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The LHC has been performing spectacularly.



Last year, we reached an important milestone:  

~40/fb at 13 TeV 



Many null results were presented by ATLAS and CMS.

Where are the discrepancies, excesses, anomalies? 
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Is there really nothing interesting going on in the LHC data? 

There can be hundreds of SRs in a typical LHC search…

Digging deeper at
the LHC

A. Monteux
UCI

Introduction

Mining the LHC
dataset
Rectangular
aggregations
Results: significant
excesses

Monojet excess:
characteristics and
model-building

Look-elsewhere

Conclusions

Avoiding bias

I want to claim that ATLAS searches are more susceptible
to “theorist bias”, as they are optimized for a certain set of
simplified models, but will sometimes miss the unexpected.

On the other hand, as long as the signal passes the loosest
CMS cuts, it will end up somewhere.

Can we find an excess without a model in mind? What would
it look like?

First, let us take a more
detailed look at the data.
E.g.
CMS-PAS-SUS-16-033

7/26

CMS-PAS-SUS-16-033 (jets+MHT)



…but all the limits are actually derived from a small set of simplified models…
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ēq

eq

q̄

e�0
1

e�0
1

q

P1

P2
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…and these simplified models only probe a small fraction of the SRs…
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CMS036: number of signal events - 1≤N j≤3, Nb=0

CMS-PAS-SUS-16-036 (jets+MT2)

pp ! q̃q̃, q̃ ! q�̃0
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mq̃ = 800 GeV, m�̃0
1
= 100 GeV
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mg̃ = 1600 GeV, m�̃0
1
= 100 GeV
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What is going on in the rest of the data not probed by any “official” simplified 
model? 

Nobody knows!

There could be potentially interesting discrepancies there!

Here be dragons…



Case in point: ATLAS monojets
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Figure 4: Measured distributions of the (a) Emiss
T , (b) leading-jet pT, (c) leading-jet |⌘|, and (d) jet multiplicity for the

Emiss
T > 250 GeV selection compared to the SM predictions. The latter are normalized with normalization factors

as determined by the global fit that considers exclusive Emiss
T regions. For illustration purposes, the distributions of

example ADD, SUSY, and WIMP scenarios are included. The error bands in the ratios shown in the lower panels
include both the statistical and systematic uncertainties in the background predictions. The last bin of the Emiss

T and
leading-jet pT distributions contains overflows. The contributions from multijet and non-collision backgrounds are
negligible and are only shown in the case of the Emiss

T distribution.

the data compared to the SM predictions, as shown in Table 5.

8.1 Model-independent exclusion limits

A likelihood fit is performed separately for each of the inclusive regions IM1–IM10. As a result, model-
independent observed and expected 95% confidence level (CL) upper limits on the visible cross section,
defined as the product of production cross section, acceptance and e�ciency �⇥A⇥ ✏, are extracted from
the ratio between the 95% CL upper limit on the number of signal events and the integrated luminosity,
taking into consideration the systematic uncertainties in the SM backgrounds and the uncertainty in the
integrated luminosity. The results are presented in Table 6. Values of � ⇥ A ⇥ ✏ above 531 fb (for IM1)

18

MET distribution looks mostly fine, maybe a bit high…



Nothing but limits and “nothing-to-see-here” boilerplate officially…

displayed in Figure 5(a). This comparison is model-dependent and solely valid in the context of this par-
ticular model. In this case, stringent limits on the scattering cross section of the order of 2.9 ⇥ 10�43 cm2

(3.5 ⇥ 10�43 cm2) for WIMP masses below 10 GeV (100 GeV) are inferred from this analysis, and com-
plement the results from direct-detection experiments for m� < 10 GeV. The kinematic loss of model
sensitivity is expressed by the turn of the WIMP exclusion line, reaching back to low WIMP masses and
intercepting the exclusion lines from the direct-detection experiments at around m� = 200 GeV.

