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Facts about the diphoton
A naïve combination, assuming gluon-fusion production
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Facts about the diphoton

Γtt μγγ
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Facts about the diphoton

• Easily fitted in presence of new  
coloured/charged matter

Γtt μγγ
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Can a diphoton resonance be accommodated in the NMSSM?

Yes, with extra matter in the loops



Can a diphoton resonance be accommodated in the NMSSM?

Yes, with extra matter in the loops

Is there a rationale for the presence of extra matter?

i.e. what determines the number of generations?

What determines the mass of the Higgs boson?



How many generations?
Unification of gauge couplings highly perturbative without extra matter

• SUSY:

• NF > 5: Landau poles before unification

• NF < 5: very weak coupling

• NF = 5: Semi-perturbative regime  
 
Add one vector-like family 
5 + 5 + 10 + 10  
 
equivalently, add 4 x (5 + 5)

• Non-supersymmetric theories:

• semi-perturbative unified coupling with 9 chiral generations  
(e.g. 3 chiral + 3 vector-like)
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The Higgs mass in SUSY
The mass of the Higgs boson is 
tied to the electroweak scale

500 1000 1500 2000 2500

70

80

90

100

m̃t [GeV]

Δ t
[G
eV

]

maximal mixing

moderate mixing

tβ = 5

tβ = 3
tβ = 1

tβ = 5

tβ = 3 tβ = 1

5 10 15 20
80

85

90

95

100

105

110

tan β

Δ t
[G
eV

]

mh = 125 GeV

In the MSSM, mh = 125 GeV 
requires Δ > 86 GeV

• very heavy stops

• very large trilinear

radiative corrections 
from top-stop loops
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The NMSSM in a nutshell

MSSM + 1 singlet chiral superfield W = WMSSM + �SHuHd + f(S)
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The NMSSM in a nutshell

• Enhanced Higgs boson mass at tree-level

• Reduced fine-tuning of the electroweak scale (for fixed SUSY mass)

• Strong coupling regime at 100 – 1000 TeV if λ > 0.7

MSSM + 1 singlet chiral superfield W = WMSSM + �SHuHd + f(S)
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Figure 1: Scatter plots of (a) the tree-level derivative |dv2/dm2
Hu

|, and (b) the lightest stop mass
mt̃1, as a function of the Higgs-singlet coupling �. In (a) the black, orange, yellow points correspond
to �mess = 20, 100, 1000TeV, respectively. All points in (b) have �mess = 20TeV and a tuning in
the Higgs VEV better than 5%. In (b) the green points have a combined tuning (cf. sec. 4.2) better
than 5%, i.e. ⇥h⇥v < 20, for the blue points it is between 1% and 5%, while for the red points it is
worse than 1%. The derivative dv2/dm2

Hu
is suppressed for larger values of �, allowing for mt̃1 to

become as large as 2.5TeV for a combined tuning better than 1%. All points satisfy the constraints
discussed in sec. 5.

mass (and thus mh,e� � 126GeV), a larger coupling � does therefore not allow a larger dimen-
sionful parameter mh,e� in the potential and should accordingly not alleviate the fine-tuning in the
decoupling limit.

We believe that loop corrections from the Higgs-singlet sector may play an important role
in this context. Indeed, once the VEV and mass in Eq. (4.8) are fixed, the e⇤ective quartic
coupling �e� is fixed as well. This means that, at large �, an accidental cancellation between
the �-contribution to �e� and the loop corrections has to occur in order to bring �e� down to
the required value. We will discuss this tuning (which can be phrased as a tuning in the Higgs
mass) in some detail in the next section. Given that corrections from the (s)top sector raise the
quartic coupling (or, equivalently, raise the Higgs mass), these corrections can not be responsible
for this cancellation. The contribution from the Higgs-singlet sector, on the other hand, can lower
the quartic coupling (or, equivalently, lower the Higgs mass) [2]. We therefore expect that these
corrections may counteract the suppression of the derivative dv2/dm2

Hu
at large � in the decoupling

limit. Let us emphasize, however, that most of our points clearly deviate from this limit, where the
potential and thus the e⇤ect of large � is more complicated. In addition, the presence of additional
(s)particles with masses O(v) can lead to important non-trivial VEV-dependent contributions from
the Coleman-Weinberg potential to Eq. (4.8) even when the Higgs couples very SM-like. In any
case, it may be worthwhile in the future to include the contributions from the Higgs-singlet sector
to the Coleman-Weinberg potential in the calculation of the fine-tuning measure.

12

Gherghetta et al. 2012

tuning better 
than 5%



• NMSSM + 1 generation of vector-like matter

Fermion masses from singlet vev:

• Dynamical assumption: 
the Higgs sector (Hu, Hd, S)  
becomes strongly coupled  
at a scale Λ 
 
 
 
 
 
  ~ insensitive to boundary values

The NMSSM with vector matter
� = 10+ 5̄
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The basic idea
• λH is naturally of the correct size to reproduce the Higgs mass

• The singlet-like CP odd scalar has a mass of 750 GeV and decays to γγ

• The signal strength μγγ fixes vs – the mass scale of the new particles  
from RGE they also turn out to be exactly in the right ballpark
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Higgs masses and mixings
• Parameters of the model:

• All the masses and mixings are then determined  
 
   e.g.
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Diphoton signal

• Scalar or pseudo-scalar?

S mixes with h:

P mixes with A:
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tt decays
The mixing between the pseudo scalars induces a tt decay width for P

if sizeable, it suppresses the diphoton signal – requires smaller vs
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Boundary conditions
• The parameter κ runs faster than the λi – smaller value at low scales

• More sensitive to initial conditions
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Scalar phenomenology: diboson signals
• A CP-even scalar mixed with  

the Higgs decays into WW, ZZ

• Production cross-section of S enhanced (as the one of P)
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resonant diboson production
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$ The other doublet is heavy, mA ~ 1 – 2 TeV

Signal in ZZ expected soon, 
in any case in Run-II

κ not too large from 
boundary conditions at Λ
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• Constrained by LHC searches for 
resonant diboson production



Naturalness Higgs boson 
mass

Semi-perturbative  
unification

SUSY λ S Hu Hd Extra matter
| {z }

NMSSM with vector-like matter

Enhanced production
of neutral spin-0 states

mh = 125 GeV

mP = 750 GeV

μγγ = 4.7 fb

Strong interaction at 
Λ ~ 10 – 1000 TeV

mS ~ vs ~ TeV
mA ~ 1 – 3 TeV
mΦ ~ TeV


