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Pros and Cons : Signal of New Physics?

Pro

: Diphoton channel is very clean
: Repetition of Higgs discovery
: Both in ATLAS and CMS

Con

: Excess is close to the event tail
: Not in ttbar, jj, ll
: So many 2 sigma bumps in CMS
: Strong coupling is necessary
(cross section*Br is too big)
: No motivated BSM can explain it
: Not seen at Run I

We have to wait for six months (2016 summer) or a year

Independently of the result, it would be a great 
opportunity for postdocs and students

It can also stimulate some ideas



Excess of events
from 700 ~ 800 GeV

(a few 10s events)

750 GeV peak
with 45 GeV width

fits the best
(narrow width is consistent)

ATLAS : 3.6 sigma
CMS : 2.6 sigma
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Background function Free width NWA
y = (1� x

1/3)bxa0 3.9� 3.6�
y = (1� x

1/3)bxa0+a1logx 2.9� 2.6�
y = (1� x

1/3)b(xc0 + x

a0+a1logx) 2.0� 2.0�

TABLE I. Local significance for a resonance-like signal at
m�� ⇠ 750 GeV under di↵erent assumptions for the func-
tional dependence of the smooth background. The first func-
tion is the one used by ATLAS in their analysis. We either
allow the width of the resonance to vary freely, or keep it fixed
in the case of the Narrow Width Approximation (NWA).

Hence it is clear that the significance of a potential
resonance-like feature depends strongly on the choice of
empirical function used to model the background, as
summarised in table I. Indeed the sensitivity of the anal-
ysis to a change in the continuum background function
causes severe concern, and places doubt on the statis-
tical significance of this feature in the ATLAS 13 TeV
diphoton data. In the next section we address the issue
of free parameters in the background function, and show
that the choice made by ATLAS is underfit in the region
around 750 GeV.

IV. DISCUSSION OF RESULTS

We have found that the significance of a resonance-
like feature in the 13 TeV ATLAS diphoton data around
an invariant mass of 750 GeV depends sensitively on the
choice of function used to model the continuum back-
ground. In this section we seek to understand why the

FIG. 3. Comparison of the best-fit form of the function used
by the ATLAS collaboration in their own analysis i.e. equa-
tion (2) with both components of our own best-fit function
i.e. equation (3) labelled as ‘Part 1’ and ‘Part 2’ (and the
sum of these two as the ‘Total’), and the diphoton data from
the ATLAS 13 TeV run.

analysis performed by the ATLAS collaboration may
have over-estimated the significance of a signal feature.
An important issue is the number of parameters on

which the background function depends in the signal re-

gion. In their own analysis [157] the ATLAS Collabora-
tion justified their rather simple two-parameter function
(equation (2) with a

1

= 0) using a Fisher test, which
showed that adding an additional free parameter (i.e. al-
lowing a

1

to take on any value) did not improve the fit to
the diphoton data enough to justify its inclusion. How-
ever here we show that their choice of function is fit al-
most entirely to the low-energy region. Hence the result
of the Fisher test performed by ATLAS has little rele-
vance for the background in the region around 750 GeV.
We illustrate this with figure 3, where we show both

components of our function i.e. equation (3) labelled as
‘Part 1’ and ‘Part 2’, compared to the function the AT-
LAS collaboration use in their analysis i.e. equation (2)
with a

1

= 0. The important point to note is that the
first component of our best-fit function, obtained by fit-
ting to the data without any signal component, is al-
most identical to the form of the ATLAS best-fit func-
tion. This implies that the latter is determined almost
entirely by the low-energy points, as expected, while its
form at high energy near the potential resonance does
not depend strongly on the data in this region. Hence
the function is at best under-fitting to the background in
the signal region, at at worst hardly fitting to the data
in this region at all. Indeed the fit of our function in fig-
ure 3 shows clearly that the low and high energy regions
(below and above ⇠ 500 GeV) are in significant tension,
since they prefer di↵erent background spectra.
The issue is exacerbated for this particular data-set

due to the lack of data at values of m
��

larger than ⇠
750 GeV. This is because the background function is only
e↵ectively fixed at the low-energy end, while its value at
higher energies has much more freedom. If instead there
were much more data at energies above ⇠ 750 GeV then
it is unlikely the choice of background function would
make much di↵erence to the final result of the profile
likelihood analysis, since all fits would then give the same
continuum fit in the signal region.
The Fisher test is not the only method of estimating

the required number of free parameters. An alternative
metric is the Bayesian Information Criterion (BIC) [164],
which takes the form BIC = �2 lnL + k lnn, where k is
the number of parameters in the model and n = 27 is
the number of data-points. The model with the lowest
value of BIC is the best choice, however only if the di↵er-
ence �BIC & 2, otherwise both models provide equally
good fits. For the simplified ATLAS model with a

