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The completion of the SM:
First time ever, we have a consistent relativistic, 
quantum mechanical theory:
weakly coupled, unitary, renormalizable, vacuum-
(quasi?)stable, valid up to an exponentially high 
scale, perhaps to the Planck scale MPl!

Further fundamental questions:
• Nature of EWSB: Higgs potential, self-coupling
• Vacuum stability: top quark mass/Yukawa coupling
• “Naturalness”: TeV scale new physics
• Puzzle of flavor physics and neutrino mass

Future colliders will play key roles for the answers, 
and the e+e- & pp colliders would be complementary! 
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On the “Uniqueness of e+e- colliders”

Discoveries:
• R value = 3 ! Qq

2: quarks, color
• J/": charm-quark    (1974 )
• #+ #- : 3rd generation lepton  (1974-77)
• 3-jets: gluons   (1979)

• CP violation in B-factories  (2000’s)

Best measurements:
• m# (BEPC)
• MZ (LEP 1)
• $(Mz), $s, sin2%W, n& (LEP 1, SLC)
• Rare B-decays (B-factories)

温故知新
Review the past,

foresee the future.

On the “Uniqueness of e+e- colliders”On the “Uniqueness of e+e- colliders”
A historical account:



On the “Uniqueness of e+e- colliders”
Advantages:

• Well-measured CM energy 
(ILC ~ 0.2%)

• Well-measured luminosity   
(ILC ~ 0.1%)

• Low background 
R(WW@1034) < 1Hz

• Beam polarization 
(ILC e-e+ 80% / 30%) 

• ~ 4' coverage                       
(ILC vertex: ~16 mrad)

• Resonances and thresholds 

Disadvantages:
• Large synchrotron radiation for circular colliders
• Limited CM energy, challenging luminosity
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Ecm running time statistics (FCC-ee)

b,c,τ 1011 b,c,τ

90 GeV 1-2 yrs 1012       Z (Tera Z)

160 GeV 1-2 yrs 108- 109  WW(Oku W)

240 GeV 4-5 yrs 2x106   ZH (Mega H)

350 GeV 4-5 yrs 106          tt  (Mega top)

e+e- colliders: Energy/Lumi projection
TLEP Report: 1308.6176

Open up 1-3 TeV
threshold

ILC arXiv:1504.01726v2

CLIC arXiv:1307.5288v3



Need precision Higgs Physics:
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FIG. 9: �gb/g
SM
b as a function of tan�. The colour code

is the following: Red means several Higgs bosons can be dis-
covered at the LHC - all the other points correspond to a
single Higgs boson discovery at the LHC. Dark blue points
are excluded by the �(b ! s�) constraint. Light blue, yellow
and green correspond to at least one third generation squark
has a mass less than 1.0 TeV, all third generation squarks are
heavier than 1.0 TeV but at least one top squark is lighter
than 1.5 TeV and both top squarks heavier than 1.5 TeV,
respectively.

FIG. 10: �g⌧/g
SM
⌧ as a function of tan�. The colour code

is the following: Red means several Higgs bosons can be dis-
covered at the LHC - all the other points correspond to a
single Higgs boson discovery at the LHC. Dark blue points
are excluded by the �(b ! s�) constraint. Light blue, yellow
and green correspond to at least one third generation squark
has a mass less than 1.0 TeV, all third generation squarks are
heavier than 1.0 TeV but at least one top squark is lighter
than 1.5 TeV and both top squarks heavier than 1.5 TeV,
respectively.

ble within the supersymmetric framework. The last row
in Table I reports anticipated 1� LHC sensitivities at
14TeV with 3 ab�1 of accumulated luminosity [5].
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�hV V �ht̄t �hb̄b
Mixed-in Singlet 6% 6% 6%
Composite Higgs 8% tens of % tens of %
Minimal Supersymmetry < 1% 3% 10%a, 100%b

