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OUTLINE OF THIS TALK

• Effective field theory approach
• Model of a strong hidden sector
• Implications from data
• Summary 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DIPHOTON EXCESS

• In 13-TeV pp collisions, an excess of diphoton events is 
observed at around 750 GeV by both ATLAS and CMS 
with local significance of 3.9σ and 3.4σ, respectively, with 
inferred cross sections in narrow width approximation 
being:  
 
 
 

• What would the data imply if the signal is truly there?
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�(pp ! S)⇥ Br(S ! ��) = (5.5± 1.5) fb , (ATLAS)

�(pp ! S)⇥ Br(S ! ��) = (4.8± 2.1) fb , (CMS)
ATLAS, CMS 2016



EFFECTIVE INTERACTIONS

• Consider an effective field theory which consists of a CP-
even neutral scalar boson S of mass MS from a hidden 
sector and SM particles, after integrating out other heavier 
degrees of freedom.

• Assume that effective interactions of S with SM particles 
are restricted to gauge bosons, given by 
 
 
 
where Λ = suppression scale, and κ3,2,1 ~ O(1) and 
encapsulate details of the strong dynamics.

• S does not directly couple/decay to SM fermions in this 
setup.
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PARTIAL WIDTHS

• Predictive in partial decay widths (ignoring W, Z masses) 
 
 
 
 
 
 
 
 
 
 

• Fermionic decays are loop-suppressed and neglected.
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PRODUCTION CROSS SECTION

• The total production cross section in the pp collision via 
gluon-gluon fusion (GGF), for example, is given in the 
narrow width approximation by  
 
 
 
 
 

• With both factorization and renormalization scales fixed at 
O(1 TeV), we have the luminosity function
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HIDDEN STRONG DYNAMICS

• Consider a hidden SU(N)H gauge theory.
• The hidden dynamics is connected to the SM sector via a 

set of scalar fields Q’s that carry both SU(N)H and SM 
gauge charges.

• Take NH = 5 as an example (5 hidden colors), though most 
discussions are applicable to different choices of the 
hidden gauge group.
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HIDDEN STRONG DYNAMICS

• The Q’s form anti-fundamental representations of SU(5)H 
and SU(5)GUT.

• QL,D have the mass terms 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LIGHTEST STATE

• When mD,L < Λdyn, the lightest composite state is expected 
to be a CP-even, neutral scalar, an admixture of QL†QL, 
QD†QD, and a CP-even “glueball”.

• The lightest neutral scalar is expected to be lighter than 
the other SM-charged composite states due to mixing, 
since the latter are not accompanied by mixing partners. 

• This should be compared with models using fermionic bi-
fundamental representations (technicolor-like) where the 
lightest singlet appears as a CP-odd Goldstone boson mode. 
➠ one of the neutral Goldstone bosons becomes heavier than 
the SM-charged Goldstone bosons due to the chiral anomaly of 
the hidden gauge interaction.

9



BOUND STATE MIXING

• In our analysis, we are interested in how the singlet S 
couples to the SM gauge bosons.

• Parameterize the relative contributions of [QL†QL] and 
[QD†QD] by a mixing parameter θQ (ignoring “glueballs”): 
 
 
where the latter is expected to be suppressed for mD ≫ mL.

• A quantitative estimate of θQ is, however, difficult due to 
the non-perturbative nature of strong interaction. 
➠ take θQ as a free parameter in the analysis
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MATCHING BY NDA
• Matching composite states onto S in EFT using Naive 

Dimensional Analysis (NDA), we get: 
 
 
taking a universal κ ≃ O(1) within the uncertainty of NDA.

• Effective interactions of S to the SM gauge bosons: 
 
 
 

• Production rates and BR’s are thus mainly determined by 
two parameters, sinθQ and Λdyn, when κ is fixed at O(1).
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COUPLING WITH HIGGS

• In general, we also have interactions between the bi-
fundamental scalars and the Higgs boson: 
 
 
where ΓA = σi for QL and ΓA = 1 for QD.

• Such interactions induce an effective coupling between S 
and a pair of Higgs bosons 
 
 
and contribute a partial width  
 
 
which alters ΓS as well as the branching ratios.
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BRANCHING RATIOS

• Consider MS = 750 GeV and Λdyn = 1 TeV.
• Branching ratios of S into the gauge boson pairs and the 

Higgs boson pair as functions of sinθQ.
• Colored bands indicate the ranges of predictions as λ is 

varied from 0.1 to 0.3.
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BRANCHING RATIOS

• BR(WW) and BR(ZZ) modes are about 9 and 3 times 
larger than BR(γγ) [~ 6% for small sinθQ] for most of the 
parameter region.

