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Natural SUSY

2

mass

“Natural SUSY” implies relatively low 
masses for 
✦ 3rd generation squarks 
✦ stop, sbottom 

✦ gluinos
✦ Higgsinos (→charginos, neutralinos)

Hierarchy problem: requires cancellation of 
the quadratically divergent loop corrections 
to the Higgs boson mass in SM 
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SUSY search strategy

✴ Strong production of squark and gluinos
✴ large cross-section
✴ inclusive searches: jet + ETmiss + (0/1/2) leptons
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✴ EWKinos and third generation squarks 
✴ low mass required by naturalness
✴ more likely accessible at the LHC, but 

cross sections are much smaller
✴ dedicated searches optimized on the 

signal kinematics

Look for:
✴ 3rd generation squarks in gluino decay
✴ direct production of light stop/sbottom
✴ EW production of gauginos gluino mediated 

production
direct  

production
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SUSY models

✦ CMSSM - UV models with few parameters, e.g., 
mSUGRA 
✦ are very predictive and very constrained by multiple 

sources. 
✦ They are phenomenologically limited, experiencing 

tension.

✦ pMSSM - reduces the number of MSSM parameters 
with experimentally motivated assumptions. 

✦ Can lead to complex spectra and decay patterns.
✦ Less constrained SUSY.

✦ Simplified Models - only constrain the sparticles 
populating a given channel, but there are no correlations 
between different searches or other experiments (e.g., 
DM) and can be unphysical in some limits 
✦ Generate events with given decay chain on both legs
✦ Assume 100% BR in both legs and the
✦ SUSY production cross-section
✦ Express reach in the plane determined by the involved 

masses
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✦ Common features to all these analysis:
✦ RPC assumed (LSP stable, large ETmiss)
✦ Signal discrepancy expected in the tails
✦ Fighting with low statistic 
✦ Data @13TeV is needed to progress in the searches

ATLAS-CONF-2012-167

Strategies for natural SUSY search

✦ ATLAS
✦ Assumes a particular simplified model
✦ Identify the corresponding signatures based on the 

kinematics (depends on the decay and mass spectrum) 

✦ For both experiment then 
✦ Cut & count experiments (though work in progress on MVA)
✦ Derive the limits (so far)
✦ Reinterpretation on some compatible scenarios

✦ CMS
✦ Maintain the characteristic of an inclusive search
✦ Specialize the SR on the base of the assumption of some 

simplified model

CMS-SUS-12-028
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Searches tools  

✦ alpha_t 
✦ = 0.5 perfect balanced dijet event;  
✦ < 0.5 jet mismeasurement
✦ > 0.5 recoil against genuine ETmiss
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A number of variables (sometimes quite complex)  used to discriminate from signal to background
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Effective mass: HT + ETmiss

Transverse mass:

Cotransverse mass: ET and pT of the visible particle 
in the event
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of the trigger over the period of data collection, a small inefficiency of 0.99+0.01
−0.02 is encountered

in the lowest HT = 275 GeV bin and corrected for. In the HT = 325 GeV (375 GeV) bins, the
trigger is fully efficient with a statistical uncertainty of 3.4% (3.2%).

A suite of prescaled HT triggers is used to select events which stem mainly in QCD multi-jet
production. A photon control sample to constrain the background from Z → νν̄ events is
selected with a single object photon trigger.

The analysis follows closely Ref. [1]. Events with two or more high-pT jets, reconstructed using
the anti-kT algorithm [10] with a size parameter of 0.5 are selected. Jets are required to have
ET > 50 GeV, |η| < 3 and to pass jet identification criteria [11] designed to reject spurious
signals and noise in the calorimeters. The pseudorapidity of the jet with the highest ET (leading
jet) is required to be within |η| < 2.5, and the transverse energy of each of the two leading jets
must exceed 100 GeV.

Events with jets passing the ET threshold but not satisfying the jet identification criteria or the
η acceptance requirement are vetoed, as this deposited energy is not accounted for in the event
kinematics. Similarly, events in which an isolated lepton (electron or muon) with pT > 10 GeV
is identified are rejected to suppress events with genuine missing energy from neutrinos. The
electron and muon selection requirements are described in [12] and [13], respectively. Further-
more, to select a pure multi-jet topology, events are vetoed in which an isolated photon [14]
with pT > 25 GeV is found.

Events are required to satisfy HT > 275 GeV. As the main discriminator against QCD multijet
production the variable αT, defined for di-jet events as:

αT =
ET

jet2

MT
=

ET
jet2

��
∑2

i=1 ET
jet

i

�2
−

�
∑2

i=1 p
jet

i

x

�2
−

�
∑2

i=1 p
jet

i

y

�2
,

is used and events are required to have αT > 0.55. In events with jet multiplicity n > 2, two
pseudo-jets are formed following Ref. [1] and Eq. 2 is applied to the pseudo-jets.

To protect against multiple jets failing the ET > 50 GeV selection requirement, the jet-based
estimate of the missing transverse energy, H/T, is compared to the calorimeter tower-based esti-
mate, E/T

calo, and events with Rmiss = H/T/E/T
calo > 1.25 are rejected.

