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Higgs coupling measurement
Goal I: getting to know the Higgs better
Generically, we would not have expected
to see O(1) deviations in Higgs couplings
(electro-weak measurements
and direct BSM searches)

Towards a precision program:

From Dawson et al. 1310.8361

Several couplings with few % accuracy
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Higgs coupling measurement
Goal I: getting to know the Higgs better
Generically, we would not have expected
to see O(1) deviations in Higgs couplings

Crucial impact on NP particles talking
to the 125 GeV SM Higgs boson

(electro-weak measurements
and direct BSM searches)

As an example, let us take
a heavy Higgs mixing with the SM Higgs
The Higgs couplings to eg. ZZ, WW
will be affected
ATL-PHYS-PUB-2014-017

Towards a precision program:

From Dawson et al. 1310.8361

Several couplings with few % accuracy
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Higgs SM rare decays/production modes
Several Higgs couplings are very small and need a lot of statistics to be probed
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Higgs SM rare decays/production modes
Several Higgs couplings are very small and need a lot of statistics to be probed

1. Higgs couplings to 1st and 2nd
generation fermions
Brμμ ~ 0.02%

So far, combining Run I and II data:
Future:

300 fb-1
3000 fb-1

ATL-PYS-PUB
-2014-016

The other light generation couplings
are much more difficult to probe

Why is this important?
Testing the flavor (non) universality of
the Higgs couplings. Flavor puzzle
Is it true that
6/17
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Higgs SM rare decays/production modes
Several Higgs couplings are very small and need a lot of statistics to be probed

1. Higgs couplings to 1st and 2nd
generation fermions

BrZγ ~ 0.15%

Brμμ ~ 0.02%

So far, combining Run I and II data:
Future:

2. h → Zγ

300 fb-1
3000 fb-1

ATL-PYS-PUB
-2014-016

The coupling will be measured
at the ~10% level at the HL-LHC!
Why is this important?
Testing NP particles
in the loop

NP

3. h decays to mesons + photon

γ
Z

The other light generation couplings
are much more difficult to probe

Why is this important?
Testing the flavor (non) universality of
the Higgs couplings. Flavor puzzle
Is it true that
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Higgs SM rare decays/production modes
Several Higgs couplings are very small and need a lot of statistics to be probed

1. Higgs couplings to 1st and 2nd
generation fermions

BrZγ ~ 0.15%

Brμμ ~ 0.02%

So far, combining Run I and II data:
Future:

300 fb-1
3000 fb-1

ATL-PYS-PUB
-2014-016

Why is this important?
Testing NP particles
in the loop

NP

3. h decays to mesons + photon

γ
Z

σhh ~ 40 fb

Why is this important?
Testing the flavor (non) universality of
the Higgs couplings. Flavor puzzle
6/17

The coupling will be measured
at the ~10% level at the HL-LHC!

4. Double Higgs production

The other light generation couplings
are much more difficult to probe

Is it true that

2. h → Zγ

?

Sensitivity at the level of ~1σ
at the HL-LHC
Why is this important?
Test the Higgs trilinear self-coupling
Test the self-consistency of the SM

...
S.Gori

Higgs exotic decays to NP particles
It is challenging to constrain the Higgs width at the LHC.
~10% branching ratio into exotic particles is a reasonable target
for the duration of the LHC program
To search for as many exotic
decays as possible!
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Higgs exotic decays to NP particles
It is challenging to constrain the Higgs width at the LHC.
~10% branching ratio into exotic particles is a reasonable target
for the duration of the LHC program
To search for as many exotic
decays as possible!

The impact of the HL-LHC:
H → NP NP → SM

More and more
statistics

Access to sub-leading
production modes
(ex. tth)

Discovery prospects!
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Higgs exotic decays to NP particles
It is challenging to constrain the Higgs width at the LHC.
~10% branching ratio into exotic particles is a reasonable target
for the duration of the LHC program
To search for as many exotic
decays as possible!
Example:

The impact of the

Models with dark photons (ZD)
HL-LHC:
generically predict
H → NP NP → SM SM

More and more
statistics

Discovery prospects!
7/17

Access to sub-leading
production modes
(ex. tth)
Curtin, Essig, SG,
Shelton, 1412.0018
S.Gori
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Direct production of SUSY particles
Having so much more luminosity will increase our chances to produce and
detect some new particle. In particular, for SUSY:
CMS-PAS-SUS-14-012

Better and better understanding
of the naturalness paradigm
Higgsinos: tree level
Gluinos: 2-loop level
Stops: 1-loop level

ATL-PHYS-PUB-2013-011
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Direct production of SUSY particles
Having so much more luminosity will increase our chances to produce and
detect some new particle. In particular, for SUSY:
CMS-PAS-SUS-14-012

Better and better understanding
of the naturalness paradigm
Higgsinos: tree level
Gluinos: 2-loop level
Stops: 1-loop level

Mass (GeV)
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If we focus on electro-weak particles
(Winos, Higgsinos, Binos):
They can be (part of) the story
for Dark Matter (DM)
They are the lightest particles
in mini-split SUSY models
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Direct production of SUSY particles
Having so much more luminosity will increase our chances to produce and
detect some new particle. In particular, for SUSY:
CMS-PAS-SUS-14-012

Better and better understanding
of the naturalness paradigm
Higgsinos: tree level
Gluinos: 2-loop level
Stops: 1-loop level

Mass (GeV)

Additional SUSY particles will be
probed significantly only at the HL-LHC

If we focus on electro-weak particles
(Winos, Higgsinos, Binos):
They can be (part of) the story
for Dark Matter (DM)
They are the lightest particles
in mini-split SUSY models

Example: Staus, as arising

eg. in models of DM-coannihilation
9/17

ATL-PHYS-PUB-2016-021
S.Gori

New prospects for DM scenarios (1)
In the MSSM, a small number of free parameters determines
the neutralino spectrum (M1, M2, μ, tanβ) and therefore the DM content
"Tempering" ...
DM is a mixture of

c

1. Higgsino - Bino or
2. Wino - Bino
2.

Arkani-Hamed et al.
hep-ph/0601041

Squeezed spectra!
10/17

S.Gori

New prospects for DM scenarios (1)
In the MSSM, a small number of free parameters determines
the neutralino spectrum (M1, M2, μ, tanβ) and therefore the DM content
"Tempering" ...
DM is a mixture of
1. Higgsino - Bino or
2. Wino - Bino

… or not "tempering"
DM is
1. a Higgsino or
2. a Wino or
3. a Bino pure state

c

Wi
no

ino
Hig
gs

Bino

2.