• BR(gg) is suppressed compared to BR(γγ) for sufficiently 
small sinθQ.
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σ(pp→S→γγ)
• Contours of σ(pp→S→γγ) at 13-TeV LHC.
• Fix MS = 750 GeV and take the factorization and 

renormalization scales at μ = MS/2.
• Color-shaded regions are excluded  

by searches of various channels  
in LHC Run-I (95% CL):
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ATLAS 2014, 2015
CMS 2014, 2015

�(pp ! S ! ��) < 1.5 fb

�(pp ! S ! WW ) < 40 fb

�(pp ! S ! ZZ) < 12 fb

�(pp ! S ! Z�) < 11 fb

�(pp ! S ! jj) < 2.5 pb



CONTENT OF S
• The model can successfully explain the diphoton excess 

of about a few fb while evading all the constraints when  

• The composite scalar mass should be around Λdyn. 
➠ sinθQ ≃ 10−1–10–1.5 

➠ mD > mL and less QD content
• Moreover, ΓS/MS ~ O(10–4),  

justifying the narrow width  
approximation.
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NARROW WIDTH

• The ATLAS Collaboration seems to suggest a sizeable 
width of the resonance, ΓS/MS ~ 6%.

• In our model, however, such a large width requires a very 
small dynamical scale Λdyn ≲ 100 GeV, which leads to too 
light composite states.

• To achieve a larger width, one  
needs to extend the model so  
that the lightest composite  
particles decay into some new  
neutral particles.
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PREDICTIONS

• In the favored parameter region, sinθQ ≃ 10−1–10–1.5, BR’s 
of WW, ZZ, Zγ modes are almost constant as a function of 
sinθQ, while that of gg modes simply scales by sin2θQ: 
 
 
 
 
 

• These are to be confirmed by  
future data.
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CHARGED COMPOSITE STATES

• In addition to the neutral S, the model also predicts scalar 
particles charged under the SM gauge symmetries:
• an SU(3)C octet,
• an SU(2)L triplet, and
• a bi-fundamental of SU(3)C×SU(2)L with a U(1)Y charge 

of 5/6.
➠ wait for searches at LHC Run II.
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“BARYONIC” DARK MATTER

• The lightest baryonic scalar is given by B ∝ QDQDQDQLQL, 
neutral under SM gauge groups. 
➠ a reason why NH = 5 for the hidden strong interaction 

• The lightest baryonic state is stable due to a U(1) 
symmetry (similar to SM baryon number), presumably not 
broken by the strong dynamics. 
➠ a good candidate for DM

20



RELIC ABUNDANCE

• In early Universe, the baryonic scalars annihilate into a 
pair of light mesonic scalars.

• The abundance of B is roughly estimated to be  
 
 
 
where MB = mass of B and F(MB) = form factor of the 
interactions of B with the lighter states, nonperturbative.

• With a form factor slightly less than one and MB ~ 5 TeV, 
one can get the right relic density.
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DM-NUCLEI SCATTERING

• Again, the interactions 
 
 
can induce an effective coupling between B and H,                       
 
with λB ~ O(λL,D).

• This makes it possible to have elastic scattering between 
B and nuclei in a spin-independent way: 
 
 
 
(using lattice result fN ≃ 0.326) much smaller than current 
LUX limit of 5×10−44 cm2 when MB ~ 5 TeV and λB ~ 1.

22

�B B†BH†H

�SI =
�2
B

4⇡m4
h

m4
Nf2

N

M2
B

' 5.4⇥ 10�46 cm2 ⇥ �2
B

✓
5TeV

MB

◆2

L 3 ��L,D

�
H†�AH

� ⇣
Q†

L,D�
AQL,D

⌘



SUMMARY

• Recent LHC experiments give exciting hints of high-mass 
neutral resonances from the diphoton channels.

• Propose a hidden, strongly-interacting sector whose 
fundamental dof’s form TeV-scale bound states.

• The hidden sector communicates with SM particles via 
dimension-5 operators.

• Observed production cross sections can be accommodated 
while satisfying constraints from 8-TeV data.

• Definite predictions for other channels are made and to be 
compared with future data.

• There exists a “baryonic” DM with possibly the right relic 
abundance and small spin-independent scattering with nuclei.
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