Finally, to protect against severe energy losses, events with significant jet mismeasurements
caused by masked regions in the ECAL (which amount to about 1% of the ECAL channel
count), or by missing instrumentation in the barrel-endcap gap, are removed with the follow-
ing procedure. The jet-based estimate of the missing transverse energy, H/T, is used to identify
jets most likely to have given rise to the H/T as those whose momentum is closest in φ to the
total �H/T which results after removing them from the event. The azimuthal distance between
this jet and the recomputed H/T is referred to as ∆φ∗ in what follows. Events with ∆φ∗ < 0.5 are
rejected if the distance in the (η, φ) plane between the selected jet and the closest masked ECAL
region, ∆RECAL, is smaller than 0.3. Similarly, events are rejected if the jet points within 0.3 in η
of the ECAL barrel-endcap gap at |η| = 1.5.

To increase the sensitivity to higher-mass states, we carry out a shape analysis over the entire
HT > 275 GeV region. This requires that the Standard Model background estimation methods
which are based on data control samples, provide an estimate of the background for each of the
HT bins in the signal region with HT > 275 GeV. The background estimation methods based on
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In addition to this hemisphere algorithm for defining the megajets we also considered

a simple approach where the n objects in an event are partitioned into two groups in all

possible (2n−1 − 1) ways and the partition that minimizes the sum of the megajet invariant

mass-squared is chosen. The two hemisphere algorithms give similar results.

The razor frame is the frame in which the two megajets are equal and opposite in the ẑ−

(beam) direction. In this frame, the four-momenta of the megajets are

pj1 =

�
1

2

�
MR − (�pj1T − �pj2T ) · �/ET

MR
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where MR is the longitudinal boost invariant quantity, defined by

MR =
�
(Ej1 + Ej2)2 − (pj1z + pj2z )2 . (9)

The other longitudinally invariant razor observables are

MT
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�
/ET (p

j1
T + pj2T )− �/ET · (�pj1T + �pj2T )

2
, (10)

R =
MT

R

MR
, (11)

here pT = |�pT |. Note that the missing transverse energy, �/ET is calculated from all activity

in the calorimeters whereas �p
j1,2
T involve just the jets above our cuts.

MR provides an estimate of the underlying scale of the event. MT
R is the transverse

observable that also estimates event-by-event the value of the underlying scale. The “razor”

variable R2 is designed to reduce QCD multijet background to manageable levels. R is

correlated with the angle between the megajets. Events where the two mega-jets are roughly

co-linear have R2 ∼ 1 while events with back-to-back megajets have small R2. In general

R2 has a maximum value of approximately 1, and the QCD multijet background peaks at

R2 = 0. Thus, by imposing a cut on R2, one can essentially eliminate the QCD multijet

background.

B. Analysis

The razor analysis uses a set of dedicated triggers which allow one to apply low thresholds

on MR and R2. The events that pass the triggers are then classified into six disjoint boxes

4 3 The Razor Analysis

The problem with the conventional parameterization of this process is that, with two unseen111

LSPs, there are not enough experimental observables to reconstruct any of the three reference112

frames just described. This is true even in the absence of initial state pT (as will now be assumed113

throughout), where the CM frame is just a longitudinal boost from the lab frame.114

The strategy of the razor analysis is to approximate these unknown frames with a razor frame115

that is defined unambiguously from measured quantities in the lab frame. Event by event,116

razor frame observables then estimate the scales M∆ and γCM M∆ seen above.117

A razor frame is defined by finding a longitudinal boost from the lab frame to a frame where118

the visible energies can be written in terms of an overall scale that is manifestly invariant under119

longitudinal boosts. This then defines a razor frame where the scale of the visible energies is set120

by a quantity that should approximate γCM M∆ in the (unknown) CM frame. Such longitudinal121

boosts are very special; in fact there are only two independent ones:122
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z
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The first razor boost βR defines the R frame where the visible four-momenta reduce to123
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where MR is the longitudinal boost invariant124
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In the limit that βCM is small (production near threshold), this MR is a direct estimator of the125

SUSY mass scale M∆. More generally MR is an estimator of γCM M∆, the quantity that sets the126

scale for the visible CM energy. A drawback of the R frame construction is that βR as defined127

by (9) is not guaranteed to have magnitude less than unity; this means that for some fraction of128

events γR is either imaginary or singular and the razor method cannot be applied.129

The second razor boost βR∗
L defines the R∗ frame where the visible four-momenta reduce to130

pj1 = (
1
2
(MR − (�pj1

T − �pj2
T) · �Emiss

T
MR

), pj1
T, pz) , (14)

pj2 = (
1
2
(MR +

(�pj1
T − �pj2

T) · �Emiss
T

MR
), pj2

T,−pz) , (15)

where MR is the longitudinal boost invariant131
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�
(Ej1 + Ej2)

2 − (pj1
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z )2 , (16)

and the longitudinal momentum pz is determined from the massless on-shell conditions. Ob-132

viously the R∗ frame always exists since the magnitude of βR∗
L is less than unity. Here again MR133
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B. Analysis

The razor analysis uses a set of dedicated triggers which allow one to apply low thresholds

on MR and R2. The events that pass the triggers are then classified into six disjoint boxes