LHC 14TeV, 3 ab�1 8% 10% 15%

TABLE I: Summary of the physics-based targets for Higgs
boson couplings to vector bosons, top quarks, and bottom
quarks. The target is based on scenarios where no other exotic
electroweak symmetry breaking state (e.g., new Higgs bosons
or ⇢ particle) is found at the LHC except one: the ⇠ 125GeV
SM-like Higgs boson. For the �hb̄b values of supersymmetry,
superscript a refers to the case of high tan� > 20 and no
superpartners are found at the LHC, and superscript b refers
to all other cases, with the maximum 100% value reached for
the special case of tan� ' 5. The last row reports anticipated
1� LHC sensitivities at 14TeV with 3 ab�1 of accumulated
luminosity [5].

cussions about FeynHiggs and A. Thamm for suggestions
on the section on composite Higgs models.
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Tree-level corrections ≈ 6% @ M ≈ 1 TeV

6

Generically:

Important Model-dependent futures:

�AB /
�(A! h) �(h! B)

�h
/ g2

A g2
B

�h

LHC measurements of ratios @ 10%-level:
�(h! A)
�(h! B)

=
Br(h! A)
Br(h! B),

1. Higgs-Factory:
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Figure 7. The Higgs boson production cross section as a function of the centre-of-mass energy
in unpolarized e+e− collisions, as predicted by the HZHA program [39]. The thick red curve shows
the cross section expected from the Higgs-strahlung process e+e− → HZ, and the thin red curve
shows the fraction corresponding to the Z → νν̄ decays. The blue and pink curves stand for the
WW and ZZ fusion processes (hence leading to the Hνeν̄e and He+e− final states), including their
interference with the Higgs-strahlung process. The green curve displays the total production cross
section. The dashed vertical lines indicate the centre-of-mass energies at which TLEP is expected
to run for five years each,

√
s = 240GeV and

√
s ∼ 2mtop.

rapidly decreasing with the new physics scale Λ, typically like 1/Λ2. For Λ = 1TeV,

departures up to 5% are expected [7, 8]. To discover new physics through its effects on the

Higgs boson couplings with a significance of 5σ, it is therefore necessary to measure these

couplings to fermions and gauge bosons with a precision of at least 1%, and at the per-mil

level to reach sensitivity to Λ larger than 1TeV, as suggested at by the negative results of

the searches at the LHC.

The number of Higgs bosons expected to be produced, hence the integrated luminosity

delivered by the collider, are therefore key elements in the choice of the right Higgs factory

for the future of high-energy physics: a per-mil accuracy cannot be reached with less

than a million Higgs bosons. The Higgs production cross section (obtained with the HZHA

generator [39]), through the Higgs-strahlung process e+e− → HZ and the WW or ZZ fusion

processes, is displayed in figure 7. A possible operational centre-of-mass energy is around

255GeV, where the total production cross section is maximal and amounts to 210 fb.

The luminosity profile of TLEP as a function of the centre-of-mass energy (figure 3)

leads to choose a slightly smaller value, around 240GeV, where the total number of Higgs

bosons produced is maximal, as displayed in figure 8. The number of WW fusion events

has a broad maximum for centre-of-mass energies between 280 and 360GeV. It is therefore

convenient to couple the analysis of the WW fusion with the scan of the tt̄ threshold, at√
s around 350GeV, where the background from the Higgs-strahlung process is smallest

and most separated from the WW fusion signal.

– 14 –

TLEP Report: 1308.6176

~ 200 fb

TLEP-240  
1 year, 1 detector 

Recoil Mass (GeV) 

m2
h = (pe� + pe+ � qµ� � qµ+)2

“Recoil mass”
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Figure 2: Definition of the � = {◊1, ◊2, „} angles in a e+e≠ æ hZ event (taken from
Ref. [31]). Note the two polar angles are respectively defined in the center-of-mass and Z
restframes.

process e+e≠ æ ‹‹̄h, h æ bb̄, which yield the same final state. This is further discussed
in Section 3.2 and Appendix B.

