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Physics case for ILC

• have been in the LC community since 1990

• NLC, JLC, TESLA, CLIC, ....

• many ups and downs in hopes and 
perceptions about ILC

• don’t think physics case has been really 
changed since then 

(reassuring & disappointing)
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Physics case for ILC
• We know little about the origin of 

electroweak symmetry breaking
• Higgs sector
• hierarchy problem

• precision EW data suggest light Higgs
• dark matter may well be a TeV-scale WIMP
• Whatever we find at LHC, we need to 

reconstruct the Lagrangian from data@ILC
• What energy?
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missing ET, multiple jets, b-jets, (like-sign) di-leptons

SUSY technicolor

+little Higgs with T-parity, warped ED with Z3 baryon

New physics looks alike
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Need absolute confidence 
for a major discovery

Need absolute confidence 
for a major discovery

still a long way to

“freshman physics” level confidence

“We have learned that all particles we 
observe have unique partners of different spin 
and statistics, called superpartners, that make 
our theory of elementary particles valid to 
small distances.”

As an example, supersymmetry

“New-York Times level” confidence
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precision SUSY
measurements

• SUSY spectroscopy

• kinematic fits, partial 
wave analysis, Dalitz 
analysis, etc

• precision mass, BR 
measurements
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PDG 2016Squarks   J=0? 
 
The following data are averaged over all light flavors, presumably u, d, s, c with both 
chiralities.  For flavor-tagged data, see listings for Stop and Sbottom.  Most results 
assume minimal supergravity, an untested hypothesis with only five parameters.  
Alternative interpretation as extra dimensional particles is possible.  See KK particle 
listing. 

 
SQUARK MASS 

 
VALUE (GeV)  DOCUMENT ID TECN  COMMENT 
538±10  OUR FIT    mSUGRA assumptions 

 
532±11  1ABBIENDI 11D CMS  Missing ET with 

mSUGRA assumptions 
541±14  2ADLER 11O  ATLAS Missing ET with 

mSUGRA assumptions 
• • • We do not use the following data for averages, fits, limits, etc • • • 
652±105  3ABBIENDI 11K CMS  extended mSUGRA 
        with 5 more parameters 
 
1ABBIENDI 11D assumes minimal supergravity in the fits to the data of jets and 
missing energies and set A0=0 and tan! = 3.  See Fig. 5 of the paper for other choices 
of A0 and tan!.  The result is correlated with the gluino mass M3.  See listing for 
gluino. 
2ADLER 11O uses the same set of assumptions as ABBIENDI 11D, but with tan! = 5.   
3ABBIENDI 11K extends minimal supergravity by allowing for different scalar masses-
squared for Hu, Hd, 5* and 10 scalars at the GUT scale. 
 
  

 
SQUARK DECAY MODES 

 
MODE  BR(%)  DOCUMENT ID TECN  COMMENT 
j+miss  32±5  ABE 10U  ATLAS 
j l+miss 73±10  ABE 10U  ATLAS lepton universality 
j e+miss 22±8  ABE 10U  ATLAS  
j " +miss 25±7  ABE 10U  ATLAS  
q #+  seen  ABE 10U  ATLAS 



• Specify the fields
• mass
• spin:Klein-Gordon, Dirac, Majorana, gauge
• SU(3)xSU(2)xU(1) quantum numbers
• mixing of states

• Specify their interactions
• gauge interactions
• Yukawa couplings
• trilinear and quartic scalar couplings

Reconstruct Lagrangian 
from data
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e+e− → χ̃+
1 χ̃−1 → (χ̃0

