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What We Know Now?

What It Tells Us?

What Else We Would Like 
to Know?

How To Proceed From Here?
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50 years theoretical work …
25 years experimental work …
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The Higgs mechanism  (1964)

The Standard Model (1960-1967, 1972, 1973)

B.W.Lee
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The “EHLQ” (80’s)
We made it !

Higgs Phenomenology (70’s)

Tao Han


Tao Han
Sakurai Prize 2017



        Moriond 2018 on Higgs: 
Four production channels with sensitivities;
Five decay channels observed; 
Fermionic & bosonic couplings verified:

(D. Sperka, ATLAS & CMS)

Measured mass accuracy < 0.2% : 



June 4, 2018: CERN new release, ATLAS & CMS

ATLAS:
80 fb-1@13 TeV: 5.8! 



All indications:  SM-like Higgs boson,  
“elementary” at a scale Λ < O(1 TeV)

June 4, 2018: CERN new release, ATLAS & CMS

ATLAS:
80 fb-1@13 TeV: 5.8! 
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What (else) We Know

In the SM, the EWSB is parameterized as

Consequently,

Completion of the SM:
A perturbative, renormalizable
theory, valid up to a high scale of 

              TeV ? …, MPl ?

You are here
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mH = 125 GeV 

Tao Han
 The 1st time!
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Michelson–Morley experiments (1887):
“the moving-off point for the theoretical aspects of 

the second scientific revolution”

Will History repeat itself (soon)?

“... most of the grand underlying principles 
have been firmly established. An eminent 
physicist remarked that the future truths of 
physical science are to be looked for in the 
sixth place of decimals. ”

--- Albert Michelson (1894)



New Era:  
Under the Higgs lamp post
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New Era:  
Under the Higgs lamp post

The “Observation” papers: 
Now 7,250 cites each!

Vast scope of topics, from
interpretations, explorations in & beyond the SM;
applications in astronomy, cosmology, CC; strings/branes, 
to “Philosophical Perspectives ….”
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Tao Han

Tao Han
8,350
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A.  The Higgs mechanism ≠ a Higgs boson !
From theoretical point of view, 
3 Nambu-Goldstone bosons were all we need!
A non-linear realization of the gauge symmetry:

The theory is valid to a unitarity bound ~ 2 TeV
The existence of a light, weakly coupled Higgs 
boson carries important message for our 
understanding & theoretical formulation 

in & beyond the SM – 
Ultra-Violet completion / renormalizibility 

. 

A Reminder:
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• In the SM, λ is a free parameter,
     now measured at collider energies  λ ≈ 0.13 

• In composite/strong dynamics, 
    harder to make λ  big enough.
(due to the loop suppression by design) 

It represents a weakly coupled 
new force (a fifth force):

• In SUSY, it is related to the gauge couplings
 tree-level: λ = (gL

2 + gY
2)/8 ≈ 0.3/4  -> a bit too small

What It tells us

Already possess challenge to BSM theories.
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  at High energies

For MH = 125 GeV, rather light: 

Bezrukov et al., 

arXiv:1205.2893.

                    λ is NOT asymptotically free. 
It blows up at a high-energy scale (the Landau pole), 
unless it starts from small (or zero -> triviality).

 

Top-Yukawa drags the vacuum 
meta-stable, 
New physics below 107-11 GeV?

Degrassi et al., arXiv:1205.6497; 

Djouadi et al., arXiv:1207.0980

126

The SM can be a consistent 
perturbative theory up to Mpl !
allowing MN, MGUT, …

 λ 
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• Unification of forces?

Do the forces E & M/Weak/Strong all unify into a single force ?
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Possible if there is a TeV scale new physics threshold !

Tao Han
Additional Feature I : 



Tao Han
Additional Feature II :

 Natural existence of a lightest, neutral fermion: 
The “neutralino” as the WIMP 
(weakly interacting massive particle)
cold dark matter candidate!

Tao Han
Additional Feature III :

 Natural extension / maximal symmetry in quantum field theory;
Elegant mathematical structure;
Connection with quantum gravity/string theory.