✦ razor: decomposition of the particle 
boost,  

Scalar sum of the pT of jets (+ lepton)

AT
LA

S

C
M

S
MTR is defined using transverse quantities 
and it is MET-related

MR is defined using momentum after 
trasformation, assuming jet have the same 
momentumStransverse mass: minimization performed on all 

possible decomposition of the pTmiss
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Cross Section and Limits 
A common approach has been taken by ATLAS and CMS concerning

✦ SUSY cross sections with uncertainties

✦ https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections

✦ representation of the exclusion limits

✦ expected and observed limits ( + 1σ band) 

7
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Sensitive to model in which squarks (except 3rd gen) are much heavier than gluinos

Depending on the decay of the stop/sbottom quarks, several signatures are possible

Gluino mediated searches

8

✦ multijet ( > 6, some of which b-tagged) + ET
miss

✦ all hadronic or 1lepton signature

✦ Final states with multiple W bosons decaying leptonically (+bjets)

✦ 2 leptons SS signatures (gluino is a strongly interacting Majorana particle) ⇒ small SM background

✦ events with ≥ 3 lep + multiple jets → suppression of charge flip and fakes
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Gluino mediated (gtt) search
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✦ full had. ( ≥ 3jet, ≥1 b, ETmiss ):         
HT + ETmiss                     (CMS-SUS-12-024)

✦ 1lep + ≥ 6jet, ≥2 b, ETmiss :                
HT + ETmiss + STl + Δφ    (CMS-SUS-12-007)

✦ 2lep SS + ≥2 b:                                       
HT + ETmiss + Njet           (CMS-SUS-12-017)

✦ ≥3 lep + jets + ETmiss :                         
HT + ETmiss + Njet           (CMS-SUS-12-026)

CMS
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✦ full had. ( ≥ 4-6jet, ≥3 b, ETmiss ):  
meff + ETmiss        (ATLAS-CONF-2012-145)

✦ 2lep SS + jet, bjet, ETmiss:              
mT + meff            (ATLAS-CONF-2013-007)
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Gluino mediated (gbb) search
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✦ full had. ( ≥ 4-6jet, ≥3 b, ETmiss ):  
meff + ETmiss     (ATLAS-CONF-2012-145)

ATLAS-CONF-2012-145

ATLAS

✦ full had. (jet + ETmiss ): αT , HT                                     
(CMS-SUS-12-028)

✦ full had. ( ≥ 3jet, ≥1 b, ETmiss ):  HT + ETmiss                
(CMS-SUS-12-024)

CMS
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Direct stop production searches
✴ The cross section for stop pair production falls rapidly 

with increasing stop mass

✴ region at high mass: small cross section, irreducible top 
pair background but one can cut on hard kinematics if 
m(stop)-m(LSP) large

✴ for mass stop around mass top: need for powerful 
discriminating variables 

✴ it’s about 10 times smaller then ttbar production 
since stop is a scalar

11

mt

σtt̄ = 176 pb

Mass difference among sparticles is an important parameter for the kinematic of the events 
→ analysis sensitivity highly affected
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Direct Stop results
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CERN ATLAS-SUSY seminar

https://twiki.cern.ch/twiki/pub/
AtlasPublic/CombinedSummaryPlots/
ATLAS_directstop_all_March13.pdf

ATLAS

t̃1 → tχ̃0
1

t̃1 → bχ̃±
1
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Direct Stop results
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1lep + jets, ≥1 b, ETmiss :  MT + ETmiss            (CMS-SUS-12-023)

Exclusive analysis published so far
More exclusive analysis ( Atlas-like) coming soon with full statistics

CMS
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CMS
Direct Sbottom search
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ATLAS-CONF-2012-165

b̃1b̃1 → (bχ̃0
1)(bχ̃

0
1)

2lep SS + ≥2 b:  HT + ETmiss + Njet                                 
(CMS-SUS-12-017)

full had. (jet + ETmiss ): αT , HT                                     
(CMS-SUS-12-028)
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EWKino search

15

1/2 Charginos 

1/2 Neutralinos 

MASS 
EIGENSTATES 

GAUGE  
EIGENSTATES 

SPIN NAMES 

0000 ~,~,~,~ du HHWB

!+±
du HHW ~,~,~

0
4

0
3

0
2

0
1

~,~,~,~ !!!!

±±
21
~,~ !!

✦ Mass eigenvalues generated through the mixing 
of gauge eigenvalues

✦ Depending on the mixing matrix neutralinos and 
charginos may be wino-, bino- or higgsino- like

✦ this affects the preferred decay mode through 
bosons (W,Z,H)

✦ naturalness requires that the higgsino is light

✦ Depending of the mass hierarchy, chargino and 
neutralino decay can proceed either via sleptons 
or via SM boson

✦ Preferred signature for direct ewkino pair 
production is multilepton final state + ETmiss
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EWKino search
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ATLAS-CONF-2013-035

ATLAS-CONF-2013-035

Limits drawn in simplified models scenario 
with decay either via slepton  and gauge boson 

ATLAS

CMS

CMS-SUS-12-022
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Italian contrib. to ATLAS natural SUSY search
• Italian SUSY group: Lecce, Milano, Pavia, Udine

