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How difficult is it fo explain

750GeV diphoton excess

LHC 8413 TeV. me—750GeV For the 2HDM, alignment limit
o | My=M,;=750GeV,tp = 1,/s =13 TeV

o(gg - H/A) = 0.60 (0.87) pb

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

§ [(H/A - yy) = 2.4 (3.4) x 10~* GeV

T

g r(H/A - yy)
o(9g » H/A > yy) = a(gg > H/A) P
= 0.01fb

o 20 40 60 80 100
rcev) = We need order 100

Falkowski, Slone, Volansky 1512.05777
For Iy = 45GeV, g, = 61b
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enhancement factor!!



Many ldeds to explain the 750 GeV excess

Until now,
we have 0(100) papers.

Mostly focusing on new resonances

Number of papers submitted
to arXiv (cumulative)

15 16 17 18 19 20 21 22 23 24
December 2015 enature

captured from T. Dorigo’s blog

But, SUrprisingly, no one (seriously) consider the
interference effect between resonance and continuum bg.
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Resonance-Continuum

Interference

Resonance-Continuum Interference is always there

q, F

Continuum Resonance

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

Interference

A O Rough estimation of Interference effect
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Data - fitted background




Resonance-Continuum

Interference

Song, Jung, YWY, 1505.00291, 1510.03450

& s 1 M* 1+2w _ quL2(:’5‘—]\/12)008(5
— b T ST - M R M2 R
Im-Intf. Re-Intf.

@ 3 Key Parameters

. S S
1T

¢

@ 2HDM+VLL @ Singlet+VLF
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1.Real Interference (¢ = 0, @)

- Peak Shift

Model: Singlet + VLQ/VLL

Il — —
L35 SMi®* + ) (52 + Ma)QysQ + D (s1®+ My)LysL,
2 : =

Quantum Numbers:

Q=Q""=(3,2,7/6) L=L%=(1,2,3/2)

Parameter set: Mgy = 1TeV, Ng = 2, sg = 0.2.
M; =400 GeV, N, = 6, sy, is varied

Fq) = 5GeV
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1.Real Interference (¢ = 0, @)

- Peak Shift

What about relative complex phase ¢ :

,t, VL
q.tVLQ

999 : YV,

Confinuum

Small phase
from top loop

O ~

8.3° for s; > 0;
188.3° for s;, < 0,

Resonange

No phase since My < 2Myyf

cos p =~ +1,
sing ~0 > Real Interference
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1.Real Interference (¢ = 0, @)

- Peak Shift

 Myp=750 GeV
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i Dip—peak intf, 5, >0, singlet A |
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The Peak Shift
can be 1~4 GeV
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2.Imaginary Interference (¢ = +

(Signal Enhancement)

Model: 2ZHDM+VLL
— L =YpL HiDg+YLLgH\D, + Yg L Ho Bl + Yo Lg HL B,
4= [MZLLR = MEEILER + MDEILDR =+ h0:| .

Quantum Numbers: _ . SU(3) x SU(2) x U(1),
) (B | en
Ep Ey (1,1, —1)
Dy D, (1.1, =2)

Parameterset: M, = My = My = 750GeV ~ , Nwu=3
ME =>> M,YE’UQ and MD =>> M, YDUI

- Light masses are degenerated
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2.Imaginary Interference (¢ = ig)

(Signal Enhancement)

VLL contribution in ® - yy:

yyv yy v
A =3 [Q2 YL A (r) + Qb YR AL ()

VLL 1=1.2

We fix yp as follows to avoid the SM Higgs precision

We set t; = (.7 to raise up the pseudo-scalar Higgs contribution

Total decay rate is determined by dominant ttbar decays:

FH(A) — 46(58) GeV
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2.Imaginary Interference (¢ = +

(Signal Enhancement)

What about relative complex phase ¢ :

t b
S VY t VLL
9098 W, L i
Continuum Resonance 1 ——
Small phase Phase 90° No phase
from top loop since My < 2Myy,

90° for yg > 0; cos¢ ~ 0, .
¢ =~ { _90° for yg < 0. sing =+1 - Imaginary Interference
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Myg=M,=750 GeV, 1;=0.7. Vs =13TeV
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O Interference effect Is inevitable and significant for

diphoton resonance.

O 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

O We are going to survey the interference effects for other
models.
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s (j/)(jj) ATLAS (0.034 fb" |
and 4.6 b~ 4

s (j)(jj) CMS (2.2 fb71)

s (777)(f7) CMS (0.035 fb?
and 5 fb™")

Kats, Strassler, arXiv:1204.1119
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