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How difficult is it to explain 

750GeV diphoton excess
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For the 2HDM, alignment limit
𝑀𝐻 = 𝑀𝐴 = 750 GeV, 𝑡𝛽 = 1, 𝑠 = 13 TeV

Falkowski, Slone, Volansky 1512.05777

𝜎 𝑔𝑔 → 𝐻/𝐴 = 0.60 (0.87) pb

with NNLO-QCD + NLO-EW from HIGLU(Spira 9510347)

Γ 𝐻/𝐴 → 𝛾𝛾 = 2.4 (3.4) × 10−4 GeV

𝜎 𝑔𝑔 → 𝐻/𝐴 → 𝛾𝛾 = 𝜎 𝑔𝑔 → 𝐻/𝐴
Γ 𝐻/𝐴 → 𝛾𝛾

Γ𝜙
= 𝟎. 𝟎𝟏𝐟𝐛

 We need order 100 
enhancement factor!!

For Γ𝜙 = 45GeV, 𝜎𝛾𝛾 = 6 fb



Many Ideas to explain the 750 GeV excess
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But, Surprisingly, no one (seriously) consider the
interference effect between resonance and continuum bg.

Until now, 
we have 𝒪 100 papers.

captured from T. Dorigo’s blog

Mostly focusing on new resonances



Resonance-Continuum 

Interference
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Resonance-Continuum Interference is always there

This must be taken into account for any new resonance
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Resonance-Continuum 

Interference

Rough estimation of Interference effect 
ATLAS-CONF-2015-081

# of RES # of BG

𝟏𝟓 𝟐𝟑
(𝟐. 𝟑 for 𝒈𝒈)

# of Intf

𝟐 ⋅ 𝟏𝟓 ⋅ 𝟐. 𝟑
= 𝟏𝟏. 𝟕

𝟏𝟏. 𝟕/𝟏𝟓 = 78%
(VERY NAÏVE ESTIMATION)
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Resonance-Continuum 

Interference

 𝝈

 3 Key Parameters

= 𝚪/𝐌𝐰

𝐑 ≈ 𝓐𝐫𝐞𝐬/𝓐𝐛𝐠

≈ 𝐀𝐫𝐠(𝓐𝐫𝐞𝐬/𝓐𝐛𝐠)𝝓

Re-Intf.Im-Intf.

Song, Jung, YWY, 1505.00291, 1510.03450

𝜙 = ±
𝜋

2 𝜙 = 0, 𝜋

① Singlet+VLF② 2HDM+VLL



1.Real Interference (𝝓 = 𝟎,𝝅)
- Peak Shift
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Model: Singlet + VLQ/VLL

Quantum Numbers:

Parameter set:
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1.Real Interference (𝝓 = 𝟎,𝝅)
- Peak Shift

What about relative complex phase 𝝓 :

Small phase
from top loop 

𝐕𝐋𝐐
𝐕𝐋𝐐,
𝐕𝐋𝐋

𝒒, 𝒕, 𝐕𝐋𝐐

No phase since 𝑴𝝓 < 𝟐𝑴𝐕𝐋𝐅

𝐜𝐨𝐬 𝝓 ≃ ±𝟏,
𝐬𝐢𝐧𝝓 ≃ 𝟎  Real Interference 
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1.Real Interference (𝝓 = 𝟎,𝝅)
- Peak Shift
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The Peak Shift
can be 1~4 GeV



2.Imaginary Interference (𝝓 = ±
𝝅

𝟐
)

(Signal Enhancement)

Yeo Woong Yoon (KU) @ Oveview on the recent diphoton excess at the LHC Run2, 2016-01-08 11

Model: 2HDM+VLL

Quantum Numbers:

Parameter set:

 Light masses are degenerated 

, NVLL=3



2.Imaginary Interference (𝝓 = ±
𝝅

𝟐
)

(Signal Enhancement)
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VLL contribution in 𝚽 → 𝜸𝜸:

We fix 𝐲𝐃 as follows to avoid the SM Higgs precision 

We set                   to raise up the pseudo-scalar Higgs contribution

Total decay rate is determined by dominant ttbar decays:



2.Imaginary Interference (𝝓 = ±
𝝅

𝟐
)

(Signal Enhancement)
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What about relative complex phase 𝝓 :

Small phase
from top loop 

𝒕 𝐕𝐋𝐋
𝒕

No phase 
since 𝑴𝝓 < 𝟐𝑴𝐕𝐋𝑳

𝐜𝐨𝐬 𝝓 ≃ 𝟎,
𝐬𝐢𝐧𝝓 ≃ ±𝟏  Imaginary Interference 

Phase 𝟗𝟎∘
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 Total cross section
w/ interference

 Ratio of total 
cross Section w/ intf. 
to w/o intf.

Kintf = 1.6 for 6fb
2 for 3 fb
4 for 1 fb



Summary
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 Interference effect Is inevitable and significant for 

diphoton resonance.

 We find two distinct interference effects:

1. Signal Enhancement from imaginary interference

- factor 1.6, 2, 4,  for the signal rate 6fb, 3fb, 1fb. 

2. Peak Shift from real interference

- 1~4 GeV 

 We are going to survey the interference effects for other 

models. 



Back-up
Slides
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Kats, Strassler, arXiv:1204.1119
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ATLAS 1407.1376

Yeo Woong Yoon (KU) @ Oveview on the recent diphoton excess at the LHC Run2, 2016-01-08 18


