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Highlights in Resonance-

Continuum Interference for 𝒉(𝟏𝟐𝟓)

1. Mass shift Res. signal onlyRes. signal + 
Interference

Slight shift 
(150 MeV)
of  mass peak

S. Martin 1208.1533

Interference distribution
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Highlights in Resonance-

Continuum Interference for 𝒉(𝟏𝟐𝟓)

2. Quantitative Effect  (to constrain total decay width)

Off-res. Interference Peak Off-res. Interference

21.1      :    3.72    :   -9.92

On-resonance (NWA)

Off-resonance

Caola, Melnikov 1307.4935
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Resonance-Continuum Interference is inevitable.

Resonance-Continuum 

Interference formalism

Interference can change 1. total signal rate
2. resonance shape

“The interference effect for any resonance signal 
must be seriously taken into account.”
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Resonance-Continuum 

Interference formalism

 𝝈 =

 3 Key Parameters

= 𝚪/𝐌𝐰

𝐑 ≈ 𝓐𝐫𝐞𝐬/𝓐𝐜𝐨𝐧𝒕

≈ 𝐀𝐫𝐠(𝓐𝐫𝐞𝐬/𝓐𝐜𝐨𝐧𝐭)𝝓

Re-Intf.Im-Intf.

Song, Jung, YWY, 1505.00291, 1510.03450

𝜙 = ±
𝜋

2 𝜙 = 0, 𝜋
Change 

total signal rate
Change 

resonance shape
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Resonance-Continuum 

Interference formalism

Multiplication factor that quantifies Interference effect

For narrow width For broad width

=
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1. Resonance-Continuum 

Interference in ttbar

𝑅 is one-loop suppressed  Large Interference

𝜙 ≈ −90∘  Destructive Inteterference

= < 0

𝒕  𝒕 channel
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1. Resonance-Continuum 

Interference in ttbar

Mostly Dip-like
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𝑅 is roughly order 1   Small Interference

𝜙 ≈ 0∘  Real Interference

= ≈ 1

2. Resonance-Continuum 

Interference in 𝒁𝒁

𝒁𝒁 channel
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2. Resonance-Continuum 

Interference in 𝒁𝒁

10

O(10%) 
intf. effect



2. Resonance-Continuum 

Interference in 𝒁𝒁

Excluded by
ZZ res. Search  
with 300/fb, 
14TeV

Hatched : w/o intf.

Colored : w/ intf.

 20~30 GeV difference
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2. Resonance-Continuum 

Interference in 𝒁𝒁

5 × Γ𝜙

Role of width:
By changing
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3. Resonance-Continuum 

Interference in 𝜸𝜸

𝑅 is one-loop
suppressed
 Large 
Interference

𝜙 is non-trivial, 
model dependent

𝜸𝜸 channel
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3. Resonance-Continuum 

Interference in 𝜸𝜸

Relative strength of Photon PDF:

By using NNPDF2.3QED
NNPDF Collaboration 1308.0598
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3. Resonance-Continuum 

Interference in 𝜸𝜸

We assume
scalar diphoton
resonances

which can be discovered at 5𝜎 with 300/fb at 13TeV

Model independent approach:

Coefficients 𝑐𝑔𝑔, 𝑐𝛾𝛾 can be complex numbers
(ex: loop-induced Wilson Coefficients)

𝜙𝑟𝑒𝑠: complex phase of resonance ampitude

2HDM, 
𝑀𝐻 = 200GeV

𝑡𝛽 = 1,

𝑐𝛽−𝛼 = 0, 
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3. Resonance-Continuum 

Interference in 𝜸𝜸

We assume
ggF dominance

Even for Narrow 
width, the interference
effect is quite significant

For 𝛾𝛾F dominant case, 
its interference effect 
is working in progress
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3. Resonance-Continuum 

Interference in 𝜸𝜸

For the 2HDM, MSSM

 Various interference patterns 
depending on 𝜙

(focusing on Im-part interference effect)

C=0 means that the interference 
term cancels the BW resonance.

C is a correction factor due to the 
interference effect.
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 O(100%) intf. effect



3. Resonance-Continuum 

Interference in 𝜸𝜸

ATLAS-CONF-2015-081

Falkowski, Slone, Volansky 1512.05777

Now we consider 750GeV diphoton excess

CMS-PAS-EXO-15-004

Γ𝜙 = 45GeV
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Real Interference (𝝓 = 𝟎,𝝅)
- Peak Shift

Small phase
from top loop 

𝐕𝐋𝐐
𝐕𝐋𝐐,
𝐕𝐋𝐋

𝒒, 𝒕, 𝐕𝐋𝐐

No phase since 𝑴𝝓 < 𝟐𝑴𝐕𝐋𝐅

𝐜𝐨𝐬 𝝓 ≃ ±𝟏,
𝐬𝐢𝐧𝝓 ≃ 𝟎  Real Interference 

Model 1 : Singlet + VLQ/VLL
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Model 1 : Singlet + VLQ/VLL

Real Interference (𝝓 = 𝟎,𝝅)
- Peak Shift
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The Peak Shift
can be 1~4 GeV

Model 1 : Singlet + VLQ/VLL
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2.Imaginary Interference (𝝓 = ±
𝝅

𝟐
)

(Signal Enhancement)

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:

Model 2 : 2HDM+VLL
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2.Imaginary Interference (𝝓 = ±
𝝅

𝟐
)

(Signal Enhancement)

Small phase
from top loop 

𝒕 𝐕𝐋𝐋
𝒕

Small phase
𝟐𝟎∘~𝟑𝟎∘

𝐜𝐨𝐬 𝝓 ≃ 𝟎,
𝐬𝐢𝐧𝝓 ≃ ±𝟏  Imaginary Interference 

Phase 𝟗𝟎∘

Model 2 : 2HDM+VLL
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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

Model 2 : 2HDM+VLL
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Summary

 Resonance-Continuum Interference effect Is inevitable and can be 

significant for any resonance.

 Not only Γ/M, but also R (resonance to continuum ratio) and 𝜙

(relative phase) plays the roles to quantify and characterize the 

interference effect

 Interference effect can be O(10%) for 𝑍𝑍 and O(100%) for 𝛾𝛾.

 For 750GeV diphoton excess, we find two distinct interference effects:

1. Signal Enhancement from imaginary interference (2HDM+VLL)

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

2. Peak Shift from real interference (Singlet+VLF)

- 1~4 GeV
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