Arkani-Hamed et al.
hep-ph/0601041

Squeezed spectra!
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New prospects for DM scenarios (2)
Relatively low cross sections and hidden final states:
Δm
355 MeV 1 GeV

10 GeV

50 GeV

Mono-X searches
See eg.
Han et al., 1310.4274
Schwaller, Zurita, 1312.7350
Nelson et al., 1509.08485

Disappearing track searches
See eg. Low, Wang, 1404.0682
Recent ATLAS search:
ATLAS-CONF-2017-017

New ideas?
11/17

High-luminosity can play
a crucial role here!
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New prospects for DM scenarios (2)
Relatively low cross sections and hidden final states:
Δm
355 MeV 1 GeV

10 GeV

50 GeV

Mono-X searches
See eg.
Han et al., 1310.4274
Schwaller, Zurita, 1312.7350
Nelson et al., 1509.08485

Disappearing track searches
See eg. Low, Wang, 1404.0682

Wish-list: comprehensive searches for
Mono-X + something (eg.1,2,3 soft leptons)
VBF + something (eg.1,2,3 soft leptons)
See eg.
SG, Jung, Wang, 1307.5952
Han et al., 1401.1235
Baer et al., 1409.7058

Recent CMS analysis:
CMS-SUS-16-025

Recent ATLAS search:
ATLAS-CONF-2017-017

New ideas?
11/17

High-luminosity can play
a crucial role here!
S.Gori

Probing neutral naturalness theories

Some symmetry is needed!
The symmetry does not need to commute with SU(3)
1. Twin Higgs models: singlet states
2. Folded SUSY,
Quirky little Higgs:

12/17
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Probing neutral naturalness theories

Some symmetry is needed!
The symmetry does not need to commute with SU(3)
1. Twin Higgs models: singlet states
2. Folded SUSY,
Quirky little Higgs:

EW particles

1. Singlet states (G0) can be produced from Higgs decays: h → G0G0 → displaced jets
2. EW particles (top partners, ) can be (pair) produced in Drell-Yan or VBF and
then decay to multiple glue-balls (G0):
displaced jets
Chacko, et al, 1512.05782

Both cases lead to small cross sections but spectacular signatures

Ideal for the HL-LHC!
12/17
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The search for new Higgs bosons
New Higgs bosons: a common feature of natural
theories of EWSB: SUSY, Little Higgs, Composite Higgs,
neutral naturalness theories...

30
0

fb

-1

Typical search: pp → (bb)H → τ τ

HC
L
HL

CMS-DP-2016/064
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The search for new Higgs bosons
New Higgs bosons: a common feature of natural
theories of EWSB: SUSY, Little Higgs, Composite Higgs,
neutral naturalness theories...

Typical search: pp → (bb)H → τ τ

At low tanβ the heavy Higgs decays
mainly to tops.
In this region, several channels can
be very interesting for the HL-LHC:
more rare production modes.
σ(fb)

See also the
recent CMS-PASSUS-16-035

30
0

fb

-1

Example: pp → ttH, H →tt

HC
L
HL

CMS-DP-2016/064
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Prospects to
probe up to
~800GeV
for tanβ=1

SG, Kim, Shah,
Zurek, 1602.02782
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"High-energy" flavor physics
Flavor changing top decays are very rare in the SM (GIM mechanism)

Selvaggi, 1512.04807

Even at the tree level:
2HDMs:

BR ≤ O(10-2)
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Partial compositeness:

BR ≤ O(10-4)
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"High-energy" flavor physics
Flavor changing top decays are very rare in the SM (GIM mechanism)

Selvaggi, 1512.04807

Even at the tree level:
2HDMs:

BR ≤ O(10-2)

Partial compositeness:

BR ≤ O(10-4)
BR(t → c Z') ≤ O(10-4) in

Other possible signatures to look for: t → c Z' (Z' → μμ)
15/17

Altmannshofer, SG,
Pospelov, Yavin, 1403.1269;
Fuyuto et al, 1512.09026

S.Gori

"Low-energy" flavor physics
Several low energy flavor transitions will be measured with much
more accuracy at the HL-LHC/LHCb upgrade
Example of complementarity with direct searches:

Bs →μμ
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"Low-energy" flavor physics
Several low energy flavor transitions will be measured with much
more accuracy at the HL-LHC/LHCb upgrade
Present
Example of complementarity with direct searches:

Bs →μμ

LHCb
Future, 300 fb-1

Altmannshofer, Niehoff,
Straub, 1702.05498
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Summary
The HL-LHC offers a unique opportunity to test New Physics
In this talk:
Higgs coupling measurements
Higgs rare and exotic decays

Hierarchy problem
Flavor problem
Dark matter and dark sectors

SUSY particles
Electroweak particles arising in neutral naturalness theories
New Higgs bosons (with rare productions)
Hierarchy problem

High and low energy flavor physics

Hierarchy problem &
Flavor problem

Focus on possible new searches to perform
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