Angular asymmetries

Three angles and two invariant masses fully characterize the di�erential distribution of the
e+e≠ æ hZ æ hff̄ process (see Fig. 2). It naturally provides information complementary
to that of the total rate alone. The e�ective-field-theory contributions to the angular
distributions have been thoroughly studied in Ref. [29]. At tree level and linear order
in the e�ective-field-theory parameters, they can all be captured through the following
asymmetries:

A◊1 = 1
‡

⁄
d � sgn{cos(2◊1)} d ‡

d � ,

A(1)
„ = 1

‡

⁄
d � sgn{sin „} d ‡

d � ,

A(2)
„ = 1

‡

⁄
d � sgn{sin(2„)} d ‡

d � ,

A(3)
„ = 1

‡

⁄
d � sgn{cos „} d ‡

d � ,

A(4)
„ = 1

‡

⁄
d � sgn{cos(2„)} d ‡

d � ,

Ac◊1,c◊2 = 1
‡

⁄
d � sgn{cos ◊1 cos ◊2} d ‡

d � , (3.1)

where � = {◊1, ◊2, „} and the sgn function gives the sign of its argument. Among these
asymmetries, A(1)

„ and A(2)
„ are sensitive to CP-violating parameters (or absorptive parts

of amplitude), while A◊1 and A(4)
„ depend on the same combination of operator coe�-

cients. In the absence of CP violation, the angular observables therefore provide three
independent constraints on e�ective-field-theory parameters. The corresponding Higgs-
basis expressions are provided in Appendix D.

A phenomenological study of these angular asymmetries at circular e+e≠ colliders
has been performed in Ref. [31]. In particular, it was shown that the uncertainties on
their determination is statistics dominated for leptonic Z decays. The absolute statistical

10

106 Higgs @ 5 ab-1
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Higgs factories under consideration:
• ILC (Japan): 250 GeV, 2 ab-1, 80% / 30% polarization. 
• FCCee (CERN): 250 GeV, 20 ab-1 .
• CEPC (China): 240 GeV, 5 ab-1 .

• ILC: Model-independent measurement: 
ΓH = ΓX/BRX ~ 6%,    ΔmH ~ 30 MeV

(HL-LHC: assume SM, ΓH~ 5-8%,  ΔmH ~ 50 MeV)

• FCCee/CEPC 106 Higgs: 
ΓH ~ 1%,   ΔmH ~ 5 MeV,   BRinv < 1%.

ILC Report: 1308.6176

TLEP Report: 1308.6176
CEPC/SppC Preliminary Conceptual Design Reports:
http://cepc.ihep.ac.cn/preCDR/volume.html



**

****

****
*
*

*
*
****

****
*
*

*
*****

*
*****

*
**
*

**

****

**

***
*

*
*****

-
-

----

-
-

--

-

-

-
-

-
-

--

-
-----

-
-
--

-

- -
-

---
-

-
-
---

-
-
--
-

-
-

---
-

--

-
--
-

-

-----
--

----

δcZ cZZ cZ□ cγγ cZγ cgg δyt δyc δyb δyτ δyμ λZ
10-4

10-3

10-2

10-1

1
pr
ec
is
io
n

precision reach of the 12-parameter fit in Higgs basis
LHC 300/fb Higgs + LEP e+e-→WW
LHC 3000/fb Higgs + LEP e+e-→WW

CEPC 240GeV (5/ab) + 350GeV (200/fb)
FCC-ee 240GeV (10/ab) + 350GeV (2.6/ab)
ILC 250GeV (2/ab) + 350GeV (200/fb) + 500GeV (4/ab)
CLIC 350GeV (500/fb) + 1.4TeV (1.5/ab) + 3TeV (2/ab)

light shade: e+e- collider only
solid shade: combined with HL-LHC
blue line: individual constraints
red star: assuming zero aTGCs

Grojean et al. 1704.02333Couplings to sub-percent accuracy:

Models of new physics predict patterns of deviations 
from the SM predictions that are different for different 
schemes. 