In Figure 6, the results are translated into 95% CL exclusion contours in the mZV –m� parameter plane
for the simplified model with a vector mediator, Dirac WIMPs, and couplings gq = 1/4 and g� = 1.
The results are obtained from those for the axial-vector model, taking into account the cross-section
di↵erences between models, motivated by the fact that the two models present compatible particle-level
selection acceptances. For very light WIMPs, mediator masses below about 1.55 TeV are excluded. As
in the case of the axial-vector mediator model, in the regime mZV < 2m�, the sensitivity for exclusion is
drastically reduced to low mass di↵erences below 400 GeV in m�.
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Figure 6: Observed (solid line) and expected (dashed line) exclusions at 95% CL on the vector mediator models with
gq = 1/4, g� = 1.0 and minimal mediator width, as a function of the assumed mediator and DM masses. The regions
within the drawn contours are excluded. The red curve corresponds to the set of points for which the expected relic
density is consistent with the WMAP measurements (i.e. ⌦h2 = 0.12), as computed with MadDM [94]. The region
on the right of the curve corresponds to higher predicted relic abundance than these measurements. The dotted line
indicates the kinematic limit for on-shell production mZV = 2 ⇥ m�.

The simplified model with a pseudoscalar mediator was considered with couplings to quarks and dark
matter equal to unity. For WIMP masses in the range 0–300 GeV and mZP in the range 0–700 GeV, the
analysis does not yet have enough sensitivity. As an example, Figure 7 presents the analysis sensitivity
in terms of 95% CL limits on the signal strength, µ ⌘ �95% CL/�, as a function of mZP , for very light
WIMPs, and as a function of m�, for mZP = 10 GeV. For mediator masses below 300 GeV and very
light WIMPs, cross sections of the order of 2-to-3 times larger than that of the corresponding signal are
excluded. For mediator masses above 300 GeV or larger dark-matter masses, the sensitivity of the analysis

22

In the on-shell regime, the models with mediator masses up to 1.55 TeV are excluded for m� = 1 GeV.
For m� < 1 GeV, the monojet analysis maintains its sensitivity for excluding DM models. This analysis
loses sensitivity to the models in the o↵-shell regime, where cross sections are suppressed due to the
virtual production of the mediator. Perturbative unitarity is violated in the parameter region defined by
m� >

p
⇡/2 mZA [92]. The masses corresponding to the relic density [93] as determined by the Planck

and WMAP satellites [9, 10], within the WIMP dark-matter model and in the absence of any interaction
other than the one considered, are indicated in the Figure as a line that crosses the excluded region at
mZA ⇠ 1200 GeV and m� ⇠ 440 GeV. The region towards lower WIMP masses or higher mediator
masses corresponds to dark-matter overproduction.
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Figure 5: (a) Axial-vector 95% CL exclusion contours in the mZA –m� parameter plane. The solid (dashed) curve
shows the observed (expected) limit, while the bands indicate the ±1� theory uncertainties in the observed limit and
±1� and ±2� ranges of the expected limit in the absence of a signal. The red curve corresponds to the set of points
for which the expected relic density is consistent with the WMAP measurements (i.e. ⌦h2 = 0.12), as computed
with MadDM [94]. The region on the right of the curve corresponds to higher predicted relic abundance than these
measurements. The region excluded due to perturbativity, defined by m� >

p
⇡/2 mZA , is indicated by the hatched

area. The dotted line indicates the kinematic limit for on-shell production mZA = 2 ⇥ m�. The cyan line indicates
previous results at 13 TeV [1] using 3.2 fb�1. (b) A comparison of the inferred limits (black line) to the constraints
from direct detection experiments (purple line) on the spin-dependent WIMP–proton scattering cross section in the
context of the simplified model with axial-vector couplings. Unlike in the mZA –m� parameter plane, the limits are
shown at 90% CL. The results from this analysis, excluding the region to the left of the contour, are compared with
limits from the PICO [95] experiment. The comparison is model-dependent and solely valid in the context of this
model, assuming minimal mediator width and the coupling values gq = 1/4 and g� = 1.

The results are translated into 90% CL exclusion limits on the spin-dependent WIMP–proton scatter-
ing cross section �SD as a function of the WIMP mass, following the prescriptions from Refs. [13, 93].
Among results from di↵erent direct-detection experiments, in Figure 5(b) the exclusion limits obtained in
this analysis are compared to the most stringent limits from the PICO direct-detection experiment [95].
The limit at the maximum value of the WIMP—proton scattering cross section displayed corresponds to
the lowest excluded values mZA = 45 GeV and m� = 45 GeV of the mediator and dark matter masses
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Search for dark matter and other new phenomena
in events with an energetic jet and large missing

