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@13TeV

S(750)

�(pp ! S)⇥ Br(S ! ��) ⇡ 5 fb

mS ⇡ 750GeV �(S) < 100GeV

I(JP ) = 0(0?)
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Cross-section in the narrow width approximation is:
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8TeV 1.07 2.7 7.2 89 158 174 11
13TeV 15.3 36 83 627 1054 2137 54

parton luminosities:

I will focus on a resonance produced in the s-channel:
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�(S ! ��)

M
> 10�4

45 GeV width: 

gluon production: 

gluon dominated width: 

�(S ! ��)

M
⇡ 10�6

BIG!

���

M
⇡ 10�6 ⇥ �

�gg



Michele Redi, INFN Florence

If width dominated by gluons:

Constraints in all channels from LHC8:
r =

�13TeV

�8TeV

� < GeV



Poor compatibility run1/run2 for u, d, gamma. 

LHC13 vs. LHC8:
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INTERPRETATION
Likely a spin-0 singlet coupled to photons and gluons.
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SU(2)xU(1) invariant lagrangian. CP even scalar:

Coupling to electro-weak gauge bosons is predicted:
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Observable at LHC!
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• Elementary di-photon:

A coupling to gluons and photons requires new particles 
with color and electric charge.

SQ̄f (yf + i y5f�5)Qf
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Easy to reproduce signal:

A large width suggests tree level decays

�tree

M
⇠ y2

8⇡
y ⇠ 1

The width into photons is challenging:
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In all cases one finds Landau poles close to TeV.

y = 1



�(⌘c ! ��)

M
⇠ 2⇥ 10�6�(⌘ ! ��)

M
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• Composite di-photon:

In QCD:
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- S could be part of a sector where the Higgs is 
composite. For example it could be a Nambu-Goldstone 
boson as the Higgs:

- S is composite and the Higgs is elementary. 

Simple gauge theory realisations. The di-photon could 
be a heavy pion or a bound state of vectorial fermions.

mS ⇠ mh ⇥ f

v
f ⇠ TeV
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Other possibilities are CP even resonances such us a 
the dilaton.
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Di-photon resonance as a Nambu-Goldstone Boson:

Decays to SM gauge bosons analogous to 

cf ⇠ 0
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� , Z ,W , g
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Besides the scalar singlet other spin-0 (NGB) and heavier 
spin-1 resonances with SM quantum numbers are predicted 
within the reach of LHC.
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750 GeV
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Pion-like di-photon
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MR, Strumia, Tesi, Vigiani ’16

Gauge theory models fully predictive.



Color octet pion decays into gluons or gluon+photon:

GB = 2⇥ (1, 1)0 + (1, 3)0 + (8, 1)0 + (3, 2) 1
6
+ (3̄, 2)� 1

6
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⌘ :

Ex: D+L

� ⇡ 130MeV

Squark-like pion is long lived. Triplet pion can be lighter.

Bai, Barger, Berger ’16

f

N
⇠ 100GeV



The resonance could be a non-relativistic bound state of 
new fermions with SM charges similar to charmonium.
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Q-onium

�(⌘1Q ! ��)

M
= 12N↵2Q4 |R(0)|2

M3

A QCD bound state would require a large charge.

m⌘Q ⇠ 2mQ



A new gauge interaction could form the bound state

Almost degenerate color octet spin-0 resonances and 
spin-1 resonances analogous to J/PSI predicted:

- spin-0: gluon production ⌘1Q ⌘8Q

 1
Q  8

Q- spin-1: quark production

Kamenik, MR ’16
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Other models:

- spin-2: Kaluza-Klein gravitons. Theoretically challenging.

- SUSY: heavy Higgs, singlet in NMSSM, 
sgoldstino… Vector-like fermions typically required.

- Different production/non trivial SM representations. 

Difficult to generate the signal.

- More complicated kinematics:



DARK MATTER
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Invisible width could be related to decays into DM.

Most simply add new fermions neutral under SM:

yDMS ̄DM DM

- elementary di-photon: neutral fermions

- composite di-photon: neutral heavy pions or baryons

Dark matter candidates:



Dark matter as a thermal relic can be obtained for 
masses around 100 GeV compatibly with direct detection

bounds.

GDM = 0.01 MS

GDM = 0.03 MS

GDM = 0.06 MS
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FUTURE
- If the excess is confirmed it will be revolutionary.            

It is the dream nobody in our field anymore had.
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- Many models can explain the di-photon excess. 
They predict effects visible in many different 
channels. Nearly all models prefer a narrow width.           
With more data we might be able to pin down the 
right theory. 

- The di-photon resonance is plausible but very 
unexpected. Is it elementary or composite? Is it 
related to EWSB or dark matter?                      
Hopefully the fun is just starting…        



LHC reach:

Backovic et al. 
1605.07962

Di-jets challenging to improve.
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b production: 
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weakest bound (invisible not applicable):
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A large width implies either large multiplicities, large 
charges or large couplings. In all cases one obtains 
Landau poles at low scales:

Alternatively the width is reproduced by multiple states.
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Rates in SM gauge bosons predicted from anomalies:
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Reproducing excess:

Di-photon as a Nambu-Goldstone boson:
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Q = U �N1 �N2

24 = (8, 1)0| {z }
�

� 2⇥ [(3̄, 1)�2/3 + (3, 1)2/3]| {z }
�1,2,�⇤

1,2

� 4⇥ (1, 1)0| {z }
⇧,⇧⇤, ⌘1,2

- m1=m2. Singlets don’t mix. 
Relic abundance reproduced 
through di-photon interactions
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- Baryonic DM candidates

- Even for small mixing self-
interactions dominate. 

mDM < 100 GeV.
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