• working together since few years as a group ( regular weekly meeting, mailing list and 
twiki page for info sharing) 

• different experience and competence complements each other

• well integrated in the DirectStop subgroup (T. Lari convener of the subgroup)

• 2-lepton signature investigated

17

Search for a supersymmetric top-quark partner in final states with two leptons in sqrt(s) = 8 TeV 
pp collisions using 13 fb-1 of ATLAS data - ATLAS-CONF-2012-167 - Dec.2012  b+chargino

Search for a heavy top-quark partner in final states with two leptons with the ATLAS detector 
at the LHC - JHEP11(2012)094 - Sept. 2012      top+neutralino, 7TeV, 4.7 fb-1

Update of the analysis for 20 fb-1 to be shown at LHCp, results still embargoed

Paper & conf note



G. Gaudio M. Pierini- VI Workshop Italiano sulla Fisica p-p a LHC - May 8-10th, 2013

Italian contrib. to ATLAS natural SUSY search

18

ATLAS-CONF-2012-167 ATLAS-CONF-2012-167

ATLAS-CONF-2012-167

updated to 21 fb-1 - results not yet public

✴ Sensitive to direct stop pair 
production, with stop decaying in 

on both legs (2-lep OS signature) 

✴ Main backgrounds: 
✴ tt,  dibosons
✴ fake or non isolated lepton, tt+W/Z, 

Wt, Z+jet

Selection mainly based on mT2 

4 different signal regions (mT2> 90, 100, 110)

2 channels (same and different flavor of the lepton)

t̃1 → bχ̃±
1 → blνχ̃0

1
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Conclusions 
✦ Huge effort in addressing search for natural SUSY search 

✦ 3rd generation squark in either direct or gluino mediated production

✦ EWKinos

✦ Most of the analysis have been already updated with the full 2012 data statistic

✦ Some new results at various stage of the approval procedure                                  
both analysis update and new analysis 

✦ No evidence found so far, limits mostly drawn in simplified model scenario

✦ Large fraction of the analysis optimized using simplified models:

✦ check that all possible model grids are covered

✦ try to cover the “holes” as much as possible

✦ Looking for signals in the tails: higher statistic and higher √s will help

✦ Start thinking about 13 TeV analysis

✦ Large phase-space of the SUSY models still uncovered 

✦ Still a lot of work to do

19
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Analysis Details
ATLAS
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ATLAS-CONF-2013-024

ATLAS Direct Stop search (0-lep)

22

ATLAS-CONF-2013-24

✴ Sensitive to direct stop pair production 

with top decaying fully hadronic
✴ Main backgrounds: 

✴ semilep tt (lepton mis-id),  Z(→νν)+HF,       
tt+ Z(→νν) 

✴ QCD multijets, W/Z+jets,  W+HF,          
tt+W(W),  dibosons

no excess observed →limits

Simplified model scenario:

ETmiss trigger: ETmiss >130 GeV

Request of 

✦ at least 6 jets (pT > 80, 80, 35, 35, 35, 35 GeV)

✦ 2 b-tagged jets

Three Signal region based on ETmiss (200, 300, 350 GeV) 

21 fb-1@ 8 TeV

ATLAS-CONF-2013-024

t̃1t̃1 → (tχ̃0
1)(tχ̃

0
1)

320 < m(t̃1) < 660 GeV m(χ̃0
1) = 1 GeV

400 < m(t̃1) < 620 GeV m(χ̃0
1) = 150 GeV
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✴ Sensitive to direct stop pair production with both 
stop decaying either 

                     or 

(two different simplified model, BR 100%)
✴ Main background: 

✴ dilep tt (1lepton mis-id, ouside acceptance, 
hadronically decaying τ lep)

ATLAS Direct Stop search (1-lep)

23

ATLAS-CONF-2013-37

6 SR: 
3 for top-neutralino scenarion + 
3 for b+chargino scenario )

signature: 1 lepton + jets + ETmiss

quite complex event selection:
✦ using combination of b-tagging, ETmiss, 
ETmiss/√HT, mT2, meff, HT

✦ shape-fit in (mT-ETmiss)

21 fb-1@ 8 TeV

ATLAS-CONF-2013-037 ATLAS-CONF-2013-037

t̃1 → tχ̃0
1 t̃1 → bχ̃±

1 (χ̃±
1 → W (∗)χ̃0

1)

ATLAS-CONF-2013-037
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ATLAS Direct Stop search (Z+bjet)
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ATLAS-CONF-2013-25

21 fb-1@ 8 TeV

ATLAS-CONF-2013-025 ATLAS-CONF-2013-025ATLAS-CONF-2013-025

✦ Looking for signature with 2-3 lep + b + ETmiss 

✦ m(ll) = m(Z)
✦ Main background: 

✦ dilep tt, Z+jets (2-lep )
✦ tt+Z, di- and tri-boson, fake lepton (3-lep)

✦ 5 SR: ETmiss and pT(ll) selection
✦3 for 2lep  
✦2 for 3lep

✦ Sensitive to direct stop pair production 
with stop mass 

interpreted both in 
✦ GMSB models (stop decaying to 

neutralino, being NLSP)

