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1. THE 750 GEV EXCESS

NEW STRONG DYNAMICS?

▸ Matching production rate + width of the 750 GeV excess typically 
requires new states with strong interactions 

▸ If the Higgs is related to the strong dynamics, why is φhh small? 

▸ expect                           to be generated 

▸ φ may be a pseudoscalar 

▸ another option is that φ is charged under a custodial symmetry
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2. THE MODEL

THE MODEL IN A NUTSHELL

▸ VLQs mix with SM quarks (custodial symmetry protects the Zuu vertex) 

▸ no direct couplings to two SM particles 

▸ the only competing tree-level decay is φ —> Zjj 

▸ suppressed by 3-body phase space 

▸ higher 8-13 TeV cross section ratio 

▸ 2 jets consistent with available distributions
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2. THE MODEL

FIELD CONTENT

QU1 = QU2 = 2/3

QD = �1/3

QX = 5/3

Field SU(3)C SU(2)L SU(2)R U(1)X
� 1 1 3 0
V 3 2 2 +2/3
V 3̄ 2 2 �2/3

H 1 2 2 0
Q 3 2 1 +1/6
u 3̄ 1 1 �2/3

Y = T 3
R +X

▸ SU(2)L x SU(2)R custodial symmetry 

▸ hypercharge 
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2. THE MODEL

VLQ MIXING
LV LQ = mV Tr

⇥
V V

⇤� �V Tr
⇥H†V

⇤
u(0) + h.c.

▸ RH up-type quark is partially composite 

▸ Note: alignment necessary to avoid flavor constraints 

▸ VLQs can be singly produced

LEW = � es✓
2cwsw

Zµu
†�̄µU � gs✓

2
W�

µ (u†�̄µD +X
†
�̄µu) + h.c.

L� = y�Tr[V �V ]

A. Atre, M. Carena, T. Han and J. Santiago, Phys. Rev. D 79, 054018 (2009) [arXiv:0806.3966]



2. THE MODEL

THE CUSTODIAL TRIPLET Φ

Tr
⇥H†�H⇤ / Tr� = 0

▸ The custodial symmetry forbids φhh  at tree level

▸ Also forbids 1-loop contributions to hh, tt, WW, and gg (due to 
cancellations enforced by custodial symmetry) 

▸ γ γ, γZ, and ZZ are allowed at 1-loop due to explicit breaking of 
SU(2)R from gauging the U(1)Y subgroup 

▸ Gluon fusion is very suppressed, need on shell VLQs for φ 
production



3. PHENOMENOLOGY

DIPHOTON CROSS SECTION
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▸                 responsible for 1-loop decays�Bµ⌫B
µ⌫

sθ = 0.1



3. PHENOMENOLOGY

DIPHOTON CROSS SECTION
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3. PHENOMENOLOGY

8-13 TEV SCALING
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3. PHENOMENOLOGY

KINEMATICS
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▸ We compare distributions with those provided by ATLAS 

▸ Gluon fusion signal also provided

▸ 2 jet signals can be compatible with available distributions

C. Csaki, J. Hubisz, S. Lombardo and J. Terning, [arXiv:1601.00638]



3. PHENOMENOLOGY

SIGNATURES
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▸ Our signal has distinct signatures that could be observed with more statistics 

▸ Kinematic edge in leading jet pT for sufficiently heavy VLQs (>900 GeV) 

▸ Single forward jet (BG has forward jets as well as gluon fusion)



SUMMARY
▸ The 750 GeV excess can be explained as a decay product of a singly 

produced VLQ  

▸ The resonance is “protected” from unobserved decays, including tt, hh, 
and WW 

▸ Custodial symmetry implies a new tree-level production mechanism 
involving φ+2j 

▸ Better scaling of cross section from 8 to 13 TeV can remove tension 
from Run I searches
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BACKUP

CONSTRAINTS ON MIXING
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C. Delaunay, T. Flacke, J. Gonzalez-Fraile, S.J. Lee, G. Panico 
and G. Perez,  JHEP 1402, 055 (2014) [arXiv:1311.2072]



BACKUP

RUN II EXCESS

ATLAS-CONF-2015-081 

3.9σ local  

2.3σ global 

CMS-PAS-EXO-15-004 

2.8-2.9σ local
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MASS MATRIX
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2. THE MODEL

VLQ MIXING
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▸ Diagonalize mass matrix

LEW = � es✓
2cwsw

Zµu
†�̄µU � gs✓

2
W�

µ (u†�̄µD +X
†
�̄µu) + h.c.



2. THE MODEL

THE CUSTODIAL TRIPLET Φ
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2. THE MODEL

WHY NOT A SINGLET?

LS = ySS Tr
⇥
V V

⇤
+ h.c.

= ySS
�
U1U1 + U2U2 +DD +XX
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Zqq VERTEX
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▸ Couplings involve universal + non universal part
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BACKUP

OTHER PRODUCTION PROCESSES
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BACKUP

CUSTODIAL SYMMETRY BREAKING



BACKUP

DIPHOTON CROSS SECTION
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▸                 responsible for 1-loop decays�Bµ⌫B
µ⌫
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DIPHOTON CROSS SECTION
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