
WG1 - considerazioni teoriche

Andrea Romanino - SISSA



Theoretical framework for the WG program

• Assume new dofs exist at M » mH 


• Gravity


• Unification


• Neutrino masses


• and other SM puzzles


!

!

• (who knows)


• (maybe an accident)


• (maybe Dirac or νMSM)


• (who cares)


(→ further work?)



Theoretical framework for the WG program

• THEN


• The sensitivity of mH to M is suppressed by a structural change at a scale 
mNP related to mH (the Higgs is composite, a supersymmetry is restored)


• OR


• The cancellation takes place and is explained by a different principle 
(environmental selection, an unknown dynamical principle)

(so far)



This case faces the known tension

–    <H> 

–    mNP

E
experiment

naturalness

relax the experimental bounds

“difficult spectra”

keep the bounds as they are

make them palatable

(long live the CMSSM)

strongly

interacting way

weakly

interacting way



The weakly interacting way - supersymmetry

–    <H> 

–    mNP
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• Lower M	  

• Relatively light stop 

• Enhancement of Higgs mass 

• Dirac gluinos 

• Give up ET-miss signature

Where does FT comes from? 

Ways out

simple 
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complete model 

in which they coexist 
and full analysis

susy messengers→

→



Lower M: how low?
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Lower M: how low?

M

-  MPl
-  MGUT

-  TeV

-  MGUT x loop

extra U(1) 
tree level 
mediation

-  TeV / loop

m̃ =
F

M

← sugra: log ~ 70

� ⇠
✓

m̃

0.5TeV/
p
log

◆2

M ~ (10-100) TeV 

← log ~ 10



Relatively light stop: how light?
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Enhancement of Higgs mass: how?

• NMSSM: MSSM + S


• harmless	 	 (unification OK)


• minimal 	 	 λSHuHd (symmetries forbid μHuHd) 


• welcome	 	 (μ = λ<S> ≈ susy scale)


• Extra tree level contribution


• Moreover:


• Higgs spectrum: h H → h1 h2 h3, A → A1 A2	 (scalar components of S)


• Neutralino spectrum: N1…N4 → N0 N1…N4		 (fermion component of S)
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Highly preliminary collection of results

• Natural ranges


Figure 6: The particle spectrum of the scale-invariant NMSSM with ⇤mess = 20TeV that we find in
our scan satisfying all constraints described in the text. The green, blue and red points correspond
to a combined tuning (⌃h⌃v) better than 5%, between 1% and 5%, and worse than 1%, respectively.
All points satisfy the constraints discussed in sec. 5. Note that there are correlations among the
masses which are not shown in the figure, but are described in sec. 5.

have masses below 1 TeV. Most prominently, we find such low masses for the states s2, a1, a2 and
�̃0
1, �̃

0
2, �̃

±
1 , respectively. In particular, the lightest chargino for a combined tuning better than 1%

has a mass m�̃±
1

. 575GeV which can lead to loop-induced enhancement in the Higgs diphoton

decay (cf. sec. 6.2). The colored sector tends to be heavier but the possibility of stops, sbottoms
and gluinos in the windows mt̃

1

2 [220, 1000] GeV, mb̃
1

2 [216, 1000] GeV, mg̃ & 1.2 TeV remains
viable. In contrast to the MSSM however, the lightest stop is not necessarily light. We find stop
masses mt̃

1

up to 2.5TeV for a combined tuning better than 1%. Given that in the absence of new
colored states, the colorless states are only produced via electroweak processes, it will therefore
require searches at the 14 TeV LHC to completely cover all natural regions of the spectrum. Notice
that m�̃0

1

& mZ/2 and ma
1

& mh/2 in the spectrum which follows from constraints on the invisible
decay width of the Z-boson and the Higgs, respectively. Finally it is interesting to focus on the
least-tuned region which is colored in green in the spectrum. As expected for small total tuning,
the colored sector tends to be generically lighter though there also light colored sparticles in the
more tuned regions (colored in red and blue).

24

Gherghetta, von Harling, Medina, Schmidt



Highly preliminary collection of results

• Natural ranges


• Longer decay chains, richer final state, smaller mET → slightly weaker limits


• Higgs sector: new scalar S = s+ia 
h126 is mainly h = sβ hu + cβ hd, with up to 30% s 
implications for Higgs couplings and invisible channels?
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Figure 1. Current and foreseen LHC reaches for � = 0.8 (left) and � = 1.4 (right). The
colored regions are excluded at 95% C.L.; the dashed lines are the expected limits.

• LHC8: the colored regions are excluded at 95% C.L. The shaded orange region
is excluded by the fit of the Higgs signal strenghts (sin2 � < 0.23); the red
region is excluded by CMS searches of a heavy scalar h2 decaying into ZZ
[2]; the purple region is excluded by the searches in the hh(! bb̄��) channel
recently published by CMS [3] (relevant only for � = 1.4).

• LHC14: the dashed lines show the expected exclusions at 95% C.L. The or-
ange line is the foreseen reach of the Higgs fit (sin2 � < 0.15), assuming central
values for the Higgs signal strengths like in the SM, with the projected uncer-
tainties of [4, 5]; the dashed red line is the expected exclusion of a h2 ! ZZ
search, taken from figure 7 of [6]; the dashed purple line shows the impact
of a hypothetical improvement of a factor of 3 with respect to the current
sensitivity in the h2 ! hh searches at CMS [3].
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The strongly interacting option

• Higgs as a composite pseudo-Goldstone boson


• explicitly broken SO(5) → approximate SO(4) 


• partial compositeness  
larger for heavier masses


!

!

• Composite partners of top: light Higgs needs light top partners


→ Matsedonskyi, Panizzo

4

‣ explicit breaking & partial compositeness
•elementary and composite sector communicate via  linear mixing!
of elementary and composite states

Partial Compositeness

massless SM fields
tRtL

�L t̄L T
�R t̄R eT

composite resonances

T eT H

[Kaplan’91;Agashe,Contino,Pomarol’05]

Matsedonskyi



The strongly interacting option

• Tuning > 10% if light top partners 
do not require tuning


• Addressing model dependence in connection of theory and experiment


• Take into account single production of top partners


• Experimental analyses
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