✦ Simplified model with 

m(t̃1) ≥ m(t) +m(χ̃0
1)

t̃2 → Zt̃1

χ̃0
1 → ZG̃
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ATLAS Direct EWKino search (3lep)
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ATLAS-CONF-2013-35

21 fb-1@ 8 TeV

✦ Sensitive to associated production of 

✦ decay can proceed either via slepton or bosons 
(only W,Z considered in the simplified model)

✦ looking for 3-lep + ETmiss final state
✦ Main background: 

✦ reducible (fakes) : tt, Wt, WW, Z/W+jet/γ
✦ irreducible: di- and tri- boson, tt+W/Z

6 SR (targetting different neutralino decays): 
3 Z-depleted (Z off-shell or slepton decay)
3 Z-enriched (Z on-shell decay)

✦  Selection based on 
✦  m(ll), b-veto,  mT, ETmiss,

ATLAS-CONF-2013-035 ATLAS-CONF-2013-035

χ̃±
1 χ̃

0
2 → (l+νχ̃0

1)(l
+l−χ̃0

1)
ATLAS-CONF-2013-035 ATLAS-CONF-2013-035
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ATLAS Direct Sbottom search
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ATLAS-CONF-2012-165

b̃1b̃1 → (bχ̃0
1)(bχ̃

0
1)

∆m = mb̃1
−m

χ̃0
1

✴ Sensitive to direct sbottom pair production 

with different kinematics driven by:

✴ Main backgrounds: 
✴ tt,  W+HF, Z(→νν)+HF, QCD multijet
✴ tt+W/Z, tt+bb

no excess observed →limits

Simplified model scenario:

Selection based on lepton veto,  ETmiss,  b-tagging, 
ETmiss/meff, mCT, HT

mCT in bounded from above by

m2
CT (v1, v2) = (ET (v1) + ET (v2))

2 − (pT (v1)− pT (v2))
2

MMAX
CT =

m2(b̃)−m2(χ̃0
1)

m(b̃)

12.8 fb-1@ 8 TeV

update to 21 fb-1 ongoingATLAS-CONF-2012-165 ATLAS-CONF-2012-165

m(χ̃0
1) < 150 GeV m(b̃1) > 620 GeV

m(b̃1) ∼ 550 GeV m(χ̃0
1) > 320 GeV

m(b̃1) < 300 GeV ∆m(b̃1, χ̃
0
1) < 40 GeV
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Figure 2: Schematic diagram illustrating the 176 mutually exclusive observables of the analysis.

The E
miss

T
and HT distributions are divided into four bins each; the table gives the bin defini-

tions. The designations HTi and METi (i = 1 − 4) are used to label the individual HT and E
miss

T

bins. The Nb−jet distributions of the signal sample (ZL), top-quark and W+jets control sample

(SL), and QCD control sample (LDP), contain three bins each, corresponding to exactly one,

exactly two, and three or more identified b jets.

methods are presented in Section 5. Section 6 presents the results and Section 7 a summary.83

2 Detector and trigger84

A detailed description of the CMS detector is given elsewhere [36]. The CMS coordinate sys-85

tem is defined with the origin at the center of the detector and the z axis along the direction86

of the counterclockwise beam. The transverse plane is perpendicular to the beam axis, with87

φ the azimuthal angle (measured in radians), θ the polar angle, and η = − ln[tan(θ/2)] the88

pseudorapidity. A superconducting solenoid provides an axial magnetic field of 3.8 T. Within89

the field volume are a silicon pixel and strip tracker, a crystal electromagnetic calorimeter, and90

a brass-scintillator hadron calorimeter. The tracking system is completed with muon detectors,91

based on gas-ionization chambers embedded in the steel flux-return yoke outside the solenoid.92

The tracking system covers |η| < 2.5 and the calorimeters |η| < 3.0. The 3 < |η| < 5 region is93

instrumented with a forward calorimeter. The near-hermeticity of the detector permits accurate94

measurements of energy balance in the transverse plane.95

Events are selected using multiple trigger conditions, based primarily on thresholds for HT and96

E
miss

T
. The trigger efficiency, determined from data, is the probability for an event to satisfy the97

Zνν

W+jets, tt+jets
QCD

Bkg predicted from data control samples x scal 
factors, bin by bin in 3D space (HT vs MET vs 
btag)

Signal contamination in SL reduced with mT cut 
and taken into account when not negligible 
Other control samples defined signal free

Multi(b)jet+MET SUS-12-024
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8 5 Likelihood function and background evaluation methods
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Figure 4: (Top row): Ratio of the number of events in the zero-lepton (ZL) sample to the number
in the single-lepton (SL) sample for simulated top and W+jets events. The plots from left to
right show the results for Nb−jet = 1, 2, and ≥ 3, respectively. Within a plot, the leftmost group
of four consecutive points corresponds to E

miss
T bin 1 (MET1) of the table in Fig. 2, the next-

leftmost group to E
miss
T bin 2 (MET2), etc. The four points within each group correspond to

the four HT bins in the table, increasing in HT value from left to right (HT1 to HT4). (Bottom
row): The (left) Nb−jet = 1 results from the top left plot, divided by the average ratio from that
same plot, and (center and right) the corresponding results for Nb−jet = 2 and Nb−jet ≥ 3. The
uncertainties are statistical.