3



4

Not supported by observation
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Dual description to strong dynamics/composite theory!
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Tree-level <(80 GeV)2 +  loop-level: >(45 GeV)2

• In SUSY, mH
2 ≈ MZ

2 cos22β + Δm2
SUSY

The “Little hierarchy”:
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Figure 1: The Higgs mass in the MSSM as a function of the lightest top squark mass, mt̃1
, with

red/blue solid lines computed using Suspect/FeynHiggs. The two upper lines are for maximal
top squark mixing assuming degenerate stop soft masses and yield a 124 (126) GeV Higgs mass
for mt̃1

in the range of 350–600 (500–800) GeV, while the two lower lines are for zero top squark
mixing and do not yield a 124 GeV Higgs mass for mt̃1

below 3 TeV. Here we have taken
tan � = 20. The shaded regions highlight the di↵erence between the Suspect and FeynHiggs
results, and may be taken as an estimate of the uncertainties in the two-loop calculation.

the Higgs doublets, �SHuHd, that is perturbative to unified scales, thereby constraining � . 0.7

(everywhere in this paper � refers to the weak scale value of the coupling). The maximum mass

of the lightest Higgs boson is

m
2
h
= M

2
Z
cos2 2� + �

2
v
2 sin2 2� + �

2
t
, (2)

where here and throughout the paper we use v = 174 GeV. For �v > MZ , the tree-level

contributions to mh are maximized for tan � = 1, as shown by the solid lines in Figure 2,

rather than by large values of tan � as in the MSSM. However, even for � taking its maximal

value of 0.7, these tree-level contributions cannot raise the Higgs mass above 122 GeV, and

�t & 28 GeV is required. Adding the top loop contributions allows the Higgs mass to reach

125 GeV, as shown by the shaded bands of Figure 2, at least for low values of tan � in the region

of 1–2. In this case, unlike the MSSM, maximal stop mixing is not required to get the Higgs

heavy enough. In section 3 we demonstrate that, for a 125 GeV Higgs mass, the fine-tuning of

the NMSSM is significantly improved relative to the MSSM, but only for .6 . � . .7, near the

boundary of perturbativity at the GUT scale.

2

Tao Han
Tension with the observation — 
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à Need large tanβ;  mstop & mixing Xt >> mt

• In SUSY, mH
2 ≈ MZ

2 cos22β + Δm2
SUSY

The “Little hierarchy”:

Barbieri, Giudice, 1988
Kitano et al, 2005
Giudice, 2007
Feng, 2013
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Draper, Shih, Meade, Reece, 2011
Hall, Pinner, Ruderman, 2012
Carena et al., 2012, 2013
S. Heinemeyer et al., 2012-2014
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Too heavy to be light; too light to be heavy!

Tao Han
Tension with the observation — 
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All we know:

O(1) deviation on 
λhhh could make EW 

phase transition 
strong 1st order!

X.M.Zhang (1993); C. Grojean et al. (2005)

What We Wish to Know  
in the LHC Era

1. The Nature of EWSB
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• “Natural SUSY”: 

Relevant to the Higgs
and the “Most Wanted”: 

Cohen, Kaplan, Nelson, 1996
Hall, Pinner, Ruderman, 2012
Baer, Barger, Huang, Tata, 2012

2. A “natural” EW theory?

Current LHC bounds:

• “Compositeness”:              the T’, current ATLAS limit: 
MT > 480 GeV,  for MA < 100 GeV. 



3. Extended Higgs sector?
The Higgs boson should have not only relatives:

But also siblings:

• Two Higgs Doublet Model (2HDM): 
   rich phenomenology, Type II SUSY option …

• Plus a singlet: 
   NMSSM, solve the µ-problem, relax fine-tune, light DM...

• Triplet Model: 
   mν , L-R symmetric theories, Little Higgs …
   neutrino mass connection via Type II seesaw.

Haber, 2012
Branco, Ferreira, Rebelo, 
Sher, Silva, arXiv:1106.0034;
Coleppa, Kling, Su, arXiv:1305.0002.