1

= 0
we have that k = 2 and so BIC ⇡ 36.6 without any sig-
nal component, while when a

1

6= 0 we find BIC ⇡ 33.4
with k = 3 and for our own function (equation (3)) we
have k = 4 and so BIC ⇡ 29.2. Hence under the BIC our
model for the background is justified despite its increased
number of free parameters, as it clearly fits the back-
ground better over the whole range of invariant masses.

omitted zero event bins
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Background function Np log L̂ BIC

Fixed normalisation
k = 0 2 -87.9 183.2
k = 1 3 -82.4 175.9
k = 2 4 -80.4 175.6

Free normalisation
k = 0† 3 -81.9 174.9
k = 1 4 -80.9 176.6
k = 2 5 -80.0 178.4

TABLE II. Number of parameters Np, maximum log-
likelihood log L̂ and Bayesian Information Criterion (BIC) ob-
tained in background-only fits to the ATLAS diphoton invari-
ant mass spectrum using the background functions in Eq. 2.
The BIC is defined in Eq. 5. The background function used by
the ATLAS collaboration in Ref. [1] is marked with a dagger.

these functional forms in Fig. 1, because they lie very
close to the solid blue k = 1, free-N curve. The smooth
background at high m

��

cannot be increased further due
to the tension with a number of empty bins. It there-
fore seems di�cult to further increase the background
contribution to the rate at either m

��

⇠ 750 GeV or
m

��

⇠ 1600 GeV by going to more complex smooth
background parametrisations.

IV. SIGNAL + BACKGROUND FITS

We now examine the signal + background fits to the
ATLAS diphoton spectrum and determine the signifi-
cance of the diphoton excess under di↵erent assumptions
for the background. In Fig. 2, we show the maximum
likelihood fits to the data for the signal + background
hypothesis using the free-width analysis for the possible
new resonance near 750 GeV. As before, we include fits
for k = 0, 1 (see Eq. 2) using both free and fixed normal-
isation, with the colour scheme matching that of Fig. 1.

Adding a new resonance near 750 GeV clearly allows
the data to be better fit with all background parametri-
sations. As in the background-only fits, the k = 0, free-
N and k = 1, fixed-N backgrounds produce similar re-
sults. In all cases, the expected rate at high m

��

is re-
duced compared with the background-only fits. With the
750 GeV excess saturated by the signal contribution, the
background above 1000 GeV can be reduced to better fit
the large number of empty bins.

In Table IV, we report the maximum local significance
of the ATLAS 750 GeV excess obtained in this work, us-
ing each of the functional forms introduced in Eq. 2. For
reference, the significances reported by ATLAS in Ref. [1]
are 3.6� (NWA) and 3.9� (free-width). The significances
obtained in this work, using the same background func-
tion used by ATLAS, are 3.4� (NWA) and 3.6� (free-
width). We discuss in Sec. V the possible sources of this
small discrepancy.

For the simplest background function (k = 0, fixed-N )

FIG. 2. Signal + background fits to the ATLAS diphoton
invariant mass spectrum, allowing the width of the resonance
near 750 GeV to vary freely. The colour scheme matches that
of Fig. 1. The parameters used are those which maximise
the likelihood for the signal + background hypothesis. As in
Fig. 1, we do not show the fits for k = 2, as these lie close to
the k = 1, free normalisation curve (solid blue).

the significance of the excess is significantly larger.2 How-
ever, in Sec. III, we found (in agreement with ATLAS)
that this simple function fits the background significantly
worse than the more complex ones. The remaining back-
ground parametrisations lead to very similar significances
compared with the k = 0, free-N function. Thus, the sig-
nificance of the excess appears to be robust against the
choice of background.

Background function NWA Free-width

Fixed normalisation
k = 0 4.2� 4.9�
k = 1 3.4� 3.7�
k = 2 3.4� 3.7�

Free normalisation
k = 0† 3.4� 3.6�
k = 1 3.5� 3.8�
k = 2 3.4� 3.6�

ATLAS reported 3.6� 3.9�

TABLE III. Estimated local significance of the ATLAS 750
GeV diphoton excess obtained in this work using each of the
background functions described in Eq. 2, assuming a freely
varying resonance width (free-width) and under the narrow
width approximation (NWA). The background function used
by the ATLAS collaboration in Ref. [1] is marked with a dag-
ger. For comparison, we also give the local significance re-
ported by the ATLAS collaboration.

