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Two solid results from the LHC

The Higgs has been discovered and it has SM-like properties

2

mH ⇠ 125 GeV �g/g ⇠ 10%

Trilinear and quartic (?) self-coupling to be tested at future colliders
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Beyond the SM physics has not been found
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Two solid results from the LHC

mNP > 1�2 TeV NP hidden or weakly coupled
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The MSSM is under strong pressure arising from direct searches

Light SUSY particles are still allowed in compressed spectra scenario

4

Supersymmetry at the LHC
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A light Higgs boson is a strong prediction of the MSSM

MSSM window

- Large fine tuning in the MSSM to accommodate the 125 GeV Higgs

5

The measured Higgs mass is at the boundary of the MSSM mass window

- What’s the origin of the Higgs mass parameter                 ? 
Moreover the MSSM suffers from the mu problem

Supersymmetry at the LHC

The measured value of the Higgs mass poses a problem for the MSSM

mh0  mZ cos 2� + �mrad
h0

µĤuĤd
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The NMSSM extends the MSSM adding a gauge singlet superfield S
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Global       symmetry broken with EWSB: domain walls are generated

Cubic self interaction of the singlet can be neglected

This model is called nMSSM

Non minimal SUSY extensions

MSSM partµ = �hSi

Z3

Explicit        breaking terms have to be introduced: Z3 W � ⇠F Ŝ, V � ⇠SS

With                        and                         one has                        with ⇠F ⇠ M2
SUSY ⇠S ⇠ M3

SUSY hSi = MSUSY  = 0

The singlet appears only in                 and in the tadpole termsŜĤuĤd
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Scalar sector of the nMSSM

On the VEV of the Higgs fields the scalar potential reads

which is minimized by

Higgs mass parameter Singlet masses

= M2
S,33

Depend on the free parameter ⇠S
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No light chargino: lower bound on   

Neutralino sector of the nMSSM

Small      mixing implied almost massless singlino�

µ
Perturbativity up to GUT scale: upper bound on �

mS̃ < 75 GeV}
A light LSP is the main characteristic of the nMSSM
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We Scan the nMSSM parameter space for

using NMSSMTools via MCMC routines

GUT scale

The nMSSM: parameter scan
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We Scan the nMSSM parameter space for

using NMSSMTools via MCMC routines

MZ

The nMSSM: parameter scan
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We Scan the nMSSM parameter space for

using NMSSMTools via MCMC routines

SUSY scale

The nMSSM: parameter scan
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We Scan the nMSSM parameter space for

using NMSSMTools via MCMC routines

Constraints

- no unphysical minimum of the Higgs potential 
- no Landau pole below the GUT scale 
- basic LEP and Tevatron searches 
- basic LHC searches and Higgs fit 
- Upper bound on the relic density 
- Compatibility with LUX bound on �SI

The nMSSM: parameter scan
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We identify three regions in the                   parameter space

Planck relic

Annihilation processes
Region 1: light pseudoscalar 
Region 2: Z boson 
Region 3: Higgs and Z boson

m�̃0
1
�⌦h2

mA ⇠ 2 m�̃0
1

Underabundant DM

The nMSSM: parameter scan
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~ pure singlino

higher Higgsino 
component

Higher higgsino compoment: invisible Higgs width constraints 

We identify three regions in the                   parameter spacem�̃0
1
�⌦h2

The nMSSM: parameter scan
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Overview of the regions

SM like

Light gaugini in all regions 
Light stops and sleptons also present 
Low          :TeV scale gluino 

h1
SM like,      singleth2 h1

Weak scale gaugino masses

M1/2

The nMSSM: parameter scan
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1A: light stop and sleptons, light h1 and a1
1B: light gluinos excluded

Singlino LSP: long decay chains

Sfermions

instead than

from one or both the stop decays can 
provide characteristic signatures

m�̃0
1
⇠ 5 GeV : nMSSM like region

}
m0 [TeV]

M
1
/
2
[T
eV

]

t̃1 ! t�̃0
1
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Opens the possibility for Higgs-to-Higgs decay:

A

A

hSM

�R ⇠ 2
mA

pAT
⇠ 4

mA

mhSM

mA ⇠ 8 GeV

�R ⇠ 0.25

mA < 10 GeV mA ⇠ 15� 20 GeV

Boosted techniques Standard techniques

mA > 20 GeV

�R > 0.6Neither collimated 
nor separated 

Challenging region

: nMSSM like regionm�̃0
1
⇠ 5 GeV

hSM ! h1h1 ! 4X

mA1 ⇠ 10 GeV mh1 ⇠ 50 GeV mh2 = 125 GeV
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Numerous searches at the LHC targeting low mass scalars from        decay

2m⌧ 2mb2mµ

4-8 GeV 

CMS: 1510.06534 
4⌧

5-15 GeV 

CMS-HIG-14-022 
4⌧

0.25-3.5 GeV 

CMS: 1506.00424 
4µ 3.5-50 GeV 

ATLAS: 1505.01609 
2µ2⌧ 5.5-8.7 & 11.5-14 GeV 

CMS: 1206.6326 
2µ

20-62.5 GeV 

CMS-HIG-14-041 

CMS-HIG-15-011 

2µ2b

2µ2⌧

25-80 GeV 

CMS: 1511.03610 
bbA,A ! 2⌧

bbA,A ! 2µ
25-60 GeV 

CMS-HIG-15-009 

20-60 GeV 

ATLAS: 1606.08391 
4b

6-9 & 11-12 GeV 

ATLAS-C0NF-2011-020 
2µ

18

: nMSSM like regionm�̃0
1
⇠ 5 GeV

hSM
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2m⌧ 2mb2mµ

4-8 GeV 

CMS: 1510.06534 
4⌧

5-15 GeV 

CMS-HIG-14-022 
4⌧

3.5-50 GeV 

ATLAS: 1505.01609 
2µ2⌧ 5.5-8.7 & 11.5-14 GeV 

CMS: 1206.6326 
2µ

6-9 & 11-12 GeV 

ATLAS-C0NF-2011-020 
2µ

19

: nMSSM like regionm�̃0
1
⇠ 5 GeV

Numerous searches at the LHC targeting low mass scalars from        decayhSM

Relevant for h2 ! A1A1 mA1 ⇠ 10 GeV
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2m⌧ 2mb2mµ

