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New Physics?
• Where is it?
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New Physics?
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Slicing up Data
• ATLAS and CMS data divided up by topology (number of 

leptons, fat-jets, etc.)  
• Then subdivided by kinematics into signal regions

5

CMS-SUS-16-036
ATLAS-CONF-2017-022
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Setting Limits
• Limits are model-dependent. 

• Model tells us which how to combine the statistical pull of 
each signal region.
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Setting Limits
• A search can have many statistically significant excesses over 

background and still have observed limits equal expected 
• For a particular model 
• Have we looked at all models?
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Rectangular Aggregations
• Signal likely to be distributed in “nearby” signal regions 

• Model kinematics, ISR/FSR, detector resolution,… 

• Consider all possible                                                    
“rectangular aggregations” of                                                              
signal regions to look for                                                                                
signal over background. 

• Best for non-overlapping SRs 
• CMS searches
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Correlations

• We’re calculating             , marginalizing over the background 
uncertainties     (nuisance parameters) 
• Assuming signal populates only one RA at a time. 

• CMS now publishing correlation/covariance matrices    
(thanks, CMS!) 

• When we define a rectangular aggregation:

9
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Jets + MET
• Concentrate on jets + MET searches as proof-of-principle 

• ATLAS-PAS-17-022 has overlapping SRs 
• CMS-EXO-16-048 has 1D SRs (     ), this technique overkill 

• Apply RA technique, assuming signal populates one 
rectangle and nowhere else.

10

CMS-SUS-16-033 

174 SRs, ~7000 RAs

CMS-SUS-16-036 

213 SRs, ~33000 RAs



24

Aggregating for Anomalies
• We’re interested in excesses over background. 

• Keep anything with p-value < 1%

11

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

1

a 126-130, 132-136 2� 3 0� 1 1000� 1500 � 400 3.5

6 /ET

b 126-127, 132-133 2� 3 0� 1 1000� 1500 400� 800 3.36

c 126-127 2� 3 0 1000� 1500 400� 800 3.09

d 127-130, 133-136 2� 3 0� 1 1000� 1500 � 600 2.68

e 126, 132 2� 3 0� 1 1000� 1500 400� 600 2.57

2

a 1, 2, 8, 9, 13, 16 1� 3 0� 1 250� 450 200� 300 3.3 6Nb

b 1, 2, 13 1� 3 0 250� 450 200� 300 2.95 3

c 1, 8, 13, 16 1� 3 0� 1 250� 450⇤ 200� 300 2.93 6Nb

d 1, 13 1� 3 0 250� 450⇤ 200� 300 2.74 3

e 1, 2, 8, 9 1 0� 1 250� 450 � 2.6 6Nb

3
a 12, 79 1� 3 1 575† � 1000 200� 300 3.03

3
b 79 2� 3 1 575� 1000 200� 300 2.84

4 44, 45, 60, 61 2� 6 2 450� 575 � 400 2.76 7HT

5 99 4� 6 1 575� 1000 300� 400 2.75 7MT2

Table 1: The aggregated regions in CMS036 [12] with the highest local discrepancy between the data

and the background. We group significant subsets and overlapping aggregations into ROIs in this table.

The asterisk (*) in the HT columns marks a requirement that do not apply to all the aggregated bins,

in particular bins 1 and 8 have only HT < 350GeV. Similarly, the dagger (†) denotes that bin 12 has

HT > 700GeV. Also note that the MT2

requirement does not apply to Nj = 1 bins. We mark the

compatibility of each excess by 3 (if compatible), 7 (if not compatible with nearby SRs in the same

search) and 6 (if incompatible with other searches). In case of incompatibility, we list the kinematic

variable responsible.

rates).

In Tables 1 and 2, we denote with a 7 symbol those statistical excesses we have

identified in CMS036 and CMS033 which we believe are not compatible with the

signal regions in the same search.