1l±νl)(χ̃0
1qq̄�)

mass
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• eL and eR are really different particles at 
E≫mZ, measure I3 and Y

event generation. Since beam polarization has been shown to
be a useful tool, as a first step, we show in Fig. 3 various
lowest order SM background cross sections, as a function of
electron polarization PL(e�) for an unpolarized positron
beam. The e�e�→e�e� contribution includes only
s-channel contributions. For unpolarized beams
�PL(e�)�0�, WW production is the dominant SM process.
By tuning PL(e�) to ��0.9 �95% right polarized beam�,
the magnitude of the WW cross section can be significantly
reduced relative to other SM backgrounds, which show only
a mild dependence on beam polarization. Since WW produc-
tion is a major background for many new physics processes,
Fig. 3 suggests that the use of �dominantly� right-handed
electron beams would yield a better signal to background
ratio, except for those signals whose cross sections become
small when PL(e�)��1. We have not shown backgrounds
from 2→3 and 2→4 SM processes, these can be reduced by
using suitable cuts �14�.
Our next step is to generate explicit events for signal and

background. We focus on optimizing cuts for ẽRẽR and
W̃1W̃1 production, which should give the largest reach into
parameter space. We use the ISAJET toy detector ISAPLT with
the following characteristics. We simulate calorimetry cov-
ering �4���4 with cell size ������0.05�0.05. En-
ergy resolution for electrons, hadrons, and muons is taken to
be �E��0.0225E�(0.01E)2, �E��0.16E�(0.03E)2,
and �pT�5�10�4pT

2 , respectively. Jets are found using
fixed cones of size R����2���2�0.6 using the ISAJET
routine GETJET �modified for clustering on energy rather than
transverse energy�. Clusters with E�5 GeV and
��(jet)��2.5 are labeled as jets. Muons and electrons are
classified as isolated if they have E�5 GeV, ��(l )��2.5,
and the visible activity within a cone of R�0.5 about the
lepton direction is less than max(E l /10, 1 GeV). Finally,
b jets are tagged with an efficiency of 50%, while c jets are
misidentified as b’s with an efficiency of 3%. Jets with one
or three charged prongs are classified as �’s for the purpose
of �-veto �see Sec. III D�.
The signature for l̃ R l̃ R production is a pair of acollinear

same flavor/opposite sign leptons recoiling against E” . To
search for such a signal, we essentially follow the cuts of
Ref. �14� and require �i� 5 GeV �E(l )�200 GeV, �ii� 20

GeV �E�visible��400 GeV, �iii� �m(l �l �)�MZ��10
GeV, �iv� �cos�(l �)��0.9, �v� �Q l cos�l �0.75, �vi�
�acop�30°, �vii� ET

mis�25 GeV, and �viii� veto events with
any jet activity, where the polar angle is measured from the
electron beam, and Q is the charge of the lepton. Cut �iii�
eliminates backgrounds from e�e�→ZZ ,��Z and e�e�Z
production, while cuts �iv� and �v� greatly reduce the back-
grounds from WW and e�W production �we neglect the lat-
ter�. For unpolarized beams, the resulting background level
was 17 fb, while for PL(e�)��0.9, the background was 2.4
fb. Thus, for the polarized case, a 5� signal for 20 fb�1 of
integrated luminosity requires a signal rate larger than 1.73
fb.
To search for chargino pairs, one may search either for

four-jet events from both W̃1 hadronic decays, or 1-
l �2-jet events from mixed hadronic/leptonic chargino de-
cays. We found that either signature gives a similar reach;
we focus on the mixed hadronic/leptonic signature since ul-
timately it is more useful for chargino mass measurements.
Following Ref. �14�, we require events with one lepton plus
two jets, and �i� No. charged tracks �5, �ii� 20 GeV
�E�visible��400 GeV, �iii� if E( j j)�200 GeV, then
m( j j)�68 GeV, �iv� ET

mis�25 GeV, �v� �m(l �)�
MW��10 GeV for a W-pair hypothesis, �vi� �cos�(j)��0.9,
�cos�(l )��0.9, �Q l cos�l �0.75, and Q l cos�(jj)�0.75,
�vii� �acop(WW)�30° for a W-pair hypothesis. Although the
dominant background from WW production is smallest for
PL(e�) close to �1, the signal cross section also drops rap-
idly since the chargino is frequently an SU�2� gaugino, and
so, couples only to the doublet electron. Hence, the use of
left-handed electron beams is required. For PL(e�)��0.9,
the resultant background level was 155 fb, so that a 5� sig-
nal for 20 fb�1 of integrated luminosity requires a signal rate
larger than 14 fb.
In Figs. 4 and 5, we show the 5� reach of NLC500 for