Ellwanger, Gunion et al., 2012
S. King et al., 2012
R. Barbieri et al., 2013, ……
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Tao Han 9

MSSM Higgs Sector
-

๏ Type II Two Higgs Doublet Model

after EWSB

5 physical Higgses

CP-even Higgses: h0, H0

CP-odd Higgs: A0

Charged Higgses: H±

I. INTRODUCTION
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๏ tree level masses determined by mA, tanβ

the mixing angle of the CP-even Higgs bosons �, can be expressed in terms of two parameters

[6, 7], conventionally chosen as the mass of A0 (mA) and the ratio of the two vacuum expectation

values (tan ⇥ = vu/vd):

m2
h0,H0 =

1

2

�
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A +m2
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⌥
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2
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h0(m2

Z �m2
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m2
A(m

2
H0 �m2

h0)
. (7)

We will call the CP-even Higgs boson that couples to W+W�/ZZ more strongly the “Standard

Model-like” Higgs as we discuss it’s properties further in the next section. For a low-mass mA ⇥
mZ/2, or a high mass mA � 2mZ , the Higgs boson masses can be approximated by

mh0 ⌅ min {mA,mZ}| cos 2⇥|, mH0 ⌅ max {mA,mZ}, mH± ⌅ max {mA,mW}. (8)

Because of the large Yukawa coupling of the top quark and the possible large mixing of the

left-right top squark, the CP-even Higgs boson masses receive significant radiative corrections.

For nearly degenerate soft SUSY breaking parameters in the stop sector: M2
3SQ ⇤ M2

3SU ⇤ M2
S ,

the correction to the mass of the SM-like Higgs can be approximately expressed as 2 [18, 19]

�m2
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⇧
ln

�
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Ã2
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12M2
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⌅⌃
+ . . . , (9)

where the mixing in the stop sector is given by

Ãt = At � µ cot ⇥. (10)

For Ãt = 0, the corrections to the Higgs mass from the stop sector is minimized, this is the so-

called “mmin
h ” scenario [20], where the radiative contributions could give rise to a Higgs mass as

high as 117 GeV including a dominant two-loop corrections for a stop mass up to about 2 TeV. For

Ãt =
⇧
6MS , the second term in Eq. (9) is maximized, leading to the so-called “mmax

h ” scenario

[20], where a maximum Higgs mass of about 127 GeV can be reached in such a scenario. To

obtain a relatively large correction to the light CP-even Higgs mass, relatively heavy stop masses

(at least for one of the stops) as well as large LR mixing in the stop sector is needed. When two-

loop corrections of the oder of O(��s) are included, there is an asymmetric contribution to the

Higgs mass from the At term, where postitive At gives a few GeV larger correction compared to

2 For the non-decoupling case when H0 is SM-like, this expression also applies to the correction of mH0 .
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For Ãt = 0, the corrections to the Higgs mass from the stop sector is minimized, this is the so-

called “mmin
h ” scenario [20], where the radiative contributions could give rise to a Higgs mass as

high as 117 GeV including a dominant two-loop corrections for a stop mass up to about 2 TeV. For

Ãt =
⇧
6MS , the second term in Eq. (9) is maximized, leading to the so-called “mmax

h ” scenario

[20], where a maximum Higgs mass of about 127 GeV can be reached in such a scenario. To

obtain a relatively large correction to the light CP-even Higgs mass, relatively heavy stop masses

(at least for one of the stops) as well as large LR mixing in the stop sector is needed. When two-

loop corrections of the oder of O(��s) are included, there is an asymmetric contribution to the

Higgs mass from the At term, where postitive At gives a few GeV larger correction compared to

2 For the non-decoupling case when H0 is SM-like, this expression also applies to the correction of mH0 .

5

Wednesday, August 15, 2012
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Example: MSSM Two Higgs-Doublet Model
               after the discovery:

5 Higgs bosons:

Tree-level masses given by

 Collider bounds:

TH, Su, Christensen, arXiv:1203.3207 

 

126

Arbey et al., 2011, 2012
Baer et al., 2012
Heinemeyer et al., 2012
Carena 2012, 2013, … …
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(a). Dark Matter
4. The Higgs portals to Cosmos?

Missing energy at LHC Direct detection Indirect detection

 is the only bi-linear SM gauge singlet.
Bad: May lead to hierarchy problem with high-scale physics; 
Good: May readily serve as a portal to the dark sector:
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TH, Z.Liu, A.Natarajan, arXiv:1303.3040 
SUSY Higgs funnel soon covered by direct searches:

Cahill-Rowley, Rizzo, Hewett et al. arXiv:1305.6921
Fowlie, Roszkowsky et al., arXiv:1306.1567 

Z,h funnel H,A

Inv. decays

�24



(b). Baryon – anti-baryon Asymmetry
For MH = 125 GeV,
EW baryogenesis needs light sparticles:
       mstop ≈ 150 GeV 
plus a light neutralino, singlets …

Other potential 
consequences

Carena et al., 2011;
Chung et al., 2011.
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(c). Higgs as an inflaton?
(d). Higgs field & Dark Energy?