• Incompatibility with similar bins in other searches.

As discussed above, CMS033 and CMS036 are highly overlapping – the kinematic

variables defining the SRs in the two searches are largely identical, except that

11

ROI bins Nj Nb HT (GeV) Hmiss
T (GeV) N� compatible?

1

a 13,16, 23,26, 43,46, 53,56, 63,66 2� 4 � 1 > 1000 300� 500 3.11 7Nj, Nb

b 13,16, 23,26, 43,46, 53,56 2� 4 1� 2 > 1000 300� 500 2.77 3

c 13,16, 43,46, 83,86, 120,122 2� 8 1 > 1000 300� 500 2.65 7Nj

d 21-26, 51-56, 61-66 2� 4 � 2 > 300 300� 500 2.64 7Nj, Nb

2

a 1, 4, 31, 34, 71, 74 2� 6 0 300⇤ � 500 300� 500 2.96 3

b 71, 74, 81, 84 5� 6 0� 1 300⇤ � 500 300� 500 2.70 3

c 1, 4, 31, 34 2� 4 0 300⇤ � 500 300� 500 2.64 3

d 31, 34, 71, 74 3� 6 0 300⇤ � 500 300� 500 2.57 3

3
a 125-126 7� 8 1 > 750 > 750 2.81

7Nj
b 126 7� 8 1 > 1500 > 750 2.73

Table 2: The aggregated regions in CMS033 [13] with the highest local discrepancy between the data

and the background. The asterisks in the HT column mark requirements that do not apply to all the

aggregated bins, that is, HT > 350GeV for SRs 4, 34, 74, 84. We mark the compatibility of each excess

by 3 (if compatible), 7 (if not compatible with nearby SRs in the same search) and 6 (if incompatible

with other searches). In case of incompatibility, we list the kinematic variable responsible.

CMS036 uses MT2 and CMS033 uses /ET . Thus an excess in one search will usually

populate analogous bins in the other. We can make this more precise using the

inequality MT2  /ET derived above: a signal generating an excess in a particular

RA of CMS036 will show up in specific SRs of CMS033 (the converse is not always

true, in particular CMS036 would not be sensitive to a model with low /ET and

MT2 ⌧ /ET , which would only populate CMS033 SRs).

In Table 1, we denote with a 6 symbol those statistical excesses we have identified

in CMS036 which we believe are not compatible with the signal regions of CMS033.

Applying these arguments to the excesses listed in Tables 1 and 2 marks roughly half

of the anomalies as unlikely to be anything other than statistical fluctuations. As the

detailed listing is rather tedious, we point the reader to Appendix C, and in particular

to Figures 13 and 14 for histograms illustrating the incompatibility. Of course, it is

possible that some of these disfavored excesses could be due to a combination of new

physics events and an upward fluctuation in background. So while we do not spend time

constructing models for them, tracking their evolution with more data will still be useful

and important.

12

CMS-SUS-16-036CMS-SUS-16-033
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Reality Checks
• Obviously, most of these excesses aren’t due to new physics. 
• Can eliminate those in tension with equivalent regions in other 

jet+MET search (033    036). 
• Can further eliminate those that should have excesses in 

neighboring SRs
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Surviving Anomalies
• Two in each search 

• One in each are particularly interesting
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in particular bins 1 and 8 have only HT < 350GeV. Similarly, the dagger (†) denotes that bin 12 has

HT > 700GeV. Also note that the MT2
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compatibility of each excess by 3 (if compatible), 7 (if not compatible with nearby SRs in the same
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variable responsible.

rates).

In Tables 1 and 2, we denote with a 7 symbol those statistical excesses we have

identified in CMS036 and CMS033 which we believe are not compatible with the

signal regions in the same search.

• Incompatibility with similar bins in other searches.