minimal SUGRA via l �l � and 1-l �2-jet searches for
tan��2 and tan��10, respectively. Here, we assume an
integrated luminosity of 20 fb�1 and compare the reach we
obtain with the kinematic reach contours of Figs. 1 and 2,
shown as dashed contours for the l �l � and 1l �2 j sig-
nals. In Fig. 4�a� alone, we compare the reach for a polarized
e� beam with the unpolarized case. The dotted curves cor-
respond to the NLC500 reach using the above cuts with un-
polarized beams, while the solid curves correspond to the
reach for a 95% polarized electron beam with dominantly
left- �right-� handed polarization for the chargino (l R)
search. Notice that for m0�250 GeV, the l �l � signal �with
unpolarized beams� from charginos is observable in between
the two dotted curves; below the lowest dotted curve the
chargino is rather light, and our cuts are not optimized for
their selection. By comparing the dotted and solid curves, we
see that there is only a marginal gain in reach using polarized
beams with PL(e�)��0.9 for the slepton signal �to reduce
WW backgrounds�, and PL(e�)��0.9 for the chargino sig-
nal �to gain the largest signal cross section�. For this reason,
we have chosen not to show the polarization dependence in
the other frames in Figs. 4 and 5. The real power of polar-
ization is for precision measurements of masses and cou-
plings �14,32�. We note that the selectron search contours fill
most of the region of slepton accessibility, except for a small

FIG. 3. Various lowest order SM cross sections �in fb� for NLC
at �s�500 GeV, as a function of e� polarization parameter
PL(e�).
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total cross sections, sparticle branching fractions, etc. are
possible �14�. Such measurements can serve as tests of the
underlying framework �the minimal SUGRA model, in our
case�, and perhaps even help to determine some of its funda-
mental parameters.
Since SUSY particle decays always terminate in the LSP

Z̃1, a direct reconstruction of SUSY particle masses via
‘‘mass bumps’’ is not possible. However, the cleanliness of
e�e�-scattering events, combined with the well-defined ini-
tial state, leads to kinematic restrictions which depend di-
rectly on sparticle masses. For instance, in the reaction
e�e�→p1�p2, followed by p2→p3�p4, the energy of par-
ticle p3 is restricted to lie between

��E3*��p3*��E3���E3*��p3*�, �3.1�

where E3*�(m2
2�m3

2�m4
2)/2m2, p3*��E3*2�m3

2,
��E2 /m2, ���1�1/�2, and E2�(s�m2

2�m1
2)/2�s , up

to corrections from energy mismeasurements, particle losses,
bremsstrahlung, etc. We will see below that this formula pro-
vides a simple yet clean way for the determination of slepton
and LSP �or sneutrino and chargino� masses �14� and, with
appropriate analysis, also of the chargino mass when the
chargino decays via W̃1→ f f̄ Z̃1 �see Sec. III D�.

A. Case 1: Dominantly chargino production

The first case that we examine corresponds to the SUGRA
point �m0 ,m1/2 ,A0 ,tan� ,sgn(�)��(400,200,0,2,�1)
�where parameters with mass dimensions are in GeV�, whose
locus in the m0 vs m1/2 plane is labeled ‘‘1’’ in Fig. 4�a�. We
show in Fig. 6 the total cross sections for accessible 2→2
SUSY particle reactions as a function of beam polarization
PL(e�). These may be compared directly to various SM
cross sections shown in Fig. 3. We also plot the masses of
the accessible SUSY particles to help orient the reader. For
this case, mH l

�85 GeV, so it would likely to have already
been discovered at LEP 2. The ZH l cross section only varies
by 50% over the range of PL(e�). The dominant SUSY
process is W̃1W̃1 production (mW̃1