respectively. (Note: the average values happen to be very close to one, by coincidence.) Were222

the 3D shape of top and W+jets events the same in the simulated ZL and SL samples, the223

points in the top row would all be consistent with a single average value and the points in the224

bottom row consistent with one. Deviations from one on the order of 20-50% are seen for some225

points in the bottom row, indicating a shape discrepancy between the two samples. The shape226

discrepancy is strongest in the HT dimension. Consistent results are found if the POWHEG or227

MC@NLO [48] generators are used to describe the tt MC sample rather than MADGRAPH.228

Our estimate of the top and W+jets contribution to bin i, j, k of the ZL sample is thus

µ
ttWj

ZL; i,j,k = S
ttWj

i,j,k · R
ttWj

ZL/SL
· µ

ttWj

SL; i,j,k , (3)

where R
ttWj

ZL/SL
is the floating scale factor common to all bins mentioned above and the S

ttWj

i,j,k229

factors are the MC-based terms presented in the bottom row of Fig. 4, which account for the230

3D shape differences between the ZL and SL samples. In the likelihood function, the S
ttWj

i,j,k231

expected 
background in 

bin ijk

observed yield in 
control sample

overall normalization (unconstrained nuisance)

bin-by-bin scale factor (constrained 
to MC with sys error) 

Data agree 
with 

prediction
No evidence 

for excess

Multi(b)jet+MET SUS-12-024

16 most 
sensitive 

bins 
shown

30



Other

31



αT: Rejecting QCD

3

of the trigger over the period of data collection, a small inefficiency of 0.99+0.01
−0.02 is encountered

in the lowest HT = 275 GeV bin and corrected for. In the HT = 325 GeV (375 GeV) bins, the
trigger is fully efficient with a statistical uncertainty of 3.4% (3.2%).

A suite of prescaled HT triggers is used to select events which stem mainly in QCD multi-jet
production. A photon control sample to constrain the background from Z → νν̄ events is
selected with a single object photon trigger.

The analysis follows closely Ref. [1]. Events with two or more high-pT jets, reconstructed using
the anti-kT algorithm [10] with a size parameter of 0.5 are selected. Jets are required to have
ET > 50 GeV, |η| < 3 and to pass jet identification criteria [11] designed to reject spurious
signals and noise in the calorimeters. The pseudorapidity of the jet with the highest ET (leading
jet) is required to be within |η| < 2.5, and the transverse energy of each of the two leading jets
must exceed 100 GeV.

Events with jets passing the ET threshold but not satisfying the jet identification criteria or the
η acceptance requirement are vetoed, as this deposited energy is not accounted for in the event
kinematics. Similarly, events in which an isolated lepton (electron or muon) with pT > 10 GeV
is identified are rejected to suppress events with genuine missing energy from neutrinos. The
electron and muon selection requirements are described in [12] and [13], respectively. Further-
more, to select a pure multi-jet topology, events are vetoed in which an isolated photon [14]
with pT > 25 GeV is found.

Events are required to satisfy HT > 275 GeV. As the main discriminator against QCD multijet
production the variable αT, defined for di-jet events as:

αT =
ET

jet2

MT
=

ET
jet2

��
∑2

i=1 ET
jet

i

�2
−

�
∑2

i=1 p
jet

i

x

�2
−

�
∑2

i=1 p
jet

i

y

�2
,

is used and events are required to have αT > 0.55. In events with jet multiplicity n > 2, two
pseudo-jets are formed following Ref. [1] and Eq. 2 is applied to the pseudo-jets.

To protect against multiple jets failing the ET > 50 GeV selection requirement, the jet-based
estimate of the missing transverse energy, H/T, is compared to the calorimeter tower-based esti-
mate, E/T

calo, and events with Rmiss = H/T/E/T
calo > 1.25 are rejected.

Finally, to protect against severe energy losses, events with significant jet mismeasurements
caused by masked regions in the ECAL (which amount to about 1% of the ECAL channel
count), or by missing instrumentation in the barrel-endcap gap, are removed with the follow-
ing procedure. The jet-based estimate of the missing transverse energy, H/T, is used to identify
jets most likely to have given rise to the H/T as those whose momentum is closest in φ to the
total �H/T which results after removing them from the event. The azimuthal distance between
this jet and the recomputed H/T is referred to as ∆φ∗ in what follows. Events with ∆φ∗ < 0.5 are
rejected if the distance in the (η, φ) plane between the selected jet and the closest masked ECAL
region, ∆RECAL, is smaller than 0.3. Similarly, events are rejected if the jet points within 0.3 in η
of the ECAL barrel-endcap gap at |η| = 1.5.

To increase the sensitivity to higher-mass states, we carry out a shape analysis over the entire
HT > 275 GeV region. This requires that the Standard Model background estimation methods
which are based on data control samples, provide an estimate of the background for each of the
HT bins in the signal region with HT > 275 GeV. The background estimation methods based on

2.2 HT Dependence of RαT 5
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(c) Comparison of the αT distribution between data
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and H/T > 100 GeV.

Figure 1: Comparisons of basic quantities before the αT selection cuts.

