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CERN-PH-EP-2015-114
1411.3441                                                                                                                                          1307.1432



  

It´s a SM-like Higgs                                    
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CMS-HIG-14-009 ATLAS, 1507.04548



  

It´s a SM-like Higgs                                    
                                     

CMS-HIG-14-009 ATLAS, 1507.04548

                Mechanism to give mass to (massive) quarks and gauge bosons
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Is the SM vacuum
stable?

Is the SM 
electro-weak theory 
self-consistent?

Naturalness

Dark Matter &
Dark sectors

Questions for the Standard Model                Questions for beyond the 
Standard Model

Quarks and leptons
beyond the SM?

Flavor puzzle
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The Higgs mass in the Standard Model   
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We need to measure the Higgs mass!



  

Vacuum structure of the Universe           
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The Higgs mass was the last free parameter of SM to be measured

Why is it so important? What do we learn? 
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If the SM is the full story...
Buttazzo et al, 1307.3536

The Higgs mass was the last free parameter of SM to be measured

Why is it so important? What do we learn? 
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Trans-Planckian
Higgs field value

Buttazzo et al, 1307.3536

Our Universe
as we see now
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Stability condition:

The Higgs mass was the last free parameter of SM to be measured

Why is it so important? What do we learn? 

If the SM is the full story...



  

p-value
~0.21

Self-consistency of the EW-SM theory     
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For the first time we have 
the measurement of
a self-consistent 
electro-weak sector

The Higgs mass was the last free parameter of SM to be measured

Why is it so important? What do we learn? 

If the Higgs is the one of the SM...

If e.g. M
h 
= 300 GeV          p

value
~ 3  10-5 !

Update from Batell, SG, Wang, 1209.6382
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For the first time we have 
the measurement of
a self-consistent 
electro-weak sector

Update from Batell, SG, Wang, 1209.6382

Result of decades of
experimental & theory efforts

The Higgs mass was the last free parameter of SM to be measured

Why is it so important? What do we learn? 

If the Higgs is the one of the SM...

LHC

Tevatron

LEP

SLC

If e.g. M
h 
= 300 GeV          p

value
~ 3  10-5 !
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2nd lesson: 
The discovery of the Higgs does not imply univocally
the presence of physics beyond the Standard Model.

Nevertheless

the Higgs is an amazing tool to discover New Physics...

Is the SM vacuum
stable?

Is the SM 
electro-weak theory 
self-consistent?
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Leading theoretical principle of the last decades

The SM does not seem the full story since 

+

 This principle has lead us believe in TeV-scale SUSY

 This picture typically leads to NP effects
 in Higgs couplings
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The SM does not seem the full story since 

+

 This principle has lead us believe in TeV-scale SUSY

 This picture typically leads to NP effects
 in Higgs couplings

SG, Low, 1307.0496

hgg coupling:

Leading theoretical principle of the last decades
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The SM does not seem the full story since 

+

 This principle has lead us believe in TeV-scale SUSY

SG, Low, 1307.0496

hgg coupling:

 This picture typically leads to NP effects
 in Higgs couplings

Higgs mass 
constraint

Leading theoretical principle of the last decades



  

Naturalness, beyond SUSY                      
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Leading theoretical principle of the last three decades

The SM does not seem the full story since 

 Pretty general statement, valid also in theories of
neutral naturalness: e.g. Twin Higgs models

+

Burdman, Chacko, Harnik, 
De Lima, Verhaaren, 1411.3310



  

Dark Matter                                                
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We know only a little about the nature of Dark Matter (DM)

 DM can thermalize thanks to its interactions with the Higgs

DM

DM
Higgs
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We know only a little about the nature of Dark Matter (DM)

 DM can thermalize thanks to its interactions with the Higgs

DM

DM
Higgs

If DM is light, limits from 
searches for a Higgs 
decaying invisibly:

and also bounds from Higgs coupling fits

De Simone, Giudice, Strumia,1402.6287 

VBF: 0.57 (0.40) CMS-PAS-HIG-14-038
Zh,Zll: 0.75 (0.62) ATLAS, 1402.3244
ZWh,Zjj: 0.78 (0.86) CMS, 1504.04324
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Higgs