As discussed above, CMS033 and CMS036 are highly overlapping – the kinematic

variables defining the SRs in the two searches are largely identical, except that
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by 3 (if compatible), 7 (if not compatible with nearby SRs in the same search) and 6 (if incompatible

with other searches). In case of incompatibility, we list the kinematic variable responsible.

CMS036 uses MT2 and CMS033 uses /ET . Thus an excess in one search will usually

populate analogous bins in the other. We can make this more precise using the

inequality MT2  /ET derived above: a signal generating an excess in a particular

RA of CMS036 will show up in specific SRs of CMS033 (the converse is not always

true, in particular CMS036 would not be sensitive to a model with low /ET and

MT2 ⌧ /ET , which would only populate CMS033 SRs).

In Table 1, we denote with a 6 symbol those statistical excesses we have identified

in CMS036 which we believe are not compatible with the signal regions of CMS033.

Applying these arguments to the excesses listed in Tables 1 and 2 marks roughly half

of the anomalies as unlikely to be anything other than statistical fluctuations. As the

detailed listing is rather tedious, we point the reader to Appendix C, and in particular

to Figures 13 and 14 for histograms illustrating the incompatibility. Of course, it is

possible that some of these disfavored excesses could be due to a combination of new

physics events and an upward fluctuation in background. So while we do not spend time

constructing models for them, tracking their evolution with more data will still be useful

and important.
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“Mono-Jet” Excess

14

• Finally, in the right column, we show the remaining viable CMS033 excess, #1b.

This excess has relatively low jet multiplicity, one or two b jets, low missing energy

and high HT . While this might be hard to reproduce in a specific model, it is not

clearly excluded according to our criteria.

Of the excesses listed above, CMS036 #2b and CMS033 #2c are particularly in-

teresting, as they both have low jet multiplicity, no b-jets, and low HT , MT2 and /ET .

This opens the possibility that both searches are observing the same events due to new

physics. In the rest of this work, we will discuss possible BSM explanations of this pair

of excesses. While we focus on this excess for the remainder of the paper, we encourage

model-building e↵orts for the other significant aggregations listed above, as they could

just as well be due to new physics. In any case, even at this point we think it is interest-

ing and noteworthy that several ⇠ 3� anomalies can be identified in the experimental

data, which is not the commonly received wisdom in the community at this point in

time.

3 Analysis of the Mono-jet Excess

In this section, we try to fit the ⇠ 3� anomaly corresponding to CMS033 #2b and

CMS036 #2c to a BSM model. For definiteness, we repeat here the kinematic properties

of the two RAs:

aggregation (significance) Nj Nb HT (GeV) MT2, /ET (GeV)

CMS036 #2b (2.95�) 1� 3 0 250� 450 200� 300

CMS033 #2c (2.64�) 2� 4 0 300� 500 300� 500

(3.1)

As our calculation of the statistical preference for signal over background relied crucially

on the covariance matrix, and this is only an approximation provided by the CMS

Collaboration, we confirmed with the experimentalists directly that their full calculation

for signal preference in these aggregated rectangles matches our results [25].

Given this final state, we also make sure to include any search that is expected to have

good sensitivity. In particular, we also reinterpret the ATLAS 2-6 jets + /ET search [14]

and the CMS mono-jet search [15]. The ATLAS search defines large overlapping SRs

(using the variable Me↵ = HT + /ET ), of which the first one (2j-Me↵-1200) has some

sensitivity to (the tail of) the Nj = 2 component of our excess.10 Meanwhile, the CMS

monojet+ /ET search (denoted as CMS048 in the following) has a significant overlap

10However, the M
e↵

> 1200GeV cut is too hard and greatly reduces the e↵ectiveness of the ATLAS
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“Mono-Jet” Excess
• What models fit this excess? 
• Go back to the full analysis, using all data in all SRs 

• MSSM is not a good fit (as expected) 
• We considered three models in depth:
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Simulation Pipeline

16

MadGraph5 Pythia8.2 Delphes3 
(our own tune)

Recast in 
pyRoot

etc…

Analysis code available on arxiv for those interested
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Successful Models
• Vector-mediated dark matter & squark/neutralino spill out into 

too many other SRs
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Successful Models
• The mono-    model appears to work well.
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Mono-p
• Color triplet, decaying to quark + MET 

• “RPV-MSSM”-ish, but problems with Majorana masses 
• This model is preferred at          in CMS-036.  

