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(Maybe obvious) statements about “Searches” 

• Any new physics will either be produced in conjunction 

with/or decay to Standard Model particles – these are 

what we measure 

– Whether performing a search or not we measure Standard Model objects 

– To search for something new there has to be a difference, or differences, 

between the new physics and the Standard Model 

– Exploiting the differences as efficiently as possible is what makes one 

analysis better than another 

• We DO NOT KNOW what new physics will look like!!! 

– The searches we perform are based on our prejudices and we interpret 

them in only a specific number of signal scenarios  

• The partitioning of many analyses within ATLAS/CMS is 

largely arbitrary and often not based on physics principles 

– Example “Y” -> W+W- -> l+ν l-ν (+X) => is it SM/Exotics/Higgs/SUSY?  



All detectors operating with 

high efficiency 

ATLAS data-taking in 2012 @ 8TeV 



Precision measurements of 

boson, ttbar, single top and di-

boson cross sections 

Crucial to demonstrate detector 

performance and measure Standard 

Model to great accuracy 

Understanding the Standard Model Backgrounds 



If {no discoveries of new physics} then……  

….keep increasing the energy…. 

 

 

2011 -> 2012 -> 2015+ 

  

7 TeV -> 8 TeV -> 13 TeV 



ATLAS data-taking in 2015 @ 13TeV 

All detectors and 

machine continue to 

operate with high 

efficiency 



Understanding the Standard Model Backgrounds 



Understanding the Standard Model Backgrounds 



Understanding the Standard Model Backgrounds 



Understanding the Standard Model Backgrounds 



Understanding the Standard Model Backgrounds 



Understanding the Standard Model Backgrounds 



Understanding the Standard Model Backgrounds 



The reaction from CERN Restaurant 1  

But YOU said  

there would be  

new physics!!! 



SEARCHES 

• Almost all searches we perform have some amount of model 

dependence i.e. one searches for a specific signal topology 

• We DO NOT KNOW what new physics will look like 

• We want to cast a wide net – the wider the net we cast the 

larger the probability of seeing a significant excess in a 

channel (because statistics is a thing)  



SEARCHES…..do not despair 

n.b. this is 

for 14TeV  

slide by Andreas Hoecker 



SEARCHES: Part I 

HIGGS 



Higgs Searches 

• We’ve discovered the Higgs – can’t search for it anymore 

• If you’re working on Higgs physics you are either: 

a) Making as precise a measurement as possible of the Standard Model (both 

production: ttH, VH and decay: H->WW, H->ττ, H->μμ, H->Zγ etc) 

b) Searching for BSM Higgs 

• H+->τ+ν or H+->tb (charged Higgs) 

• H->τe or τμ (Lepton Flavour Violation) 

• H/h/A->f fbar (where f is ‘fermion’) 

• H/h/A-> B Bbar (where B is ‘boson’) 

• For the most part there’s overlap with the exotics 

program here 



LHC Run 1 Higgs Results 

Higgs Boson discovered! 

Francois Englert and Peter Higgs shared  

the 2013 Nobel Prize for the discovery 



The Higgs Boson - Production modes 

Page volume sub information to go here  

• gluon-gluon fusion (ggF) dominant 

• Several measurements of vector-boson fusion (VBF)  

• Data not yet very sensitive to VH and ttH 

 

• Combine VBF and VH (both scale with V-H coupling) 

• Combine ggF and ttH (both scale with t-H coupling) 

 



The Higgs Boson is no longer a discovery – it is a precision measurement! 

The Higgs Boson – Run 1 summary 



The Higgs Boson – ATLAS + CMS combined 

The Higgs Boson is no longer a discovery – it is a precision measurement! 

…only 5,154 authors! 

Adelaide lead institution   



Higgs in 2015 @ Run2  

Higgs has fluctuated a little low at 13 TeV…

.....bad news if you wanted to see early  

effects of something showing up in loops 



SEARCHES: Part II 

SUPERSYMMETRY 



SUSY 

slide by Andreas Hoecker 



illustration by M-H Genest 

SUSY 



illustration by M-H Genest 

SUSY 



SUSY 



SUSY 

Franz Anthony Winner of ‘Collision 2015’ 



SUSY – ATLAS Run1 Summary 



SUSY: Strong Production 

Squark and Gluino mediated light jets  

Gluino mediated third generation  



SUSY Searches in Run 1 – anomalies….there was one! 