�175 GeV� and, because

the chargino is essentially an SU�2� gaugino, its cross section
drops rapidly as PL(e�)→�1. At high energy (�s�MZ),
we may think of just the neutral SU�2� vector boson ex-
change contributing in the s channel, so that s-channel am-
plitudes for right-handed electrons are suppressed; since the
sneutrino exchange amplitude always involves just left-
handed electrons, the polarization dependence of this cross
section is readily understood. The same reasoning explains
the behavior of the Z̃2Z̃2 cross section. In the limit that Z̃1 is
the bino, the t-channel selectron amplitude dominates Z̃1Z̃1
�and Z̃1Z̃2) production. The polarization dependence of
�(Z̃1Z̃1) is readily understood once we recognize that the
cross section varies as Y 4, where Y is the hypercharge of the
selectron exchanged in the t channel. Finally, because Z̃2 has
suppressed hypercharge gauge couplings, the polarization
dependence of �(Z̃1Z̃2) follows that of �(Z̃2Z̃2).
In this scenario, W̃1→WZ̃1 with nearly 100% branching

ratio, so the W̃1W̃1 signal should be easily seen above the
5� level of Sec. II in either the 4-jet or 1l �2-jet mode.
However, to extract a chargino mass, a clean event sample is
needed, and further discrimination of signal from SM
�mainly WW) background is necessary. We focus here on
the 1l �2-jet signal, for which mass measurements are rela-
tively straightforward. We use unpolarized beams and as-
sume �Ldt�20 fb�1. The missing mass, defined by
m” ��E” 2�p” 2 provides a powerful discriminator. For W̃1W̃1
production, m” is constrained to be m” �2mZ̃1

�172 GeV,
while WW production has no such constraint. We show in
Fig. 7�a� the m” distributions for both signal and background.
In this case, a rather clean SUSY signal can be obtained by
requiring m” �240 GeV. The distribution of surviving events
is plotted as a function of dijet energy E j j in Fig. 7�b�. The
background level is indicated by the histogram, while the
signal cross section is shown by the points with error bars. In
this case, E j j�EW from the W̃1→WZ̃1 decay, so the end-
point structure of a two-body decay discussed above should
apply. The tips of the arrows indicate the theoretically ex-
pected end points obtained using Eq. �3.1�. The distribution
has significant smearing �particularly at the low end� due to
our calorimeter simulation and use of the cone algorithm for
jet finding �which entails some loss from energy outside the
cone�, and may well be improved with different jet-finding
schemes, or by plotting all visible energy aside from the
detected lepton. Since Tsukamoto et al. �14� have already
shown that a fit to the E j j distribution leads to a mass mea-
surement of mW̃1

to �5%, we have neither made any attempt
to improve our jet algorithm nor repeat this same analysis
here.
Instead, we focus on the other interesting possibility

which is to isolate a signal from Z̃2 in order to measure its
mass. For our case, B(Z̃2→Z̃1H l )�99.6%, so that Z̃1Z̃2
production almost exclusively results in bb̄�E” events. The
physics background here is mainly due to ZZ and ZH l pro-
ductions. In this case, we use PL(e�)��0.9, and assume 50
fb�1 of integrated luminosity. To isolate the Z̃1Z̃2 signal, we
require events with two tagged b jets, ET

mis�25 GeV and
30°���b b̄�150°. At this point, we can proceed with a plot
of m” , which is shown in Fig. 8�a�. For this case, the two main

FIG. 6. Various lowest order SUSY cross sections �in fb� for
NLC at �s�500 GeV, as a function of e� polarization parameter
PL(e�), for case study point No. 1. We also show on the left the
masses of only the accessible superpartners and Higgs bosons.
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SU(2)LxU(1)Y
quantum numbers
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Figure 3.4.3: a) Contours of σR(t̃1t̃1) and σL(t̃1t̃1), t̃1 → c χ̃0
1 as a function of mt̃1

and
cos θt̃ for

√
s = 500GeV, L = 2 × 500 fb−1, |P−| = 0.8 and |P+| = 0.6. b) Indirect

constraints on mt̃2
and cos θt̃ expected from future high precision measurements at LHC

and Tesla.

and if tan β and µ are known from other measurements to <∼ 10%, then MQ̃, MŨ and
At can be determined with an accuracy of few percent [17].

Direct information on the stop parameters can be combined with indirect informa-
tion by requiring consistency of the MSSM with precise measurements of the Higgs-
boson mass mh0, and the electroweak observables MW and sin2 θeff [23]. This is shown
in Fig. 3.4.3 b, where the allowed parameter space expected from future measurements
at LHC and Tesla is displayed in the mt̃2 − | cos θt̃| plane, for the stop parameters
of Fig. 3.4.3 a and the other MSSM parameters chosen according to the RR2 scenario.
The allowed region is significantly reduced by data from Tesla, in particular in the
GigaZ scenario. Using cos θt̃ from polarised cross section measurements one gets mt̃2
with a precision of ∼ 5%. A comparison with direct mass measurements would test
the MSSM at its quantum level in a sensitive and highly non-trivial way.