• Tension with CMS-048 
• ATLAS-2017-022 has            preference.            combined 

19
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Look-Elsewhere
• Having looked in 33,000 rectangles, are we guaranteed to 

find a          excess? 
• If we generate 10K pseudoexperiments, we find          local 

anomalies in 15% of them (            global). 
• But this doesn’t account for the reality checks. 

• Look-Elsewhere Effect well-defined                                    
defined in terms of a model. 
• e.g. number of up-crossings in                                               

a resonance search.

20

Eilam Gross, Ofer Vitells: Trial factors for the look elsewhere effect in high energy physics 5
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Fig. 1. (top) An example pseudo-experiment with background only. The solid line shows the best signal
fit, while the dotted line shows the background fit. (bottom) The likelihood ratio test statistic q(m). The
dotted line marks the reference level c0 with the upcrossings marked by the dark dots. Note the broadening
of the fluctuations as m increases, reflecting the increase in the signal gaussian width.

Figure 3 shows the corresponding trial factor,
compared to the bound calculated from eq.(3)
and the asymptotic approximation of eq.(12).
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Fig. 3. The trial factor estimated from toy Monte
Carlo simulations (solid line), with the upper bound
of eq.(3) (dotted black line) and the asymptotic ap-
proximation of eq.(12) (dotted red line). The yellow
band represents the statistical uncertainty due to the
limited sample size.

We consider in addition a case where the
number of degrees of freedom is more than one.
For this purpose, we assume several indepen-
dent channels, each identical to the one described
above, and where the signal normalizations (µ1, ..., µs)
are free parameters. (This could represent, for
example, a case where one is searching for a res-
onance in several decay channels, with unknown
branching ratios). The reference level is chosen
to be c0 = s− 1 as discussed in the previous sec-
tion. The resulting distributions and trial factors
for s = 2, 3 are shown in figures 4 and 5. As be-
fore, the the bound (3) agrees with the observed
p-value, within statistical variation. The rate at
which the asymptotic approximation (11) con-
verges to the bound becomes slower when the
number of degrees of freedom increases, mak-
ing it less accurate, however the trend of linear
growth is evident.

4 Conclusions

The look-elsewhere effect presents a case when
the standard regularity conditions of Wilks’ the-
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Look-Elsewhere in a Model
• Work within the mono-    model. 
• For 10K pseudoexperiments, fit across the mass plane 

• Reduces a           local                                                    
fluctuation to 

• We couldn’t cross-                                                                        
correlate with                                                                     
CMS033/ATLAS022  
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Full model
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Outlook
• LHC data contains interesting statistical excesses now 

• Can be hidden inside the many high-dimension SRs 
• Most (all?) are probably statistical fluctuations, but that takes 

work to uncover. 
• The set of benchmark models used is not a sufficient basis. 

• Proof-of-concept: we have identified two <1% anomalies in 
CMS jets+MET. 
• Can’t apply to ATLAS data, because SRs are overlapping. 
• (The ATLAS thresholds seem to be higher as well)
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Outlook
• The “mono-jet” anomaly: 

• Well fit by a color-triplet decaying 
to quarks+MET 

• Associated signatures (dijets, 
multijets, multijets+MET) 

• Systematics limited 
• Identifying these anomalies now                                              

gives targets of interest for the                                                           
future data analysis. 
• Can freeze thresholds to                                                  

maintain sensitivity. 
• Can test signal hypotheses with                                      

additional kinematics.
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New Physics
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