Z+jets+MET 

….excess of events above the expected Standard Model 

background is observed, with a significance of 3 

standard deviations 
An anomaly => but it looks fishy…. 

 

More events in electrons than muons, 

Doesn’t look much like the signal they  

proposed. 

We’ll have to see what Run 2 brings... 

 



SUSY: Strong Production 

Squark and Gluino mediated light jets. 

The workhorse of the SUSY group – if  

you predict an excess in many/most  

channels you often have to reconcile it 

with the results here. 

No excess observed so far in 2015!  

2-jet SR 6-jt SR 

Always caveats! Be careful making blanket  

interpretations of any SUSY search 



SUSY: Strong Production 

Squark and Gluino mediated light jets: 7-10 jets and 0 leptons 

As we increase the number of steps in the  

decay chain we increase the number of objects 



SUSY: Strong Production – multi b-jet signatures 



SUSY: Strong Production 

  

Studies of multi b-jet final states using the 
Recursive Jigsaw Reconstruction technique

 Paul Jackson    Christopher Rogan   Marco Santoni   
a,b a,bc

The Recursive Jigsaw Reconstruction (RJR) technique can be used to 
investigate theories Beyond the Standard Model (BSM) characterised by a 
discrete       symmetry in collider experiments.

The RJR method approximates recursively event-by-event the relevant 
frames of reference and introduces a set of new kinematic and angular 
Jigsaw variables sensitive to discriminate between the SM backgrounds 
and the signal.

Final states from R-parity conserving SUSY models are characterised by 
an even number of lightest supersymmetric particles (LSP), likely two, 
undetected by the detector and contributing to the missing energy.

The Feynman diagram shows the gluino (   ) 
mediated pair production of sbottom (   ) 
decaying in a LSP (    ) and a b-jet. 

The simplified model assumes all the other 
superparticles are much heavier than        and   

Introduction

Signal and background [1] samples are proton-proton collision at             
TeV with no pile-up and investigated using MadGraph 5 [2] for the 
generation, Pythia 6 [3] for the parton showering and hadronization and 
Delphes 3 [4] for the simulation of the detector response. 

Minimal pre-selection criteria are applied:

• No selection criteria imposed on 
• At least 4 jets with transverse momenta:                                                     
                                                                       and                                   
• Lepton veto: only final state without isolated muons or electrons
• 3 b-tagged jets

Generation and preselection

as the covariant 4-momentum of the four bottom objects       ,       ,       ,

and                               (       ) as the visible hemispheres. 

Event-by-event there are 12 possible combinations for the assignment of 
each b-jet to the corresponding b-quark. 

In the CM frame the gluinos are back-to-back, so we use the minimum 
invariant mass between the three possible pair combinations:

                                                                                     .    (1)

The jigsaw technique evaluates the neutralino 4-momenta (               )    
useful to assign the first and second b-jet in each hemisphere: 

                                                                                                                  .     (2)

The RJR technique 

The Figure shows the decay tree diagram with 
the two hemispheres (1 and 2): visible decay 
objects are in blue, invisible LSP in green and 
intermediate states in red.  “B” denotes a b-jet 
and “G” or “S” the superparticle mother (gluino 
or sbottom). 

There are 16 degrees of freedom from  the four 
b-quark objects and the 2 d.o.f. from            . 

We define Lorentz vectors 

Introduction

The “Recursive Jigsaw Reconstruction” 
(RJR) is a method to investigate Beyond the 
Standard Model (BSM)  characterised by a 
discrete       symmetry in the collider 
experiments.

The method approximates event-by-event 
the relevant frames of reference and 
introduces a set of new kinematic and 
angular “Jigsaw variables”  whose 
distributions are used as discriminators 
between the Standard Model (SM) 
background and the signal.

Final states of R-parity conserving SUSY 
models are characterised by an even 
number of LSP, likely two, undetected by the 
detector and contributing to the missing 
energy.

Results

The signal region can be used for the discovery prospects for gluino mediated pair 
production of scalar bottom with                          and           till 

Significances for different values of 
integrated luminosity are very 
independent of        and mostly 
independent of        .

After            of integrated luminosity 
of  LHC14 > 2     sensitivity is 
achieved for 

and            

for 30% total uncertainty of the 
standard model backgrounds.

 

In order to investigate mass spectra with higher gluino and sbottom masses we maintain 
the same angular selection criteria while tightening the scale variables such that: 

              

For an integrated luminosity of 10           of LHC14 and 30% total uncertainty of the standard 
model backgrounds a 95% exclusion CL can be obtained beyond                      .