transverse momentum using the ATLAS detector

The ATLAS Collaboration

Results of a search for new phenomena in final states with an energetic jet and large
missing transverse momentum are reported. The search uses proton–proton collision data
corresponding to an integrated luminosity of 36.1 fb�1 at a centre-of-mass energy of 13 TeV
collected in 2015 and 2016 with the ATLAS detector at the Large Hadron Collider. Events
are required to have at least one jet with a transverse momentum above 250 GeV and no
leptons (e or µ). Several signal regions are considered with increasing requirements on the
missing transverse momentum above 250 GeV. Good agreement is observed between the
number of events in data and Standard Model predictions. The results are translated into ex-
clusion limits in models with pair-produced weakly interacting dark-matter candidates, large
extra spatial dimensions, and supersymmetric particles in several compressed scenarios.

c� 2018 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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But taking a closer look reveals pretty big discrepancies in the leading 
jet pT distribution…
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Figure 4: Measured distributions of the (a) Emiss
T , (b) leading-jet pT, (c) leading-jet |⌘|, and (d) jet multiplicity for the

Emiss
T > 250 GeV selection compared to the SM predictions. The latter are normalized with normalization factors

as determined by the global fit that considers exclusive Emiss
T regions. For illustration purposes, the distributions of

example ADD, SUSY, and WIMP scenarios are included. The error bands in the ratios shown in the lower panels
include both the statistical and systematic uncertainties in the background predictions. The last bin of the Emiss

T and
leading-jet pT distributions contains overflows. The contributions from multijet and non-collision backgrounds are
negligible and are only shown in the case of the Emiss

T distribution.

the data compared to the SM predictions, as shown in Table 5.

8.1 Model-independent exclusion limits

A likelihood fit is performed separately for each of the inclusive regions IM1–IM10. As a result, model-
independent observed and expected 95% confidence level (CL) upper limits on the visible cross section,
defined as the product of production cross section, acceptance and e�ciency �⇥A⇥ ✏, are extracted from
the ratio between the 95% CL upper limit on the number of signal events and the integrated luminosity,
taking into consideration the systematic uncertainties in the SM backgrounds and the uncertainty in the
integrated luminosity. The results are presented in Table 6. Values of � ⇥ A ⇥ ✏ above 531 fb (for IM1)
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What’s that feature? How significant is it?



Monojet excess counts

pT bin Observed Predicted Pull

250-300 113837 113069±1889.5

300-350 65430 61768.4±1040.4 3.4σ

350-400 33571 31905.8±553.6 2.9σ

400-450 17720 17166.4±294.5 1.7σ

450-500 9726 9679.8±163.9

(from HEPDATA database)



Using the numbers that ATLAS provided on HEPDATA, we can fit 
the excess to a model: 

DiFranzo - Pheno - 5/7/18 6

A mono-    model for the monojet excess

Color-triplet scalar
Invisible

Best fit without being excluded by CMS monojet 
search (CMS-EXO-16-048, arXiv:1712.02345)

*2.5    global (i.e. after look-elsewhere effect)

With information recently provided from the ATLAS monojet update:
Local significance increases to ~4.3σ!

Turns out this is the UV completion for the “hylogenesis” model 
of asymmetric dark matter

Davoudiasl, Morrissey, Sigurdson & Tulin 1008.2399, 1106.4320

the “mono-phi model”



Reaches almost 5σ!

(Checked: best fit signal strength is compatible with MET distribution. 
Ideally would do a fit to joint MET-jet pT distribution)



Compatibility with other searches

Similar feature seen in the monojet bins of CMS jets+MT2 search (CMS036)!
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Combined fit to ATLAS monojets and CMS jets+MT2 results in 
over 5σ local significance!!

>5σ 
significance!



Combined fit to ATLAS monojets and CMS jets+MT2 results in 
over 5σ local significance!!

>5σ 
significance!

HAVE WE DISCOVERED NEW PHYSICS?



It certainly doesn’t seem like a 
statistical fluctuation…

…but it could have a Standard 
Model explanation:

The excess is systematics 
dominated.

And a similar feature is seen in 
W→ℓν control regions.

