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LHC Era?
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LHC Era!
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COLORED RESONANCES
CLASSIFICATION
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Introduction

LHC Era

Data Driven↔Model

Independent Simplest topology

and largest rate Simplest

topology: resonances Largest

rate:

Strong interactions 

QCD machine
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Colored Resonant Production and LHC Bounds Parton Luminosities

Parton Luminosities

σ(S) = Σ ij

Hadronic production cross section:

i

dτ

dLij dτ σ(ŝ)

ŝ is partonic c.m. energy squared 

S is hadronic c.m. energy squared 

τ = ŝ /S = x1x2

dLij

dτ
= (fi ⊗ fj ) =

i i1 1

τ τ/x1

fi (x1)fj (x2)δ(x1x2 − τ)
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Colored Resonant Production and LHC Bounds Parton Luminosities

Parton Luminosities

0.5 1 1.5 2 2.5 3
M (TeV)

10
3

10
2

10
1

10
0

10
-1

10
-2

P
ar

to
n

L
u
m

in
o
si

ty

2 g u
2 g d

g g 
u u

2 u d
d d

2 u u
2 d d

7 TeV

1 2 53 4
M (TeV)

10
3

10
2

10
1

10
0

10
-1

10
-2

P
ar

to
n

L
u
m

in
o
si

ty

2 g u
2 g d

g g 
u u

2 u d
d d

2 u u
2 d d

14 TeV

Zhen Liu (UW-Madison) Colored TaoFest 26 9 / 35



Colored Resonant Production and LHC Bounds Models

Summary Table

Table: Summary for resonant particle names and their quantum numbers
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Colored Resonant Production and LHC Bounds Bounds

bounds figures
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Dijet Distribution

Dijet Resonances Diagnosis
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Dijet Distribution

Dijet Angular Distribution

Helicity Amplitudes
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Dijet Distribution

Dijet Rapidity Distribution

Events generating: FeynRules→UFO files→MadGraph5 

The rapidity distribution of the whole system.
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See also many nice works by Chivukula, Simmon, 

and collaborators, 1302.1069, 1406.2003, 

1412.3094, 1507.06676, 1710.04661… 

https://arxiv.org/abs/1302.1069
https://arxiv.org/abs/1406.2003
https://arxiv.org/abs/1412.3094
https://arxiv.org/abs/1507.06676
https://arxiv.org/abs/1710.04661




Color Flow

Color Flow and Hadronic Antenna
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Color Flow

Color Flow
Heuristic View
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Black lines are for Feynman diagrams 

Colored lines indicate the color flow
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Color Flow

Color Flow
Jason Gallicchio and Matthew D. Schwartz, arxiv:1001.5027
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Figure: Accumulated pT after showering a particular partonic phase space 

point 3 million times.
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Color Flow

Color Flow
John Ellis, Valery A. Khoze and W. James Stirling, arxiv:hep-th/9608486
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Color Flow

Color Flow
Sextet v.s. Triplet
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artistry!
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New Era
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New Era



• We performed a data-driven study 

for color resonances at the LHC

• We classified possible color 

resonances at LHC

• Bounds are put according to early 

LHC data

• Extract mass, spin information of 

possible colored resonances.

• Explored on how to get color 

structure of different resonances.

Summary
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Sextet Fermion NLO

Sextet Fermion NLO Calcuation
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Sextet Fermion NLO

Parton Luminosities
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Sextet Fermion NLO

Sextet Fermion NLO

Dimensional regulation d = 4−2ǫ

M̄ Sscheme

UV divergences are canceled by renormalization
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Sextet Fermion NLO

Sextet Fermion NLO

Soft divergences are canceled by real gluon emission

Collinear divergences are canceled by PDF universal counter 

terms
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