Future work

In principle the RJR technique can be used to study every kind of topology. 

Consider a quite different multi b-jet final state with the
higgsino-like              production and respective decay chains                                   

                                   and

The Figure shows the decay tree diagram with the two 
hemispheres (a and b): visible decay objects are in blue, 
invisible LSP in green and intermediate states in red.

For collimated or resolved jets in the final states, 
combinatorial Jigsaw criteria taking into account b-tagging 
and                    and                     are used to separate the 
two hemispheres. The LSP is produced in the first decay step 
and a total of 9 kinematics and angular Jigsaw variables can be written for this topology:

          and             can be computed because the Higgs and W-boson decay products are 
all visible objects.

The study can be extended to higher eigenstates of mass of       with                  and          
and/or longer decay chains. There are practically no searches for these kind of topologies 
in the electroweak sector because of the low cross section for higgsino-like        production.

The RJR technique may prove complementary to more conventional analysis approaches 
and leveraging the higher centre-of-mass collision energy of LHC14 together with improved 
b-tagging of the detectors, can be applied to final state topologies not yet explored. 

For the topology studied it is possible to compute 13 jigsaw variables estimated in the reconstructed rest frames: 

The double minimization of Eq. (1) and (2) provides similar signal distributions for mass spectra with       
and a powerful discrimination with respect to the SM backgrounds. Contributions of all SM backgrounds and the 
overlaid signal curves are scaled to an integrated luminosity of 10         at  

The Jigsaw  variables are largely uncorrelated.

The Jigsaw variables

Signal region

Angular selection criteria

Additional scale selection criteria

                       

In order to not bias the scale sensitive variables selection criteria for the 
signal region are applied primarily to angular variables.
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Studying the Use of Recursive Jigsaw  Variables in the ATLAS 

Z+MET Search for  Supersymmetry  

Author: Dylan Peukert 

Supervisors: Paul Jackson and Martin White 

Introduction 
The standard model of particle physics combines the electromagnetic, the weak and the strong forces and 

explains almost all phenomena extremely well. There are only a few 

cases not easily described by the standard model such as the hierarchy problem and the  

unknown constitution of dark matter. These cases are potentially solved by  

supersymmetry, a well-motivated extension of the standard model  in which every standard model particle 

has a supersymmetric partner with a spin differing by one half. 

 

The ATLAS search for supersymmetry in events with a same flavour, opposite sign lepton pair, jets  and 

missing transverse energy  performed on data taken during the 8 TeV run of the Large Hadron Collider re-

sulted in an excess of data events in the on-Z signal region with a statistical significance of 3σ. This is one 

of the most significant excesses from the standard model prediction observed. 

 

The analysis was recreated in a different framework to both validate the analysis code and confirm the re-

sults. With the analysis recreated the events in the on-Z signal region will be examined using recursive jig-

saw variables. 

 

Signal Process 

The supersymmetric signal process searched for in the on-Z signal region is shown below. The process is of 

the General Gauge Mediation model of supersymmetry. The proton-proton collision results in the pair pro-

duction of gluinos, the supersymmetric partner of the gluon.  

 

Each gluino then decays to two quarks which hadronise in the detector and are measured as jets and the 

lightest neutralino. Neutralinos are neutral mass eigenstates of the superposition of the supersymmetric 

partners of the electroweak gauge bosons. The lightest neutralino then decays to a Z boson and the 

gravitino.  

 

The gravitino is the supersymmetric partner to the graviton, the proposed gauge boson for gravity. The 

gravitino is the lightest supersymmetric particle in the General Gauge Mediation model of supersymmetry 

and escapes the detector unmeasured resulting in a large missing transverse energy. In the signal process 

one of the Z bosons decays leptonically producing a same flavour, opposite sign lepton pair, while the other 

Z boson either decays hadronically producing additional jets or invisibly to a neutrino pair resulting in ad-

ditional missing transverse energy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Feynman Diagram of the Signal Process Searched for in the on-Z signal  

    region 

 

 

 

Results of the Recreated Analysis 
The results from the recreated analysis agree extremely well with the original ATLAS paper analysis. The 

number of data events in the various signal, control and validation regions used in the analysis closely 

agree, there are only small differences in the number of data events in the various regions, less than the un-

certainty on the number of events. The slight differences are observed despite applying the same selection 

requirements for the regions. This is likely due to the fact that analyses use different reconstructions of the 

physics objects and the missing transverse energy from the raw detector measurements. The paper analysis 

used a recent reconstruction performed in 2015, while the recreated analysis uses a reconstruction of phys-

ics objects from shortly after when the data was taken. There is a reasonably good agreement between the 

numbers of predicted background events in the various regions for the analyses. This is because the paper 

analysis primarily uses data-driven methods to model background processes while the recreated analysis 

uses Monte Carlo modelling.  