For example: 
                  SUSY                             Composite Higgs

Kanemura, Tsumura, Yagyu, Yokoya

Models of new physics predict patterns of deviations 
from the SM predictions that are different for different 
schemes. 

For example: 
                  SUSY                             Composite Higgs

Kanemura, Tsumura, Yagyu, Yokoya

Models of new physics predict patterns of deviations 
from the SM predictions that are different for different 
schemes. 

For example: 
                  SUSY                             Composite Higgs

Kanemura, Tsumura, Yagyu, Yokoya
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• Clean environment, ΔEcm < 1 MeV, 105 x LEP-I
• Z-ploe:    ΔMZ , ΔΓZ < 0.1 MeV,   Δsin2θw < 3x10-6    

(theory systematic error dominant!)

 (GeV)topm
171.5 172 172.5 173 173.5 174 174.5 175

 (G
eV

)
W

m

80.35

80.355

80.36

80.365

80.37 TLEP (Z pole)
TLEP (Direct)
ILC (Direct)
LHC (Future)
Tevatron
Standard Model

TLEP Report: 1308.6176; EW WG Report: 1310.6708
2. Z-Factory: Tera (1012) Z Physics

ΔMW ~ O(1 MeV), Δmt ~ O(10 MeV), ΔmH ~ O(10 MeV).
3. W+W- threshold scan: (108 W’s) 

(definitive test for the SM vacuum stability)
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4. Top-quark Threshold
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0.8  threshold - 1S mass 174.0 GeVtt
TOPPIK NNLO + CLIC350 LS + ISR

/point-1simulated data: 10 fb
 200 MeV±top mass 

CLIC

Fig. 9: Left: Reconstructed top quark mass in the all-hadronic decay channel for an integrated luminosity
of 100 fb�1 at 500 GeV. The top mass and width is determined with an unbinned maximum likelihood
fit to the invariant mass distribution, shown by the solid line. Right: Illustration of a scan of the top
quark pair production threshold, with each point corresponding to 10 fb�1 of integrated luminosity. The
sensitivity to the top quark mass is illustrated by showing the cross section also for 200 MeV changes in
mass.

Table 8: Summary of full detector simulation results obtained under realistic CLIC beam conditions in
the top quark studies.

p
s Technique Measured Integrated Unit Generator Stat.

(GeV) quantity luminosity (fb�1) value error

350 Threshold scan Mass 10⇥10 GeV 174 0.033
aS 0.118 0.0009

500 Invariant mass Mass 100 GeV 174 0.080

statistical uncertainty of the top quark mass in the 1S scheme of 33 MeV is obtained, resulting in a total
uncertainty of approximately 100 MeV when including theoretical normalisation uncertainties as well as
analysis-related and beam energy systematics. Additional theory uncertainties on the order of 100 MeV
enter when transforming the 1S mass used in the threshold scan analysis to the MS mass scheme com-
monly used in electroweak precision calculations. Given the dominance of systematic uncertainties in
the mass determination via a threshold scan, the difference between different e+e� collider options is not
expected to impact visibly on the total uncertainty [18].

3.3 Top as a Probe for New Physics

The high mass of the top quark and its correspondingly strong coupling to the mechanism of electroweak
symmetry breaking make it a promising probe for New Physics. For example, the measurement of
forward–backward and left–right asymmetries, where the latter makes use of polarized beams provided
by a linear collider, provides a high sensitivity to extra-dimensional models and new heavy gauge bosons
by probing the ttZ and ttg vertices with high precision. The fact that the top quark decays before it
hadronizes, allowing access to its polarization by the analysis of angular distributions of the decay prod-
ucts, makes it a sensitive probe for the couplings to gauge bosons and provides the possibility to search
for CP violation in the top sector.

