyond the standard model.

• One of the important purposes of LC experiments is the 
determination of the Lagrangian at the TeV scale in a model-
independent way. In particular, investigating the sector of new light 
particles including a dark matter candidate is important for not 
only particle physics but also astrophysics and cosmology.

• We have discussed the potential of the ILC to determine the nature 
of the dark matter (mass, spin, interactions, etc.)

• If the dark matter is the only particle which is accessible at the ILC, 
the higgs-dark matters coupling can be measured accurately when 
mDM < mH/2. In another case, the detection of the dark matter will 
be challenging. We should looking for other processes. 

• If other new particles, in addition to the dark matter, are accessible 
at the ILC, it seems to be easy to investigate the nature of the new 
particles. Completely model-independent method for the 
investigation is now in progress.