 

The distributions of events in the on-Z signal region are shown below. The paper plots are to the left while 

the plots from the recreated analysis are to the right. The top plots show the distribution in the dilepton in-

variant mass while the bottom plots show the distribution in the missing transverse energy. In the plots the 

black points show the observed data while the filled coloured histogram show the standard model back-

ground predictions. The dashed lines in the ATLAS plots are the predictions from Monte Carlo modelling 

of signal processes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Histograms of Events in the on-Z Signal Region  

 

Recursive Jigsaw Variables 

With the paper analysis successfully recreated, the events in the on-Z signal region were examined using 

recursive jigsaw variables. Standard variables such as the missing transverse energy are defined in the la-

boratory frame and are based on what the detector can measure. Recursive variables are defined in various 

frames, particularly the rest frames of particles in the decay. The recursive jigsaw calculation was adapted 

to the decay topology of the process being searched for. The recursive jigsaw algorithms successively ap-

proximate the rest frames of the particles in the decay for each event and calculate variables based in the 

approximated rest frames. This is useful as variables based in the rest frame of a particle can provide more 

physically relevant information.  

 

There are two types of recursive jigsaw variables used in this analysis. There are the mass scales, which are 

sensitive to the mass splitting of particles along the decay tree, and angular variables which are the angles 

between the rest frames of particles in the decay or angles between the boosts between the rest frames. 

Results of Recursive Jigsaw Analysis 
With the recursive jigsaw calculation added the analysis was performed again. The distribution of events in 

the on-Z signal region was examined in a variety of recursive jigsaw variables of both the scale and angular 

type.  Example plots of the distribution of events in one angular variable cosϴW1 and one scale variable 

MTT are shown below.  

 

To properly use a variable to define a signal region the distribution of the Monte Carlo modelling of the 

signal process being searched for must compared to the modelling of the standard model background pro-

cesses. Signal Monte Carlo for 8 TeV processes are not readily available due to the transition to the 13 TeV 

run of the Large Hadron Collider. However, due to the low background expectation in the on-Z signal re-

gion, differences in the distribution of the data and the background Monte Carlo modelling can indicate the 

potential of a variable to be used to define a signal region. Most of the variables showed little difference in 

the distribution of the background and the data and are likely not useful for defining a signal region.  

 

The plots below were chosen due to a difference in the distributions as they indicate variables that poten-

tially could be used to define a signal region. In the dielectron channel, the cosϴW1 distribution has most of 

the data events between values of 0.5 and 1 while the background is more evenly distributed between val-

ues of -0.5 and 1. The MTT distribution in the dimuon channel has most of the data events between values 

of 900 and 1300 GeV while the background is evenly distributed between values of 1100 and 2000 GeV. 

While these variables appear to be potential candidates for defining a signal region it is hard to be certain 

that it is not a statistical fluctuation due to the high statistical uncertainty due to the low number of events 

in the signal region. 

Figure 3: Distributions of Events of the on-Z Signal Region in Recursive Jigsaw Variables 

 

Conclusion and Future Work 
The ATLAS search for supersymmetry with final states with a same flavour, opposite sign lepton pair, jets 

and missing transverse energy performed on 8 TeV data from the LHC was successfully recreated. The re-

sults in all of the signal, control and validation regions used in the search agreed very well between the rec-

reation and the paper analyses. The recursive jigsaw calculation was adapted to the signal process searched 

for in the on-Z signal region and the distribution of events in the signal region were examined using recur-

sive jigsaw variables. Several variables displayed the potential for use in defining a signal region. 

 

The work presented here was performed for my Honours thesis in 2015. I recently started my PhD and am 

working on setting up the recursive jigsaw calculation for the two lepton strong search for supersymmetry 

to be performed on data taken during the 13 TeV run of the Large Hadron Collider. 
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Recent posters at the CoEPP  

workshop from Adelaide students 

studying these important channels 



SUSY: Strong Production 

Squark and Gluino search in SS dilepton and 3-lepton 

Various signal regions probe 

different processes we may 

be sensitive to 



SUSY: Strong Production: Z+MET 

Squark and Gluino mediated 2lep+MET+jets 

Control regions look good. 