(But a naive rescaling doesn’t 
completely account for the 
excess in the signal region.)
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Figure 2: The measured (a),(c),(e) Emiss
T and (b),(d),(f) leading-jet pT distributions in the W(! µ⌫)+jets, W(!

e⌫)+jets, and Z/�⇤(! µ+µ�)+jets control regions, for the Emiss
T > 250 GeV inclusive selection, compared to the

background predictions. The latter include the global normalization factors extracted from the fit. The error bands
in the ratios include the statistical and systematic uncertainties in the background predictions as determined by
the binned-likelihood fit to the data in the control regions. The last bin of the Emiss

T and leading-jet pT distributions
contains overflows. The contributions from multijet and non-collision backgrounds are negligible and are not shown
in the Figures.
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Major differences in how 
CMS and ATLAS calculate 
their backgrounds. 

• CMS fits for the shape 
(beyond just nuisance 
parameters) as well as the 
normalization in the CRs

• ATLAS fits for only the 
normalization (plus nuisance 
parameters) in the CRs.

Who is doing it more 
correctly? 

Could a BSM model 
populate both signal and 
control regions?

Also, nothing seen in CMS monojets.

16 6 Results and interpretation

dictions in the signal region in the monojet and mono-V categories, where the background
prediction is obtained from a combined fit performed in all control regions, excluding the sig-
nal region. Expected signal distributions for the 125 GeV Higgs boson decaying exclusively
to invisible particles, and a 2 TeV axial-vector mediator decaying to 1 GeV DM particles, are
overlaid. Data are found to be in agreement with the SM prediction.
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Figure 8: Observed p
miss
T distribution in the monojet (left) and mono-V (right) signal regions

compared with the post-fit background expectations for various SM processes. The last bin in-
cludes all events with p

miss
T > 1250 (750) GeV for the monojet (mono-V) category. The expected

background distributions are evaluated after performing a combined fit to the data in all the
control samples, not including the signal region. Expected signal distributions for the 125 GeV
Higgs boson decaying exclusively to invisible particles, and a 2 TeV axial-vector mediator de-
caying to 1 GeV DM particles, are overlaid. The description of the lower panels is the same as
in Fig. 5.

The expected yields in each bin of p
miss
T for all SM backgrounds, after the fit to the data in

the control regions, are given in Tables 4 and 5 for the monojet and mono-V signal regions,
respectively. The correlations between the predicted background yields across all the p

miss
T bins

in the two signal regions are shown in Figs. 20 and 21 in Section A. The expected yields together
with the correlations can be used with the simplified likelihood approach detailed in Ref. [92]
to reinterpret the results for models not studied in this paper.

Figure 9 shows a comparison between data and the post-fit background predictions in the
signal region in the monojet and mono-V categories, where the fit is performed under the
background-only hypothesis including signal region events in the likelihood. The limits on
the production cross section of the various models described below is set after comparing this
fit with an alternative one assuming the presence of signal.



Best-fit consistent with CMS monojets 95% UL. 

Still reaches 4.3σ local significance.



Summary of best-fit cross sections

— 4σ
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— 2σ
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Correlated signatures
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Method of Rectangular Aggregations
Pouya Asadi, Matt Buckley, Anthony DiFranzo, 

Angelo Monteux & DS (1707.05783)

How did we find this ATLAS monojet excess?

It wasn’t by chance. We developed a model-independent, data-driven way to 
probe the data for anomalies and excesses.

Idea: a true signal will usually populate multiple “neighboring” signal regions, 
while background fluctuations are more often confined to individual bins.

Consider all possible rectangles that aggregate together adjacent bins. Compute 
the likelihood of observing a deviation as large (or small) as observed in the 
data, assuming New Physics only contributes to that rectangular aggregation.



Example: rectangular aggregations in CMS033
Digging deeper at

the LHC
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Example: rectangular aggregations in CMS033

b
postfit
RA = b

prefit
RA + ✓̂RA

nRA b
prefit
RA b

postfit
RA

58 140 54 550 55 976

Note that the aggregation method weighs (disproportionately?)
bins with many events. Also note that for many excesses there
will be a large set of (slowly decreasing) significant aggrega-
tions containing the same “core” going in di↵erent directions. 12/26
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Example: rectangular aggregations in CMS033

b
postfit
RA = b

prefit
RA + ✓̂RA

nRA b
prefit
RA b

postfit
RA

58 140 54 550 55 976
75 990 71 890 73 770
77 070 72 950 74 740

Note that the aggregation method weighs (disproportionately?)
bins with many events. Also note that for many excesses there
will be a large set of (slowly decreasing) significant aggrega-
tions containing the same “core” going in di↵erent directions. 12/26



We applied this technique to two “big” CMS SUSY searches:

• CMS-PAS-SUS-16-033 (CMS033):  jets+MET :  
174 signal regions binned in four variables:  
Nj ≥2, Nb ≥0, MET≥300GeV, HT ≥300GeV

 

• CMS-PAS-SUS-16-036 (CMS036):  jets+MT2  
213 signal regions binned in four variables:  
Nj ≥ 1, Nb ≥ 0, MT2 ≥ 200 GeV, HT ≥ 250 GeV

→ 7,000 aggregations 

→ 33,000 aggregations 

2 viable excesses with ≳3σ local significance in each search



Interestingly, one viable excess is shared between the two searches:

(Same data: we cannot statistically combine the significances.)

This a low Nj , low HT , low MET region of parameter space.
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Interestingly, one viable excess is shared between the two
searches:

CMS036:

ROI Nj Nb HT (GeV) MT2 (GeV) N� compatible?

2
b 1� 3 0 250� 450 200� 300 2.95 3
d 1� 3 0 250� 450

⇤
200� 300 2.74 3

CMS033:

ROI Nj Nb HT (GeV) /ET (GeV) N� compatible?

2

a 2� 6 0 300
⇤ � 500 300� 500 2.96 3

c 2� 4 0 300
⇤ � 500 300� 500 2.64 3

d 3� 6 0 300
⇤ � 500 300� 500 2.57 3

Same data: we cannot statistically combine the significances!

This a low Nj , low HT , low /ET region of parameter space.
What kind of BSM physics could fit?

one jet

one invisible particle

somewhat compressed spectrum

19/26

the monojet excess!



Comments on LEE
Of course, with so many rectangular aggregations, there will be a big look 
elsewhere effect. 

We view the main utility of the method as identifying “hot spots” in the data 
where potentially interesting anomalies could be hiding. There is a lot more 
data coming, and these hot spots are worth keeping an eye on. (Make sure the 
SRs are frozen if at all possible!) Having identified the hot spots, we no longer 
need to worry about the LEE in future data.

Also, keep in mind that the discovery threshold was always meant to be 5σ 
local significance. 



Conclusions

There is something interesting going on in the low-pT region of the monojet 
search. Given the 4-5σ significance of the mono-phi model fit, it is unlikely to be 
a statistical fluctuation. It must be either SM mismodeling or new physics. We 
need more scrutiny from experts to help figure out what’s going on!

We uncovered this excess using a model-independent, data-driven method for 
mining the signal regions of existing LHC searches for signal-like anomalies. 

The method can have many more applications! 

• There are several other excesses to explore in CMS jets+MET, and many more in the other 
searches for new physics

• The strategy can be extended in different directions (e.g. non- rectangular aggregations, signal 
templates).



Conclusions
In the past, a “wait and see” approach made a lot of sense, but as the data comes 
in more slowly, it becomes increasingly motivated to sift the fluctuations for 
anomalies and attempt to fit them models. This could have many benefits, e.g.

• Reveal patterns of correlated fluctuations

• Provide a new target for search re-optimization 

• Suggest new final states to search in

• Maybe one of the excesses will turn out to be real!

The official propaganda plots based on a handful of simplified models just don’t 
do justice to the interesting things going on in the data.

Don’t believe the official LHC propaganda!
There could still be new physics hiding in the data!
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Thanks for your attention!



Backup material



Statistics

We use the standard LHC profile likelihood approach:

• ni is the number of observed events in each bin.

• si is the number of BSM signal events, for a reference xsec

• μ is a cross section multiplier.

• bi is the expected background count in the bin (extrapolated from control regions).

• θi is a nuisance parameter for the background bi, and its variation is modulated by the 
covariance matrix V.

Maximizing the likelihood we get:

• local maximum for given μ:

• global maximum:

• significance: 

[CMS-NOTE-2017-001]
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Statistics:

We use the standard LHC profile likelihood approach:

L(µ, ✓) =
Y

i

(µsi + bi + ✓i )ni e�(µsi+bi+✓i )

ni !
exp

✓
�1

2
✓TV�1✓

◆

[Cowan, Cranmer, Gross, Vitells, 1007.1727]

• ni is the number of observed events in each bin.
• si is the number of BSM signal events, for a reference xsec
•µ is a cross section multiplier.
• bi is the expected background count in the bin (extrapolated from
control regions). ✓i is a nuisance parameter for the background bi ,
and its variation is modulated by the covariance matrix V .

