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CONTEXT

Data:
ATLAS-CONF-2016-018
CMS-PAS-EXO-16-018

Models:
See summary in: R. Franceschini et al. arXiv:1512.04933
and summary in: F. Staub et al. arXiv:1602.05581
and many more besides...




95% C.L. limit o(pp— S—vy) (fb)

22
20
18
16
14
12
10

o N A~ O

DIPHOTON RESONANCES AT LHC?
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DIPHOTON RESONANCES AT LHC?

Models must both provide sufficient signal s, 13 Tev LHC data)
oglpp = R — vy) =6.26 + 3.32 tb

and obey constraints on alternative decay modes (8 Tev LHC data)
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7(pp ) og(pp — R — gg) < 2200 fb

o(pp — R — tt) < 700 b

The scores of candidate models
indicate it is hard to do this while
remaining consistent with other
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THE RENORMALIZABLE
COLORON MODEL

Model
Y. Bai and B.A. Dobrescu arXiv:1012.5814

Consistency with earlier bounds
R.S. Chivukula, A. Farzinnia, J. Ren, EHS arXiV:1307.1064
R.S. Chivukula, A. Farzinnia, J. Ren, EHS arXiV:1404.6590
R.S. Chivukula, A. Farzinnia, EHS arXiV:1504.03012




MODEL ESSENTIALS

Vs

massless gluons 2
SU(3)- SU(3):2 -

massive colorons

Os+ Os2

Nq weak doublet & ng weak singlet spectator fermions to cancel
anomalies from SM quarks’ charges under SU(3)1 x SU(3)2

extended color symmetry breaking — scalar & pseudoscalar

1 , .
(I):—(US—|—SO—|—ZA)1'3X3—|—( %—‘FZG%)TSCL
V6
s = sinx hg + cos x Sg data implies any
h = cosy hg — sin  So mixing must be small

LHC dijet bound M; > 5.1 TeV implies that vs > 1.7 TeV



KNOWN PHENOMENOLOGY

Prior work has shown:

This model is consistent with

e EW precision data
measured properties of 125 GeV h boson
lower bound on coloron mass
scalar potential’s global minima at vh, vs
unitarity of two-body scalar scattering
vacuum stability of scalar potential
no Landau poles in couplings (to 100 TeV)

Next-generation hadron colliders can fully
explore the model’s parameter space



RESULTS

R.S. Chivukula, A. Farzinnia, K. Mohan, EHS
Diphoton Resonances in the Renormalizable Coloron Model
arXiv:1604.12057
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SCALAR (S) RESONANCE, NON-ZERO SIN(X)

Without h/S mixing,
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Allowing mixing

- WW decreases production

and diphoton decays,
while increasing

diboson backgrounds.
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QUASI-DEGENERATE S, A RESONANCES
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UNTANGLING QUASI-DEGENERATE S, A

P olpp — s = Z7) |
s/A = o(pp = A — Z2) 0.3 ° ma=ms
N N
Measure the ratio via = ., A
angular variables in < A
4-lepton final states. N ® Ny=n,
0.1 A = A O NQ—l=nq
A NQ—3=nq 1
A
oo, .
3 4 5 6 7 8 9 10
Ng

This ratio could help reveal the numbers of weak doublet (Nq)
and weak singlet (nq) spectator fermions in models with
degenerate scalar (S) and pseudoscalar (A) states.



RELATION TO THE COLORON MASS
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CONCLUSIONS



CONCLUSIONS

LHC data suggests the presence of a diphoton resonance
that does not also decay substantially to dijets, WW, or ZZ.

The Renormalizable Coloron Model

e |s already known to be consistent with EW precision
data, triviality and vacuum stability

e includes a scalar (s) and a pseudoscalar (A) that are
produced (gluon fusion) and decay (diphotons)
through loops of spectator fermions

e cither s or A (or both) could be the 750 GeV state

e requires only a few spectator flavors to be consistent
with the diphoton data, while avoiding backgrounds

e discovery of a coloron could provide confirmation
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PSEUDOSCALAR (A) RESONANCE

mna=150 GeV, v,=1.7 TeV

nq weak singlet spectators

02 6 ..8...10...12...14.. R
is allowed
N 0 weak doublet spectators



DETAIL ON S PRODUCTION
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