SUSY: Strong Production 

Squark and Gluino mediated 2lep+MET+jets 

But wait!! 



SUSY: Strong Production 

Squark and Gluino mediated 2lep+MET+jets 

Maybe an excess – but it isn’t this particular  

signal process. Otherwise >=8 jets and 0 leptons  

would see it!  

Unless (trigger, too little MET etc etc)...  



scalar 

bottom 

searches 

scalar top 

searches 

3rd SUSY generation topologies 



Scalar bottom searches – still no excess at 13TeV 

0 lepton + 2 b-jets + MET 

Primary signature for direct sbottom production 

Direct Stop sensitivity for small                        

in 

Analysis method: 

• Trigger: ET
miss  

• Selection: ET
miss, 2-b-jets, lepton veto  

• Large Δm(b1,χ0
1): large mCT, mbb > 200GeV, 

3rd jet veto  

• Small Δm(b1,χ0
1): require an anti- b-tagged 

ISR jet, large HT,3 and ET
miss 

• Main backgrounds: Z(νν)+bjets, W+bjets, tt 

from Z(ll)+bjets 

control region 
from single lep or 

e/μ control region 



Main Backgrounds 

• Semileptonic tt with one 

missing (or hadronic tau) 

lepton: normalise with 1-lepton 

control region (CR) in data 

• Z(vv)+j normalise with Z(ll) CR 

• tt + W/Z taken from MC 

0lepton + 6 jets (2 b-jets) +ET
miss analyses   

One example of selection showing fully 

resolved signal regions 

AND/

OR 

Challenging fully hadronic search 

exploiting large MET regime, 

sensitive to t+LSP decays 



Stop searches - summary 



3rd generation searches – Run 1 summary 

Simply altering the stop branching 

fractions alter the limits severely 



SUSY: Electroweak Production 



SUSY: Long-lived particles 



SEARCHES: Part III 

EXOTICA 



Gratuitous Tony Williams Coffee Joke Slide  

New Physics 



Exotics 

• What makes something “Exotic”? 

• If ≠ SUSY .and. ≠ HIGGS .then. EXOTICA! 

• More generally SUSY tends to have large missing 

momentum and Exotics doesn’t necessarily (although 

RPV and Long-lived SUSY mess with this paradigm) 

• Also, Exotics is the place where non-SM resonance 

searches are performed (although they overlap with BSM 

Higgs) 

• Take >=2 SM objects, plot the invariant mass and look 

for a bump - Easy  (Maybe ) 

 



Exotics: Run1 summary 



Long-lived particle searches: Run1 summary 



Exotics: Run1 - diboson resonances with boson-tagged jets  



Exotic High-Mass Anomalies 

• Diboson “bump”: VV  jjjj around 2 TeV? 

– 3.5σ local significance, 2.5σ global significance 

 

Exciting @ Run 2! 

Exotics: Run1 - diboson resonances with boson-tagged jets  

Seen at both ATLAS and CMS! 



Early Searches for Exotic New Phenomena 



Di-Jets 



Di-Jets 



Search for new phenomena in Multi-Jet events 



Di-lepton Resonances (LFC and LFV) 



Di-lepton Resonances (LFC and LFV) 



Di-lepton Resonances (LFC and LFV) 





Search for Resonant Lepton+MET 



“Things that go bump in the light” 



“Things that go bump in the light” 



“Things that go bump in the light” 

A little history lesson: 

This is what the H->γγ “signal”  

looked like back in 2011. 

 

It looks eerily similar to this  

bump at 750GeV today 

 

The beauty of a resonance  

signal is that simply by  

integrating more data we can 

answer the question 



Other “Higgs” results…. 

http://arxiv.org/abs/1509.05051 

Consider several channels 

If you do enough searches you  

should see 3σ excesses…. 

http://arxiv.org/abs/1509.05051


Searches in Di-Boson Final States Using Jet Substructure 



Searches for Resonance in Di-Boson VV Final States 



Searches for Resonance in Di-Boson VV Final States 



Searches in Di-Boson Fully hadronic final state 

A lot of excitement about this during 2015 



Searches in Di-Boson in VH final states 



SEARCHES: Part V 

WHAT DOES IT ALL MEAN? 



