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DIPHOTON EXCESS
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Observed excess: decay of singlet scalar/pseudo-scalar/spin-2 resonance

w The combined analysis of the ATLAS and CMS results suggests that
glpp — S — vy) € (3 — 13) fb.

w The best-fit matching the ATLAS data gives a resonance decay width
around 45 GeV, while the CMS data suggests a very narrow width
of around 0.1 GeV.

w The discrepancy between the widths leads to different model-building
perspective.

w Any minimal model is likely to explain diphoton cross-section with
narrow decay width ?



CHALLENGES

The models explaining this excess (even with narrow decay width)
tend to get strongly coupled at very low energy.

Giudice at al, hep-ph/1512.04933; Pilaftsis, 1512.04931

Our proposal is to

1. Realise a possible weakly coupled model compatible with the
DIPHOTON EXCESS.

2. To alleviate the problem arising in the Standard Model such as

HIGGS VACUUM INSTABILITY

3. To maintain the weakly coupled regime till above planck scale

so that the theory could be able to explain cosmological
implications such as INFLATION.



EFFECTIVE COUPLING STRENGTH

Observed excess: decay of singlet scalar/pseudo-scalar
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VECTOR-LIKE FERMIONS

w No direct interaction of SM singlet with pair of photons: need at
least single generation of coloured fermions

Consider N identical vector-like fermions coupled to the scalar * S’
with the Yukawa coupling *Ym’ and charge " Q°
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PERTURBATIVITY OF YUKAWA COUPLING

Q =+ 2/3 , mg = 800 GeV

o (fb)

Apparently, there can be a tension with perturbativity of the
Yukawa coupling even at low energy scale by considering Q=2/3 |



YUKAWA COUPLING OF EXOTIC FERMIONS
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A SPECIFIC SCENARIO

For extra exotic colored vector-like fermion + singlet scalar:

L yMS\IfL\I!R -+ )\TS\IthR + Y¢qr, Htp + yrqr, - HYp + h.c.

For Q > 2/3, yr = 0.

The effective potential is

2 A A
V(x, ®) = —i50'0 — E5y2 4 ap(@te)? + Z2xt + S (ateo)?

o e o — 1 T )\SHU -
with mixing angle: 0 = 5 tan ()\SUZ o )\Hv2>



VARIOUS CONSTRAINTS

o(pp — S — vvy) € (3 — 13) fb.

All couplings should be perturbative till scale above Planck scale

No Landau poles should appear before Planck scale in any of
the couplings.

Vacuum stability: V>0 —> Ay > 0,Ag > 0, Agg > 0

For non-zero VEV of Higgs and S, the mixing between S and H
must be such that no observable effects take place.

Possibility of Inflation in such scenarios



PERTURBATIVITY OF GAUGE COUPLINGS
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POSSIBLE VALUES OF YUKAWA COUPLINGS
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HIGGS VACUUM INSTABILITY IN STANDARD MODEL
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HIGGS VACUUM STABILITY

SM + Singlet scalar + Vector-like fermions




HIGGS VACUUM STABILITY

For a non-zero VEV of scalar singlet, the Higgs quartic coupling gets
threshold correction at tree level (Strumia at al, arXiv: hep-ph/1203.0237)

:lf ' H

() = E )=t —— .,

- D 5 R D ) ) ) 6 ) ) ---1.....---.

:A.--,
L I Trp—

o0 +

M, ASn
0.15l ] Aoy = A\ |
Fo.10f  The Higgs vacuum instability

gets alleviated by adding a

0.0 i singlet scalar of 750 GeV and
' ' an exotic fermion with certain
0.00L— .. - e . Kvc:lue of Yukawa coupling | .

l0g4o (p / GeV )




PERTURBATIVITY OF ALL COUPLINGS UPTO PLANCK SCALE
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ym(mg) = 0.75, Xg(ms) = 0.25, Agyy = 0.20,m; = 1.2TeV, o(pp — v7) = 4.26fb, N = land Q = 13/9. The

shaded region is pn > 10'® GeV where quantum gravitational effects are expected to be important.



CONCLUSIONS

The compatibility of the cross-section with the perturbativity requires the
existence of vector-like fermions with an exotic charge.

We are able to explain the diphoton cross-section over the entire
range by considering exotic vector-like fermion with mass around 1

TeV.

We have managed to maintain perturbativity of all the couplings till the

scale little above the Planck scale.

Even by considering high value of Yukawa coupling and exotic

fermions, the Higgs vacuum instability gets alleviated for certain choice
of parameters in this scenario.

Given that the conditions to explain large-field inflation are maintained,

the non-minimal coupling of inflaton (singlet scalar/Higgs) to the gravity
can explain the inflation successfully in this model.




FURTHER REMARKS

The precise model-building requires either vector-like fermions with finite
decay width or bound states of stable fermions.

The QCD bound states could be charged and therefore not viable
cosmologically .

If the fermions are stable, the idea would be to consider these fermions
charged under extra hidden QCD-like SU(3) symmetry.

The bound states of exotic fermions (charged under hidden QCD-like
SU(3) symmetry; dark pions) can act as good DM candidates (no need to
consider additional particles).

The interaction of dark pions with Higgs will have a positive contribution
to the Higgs quartic coupling, so should not affect the Higgs vacuum
stability.






BACK-UP SLIDES




RG EQUATIONS
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95% CL limits on 6xBR(G*—vy7) [fb]
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CMS Preliminary
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