(b). Baryon – anti-baryon Asymmetry
For MH = 125 GeV,
EW baryogenesis needs light sparticles:
       mstop ≈ 150 GeV 
plus a light neutralino, singlets …

Other potential 
consequences

Carena et al., 2011;
Chung et al., 2011.

Bezrukov, 2008;
Nakayama, 2011.

The existence of a fundamental scalar encourages the 
consideration of scalar fields in cosmological applications. 
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• Particle mass 
hierarchy

Higgs Yukawa 
couplings as the 
pivot!

• Patterns of quark, 
neutrino mixings

• New CP-violation 
sources?

5. Flavor & Yukawa Couplings
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The fermion mass/mixing is a muchn bigger puzzle!
What controls the mixing structure:
“Minimal Flavor Violation” for BSM?
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The fermion mass/mixing is a muchn bigger puzzle!

TH, Liu, arXiv:1303.3040
Carena et al., arXiv:1305.5761. 

What controls the mixing structure:
“Minimal Flavor Violation” for BSM?

The b rare decays are pushing the limits:
b -> s γ,  Bs -> µ+ µ-  BR(Bs) ~ tan6β / M4

A 

Most recent LHCb+CMS: 
arXiv:1411.4413 

With Belle 2 as well,
likely a surprise to breakthrough!
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The Higgs as pivot for “seesaw”:
Type I seesaw: M = MN, right-handed (sterile) NR

i

Fileviez-Perez et al., 2008.
Chaudhuri, Grimus, 
Mukhopadyaya, arXiv:1305.5761
Chun et al., arXiv:1305.0329

H -> NN,  N  -> Hν, …
Type II seesaw: M = MH++ , a Higgs triplet Φ3

Type III seesaw: M = MT, a fermionic triplet T3:

H++ -> l+i l+j

T+ -> H l+i , T0 -> W± l

Yanagida; Ramond et al.; Mohapatra …

Mohapatra, Senjanovic,  …

H++ -> l+i l+j

Senjanovic et al., arXiv:0904.2309.

Watch out: H0 -> µτ  (l+i l-j)  for BSM  flavor physics!
TH, Marfatia,  PRL (2001)
Harnik, Kopp, Zupan, 2013
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Yukawa coupling

EWSB

6. Couplings & Width
Higgs boson couplings encode its properties: 
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Yukawa coupling

EWSB

Color/charged 
particles in loops:

6. Couplings & Width
Higgs boson couplings encode its properties: 
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In a pessimistic scenario, the LHC does not see a new 
particle associated with the Higgs sector, then the effects 
of a heavy state on Higgs coupling gi at the scale M:
                                                 ≈ a few % for M ≈ 1 TeV

Higgs coupling deviations:  
     Δ:         VVH       bbH,ττH        ggH,γγH       HHH
Composite     (3-9)%       (1 TeV/f )2                                  100%
H0, A0                               6% (500 GeV/MA)2

T’                                                         -10% (1 TeV/MT)2

Precision Higgs Physics

LHC 14 TeV, 3ab-1:  8%           15%             few%               50%

(tree-level)

(loop)

 If no deviations, I’d DEFINE it THE SM Higgs! 
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Nature News, July ’14LHC Leads the Way (2015-2030)

ILC as Higgs Factory & beyond 

FCC?
CEPC/SppC?