2 We note that we find an even larger significance using this back-
ground than that reported by Davis et al. [3], though given the
di↵erent statistical approaches, this is perhaps not surprising.



Physics of ambulance chasing

One success in 2012 Dec.
: precursor of Higgs discovery

Many other failures
: Many B physics anomalies

Tevatron W+dijet,
dimuon charge asymmetry,

top A_FB,
DAMA/LIBRA,

CoGeNT,
PAMELA,

140 GeV Higgs (WW*)
BICEP2



More than 150 papers attempting to explain the excess
considers a 750 GeV singlet scalar resonance.

The motivation of the paper 1512.08221 is to suggest a model independent search 
strategy for colored and charged (new) particle in diphoton channel at LHC.

Direct search (vector-like fermions > 600 ~ 900 GeV, sfermions > 600 GeV)
highly depends on the decay channels

but there is a loop diagram independently of the decay channels.
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CMS Searches for New Physics Beyond Two Generations (B2G)

95% CL Exclusions (TeV)
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gg ! ��

Scalar

Fermion

Any new colored/charged particle will contribute to the loop of gg ! ��

S2 Q2

C = NS2Q
2



When the invariant mass is twice of the loop particle mass, 
on-shell enhancement is visible in the loop amplitude.

It is a consequence of rapid rising of imaginary part
and related change of the real part amplitude.

Loop amplitude has tensor indices
and physics is clear after the polarization sum

Instead scalar example would be illustrative
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Figure 1. The absolute value of the fermion Loop-function corrections for scalar and pseduoscalar as
defined in Eq.(2.5).

In Fig. 1 we show the absolute values of these loop-function corrections as a function

of the VLQ mass M for a 750 GeV scalar particle. This demonstrates the size of near-

threshold enhancement for the loop induced couplings. Comparing to the value of unity4 in

large M , the loop function could be enlarged to 1.5 (2.5) and 1.4 (1.7) for VLQ mass M

375GeV and 400GeV, respectively, for scalar (pseudoscalar). As we shall see later, the signal

requires large values of loop induced scalar to gluon pair and to diphoton coupling. This near

threshold e↵ect is helpful in pushing up the cuto↵ scale of the theory. This motivates our

benchmark VLQ mass of 1000 GeV and 400 GeV. The former represents asymptotic values of

loop function for large mass; the latter represents the case where threshold e↵ect is important

without opening up the tree-level two-body decays to VLQ pairs.

Before moving on to numerical studies of the diphoton excess, we want to comment

on alternative choices of the e↵ective Lagrangian. Conventionally we use the set of higher

dimensional operators assuming the preservation of SM gauge symmetries SU(3)c⇥SU(2)L⇥
U(1)Y . It is not only a plausible requirement for most beyond stand model extensions, but

also enables us to see the links between various modes after electroweak symmetry breaking.

In such basis, the most relevant operators are OB and OW
5. Our coe�cient c� is in fact

proportional to Wilson coe�cient cB cos2 ✓W +cW sin2 ✓W . Furthermore, these operators also

induce S ! ZZ, Z� andWW decays with explicit parametric dependence. Consequently, the

future measurement of these relevant channels will provide new insight about the underlying

theory, see discussions in e.g. Refs [7, 13, 81, 88]. However, our choice of parameterization does

capture the essential physics for the diphoton anomaly, avoiding introducing more parameters

4This is due to our consistent choice of the coe�cients in Eq.(2.2), Eq.(2.3) and Eq.(2.4).
5These operators are defined by replacing the FF in operators in Eq. (2.2) with BB and WW in the

unbroken phase of electroweak gauge symmetry, and similarly for the pseudoscalar.
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In the following analysis, selection efficiency is assumed to be 100%

Signal cross section as a function of the loop particle (scalar) mass
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Signal cross section as a function of the loop particle (fermion) mass



CS = 10, 20
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Model independent upper bounds on colored and charged particles
are obtained from diphoton channel at LHC.

It can compete with the monojet search bounds.



Working in progress 1

Observation of ttbar threshold from diphoton spectrum
(in collaboration with KCMS group in SNU)



Working in progress 2

Bound state can give comparable effects
if the constituent particle lives long enough.

Interesting interference effect is expected
from loop diagram and bound state.

Double counting issue should be correctly addressed
to interpolate different regions of parameter space.