[CMS-NOTE-2017-001]

Maximizing the likelihood we get:

local maximum for given µ: L(µ, ✓̂µ) - SM! L(0, ✓̂0)

global maximum: L(µ̂, ˆ̂✓)

q0 ⌘
(

�2 ln L(0,✓̂0)

L(µ̂, ˆ̂✓)
µ̂ > 0

0 µ̂ < 0

�2-distributed with 1 dof in the large N limit, N� =
p
q0. 11/26
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N limit, Nσ= √q0.

Digging deeper at
the LHC

A. Monteux
UCI

Introduction

Mining the LHC
dataset
Rectangular
aggregations
Results: significant
excesses

Monojet excess:
characteristics and
model-building

Look-elsewhere

Conclusions

Statistics:

We use the standard LHC profile likelihood approach:

L(µ, ✓) =
Y

i

(µsi + bi + ✓i )ni e�(µsi+bi+✓i )

ni !
exp

✓
�1

2
✓TV�1✓

◆

[Cowan, Cranmer, Gross, Vitells, 1007.1727]

• ni is the number of observed events in each bin.
• si is the number of BSM signal events, for a reference xsec
•µ is a cross section multiplier.
• bi is the expected background count in the bin (extrapolated from
control regions). ✓i is a nuisance parameter for the background bi ,
and its variation is modulated by the covariance matrix V .

[CMS-NOTE-2017-001]

Maximizing the likelihood we get:

local maximum for given µ: L(µ, ✓̂µ) - SM! L(0, ✓̂0)

global maximum: L(µ̂, ˆ̂✓)

q0 ⌘
(

�2 ln L(0,✓̂0)

L(µ̂, ˆ̂✓)
µ̂ > 0

0 µ̂ < 0

�2-distributed with 1 dof in the large N limit, N� =
p
q0. 11/26

Digging deeper at
the LHC

A. Monteux
UCI

Introduction

Mining the LHC
dataset
Rectangular
aggregations
Results: significant
excesses

Monojet excess:
characteristics and
model-building

Look-elsewhere

Conclusions

Statistics:

We use the standard LHC profile likelihood approach:

L(µ, ✓) =
Y

i

(µsi + bi + ✓i )ni e�(µsi+bi+✓i )

ni !
exp

✓
�1

2
✓TV�1✓

◆

[Cowan, Cranmer, Gross, Vitells, 1007.1727]

• ni is the number of observed events in each bin.
• si is the number of BSM signal events, for a reference xsec
•µ is a cross section multiplier.
• bi is the expected background count in the bin (extrapolated from
control regions). ✓i is a nuisance parameter for the background bi ,
and its variation is modulated by the covariance matrix V .

[CMS-NOTE-2017-001]

Maximizing the likelihood we get:

local maximum for given µ: L(µ, ✓̂µ) - SM! L(0, ✓̂0)

global maximum: L(µ̂, ˆ̂✓)

q0 ⌘
(

�2 ln L(0,✓̂0)

L(µ̂, ˆ̂✓)
µ̂ > 0

0 µ̂ < 0

�2-distributed with 1 dof in the large N limit, N� =
p
q0. 11/26



Digging deeper at
the LHC

A. Monteux
UCI

Introduction

Mining the LHC
dataset
Rectangular
aggregations
Results: significant
excesses

Monojet excess:
characteristics and
model-building

Look-elsewhere

Conclusions

Monojet excess: possible explanations

Topologies with one jet and missing energy:
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Figure 4: Representative Feynman diagrams of the prospective models: (a) squark-neutralino associ-

ated production, (b) resonant colored scalar � decaying to a quark and a singlet fermion  , and (c) a

resonant singlet vector V decaying to singlet fermions �.

Figure 5: Distributions of Nj , HT , /ET , MT2 for the three models described in the main text. In

grey, we show the parameter range where the excess is located. The black lines with arrows indicate

the lowest SR boundary for each kinematic variable.

benchmark point in the mass plane. To fit the excess, the hardest jet should have

pj0T ⇠ 300 � 400GeV with comparable missing momentum. We choose the masses ac-

cordingly, with q̃,� and V at 1.2 TeV while the invisible particle is at 850GeV for q̃

and � and 600GeV for V (for the vector mediator case the distributions are largely

insensitive to the invisible particle mass). While the distributions peak at the excess, it

is clear that the squark-neutralino model has no chance in populating only the excess

19

squark-neutralino 
associated production

“mono-squark” vector-mediator DM

Monojet excess: possible explanations

Only the mono-squark model is peaked enough in MT2 and HT to fit the excess!