3.5-50 GeV 

ATLAS: 1505.01609 
2µ2⌧

20-62.5 GeV 

CMS-HIG-14-041 

CMS-HIG-15-011 

2µ2b

2µ2⌧

25-80 GeV 

CMS: 1511.03610 
bbA,A ! 2⌧

bbA,A ! 2µ
25-60 GeV 

CMS-HIG-15-009 

20-60 GeV 

ATLAS: 1606.08391 
4b
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: nMSSM like regionm�̃0
1
⇠ 5 GeV

Numerous searches at the LHC targeting low mass scalars from        decayhSM

Relevant for h2 ! h1h1 mh1 ⇠ 30� 60 GeV
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Best Sensitivity from ATLAS           search

Factor two increase in cross section at LHC13

Most promising channel to be explored

: nMSSM like regionm�̃0
1
⇠ 5 GeV

2µ 2⌧

�LHC8(gg ! h2) ⇠ 20 pb

BR(h2 ! A1A1, h1h1) ⇠ 10%
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DM relic through annihilation via         with

- FermiLAT excludes only region where

- DD rates                              below the neutrino floor

: nMSSM like regionm�̃0
1
⇠ 5 GeV

2m�̃0
1
⇠ mA1A1

mA1 < 2m�̃0
1

O(10�10 pb) ⇠ 10�9 pb
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Mixed LSP

EWinos decay occurs through off-shell       and      due to      masses   
Competitive decay channels such as                       arise

cross-sections

Large mass splitting leads to high           s 

Can it be used as a distinctive signature?

m�̃0
1
⇠ 45 GeV LSP

m0

40% H̃

40% S̃
20% B̃

High        , sfermions decoupled. Low           sub-TeV gluinos

} Relic desity always below Planck value

M1/2

W Z �̃
�̃2
0 ! �̃1

0�

O(pb) pp ! �̃+
1 �̃

0
2

pT �
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The SM-like Higgs state is     . Sub-TeV      with   

 cross sections at LHC 13 for top-pair and chargino pair production

LSPm�̃0
1
⇠ 45 GeV

h1 h2 h2 > 2mtop, 2m�̃

O(100 fb)
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high mass LSPm�̃0
1
⇠ 65 GeV

m0 [TeV]

M
1
/
2
[T
eV

]

1 104

104

1
0.2

H̃/S̃ LSP

H̃/S̃ LSP

⇠ B̃ LSP
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high mass LSPm�̃0
1
⇠ 65 GeV

m0 [TeV]

M
1
/
2
[T
eV

]

1 104

104

1
0.2

H̃/S̃ LSP

H̃/S̃ LSP

⇠ B̃ LSP

mg̃ ⇠ 3M1/2 mB̃ ⇠ 1/6M1/2 mB̃ < mS̃ <
µ�2v2

µ2 + �2v2
sin 2�

Upper limit on Bino LSP implies upper limit on gluino mass 

Only the 5 GeV LSP region can have a relic compatible with Planck
Region completely excluded by gluino searches
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Upper limit on Bino LSP implies upper limit on gluino mass 

Only the 5 GeV LSP region can have a relic compatible with Planck

high mass LSPm�̃0
1
⇠ 65 GeV

m0 [TeV]

M
1
/
2
[T
eV

]

1 104

104

1
0.2

H̃/S̃ LSP

H̃/S̃ LSP

⇠ B̃ LSP

mg̃ ⇠ 3M1/2 mB̃ ⇠ 1/6M1/2 mB̃ < mS̃ <
µ�2v2

µ2 + �2v2
sin 2�

Region completely excluded by gluino searches

Also excluded from gluino searches
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high mass LSPm�̃0
1
⇠ 65 GeV

m0 [TeV]

M
1
/
2
[T
eV

]

1 104

104

1
0.2

H̃/S̃ LSP

H̃/S̃ LSP

⇠ B̃ LSP

Decoupled gluino and bino / wino, light staus with weak sensitivity 

Future DD experiments will 
test this region of the nMSSM
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-The nMSSM is a variation of the       inv NMSSM featuring a light singlino

29

- LHC and Dark Matter experiment are testing this hypothesis

- Higgs-to-light Higgs decay and non standard sparticles decay peculiar 
signatures of the nMSSM

Only region with

- Three region compatible with experimental data survive

5 GeV 45 GeV 60 GeV

mLSP
Will be covered  
by XENON1T

- Benchmark scenarios for the nMSSM in CERN YR

Z3

⌦h2 ⇠ 0.1

- Light new physics still survives LHC searches and will be tested

Conclusions
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-The nMSSM is a variation of the       inv NMSSM featuring a light singlino

30

- LHC and Dark Matter experiment are testing this hypothesis

- Higgs-to-light Higgs decay and non standard sparticles decay peculiar 
signatures of the nMSSM

Only region with

- Three region compatible with experimental data survive

5 GeV 45 GeV 60 GeV

mLSP
Will be covered  
by XENON1T

- Benchmark scenarios for the nMSSM in CERN YR

Z3

⌦h2 ⇠ 0.1

- Light new physics still survives LHC searches and will be tested

Conclusions

Thank you!