If DM is light, limits from 
searches for a Higgs 
decaying invisibly:

VBF: 0.57 (0.40) CMS-PAS-HIG-14-038
Zh,Zll: 0.75 (0.62) ATLAS, 1402.3244
ZWh,Zjj: 0.78 (0.86) CMS, 1504.04324
and also bounds from Higgs coupling fits

De Simone, Giudice, Strumia,1402.6287 

 In minimal models, if the Higgs is the particle responsible 
 of DM annihilation, then DM cannot be too light
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We know only a little about the nature of Dark Matter (DM)
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We know only a little about the nature of Dark Matter (DM)
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The role of the Higgs:
Probing these operators through "Exotic Higgs decays"

s

s

Z
D

Z

Z

L

N

New 
signatures!

We know only a little about the nature of Dark Matter (DM)

Z
D
, S, N

DM

Survey paper Curtin et.al. 1312.4992



  

Dark Sectors: a few bounds from the Higgs
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h → Z
 
Z

D
→ 4 leptons

ATLAS-CONF-2015-003
ATLAS, 1505.01609 

Some recent analyses...

h → aa → 2μ 2τ

→ 1(2) γ + MET

CMS, 1507.00359

First limits on dark sectors
from the LHC!

→ 1 (2) γ + MET
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1. SM flavor puzzle: - Are there 3 generations? If yes, why?
                                    - Why so large hierarchies between quark 
                                        (and lepton) masses and mixing angles?

2. NP flavor puzzle: If NP is present at around the TeV scale,
                                    how can the theory be consistent 
                                    with low energy measurements? 
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1. Fourth generation 
In the presence of a 4th generation,
the gluon fusion Higgs rate is enhanced 
by a factor of ~10; the diphoton width is 
decreased by a factor of about ~100.

We have (only) three generations of quarks and leptons
Kuflik, Nir, Volansky, 1204.1975
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1. First confirmations of the hierarchies of the Higgs Yukawa couplings 

CMS-HIG-14-009

What about 1st and 2nd generation quarks
See e.g. 
Kagan, Perez, Petriello, Soreq, Stoynev, Zupan, 1406.1722;
Perez, Soreq, Stamou, Tobioka, 1505.06689

What about 1st generation leptons?
See Altmannshofer, Brod, Schmaltz, 1503.04830

1. SM flavor puzzle: - Are there 3 generations? If yes, why?
                                    - Why so large hierarchies between quark 
                                        (and lepton) masses and mixing angles?

2. NP flavor puzzle: If NP is present at around the TeV scale,
                                    how can the theory be consistent 
                                    with low energy measurements? 
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2. The Higgs can mediate
    new flavor violation

    e.g. h → μτ 
 - CMS, 1502.07400

Tantalizing hints from ATLAS and CMS?

If this is true, how to reconcile it with 
low energy measurements? e.g. τ → μγ
  

 - ATLAS, 1508.03372

Promising approach: second source of EWSB responsible for 1st and 2nd generation masses
Altmannshofer, SG, Kagan, Zupan, Silvestrini, 1507.07927

1. SM flavor puzzle: - Are there 3 generations? If yes, why?
                                    - Why so large hierarchies between quark 
                                        (and lepton) masses and mixing angles?

2. NP flavor puzzle: If NP is present at around the TeV scale,
                                    how can the theory be consistent 
                                    with low energy measurements? 
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With the discovery of the Higgs and the first measurements
of its properties, we have learned many lessons
 Mechanism to give mass to the (more) 
massive SM particles
 Vacuum stability
 Self-consistency of the SM electro-weak theory
 Exclusion of minimal Dark Matter models
 No 4th generation quarks and leptons
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With the discovery of the Higgs and the first measurements
of its properties, we have learned many lessons
 Mechanism to give mass to the (more) 
massive SM particles
 Vacuum stability
 Self-consistency of the SM electro-weak theory
 Exclusion of minimal Dark Matter models
 No 4th generation quarks and leptons

 Many open questions for the coming LHC run
 some highlight...
 Probing NP theories from precision H coupling measurements
 Probing non-minimal dark sectors
 Probing the flavor structure of the Higgs
 ...
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