(mheavy=1.2 TeV, minvisible=800 GeV)



Improving S/B

The significance of the excess is dominated by systematic errors. So adding 
more data might not improve the situation.

2

Search Nj Nb HT MT2, /ET Obs. Bg. (pre-fit) Bg. (post-fit) Best-fit Signal

CMS036 1� 3 0 250� 450 200� 300 145144 137256 ± 8159 140391 ± 1524 4753

CMS033 2� 4 0 300� 500 300� 500 58138 54550 ± 2246 55976 ± 780 2162

ATLAS060 � 1 - � 250 350� 700 74686 72645 ± 1140 2041

TABLE I: Regions of kinematic space containing the excess, and relative observed and background event counts, as well as
number of signal events after the fit. For the background, we quote both the pre- and post-fit values for the expected counts
and the relative errors.

the ATLAS 2-6 jets+/ET search [5] (ATLAS022) which,
owing to high me↵ and /ET thresholds, was not as sen-
sitive to this signal as it could have been. The anomaly
is in some tension with null results from the CMS dark
matter+jets exotica search [6] (CMS048), but a produc-
tion cross section on the order of 0.5 pb can evade the
95%CL limits from that search, while still maintaining a
local 3� preference for signal over background in CMS036
and ATLAS022.1

This letter serves as an update to the original analy-
sis, containing three new points concerning the monojet
excess:

1. We include the newly released ATLAS monojet
search [7] (ATLAS060). This is a search for a
dark matter mediator in events with missing en-
ergy and at least one high-pT jet (pj1T > 250 GeV),
with ten exclusive bins in the /ET variable, start-
ing at /ET = 250 GeV. This search has a better
sensitivity to the mono-� model than ATLAS022,
where the most sensitive signal region had much
higher thresholds, requiring two jets and me↵ ⌘
/ET +

P
j p

j
T > 1200 GeV. In the ATLAS060 data,

we find a 2� 2.5� preference for this model in the
same region of parameter space preferred by the
CMS searches. The previous ATLAS022 analysis
had only a 1� 1.5� preference.

2. We perform a joint statistical analysis of the CMS
and ATLAS data, including the look-elsewhere-
e↵ect. Combining the ATLAS060 and CMS036
searches, the local significance for this model
reaches 3.5� in a region of parameter space in the
m� = 1200 � 1800 GeV range and mass splitting
m� � m = 300 � 400 GeV, which is lowered to
3.3� when requiring the signal cross section to be
allowed at 95%CL by CMS048. Using 10,000 pseu-
doexperiments, we estimate that this corresponds
to a 2.5� global significance.

3. We suggest additional cuts to enhance the exper-
imental sensitivity to this signal. As we will de-
scribe, the experimental errors for the signal regions

1
As the data sets between the searches from a single collaboration

are overlapping, we cannot statistically combine multiple CMS

or ATLAS analyses, and must confine ourselves to a single CMS

and a single ATLAS result.

containing the observed excess are systematics-
dominated. Therefore, additional data may not
appreciably increase the overall significance of the
anomaly, even if it is due to new physics. With the
production mode in Fig. 1, the signal HT distri-
bution is peaked at the mass di↵erence between �
and  , while the background is smoothly falling. In
addition, the signal jet tends to be more centrally
produced than the background. Therefore, we find
the most e↵ective way to increase sensitivity is to
define finerHT bins and require a tighter cut on the
leading jet pseudo-rapidity, in particular |⌘| . 0.5.
We find that S/B can be increased by a factor of
⇠1.5 compared to the current CMS036 analysis, to
an overall level of S/B ⇠ 8%.