Anomalies/Hints/Excesses – We do have a few  

• X(750)->γγ (Run2….not seen in Run1)  

– not seen in Run1? Why? 

– why no di-jet bump at 750GeV? 

• X(2000) -> WW/WZ/ZZ (Run1…not yet in Run2) 

– don’t see this in other diboson channels….yet? That’s weird! 

• Z(ll)+jets+MET: Run1 and Run2 excess 

– hints from ATLAS and CMS 

– Not as trivial as a resonance to pin down 

– Z+jets background? Jet flavour composition? 

– Why no excess in jets+MET analyses? 

– Excess on Z peak or in ‘edge’ analysis 

* In all of these channels CMS sees some hints of excess too! 

(although not entirely clear at the moment) 

 



Summary 

There ARE anomalies in the LHC data (and beyond) that cannot 

be reconciled with the Standard Model alone – but no clear 

discovery yet. 

Some of these are well motivated (additional heavy resonances) 

but one would expect them to decay in multiple channels, as the 

Higgs does. 

Remember that the LHC design energy was/is 14TeV!  

So we are just getting started!! We’ll be taking data for the next 

10-20 years (depending on other machines) 

The beauty of a search is that there can be discovery at any time.  



Thanks! Some backup slides may follow 
 
p.jackson@adelaide.edu.au 



Searches in Di-Boson Fully hadronic final state 



SEARCHES 

Objects Multiplicity Resonance Analysis 

Techniques 

jets 0-10 Yes and no αT, HT, Meff, 

MT2,Razor,RJR 

b-jets 0-4 

electrons 0-4 

muons 0-4 

taus 0-3 

photons 0-3 

W 0-3 

Z 0-3 

MET Yes/no 

Boosted Jets Yes/no 

Boosted 

Bosons 

Yes/no 

Higgs Yes/no 

(maybe?) 

charm-tagged 

jets 

0-2 

Top-tagged 

jets 

0-2 

• Essentially you can search for any number 

and combination of any of these objects 

• There are always multiple variables and 

ways to do the same analysis 

• Some of these aren’t really a search though 

but as we’ll see one persons measurement 

can be another persons search 

• Not even mentioned displaced vertices, 

long-lived, multi-charged, monopoles etc 

etc 



SUSY searches rely primarily on the 

understanding of the SM backgrounds 

HOWTO search for SUSY 



ATLAS Run-2 



ATLAS Run-2 



Search for new phenomena in Photon-Jet events 



ATLAS Run-2 



Search for Resonant DiPhotons 



SUSY 

SUSY ~duplicates spectrum of particle states wrt. Standard Model 

Sparticle decays produce SM objects: 

(b/c-)jets, leptons, τ, γ, invisible 

(MET), … 

Early focus of Run2 is on strong production with squarks/ gluinos 

Cancellation of the top loop 

correction to the Higgs mass 

requires (relatively) light 

susy…perhaps particularly third 

generation squarks 

 

But, direct production cross 

section is relatively small compared 

to light squark and gluino 

 

Dedicated searches required 

 

 



2lepton (+jets) +ET
miss analyses   



2 leptons (+jets) + MET 

 

Analysis mainly targets  

Complements bb + ET
miss analysis for large 

Limits placed in various kinematic scenarios 

2lepton + (b) jets + ET
miss analyses  



Selections: 

• 2leptons and 2 b-jets 

• Leading lepton pT < 60 GeV 

• mT2(ll, ET
miss ) < 90 GeV 

• mT2(bb,l`+l2+ET
miss ) > 160 GeV 

 

• Main backgrounds (single top and top pairs) 
normalized in dedicated 1b control region 

2lepton + (b) jets + ET
miss analyses   

Leptonic mT2 

analysis best here Hadronic mT2 

analysis best here 



Higgs Searches 

HH -> γγbb 

…excess on the order  

of 2.4σ at a mX = 300GeV 

Others channels investigated as well 

 

One thing is clear - with many hundreds 

of searches we should be seeing  

anomalies purely from a statistical  

viewpoint. 

 

If anything there should be more 2-3σ 

deviations but we tend to be overly 

conservative and inflate systematic  

uncertainties on occasions…personal view   

 

More later…. 



Higgs Searches 

Beyond SM 

Higgs? 



Higgs Searches – Hint from Run1 

 

Also: BR(eτ) < 0.69%, BR(eμ) <  0.036%  