In general, the stop can decay in a variety of ways depending on its mass and those
of the other SUSY particles [17]. There are additional two–body decays: t̃i → χ̃0

kt,
χ̃+

j b, g̃t, b̃jW+(H+) and t̃2 → t̃1Z0(h0, H0, A0). If these decays are kinematically not
possible, the loop–decays t̃1 → χ̃0

1,2 c [24] as well as three– [25] and four– [26] particle
decays can be important.

One should point that a light stop of mt̃1
<∼ 250GeV may escape detection at the

hadron colliders Tevatron and LHC and may only be discovered at Tesla.

Disentangle mixing
Stop
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Yukawa coupling
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triple scalar coupling
Higgs self-coupling in the fusion channel

Figure 1. Top, left: Dependence of the cross-section for Higgs pair produc-
tion on the center-of-mass energy for several Higgs mass values and unpolar-
ized beams. Top, right: Dependence of the HHνν̄ cross-section on the triple
Higgs coupling, normalized to its SM value, for MH = 140 GeV, several

√
s

values and polarized beams. Down: Accuracy on λHHH as a function of Higgs
mass for several

√
s values and polarized beams.

2.1 The background processes

However, one has to prove that the signal for two-Higgs boson production can
be extracted in the presence of a large multi-channel background. We intend
to study two mass values, 140 GeV and 180 GeV. The dominant decay chan-
nels are then: bb̄, WW ∗ and WW , giving rise to complex final states with up
to ten fermions. Whizard generator can be used to simulate these processes. The
backgrounds are many and include processes such as: e+e− → W+W−W+W−,
W+W−Z0Z0, Z0Z0Z0Z0, e+e− → W+W−Z0, Z0Z0Z0, νν̄W+W−, νν̄Z0Z0,
νeWZ, e+e−W+W−, e+e−Z0Z0, tt̄H. The cross-sections of the background
processes are larger than those of the signal and one has to verify whether they
can be reduced applying kinematic cuts.

Pramana – J. Phys., Vol. 69, No. 5, November 2007 821

e
+
e
−
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ν
e
ν̄

e
H
∗

H
∗
→

H
H

15



• Specify the fields
• mass
• spin:Klein-Gordon, Dirac, Majorana, gauge
• SU(3)xSU(2)xU(1) quantum numbers
• mixing of states

• Specify their interactions
• gauge interactions
• Yukawa couplings
• trilinear and quartic scalar couplings

Reconstruct Lagrangian 
from data

16



Physics Significance



• Branching Fractions test 
the relation 

coupling ∝ mass

⇒ proves that Higgs Boson 
is the Mother of Mass 

Prove 
Higgs coupling ∝ mass 
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• ZH final state
• Prove the ZZH vertex Z

Z

e+

e–

Prove it is condensed
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Z

Z

• ZH final state
• Prove the ZZH vertex
• We know Z:gauge 

boson, H: scalar boson 
⇒ only two types of vertices

Z

Z

e+

e–

Z

Prove it is condensed
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• ZH final state
• Prove the ZZH vertex
• We know Z:gauge 

boson, H: scalar boson 
⇒ only two types of vertices
• Need a condensate to 

get ZZH vertex
⇒ proves it is condensed in 
Universe

HM, hep-ex/9606001 

Z

Z

e+

e–

Z

Z

Z

Z

Z

Prove it is condensed
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• ZH final state
• Prove the ZZH vertex
• We know Z:gauge 

boson, H: scalar boson 
⇒ only two types of vertices
• Need a condensate to 

get ZZH vertex
⇒ proves it is condensed in 
Universe

HM, hep-ex/9606001 

Z

Z

e+

e–

Z

Z

Z

Z

Z

Z

Z

! mZ2

Prove it is condensed

22



• Collision of high-energy particles 
mimic Big Bang

• We hope to create Dark Matter 
particles in the laboratory

• Look for events where energy and 
momenta are unbalanced 

“missing energy” E
miss

• Something is escaping the 
detector

• electrically neutral, weakly 
interacting

⇒Dark Matter!?
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Producing Dark Matter 
in the laboratory
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Dark Matter
direct cross sectionabundance



Omega from colliders

SUSY case study
Baltz, Battaglia, Peskin, 

Wizansky hep-ph/0602187



• measure the number of 
dimensions

• location of the wave 
functions

LC
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∼1/2 event/bin/fb-1

What kind of force?