In Table I, we show the range of kinematic parame-
ters within the various ATLAS and CMS searches con-
taining the anomalous events which we have identified
as the monojet excess. For the CMS033 and CMS036
searches, the anomaly is spread out over a number of sig-
nal regions. The uncertainties on the expected number
of events in these signal regions are highly correlated,
and we make use of simplified covariance matrices pro-
vided by CMS [3] (no correlations were provided for AT-
LAS060). In Table I, we report both “pre-fit” and “post-
fit” background predictions. (We are following standard
CMS terminology, see e.g. [8]) The pre-fit backgrounds
are the simple aggregation of the background counts and
the sum of covariance matrix for the bins populated by
signal (as detailed in [1]). The post-fit values refer to a
combined fit of all the signal regions in the presence of a
new-physics signal which only populates a specific subset
of all the bins. Due to the high degree of correlation be-
tween bins populated by the signal and those bins where
no signal events fall, post-fit errors are reduced: e↵ec-
tively, the bins not populated by signal act as additional
control regions and lower the uncertainty in the bins of
interest.2 In the signal regions of interests, with pre-fit
errors of order 4 � 5%, this procedure results in post-fit
uncertainties at the 1% level. As background correlations
were not released with the ATLAS060 search, there is no
di↵erence between pre-fit and post-fit for that search.
The signal regions of Table I identify the “core” of

2
We thank Claudio Campagnari for emphasizing this point in our

procedure.
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FIG. 5: Distributions of signal (solid) and our estimate of the pre-fit systematic error (5% of the background events) in the
Nj = 1, Nb = 0 SRs of CMS036. Left: Distribution with respect to jet |⌘|. Center: Distribution with respect to HT without a
cut on |⌘|. Right: Distribution with respect to HT requiring jet |⌘| < 0.3.
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Can try to purify the signal over background with tighter cuts on eta and HT.  
Could gain a factor of ~ 1.5 in S/B this way. 
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FIG. 2: Values of the signal cross sections favored at 1,2 and
3� by each individual search considered, and by the combi-
nation of ATLAS060 and CMS036.

the identified excess, and are independent of any par-
ticular new physics model. However, a full fit – includ-
ing all signal regions of each search – requires both a
model and a recasting of the experimental search sen-
sitivity for that model. Scanning over the (m�,m )
mass plane, we generated mock-LHC data for the mono-�
model using MadGraph5 [9], Pythia8 [10] for shower-
ing and hadronization, and a tuned implementation of
Delphes3 [11] for detector simulation. Events were gen-
erated without jet matching, though comparison with
matched samples demonstrated that the e↵ect was min-
imal. Full details of our recasting procedure and cross-
checks can be found in [1]. For each ATLAS or CMS
search [2, 3, 5, 6], we calculate the statistical preference
for the signal+background hypothesis over background-
only using the profile likelihood method [12, 13], treat-
ing the cross section times branching ratio at each mass
point as a free parameter in the fit. The results are
indicated in Fig. 2, where we show the best-fit confi-
dence intervals for � ⇥ BR of a reference mass point
(m�,m ) = (1250, 900) GeV, for each of the ATLAS and
CMS searches of interest. As can be seen, the anomaly
seen in ATLAS060 is broadly consistent with that previ-
ously identified in the CMS033, CMS036, and ATLAS022
data, and at higher significance than the previous ATLAS
search. While the CMS monojets search CMS048 did not
see any evidence for new physics, its confidence intervals
are entirely consistent with the size of the excess seen by
the other searches.

Although we cannot combine all of these searches to
produce an overall best fit cross section, we can pick one
from CMS and one from ATLAS for a joint fit. Choosing
CMS036 and ATLAS060 as being the two that are most
sensitive to our signal, the resulting significance plot is
shown in Fig. 3. To take into account the non-observation
of signal from CMS048, we require that the best-fit cross
section be less than the 95%CL upper limit from that

FIG. 3: Best-fit significance for the model in the m�/m��m 

mass plane, obtained combining the CMS jets+MT2 search
[3] and the ATLAS monojet search [7]. The corresponding
best-fit cross section is O(0.35 pb) in the region with highest
significance.
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FIG. 4: Di↵erence between observed and background counts
with relative error bars for ATLAS060 (black) and the
CMS036 Nj = 1 bins (green), to be compared with the /ET

distribution of the signal for (m�,m ) = (1250, 900), respec-
tively in solid and dashed red, given the production cross
section set by the joint fit to ATLAS060 and CMS036.

search.3 Even after this, the combined fit finds a local
preference for signal at the 3.3� level for m� ⇠ 1200 �

3
As discussed in [1], this model also gives a correlated signature

in the dijet resonance channel, however the exact signal strength

depends on additional couplings not determined by this fit. Here

we assume that the couplings are always chosen such that the

� ⇥ BR into dijet resonances is consistent with current bounds.