19

ILC: 1604.08122;   CLIC: 1307.5288v3

Combining threshold scan and 
top-reconstruction:

∆mt(MS) < 50 MeV,   ∆$s < 1%
à Sufficient to decide on 
the SM vacuum stability!
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a. Higgs Self-couplings:
� L = − 1

2
m 2

H H 2 − g H H H

3 !
H 3 − g H H H H

4 !
H 4 ,

g H H H = 6 � v =
3 m 2

H

v
, g H H H H = 6 � =

3 m 2
H

v 2
.

Triple coupling sensitivity:

H

H

H ?
H

H

H

LHC 100 TeV pp

mass reach of new physics

5. Toward Energy Frontier

0.5 TeV 1 TeV(2 ab-1)      1.4 TeV 3 TeV
(hhh 26%               10%                  21%         10%

CLIC Report: 1307.5288v3ILC arXiv:1506.07870

ILC: 0.5 – 1 TeV,    CLIC: 1.4 – 3 TeV

~50%

Test the shape of the Higgs potential better than O(1)
deviations, conclusive on the fate of EW-phase transition!



13

b. New particle discovery:
e.g. electroweakinos
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LHC’s blind spot is 
ILC’s sweet spot!

Chargino / Neutrarino Searches

μ not far above 100GeV

→ typically Δm of 20 GeV or less     
    → very difficult for LHC!

Keisuke Fujii

Discovery of an X:  Mx < Ecm/2
Sensitive to  Mx

* >> Ecm !



c. (virtual) Z’ resolution: beam polarizations
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Fig. 121 Top: Resolving power (95% CL) for MZ0
= 1, 1.5, and 2 TeV

and
p

s = 500 GeV, Lint = 1ab�1, |Pe� | =80%, |Pe+ | =60%, for lep-
tonic couplings based on the leptonic observables s , ALR, AFB. The
couplings correspond to the E6 c , LR, LH, and KK models. From
Ref. [905]. Bottom: Expected resolution at CLIC with

p
s = 3 TeV

and L = 1 ab�1 on the "normalised" leptonic couplings of a 10 TeV
Z0 in various models, assuming lepton universality. The mass of the Z0

is assumed to be unknown. The couplings correspond to the E6 c , h ,
and y , the SSM, LR, LH and SLH models. The couplings can only
be determined up to a twofold ambiguity. The degeneracy between the
y and SLH models might be lifted by including other channels in the
analysis (tt̄, bb̄, ...). From Refs. [9, 906].

4.8.3 Discovery and Identification of W 0 Bosons in e+e�

While there is a broad literature on Z0 properties, W 0 stud-
ies for high energy e+e� colliders are rather limited. One
study showed that the process e+e� ! nn̄g would be sen-
sitive to W 0 masses up to several TeV depending on the
model, the centre of mass energy, and the assumed lumi-
nosity [908]. For example, evidence for a SSM W 0 could be
seen up to MW 0

=4.3, 5.3, and 6.0 TeV for
p

s= 0.5, 1.0, and
1.5 TeV respectively with Lint = 500 fb�1 while a LR W 0

could only be detected up to MW 0
=1.2, 1.6, and 1.9 TeV for

the same collider parameters. Another process that has been
considered is eg ! nq+ X where the photon is produced
by a backscattered laser or is a Weizsäcker-Williams pho-
ton [909]. These processes yield discovery limits for W 0

SSM
of 4.1 (2.5), 5.8 (3.6) and 7.2 (4.5) TeV for the backscattered
laser (Weizsäcker-Williams) cases and for the three values
for

p
s and Lint given above. Limits for the LR model are

substantially lower.
In general we do not expect an e+e� collider to be sen-

sitive to W 0’s with masses larger than could be discovered at
the LHC. If new gauge bosons were discovered first in other
processes, the ILC could measure W 0 (and Z0

nn̄) couplings
which would complement measurements made at the LHC.
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4.8.3 Discovery and Identification of W 0 Bosons in e+e�

While there is a broad literature on Z0 properties, W 0 stud-
ies for high energy e+e� colliders are rather limited. One
study showed that the process e+e� ! nn̄g would be sen-
sitive to W 0 masses up to several TeV depending on the
model, the centre of mass energy, and the assumed lumi-
nosity [908]. For example, evidence for a SSM W 0 could be
seen up to MW 0

=4.3, 5.3, and 6.0 TeV for
p
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1.5 TeV respectively with Lint = 500 fb�1 while a LR W 0

could only be detected up to MW 0
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the same collider parameters. Another process that has been
considered is eg ! nq+ X where the photon is produced
by a backscattered laser or is a Weizsäcker-Williams pho-
ton [909]. These processes yield discovery limits for W 0

SSM
of 4.1 (2.5), 5.8 (3.6) and 7.2 (4.5) TeV for the backscattered
laser (Weizsäcker-Williams) cases and for the three values
for

p
s and Lint given above. Limits for the LR model are

substantially lower.
In general we do not expect an e+e� collider to be sen-

sitive to W 0’s with masses larger than could be discovered at
the LHC. If new gauge bosons were discovered first in other
processes, the ILC could measure W 0 (and Z0

nn̄) couplings
which would complement measurements made at the LHC.

EPJ-C:
arXiv:1504.01726

f̄fZ 0 ⇠ (vNI + aNI �5)�µ
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d. DM searches & mass determination:

9

FIG. 3: Unpolarized xγ distribution dσ/dxγ with mX = 100 GeV at a 500 GeV ILC, for different SUSY EW particles, as well

as that of the background process e+e− → γνν̄ (solid line on the top). The photon scattering angle has been restricted to

10◦ < θγ < 170◦.

4. CHARACTERISTICS OF THE PRODUCTION CROSS SECTIONS

The most severe irreducible background to the signal events under consideration is the standard e+e− → γνν̄ with

ν = νe, νµ and ντ . For the sake of comparison, the unpolarized xγ distribution for the background is shown (solid line

on the top) together with the distributions for different SUSY EW particles with mX = 100 GeV in Fig. 3. Throughout

this paper, we will illustrate our results for a 500 GeV ILC.

For mX > mZ/2, one powerful kinematic cut for reducing the irreducible background reaction e+e− → γνν̄ can

be applied to the recoil mass squared q2 = (q1 + q2)2 = (p1 + p2 − k)2 = s(1 − xγ) which can be very accurately

reconstructed by measuring the photon energy fraction xγ . We evaluate the overall statistical significance NSD for

the signal and background by summing over all events not only with the photon energy and angular cuts applied but

also with the recoil mass cut
√

q2 > 2mX . Note that this mass cut eliminates the Z-pole contribution to the γνν̄

background.

Another way of removing the background significantly is to exploit the electron and positron beam polarizations.

The t-channel W -exchange diagrams contribute to the background process e+e− → γνeν̄e only for the left-handed

electrons so that the background can be significantly reduced by taking the right-handed electron and left-handed

positron beams. However, which beam polarization is more efficient for the signal significance is determined also

according to the polarization dependence of the signal events.

4.1. Statistical significance of signal events

In order to quantify whether an excess of signal photons from the XX̄ pair production, NS = Lσ for a given

integrated luminosity L, can be measured over the NB = LσB SM background photons from the radiative neutrino

production, we define a simple-minded theoretical significance

NSD =
NS√

NS +NB
=

σ√
σ + σB

√
L (30)

For our simple numerical analysis we require the photon energy to be Eγ > 10 GeV, corresponding to xγ > 0.04 and

the photon scattering angle to be 10◦ < θγ < 170◦ so as to guarantee that the photon will have an accurate momentum

e+e- à X X )
E) = (s –M2

xx)/2√s
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Figure 4.5: Input and tracker-reconstructed muon energy spectra from smuon pair produc-
tion with an 80% left-polarized electron beam [173].

quite accurate results [166]. The conclusions of all these analyses are also shown in
Table 4.1.

