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Facts about the diphoton

A naive combination, assuming gluon-fusion production

pr~ (13 TeV) = 47112 b
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Facts about the diphoton

8 ‘ 8

* The signal can not be explained
with SM particles alone
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Facts about the diphoton
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S e ; * The signal can not be explained
| ' with SM particles alone
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« Easily fitted in presence of new
coloured/charged matter
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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?

l.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

e SUSY: e.g .Babu, Pati 1996

 Nr > 5: Landau poles before unification

* Nr < 5: very weak coupling 60

* Nr = 5: Semi-perturbative regime =|
Add one vector-like family |
5+5+10+10 5

20}

equivalently, add 4 x (5 + 5) 1o

MSSM+VM .
10° 108 10" 1014 1017

* Non-supersymmetric theories: b [GeV]

ol

* semi-perturbative unified coupling with 9 chiral generations
(e.g. 3 chiral + 3 vector-like)



The Higgs mass in SUSY

The mass of the Higgs boson is
tied to the electroweak scale

m; < m7 cos” 23 —|—

radiative corrections

from top-stop loops
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In the MSSM, mn = 125 GeV
requires A > 86 GeV

* very heavy stops

* very large trilinear

tuning ~ Mstop® + Astop®



The NMSSM in a nutshell

MSSM + 1 singlet chiral superfield W = Wnmssm + ASH Hg + f(5)

charged neutral

doublet

singlet

doublet



The NMSSM in a nutshell

MSSM + 1 singlet chiral superfield W = Wnmssm + ASH Hg + f(5)

charged neutral mass eigenstates .
0 = h ~ hYcosy+ S%sin~y
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The NMSSM in a nutshell

MSSM + 1 singlet chiral superfield W = Whassm HASH Hyg + f(5)

charged neutral mass eigenstates .
0 = h ~ hYcosy+ S%sin~y

‘ ' ® S ~ —hYsiny + S° cos~
H~H’
y®
P =P cosf+ A" sinf
‘ ' <\A:—POSin6’—|—AOCOSH

 Enhanced Higgs boson mass at tree-level

m; < (my)? = m%zcos 2l + "%p?sin®2 + 1 °

* Reduced fine-tuning of the electroweak scale (for fixed SUSY¥ mass)
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« Strong coupling regime at 100 — 1000 TeV if A > 0.7



The NMSSM in a nutshell
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* Reduced fine-tuning of the electroweak scale (for fixed SUSY¥ mass)
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« Strong coupling regime at 100 — 1000 TeV if A > 0.7



The NMSSM with vector matter

« NMSSM + 1 generation of vector-like matter ®=10+5
W = Writawa + AnrSH Ha + ) AiS®,®; + 5 5°

+ soft SUSY-breaking terms ms, my, mq; Ax, Ax

Fermion masses from singlet vev: 1 = Ag vs, mM; = A; Vs

 Dynamical assumption:
the Higgs sector (Hu, Hg, S)
becomes strongly coupled
at a scale A\

)\i(A) — AH(A) ™~ \/E

Niir(E) ~ 1/ log(A/E)
~ insensitive to boundary values 4 5 6




The basic idea

* A is naturally of the correct size to reproduce the Higgs mass

s _
A€[75,85]GeV ]
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160
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* The singlet-like CP odd scalar has a mass of 750 GeV and decays to yy

* The signal strength uyy fixes vs —the mass scale of the new particles
from RGE they also turn out to be exactly in the right ballpark



Higgs masses and mixings

« Parameters of the model:

(>\H7 Ky Mgy, 11, Mg A)\y Aiﬁ) (l H 1" , Ma, Mp,V, Vs, tan#)

* All the masses and mixings are then determined
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Diphoton signal

Qg a Va Q 1%
LD Cgg 127‘(‘m¢¢G'U“VGH +CVVM¢FNVFM

« Scalar or pseudo-scalar?
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S mixes with h:
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P mixes with A:



Diphoton signal
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« Scalar or pseudo-scalar?
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from experimental bounds

S mixes with h:
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Diphoton signal

Qg a Va Q 1%
LD Cgg 127Tm¢¢G'LLVGM —|—nyfym¢FuyFﬂ

« Scalar or pseudo-scalar?
1 (S! ZZ) S?

from experimental bounds

] " . — 11 '3 2
S mixes with h: ST ) =3 106|C” IZ! 6 # s ! 10°%cn | X
_ . NP tg s? o |
P mixes with A: TCIRTD =2 106t§|0!! 2 | 300 # s ! 10 tglen | o
- mp - mp
* | l—— =
. Cyg.!! M. v.

Vs IS determined!

Similarly, other decays at 13 TeV

77 7y WW
9-11fb [1.2-15fb| 24— 29 b




tt decays

The mixing between the pseudo scalars induces a tt decay width for P

SGFm%
A7 2tan? g

(P! tB=sin?0 mp

If sizeable, it suppresses the diphoton signal — requires smaller vs

A% A% $

-----------

diagonalisation
unreliable




Boundary conditions
 The parameter K runs faster than the Ai — smaller value at low scales

* More sensitive to Initial conditions




Scalar phenomenology: diboson signals

« A CP-even scalar mixed with mzcs. + 14 véss, + 1 21 ms?

2
the Higgs decays into WW, ZZ > mZ 1 m?

* Production cross-section of S enhanced (as the one of P)

f Constrained by LHC searches for
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Scalar phenomenology: diboson signals

« A CP-even scalar mixed with mscs. + 14v%ss, + 1 21 me
2 Z 2 2" h
2 =

the Higgs decays into WW, ZZ > mZ 1 m?

* Production cross-section of S enhanced (as the one of P)

Constrained by LHC searches for

140C- 1 resonant diboson production

1200 K not too large from

boundary conditions at A

o
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Vs [GeV]

600

Signal in ZZ expected soon,

[ in any case in Run-I|
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The other doublet is heavy, ma~1 -2 TeV
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Naturalness Higgs boson Semi-perturbative
mass unification

SUSY A S Hy Hg Extra matter
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NMSSM with vector-like matter

4

Strong interaction at Enhanced production
AN ~10—-1000 TeV of neutral spin-0 states

¥

Ms NVSNTeV
ma~1-3TeV

mnh = 125 GeV
mp =750 GeV ==