2.2 HT Dependence of RαT

The ratio RαT
= N

αT>θ/N
αT<θ exhibits no dependence on HT if θ is chosen such that the nu-

merator of the ratio in all HT bins is dominated by tt, W +jets and Z → νν̄+jets events (referred

to in the following as EWK) and there is no significant contribution from events from QCD

multi-jet production [1]. This is demonstrated in Figure 3, using MC simulations for the cut

value θ = 0.55 over the range 275 < HT < 975 GeV.

One important ingredient in the RαT
method is the scaling of the jet pT thresholds in the low HT

bins to maintain jet multiplicities and thus comparable event kinematics and topologies in the

different HT bins. This is especially important in the case of the tt background, which have on

- αT = 0.5 for perfectly balanced dijet events
- αT<0.5 for dijet + mismeasurements
- EW main bkg after αT cut
- QCD events could leak to αT>0.5 because of 
  detector effects (rare)
- large fraction of signal events removed 
  (efficiency vs purity)

- After αT cut the signal looks similar to 
  bkg in αT

- another variable needs to be used to 
  characterize the signal
- Back to the “classic” paradigm”:
  signal as a tail on HT used by CMS 
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Figure 7: Result of the combined fit to the hadronic, muon and photon samples.
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2

ET/ /HT/ cut 300 350 400 450 500 550 600 650 700

ET/
σsusy(fb) 864. 759. 645. 526. 397. 257. 143. 81.9 51.1

S/B 0.7 1.0 1.3 1.7 1.8 2.0 1.8 1.5 1.4

HT/
σsusy(fb) 862. 757. 639. 521. 379. 229. 128. 74.5 47.4

S/B 0.7 1.0 1.3 1.7 1.9 1.8 1.7 1.5 1.3

TABLE I: For dijet events passing the cuts described in the
text, the dependence of the signal cross section and signal-
to-background (S/B) on a variable ET/ cut (top), and on a
variable HT/ cut (bottom). All energies are in GeV.

events passing all cuts.

• α: which we define as the ratio of the pT of the
second hardest jet and the invariant mass formed
from the two hardest jets,

α ≡
pT 2

mjj
. (1)

As far as we know, this variable has not been con-
sidered previously. Background events generally
trail off at α = 0.5, whereas supersymmetry events
with invisible decay products can easily have larger
α. Large α tends to arise in events in which the jets
are not back-to-back. As one extreme example, if
the two jets are nearly aligned, their invariant mass
can be quite small, leading to very large α.

Because of the background’s sharp drop-off around
α = 0.5, this variable is potentially useful as a diag-
nostic tool for analyzing two jet events and cleanly
separating signal events from QCD.

• ∆φ: the azimuthal angle between the two hardest
jets. Azimuthal angle is often used in conjunction
with missing transverse energy, and ∆φ was among
the variables used in the dijet SUSY search at D0
[1].

• MT2 [14]: which is defined for events in which two
particles of the same mass undergo identical semi-
invisible decays, as

MT2(χ) = min
q/1+q/2=p/T

{max[mT (p1, q1/ , χ), mT (p2, q2/ , χ)]},

(2)
where p1 and p2 are the momenta of the visible par-
ticles, pT/ is the missing transverse momentum of
the event, and mT is the transverse mass function,
which depends on an assumed value χ of the invis-
ible particle’s mass. In calculating MT2(χ) we use
the missing transverse momentum as determined
by the dijet system alone.

If χ is taken to be equal to the mass of the in-
visible particle, the MT2 distribution will have an
endpoint at the mass of the decaying particle. Not
knowing this mass, MT2 endpoints still constrain
the masses of the decaying and invisible particles,
as emphasized in [14] and used below.

We consider these variables singly and in tandem.
We find the first two variables are useful in that one
can choose parameter-independent cuts that give sizable
S/B, whereas the last variable, though more parameter-
dependent in its optimization, might ultimately maxi-
mize S/B. Since the advantage is not overwhelming, we
expect all the variables could prove useful, either at the
trigger or analysis level. Because they are dimensionless,
the first two variables might have the further advantage
of being less sensitive to absolute energy scale, and might
therefore have lower systematic errors.

For all our analyses, we select events in which exactly
two jets have pT > 50 GeV, with no isolated leptons,
photons, or τ jets. One could attempt to achieve better
background rejection by an additional veto on extra jets
with lower pT . In general, we have chosen felicitous cuts
but have not pursued a careful optimization, which will
be more appropriate at the full-detector-simulation level.

A gluino that is only slightly heavier than the squarks
arises naturally in models with supersymmetry broken at
a high scale, as renomalization-group effects prevent the
squarks from being hierarchically lighter than the gluino.
For our analyses we specify parameters at the high scale
and use the SUSY-HIT package [6] to calculate super-
partner masses and decay branching ratios. In the rel-
evant parameter regions, the signal depends strongly on
M1/2, the unified gaugino mass at the high scale, and is
less sensitive to M0, the unified scalar mass, because the
squark mass is dominated by gauge-loop contributions.
We set the other SUSY parameters to be tanβ = 10,
A0 = 0, and µ > 0.