III-142 5 Precision Measurements
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Figure 5.2.2: Resolution power (95%
CL) for different mZ′ based on mea-
surements of leptonic observables at√

s=500GeV, 800GeV, 1TeV with a lu-
minosity Lint =1000 fb−1 [44]. The lep-
tonic couplings of the Z′ correspond to the
χ, η or LR model.
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Figure 5.2.3: Resolution power (95%
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√
s = 1TeVand

Lint =1000 fb−1 [44]. The Z′ is exempli-
fied in the χ model with mZ′=5TeV; the
Z′ mass is unknown.

5.2.2 W ′ limits

The limits on extra charged gauge bosons shown here are based on the two reactions
e+e− → νν̄γ (see Fig. 5.2.4a) and eγ → νq + X (see Fig. 5.2.4b) for three different
models: the SM-type heavy W ′ (SSM W ′), the left-right model (LRM) and the SM-
type Kaluza–Klein-excitation model (KK) [45]. The SM inputs MW = 80.33GeV,
MZ = 91.187GeV, sin2 θW = 0.23124, α = 1/128 and ΓZ = 2.49GeV are used in the
numerics.
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Figure 5.2.4: Typical diagrams for the processes (a) e+e− → νν̄γ and (b) eγ → νq + X .
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cf. gauge coupling 
unification
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•	
 Scalar masses test beta functions 
at all scales, depend on the 
particle content

(Kawamura, HM, Yamaguchi)

LHC+LC
500

400

300

200

100

0
102 105 108 1011 1014 1016

Energy (GeV)

ga
ug

in
o 

m
as

s 
(G

eV
)

M3

M2

M1

Gaugino and scalars

• Gaugino masses test 
unification itself independent 
of intermediate scales and 
extra complete SU(5) 
multiplets, also GMSB
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Myths and Facts



new physics is 
unlikely at LHC

• Myth
• It is true that precision EW and flavor 

physics did not reveal new physics
• Very tight constraints on new physics 

below TeV (or even 100 TeV)
• Yet many exciting new physics candidates 

consistent with data
• e.g. SUSY with gauge mediation, little Higgs 

with T-parity, even some Higgsless
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dark matter is
out of reach for ILC

• Myth

• If you believe PAMELA & FERMI data to be 
dark matter signal, dark matter mass is 3–5 
TeV

• they could well be due to nearby pulsars

• We really don’t know
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Nambu-Goldstone
Dark Matter

5TeV τ=1.3×1026 sec
Ibe, HM, Shirai, Yanagida, JHEP 0911, 120 (2009)

Ibe
Nakayama
HM
Yanagida
0902.2914
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pulsars

Figure 6: In this figure we compare the electron plus positron spectrum from multiple pulsars plus the
Galactic (GCRE) component with experimental data (dotted line). We consider the contribution of all
nearby pulsars in the ATNF catalogue with d < 3 kpc with age 5 × 104 < T < 107 yr by randomly
varying Ecut, ηe± ∆t and Γ in the range of parameters given in the text. Each gray line represents the
sum of all pulsars for a particular combination of those parameters. The blue dot-dashed (pulsars only)
and blue solid lines (pulsars + GCRE component) correspond to a representative choice among that set
of possible realizations. The purple dot-dashed line represents the contribution of Monogem pulsar in
that particular case. Note that for graphical reasons here Fermi-LAT statistical and systematic errors
are added in quadrature. Solar modulation is accounted as done in previous figures.

• Astrophysical sources (including pulsars and supernova remnants) can account for
the observed spectral features, as well as for the positron ratio measurements
(sec. 3.1): no additional exotic source is thus required to fit the data, although
the normalization of the fluxes from such astrophysical objects remains a matter
of discussion, as emphasized above.