Snowmass 1310.8361

e+e-&Z,240-350GeV

Beyong the LHC Era: FCC
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HL-LHC: 
The Energy & Precision Frontier

Sasha Valishev

4/4/18A. Valishev | HL-LHC Machine11

Timeline &(Goal:
Commissioning 20263(3(ab61 by(2037((250(fb61/y)

LRossi@CM26LARP-SLAC/18May2016 3

! = #×%&'()*+,-+%Levelled Luminosity

You are here
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HE-LHC: 
The New Energy Frontier

Vladimir Shiltsev, this workshop

physics goals:
• 2x LHC collision energy with FCC-hh magnet technology

• c.m. energy = 27 TeV ~ 14 TeV x 16 T/8.33T 

• target luminosity ≥ 4 x HL-LHC (cross section ∝1/E2)

key technologies:
• FCC-hh magnets (curved!) & FCC-hh vacuum system 

• HL-LHC crab cavities & electron lenses

beam:
• HL-LHC/LIU parameters (25 ns baseline, also 5 ns option)

HE-LHC design goals and basic choices

3/16/2018 Vladimir SHILTSEV | HE-LHC Accel Phys5
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Fastest Possible Technical Schedules

M. Benedikt

technical schedule defined by magnets program and by CE
→ earliest possible physics starting dates:
• FCC-hh: 2043
• FCC-ee: 2039
• HE-LHC:  2040 (with HL-LHC stop at LS5 / 2034)

HE-LHC
design &
construction
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Fastest Possible Technical Schedules

M. Benedikt

technical schedule defined by magnets program and by CE
→ earliest possible physics starting dates:
• FCC-hh: 2043
• FCC-ee: 2039
• HE-LHC:  2040 (with HL-LHC stop at LS5 / 2034)

HE-LHC
design &
construction

• Options: FCC-ee @ 2039; FCC-hh @ 2043.

M. Benedikt, F. Zimmermann ‘17
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100 TeV Hadron Collider
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-

Snowmass QCD Working Group: 1310.5189

λt : 1%

λ :  8%

Higgs Production @ SPPC 
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Higgs Self-couplings:

H

H

H ?
H

H

H

LHC 100 TeV pp

mass reach of new physics



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:
Test the shape of the Higgs potential, and 
the fate of the EW-phase transition!

Snowmass 1310.8361

H

H

H ?
H

H

H

LHC 100 TeV pp

mass reach of new physics

30 Higgs working group report

Table 1-24. Expected per-experiment precision on the triple-Higgs boson coupling. ILC numbers include

bbbb and bbWW
⇤

final states and assume (e
�

, e
+
) polarizations of (�0.8, 0.3) at 500 GeV and (�0.8, 0.2) at

1000 GeV. ILC500-up is the luminosity upgrade at 500 GeV, not including any 1000 GeV running. ILC1000-

up is the luminosity upgrade with a total of 1600 fb
�1

at 500 GeV and 2500 fb
�1

at 1000 GeV. CLIC numbers

include only the bbbb final state and assume 80% electron beam polarization. HE-LHC and VLHC numbers

are from fast simulation [102] and include only the bb�� final state.
‡
ILC luminosity upgrade assumes an

extended running period on top of the low luminosity program and cannot be directly compared to CLIC

numbers without accounting for the additional running period.

HL-LHC ILC500 ILC500-up ILC1000 ILC1000-up CLIC1400 CLIC3000 HE-LHC VLHC
p

s (GeV) 14000 500 500 500/1000 500/1000 1400 3000 33,000 100,000R
Ldt (fb

�1
) 3000/expt 500 1600

‡
500+1000 1600+2500

‡
1500 +2000 3000 3000

� 50% 83% 46% 21% 13% 21% 10% 20% 8%

Table 1-25. Expected precision on the triple-Higgs boson coupling for combined facilties, assuming the

final states, polarizations, and integrated luminosities assumed above in Table 1-24. Here “ILC-up” refers to

ILC1000-up, and “CLIC” refers to CLIC3000 with the two numbers shown assuming unpolarized beams or

80% electron beam polarization, respectively. TLEP is in parantheses since it would not contribute to the

measurement of the self-coupling, but could be a step along the way to the higher-energy hadron colliders.

LHC HL-LHC
+ILC +ILC-up +(TLEP) +ILC-up +CLIC

+CLIC +HE-LHC +VLHC +HE-LHC +VLHC +HE-LHC +VLHC
21% 12.6% 15.2/9.8% 18.6% 7.9% 10.9% 6.8% 12.5/8.9% 7.2/6.2%

Community Planning Study: Snowmass 2013

Adequate to test EW phase transition strong 1st order:
à O(1) deviation on λhhh
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HE-LHC: Higgs self-coupling
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Also, S. Homiller, P. Meade, this workshop.