It is worth reviewing some of the experimental issues that arise in these measure-
ments. We have already given an example in which the calorimeter resolution affects
the mass measurements for selectrons decaying to e− and e+. For the case of smuons
decaying to µ±, the corresponding issue is tracking resolution. In Fig. 4.5, we show
a comparison of generator-level and reconstructed muon energy in µ̃ pair production.
It is clear that the tracking reconstruction does not significantly affect the energy
edge resolution, and hence it does not affect our ability to determine supersymmet-
ric masses accurately. For chargino decays, both calorimeter and tracking resolution
enter the determination of kinematic endpoints [154].

To examine the supersymmetry signals, it is necessary to remove backgrounds
events efficiently. The major sources of SM backgrounds are the two-photon (γ⋆γ⋆)
process, which gives rise to lepton and quark pairs in the detector, e+e− annihilation
to the W+W−, Z0Z0, and Z0h0, and single-W production (eγ∗ → νW ). Methods for
removing the annihilation and single W backgrounds from the supersymmetry sample
are explained in [154,167,168]. The two-photon background is a problem in reactions
whose signatures involve missing energy, but it can be controlled by also requiring
missing transverse momentum. Methods for measuring the two-photon background
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(b). Two-body versus three-body kinematics

• Energy end-point and mass edges:

utilizing the “two-body kinematics”

Consider a simple case:

e+e− → µ̃+
R µ̃−

R

with two − body decays : µ̃+
R → µ+χ̃0, µ̃−

R → µ−χ̃0.

In the µ̃+
R -rest frame: E0

µ =
M2

µ̃R
−m2

χ

2Mµ̃R
.

In the Lab-frame:

(1 − β)γE0
µ ≤ Elab

µ ≤ (1 + β)γE0
µ

with β =
(

1 − 4M2
µ̃R

/s
)1/2

, γ = (1 − β)−1/2.

Energy end-point: Elab
µ ⇒ M2

µ̃R
− m2

χ.

Mass edge: mmax
µ+µ− =

√
s − 2mχ.
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Many other potential measurements:
EPJ-C:

arXiv:1504.01726

• SM Higgs: CP property studies 
• Other heavy Higgs H0A0 , H+H-, …
• SUSY parameter determination 
• Test GUTs: m0, m1/2 A0à M1, M2, *, tan+
• Contact interaction scale ~ 50 TeV

• For linear colliders, e-e-,  e ),  ) ) options.
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Higgs boson discovery has sharpened our 
questions in understanding Nature.

Future e+e- colliders have unique capabilities:

An exciting journey ahead! 

Higgs factory: κv ~ 0.2%, ΓH ~ 1%, Brinv. ~ 1%, ΔmH ~ 5 MeV.
(model-independent; test invisible decay.)

Z factory:  ΔMZ , ΔΓZ < 0.1 MeV, Δsin2θw < 10-6, ∆$s< 0.6%.
(3-loop quantum effects; precision $s)

WW thresholds:   ΔMW ~ 1 MeV,  fit Δmt ~ 10 MeV.
Top thresholds:   Δmt < 50 MeV.
(conclusive on SM EW vacuum stability.)

LC: 1 TeV – 3 TeV: Mx < 1.5 TeV,  Mx
* > 70 TeV; 

(new particle discovery, chiral/CP properties.)
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Higgs factories under consideration:
• ILC: 250 GeV, 2 ab-1, 80% / 30% polarization. 
• CEPC: 240 GeV, 5 ab-1 .
• FCCee: 250 GeV, 20 ab-1 .

Z Factory : at MZ, 20 ab-1 .

Higher Energy e+e- Colliders:
• ILC: 500 GeV, 4 ab-1, 80% / 30% polarization.
• CLIC: 380 GeV, 0.5 ab-1, 80% / 0 polariation.
• 1.5 TeV, 1.5 ab-1;     3 TeV, 3 ab-1.