• Generically, dark matter annihilation produces antiprotons and protons in addi-
tion to e±. If the bulk of the observed excess high-energy e± originates from dark
matter annihilation, the antiproton-to-proton ratio measured by PAMELA (Adri-
ani et al. 2009 [55]) sets very stringent constraints on the dominant dark matter
annihilation modes, as first pointed out by Donato et al. 2009 [18] (see also Cirelli
et al. 2009 [19]). In particular, for ordinary particle dark matter models, such as
neutralino dark matter (Jungman 1996 [51]) or the lightest Kaluza-Klein particle of
Universal Extra-Dimensions (Hooper & Profumo 2007 [52]), the antiproton bound
rules out most of the parameter space where one could explain the anomalous
high-energy CRE data.

• Assuming particle dark matter is weakly interacting, and that it was produced
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Figure 7: The positron fraction corresponding to the same models used to draw Fig. 6 is compared with
several experimental data sets. The line styles are coherent with those in that figure. Solar modulation
is are accounted as done in

in the early Universe via an ordinary freeze-out process involving the same an-
nihilation processes that dark matter would undergo in today’s cold universe, the
annihilation rate in the Galaxy would be roughly two orders of magnitude too small
to explain the anomalous e± with dark matter annihilation; while this mismatch
makes the dark matter origin somewhat less appealing, relaxing one or more of the
assumptions on dark matter production and/or on the pair annihilation processes
in the early Universe versus today can explain the larger needed annihilation rate;
similarly, a highly clumpy Galactic dark matter density profile, or the presence of
a nearby concentrated clump, can also provide sufficient enhancements to the rate
of dark matter annihilation

Notwithstanding the above caveats, the focus of the present study is to assess the impact
of the new Fermi-LAT data on a dark matter interpretation of the excess high-energy
e±.

We assume for the dark matter density profile ρDM an analytic and spherically-
symmetric interpolation to the results of the high-resolution Via Lactea II N-body sim-
ulation (Diemand et al. 2008 [53]), namely:

ρDM(r) = ρ!

(

r

R!

)−1.24 (

R! + Rs

r + Rs

)1.76

, (3)

where ρ! = 0.37 GeV · cm−3 is the local density, R! = 8.5 kpc is the distance between
the Sun and the Galactic center and Rs = 28.1 kpc is a scale parameter. For simplicity,
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ILC is pushed 
farther into the future

• Fact

• At this point, I can’t imagine politicians 
approving ILC without seeing LHC data

• With LHC slipping, ILC slips together
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HEP community is not 
behind ILC anymore

• Myth

• This is largely a sociological issue coupled 
with political reality

• We see a core community right here

• Once people see prospect, they start 
jumping on it

37



There are many 
other options than ILC
• Fact & Myth
• Numerous great ideas, R&D
• muon collider ⇒ MICE

• plasma ⇒ Bella & FACET

• LHC energy upgrade ⇒ magnet R&D

• Keep our mind open!
• HM understands that they won’t be mature 

enough to be proposed as a TeV-scale 
collider right after promising LHC data
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hierarchy problem
is overblown

• neither fact nor myth

• some argue that EW scale ≪ MPl because 
Universe doesn’t support life otherwise

• there is nothing beyond SM Higgs@LHC

• We simply don’t know

• will see at LHC

• no point arguing about it now
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ILC cost is growing
out of control

• Myth

• US accounting requires escalation in cost 
estimates

• assume a slip by N years, multiply by 
assumed inflation ~(1 + 4%)N

• N=10  ~(1 + 4%)N ~1.5

• N=20  ~(1 + 4%)N ~2.2
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ILC is dead

Absolutely not!
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• We expect rich physics at “TeV” because of 
dark matter and cosmic superconductor, 
but not rigorously proven

• e+e– LC great as long as the new particles 
are there within reach, allowing us to 
reconstruct theory based on data

• May even see physics well above TeV, 
connect to dark matter, cosmology

• What energy is enough?
• LHC will tell us.   Look forward!
• We need to be ready once new physics

Conclusion
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