Cross section increases ~3x. 
hh à bb !!: "# ~ 30% @ 2$

D. Goncalves, TH, F. Kling, T. Plehen, M. Takeuchi, arXiv:1802.04319. 
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LUX collaboration, 2013

DM Searches  
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-

LUX collaboration, 2013

DM Searches  

GeV low mass:
DD difficult;
Collider complementary

100 GeV or higher mass:
DD + ID + HE Collider
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HE-LHC: WIMP Dark Matter
TH, S. Mukhopadhyay, X. Wang, this workshop;
M. Low, D. Egana-Ugrinovic, J. Ruderman, L.-T. Wang, to appear.

2!@HL-LHC à HE-LHC à FCC
Wino monojet:                     300 GeV       700 GeV      1400 GeV
Wino disappearing track:   800 GeV      2000 GeV    5000 GeV
Higgsino monojet:                200 GeV      500 GeV     900 GeV
Higgsino disappearing track: 250 GeV      500 GeV    1100 GeV
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e+e- colliders: Energy/Lumi projection
TLEP Report: 1308.6176
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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



     ILC: Ecm = 250 (500) GeV,  250 (500) fb-1

• Model-independent measurement: 
     ΓH ~ 6%,    ΔmH ~ 30 MeV

      (HL-LHC: assume SM, ΓH~ 5-8%,  ΔmH ~ 50 MeV)
• TLEP 106 Higgs: ΓH ~ 1%, ΔmH ~ 5 MeV.

Higgs-Factory: Mega (106) Higgs Physics

TLEP Report: 1308.6176

ILC Report: 1308.6176
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Also see, Peskin, arXiv:1312.4974
including ILC luminosity upgrade.

TH, Z.Liu, J.Sayre, arXiv:1311.7155

Higgs Total Width & Invisibale BR:

ΓH ~ 3%

BRinv < 1%



A Grand Picture: 

->

Electroweak phase transition,
Particle mass generation

Today’s puzzles

New physics associated 
with Higgs ?

->
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            Summary:   
- The Higgs boson is a new class, 
   at a pivotal point of energy,   
   intensity, cosmic frontiers.
                

An exciting 
journey ahead! 
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LHC Rocks!

O(14)

fb

pb

nb

SM works at O(TeV) or 10-18 m
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HE-LHC: Extended SUSY Reach:

H. Baer, this workshop. 

Reach of HL/HE-LHC for top squarks

HE-LHC reach extends to m(t1)~3-3.8 TeV

HB, Barger, Gainer, Serce, Tata, PRD96 (2017) 115008

n(b-jets)>=2; MET>750 GeV

• t̃1 ! bW̃1;⇠ 50%

• t̃1 ! tZ̃1;⇠ 25%

• t̃1 ! tZ̃2;⇠ 25%

A recent update:
TH, A. Ismail, B. Haghi,

to appear.

pp → jets +ET
miss
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] 27 TeV, 15000 fb-1, exclusion %95 CL

27 TeV,15000 fb-1, 5σ discovery

14 TeV, 3000 fb-1, exclusion %95 CL, ATLAS 2014

14 TeV,3000 fb-1, 5σ discovery, ATLAS 2014

HE-LHC improves 50%-60%
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Pushing the “Naturalness” limit

The Higgs mass fine-tune: δmH/mH ~ 1% (1 TeV/Λ)2

Thus, mstop > 8 TeV -> 10-4 fine-tune!

T.Cohen et al.: 1406.4512
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WIMP DM:

Mass reach at 100 TeV:
~ 5x over LHC
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Electroweak Resonances: Z’,W’ Colored Resonances:

New Particle Searches 

 ~ 6x over LHC

 M ~ 40 – 50 TeV!
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• Clean environment, ΔEcm < 1 MeV, 105 x LEP-I
• possible longitudinal polarization
• Precision measurements (statistical): 

Z-ploe:    ΔMZ , ΔΓZ < 0.1 MeV, Δsin2θw < 10-6 ; 
ΔMW ~ O(1 MeV), Δmt ~ O(10 MeV), ΔmH ~ O(10 MeV).

TLEP Report: 1308.6176

Z-Factory: Tera (1012) Z Physics