The backgrounds included in our analyses are QCD,
(W → lν)/(Z → νν)+jets, and tt. We have checked
that diboson+jets production does not significantly mod-
ify our results. The QCD and tt samples were generated
with Pythia 6.4 [7], and Z/W+jets with Alpgen 2.12
[8]. Fully showered and hadronized events were then
passed to the PGS 4.0 detector simulator [9], with the
energy smearing in the hadronic calorimeter given by
∆E/E = 0.8/

√

E/GeV and the calorimeter granular-
ity set to (∆φ × ∆η) = (0.1 × 0.1). Jets were defined
using a cone algorithm with ∆R = 0.4.

A K-factor of 2 is applied to the QCD sample, but no
K-factor is used for W/Z production, because the most
important contributions come from W/Z+2 jets, which
are not enhanced at NLO [10]. (After cuts, W/Z produc-
tion ends up being the dominant background to SUSY
dijet events, so to include a K-factor one can simply di-
vide our signal-to-background ratios by K.) For tt we
use σ = 830 pb as the NLO production cross section [11].
Including the K factors our samples sizes are ∼ 0.8 fb−1

for QCD, ∼ 20 fb−1 for tt, and ∼ 100 fb−1 for W/Z. Ap-
propriate generator-level kinematic cuts were imposed to
obtain the QCD and W/Z samples.

SUSY samples were also generated with Pythia. For
each parameter point we use Prospino 2.0 [12] to calculate
an appropriate K-factor from the NLO cross section for
squark pair production [13].

Randall & Tucker-Smith
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αT: BKG Estimate
• EW bkg is estimated using the RαT (*) ratio

• This is computed scaling the pT of the jets with the HT threshold, to event 
topology

• The ratio is found to be compatible with the flat hypothesis within the available 
data and SM MC statistics2.3 Estimation of Background from tt and W + Jets Events using a Muon Control Sample 7
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Figure 3: (Left) The dependence of RαT
on HT for events with Njet ≥ 2. (Right) Dependence of

RαT
on HT when varying the effective cross-section of the four major EWK background compo-

nents individually by ±15%. (Markers are artificially offset for clarity.)

no evidence in the 2011 data that would invalidate the QCD free hypothesis, which in turn is

assumed to lead to RαT
being constant with HT.

Figure 3 (right) demonstrates the independence of RαT
on HT, based on MC simulations, even

when varying the effective cross-section of the four major EWK background components in-

dividually by as much as ±15%, which reflects our current knowledge of the cross sections

for these backgrounds [15, 16]. In each case, the behaviour is always consistent with the flat

hypothesis, with a p-value of at least 0.47. Studies with larger variations of ±50% also lead to p-

values that are consistent with the flat hypothesis. This is how the assumption of flat behaviour

is tested against the systematic uncertainties associated with the cross-section measurements

of the different EWK backgrounds.

In 2010, a cut-based approach was used, in which an extrapolation from a low-HT control region

(250 GeV < HT < 350 GeV) into the HT signal region (HT > 350 GeV) was performed in order

to estimate the SM background. In the current analysis of the 2011 data, a shape analysis over

the entire HT > 275 GeV region is carried out.

2.3 Estimation of Background from tt and W + Jets Events using a Muon Control
Sample

An estimate of the backgrounds from unidentified leptons and hadronic tau decays originating

from high-pT W bosons is obtained through the use of a muon control sample. In this sample

we explicitly select W’s decaying to a muon and a neutrino in the phase-space of the signal.

This is performed in the same HT bins as for the hadronic signal selection.

All cuts on jet-based quantities are consistent with those applied in the hadronic search region.

In order to select W events we have the following additional cuts:

• One isolated muon with pT > 10 GeV and |η| < 2.5.

• MT > 30 GeV, where MT is the transverse mass of the W candidate.

• ∆R(jet,muon) > 0.5

• H/T/HT > 0.4

• No second isolated muon in the event. This reduces Z → µµ.

2.2 HT Dependence of RαT 5
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Figure 1: Comparisons of basic quantities before the αT selection cuts.

2.2 HT Dependence of RαT

The ratio RαT
= N

αT>θ/N
αT<θ exhibits no dependence on HT if θ is chosen such that the nu-

merator of the ratio in all HT bins is dominated by tt, W +jets and Z → νν̄+jets events (referred

to in the following as EWK) and there is no significant contribution from events from QCD

multi-jet production [1]. This is demonstrated in Figure 3, using MC simulations for the cut

value θ = 0.55 over the range 275 < HT < 975 GeV.

One important ingredient in the RαT
method is the scaling of the jet pT thresholds in the low HT

bins to maintain jet multiplicities and thus comparable event kinematics and topologies in the

different HT bins. This is especially important in the case of the tt background, which have on

(*) Number of EW events with αT>θ / number of QCD events with αT<θ

• This is used to predict the bkg expected in each bin of HT.  Then a fit to the HT 
shape is used 
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The prototype process is 
squark-squark -> jj + 2 LSP

If we could put the 
squarks in their rest 
frames, we would see two 
jest with same |p|

We observe the jets in the 
lab frame, boosted by 
relative squark momentum 
and partons boost

We would like to undo the 
two boosts

The Razor 

βL

βT

z

y
q

q

Squark rest frames

Center of 
mass frame

Lab frame

2 3 The Razor Analysis

3 The Razor Analysis45

The razor kinematics is based on the generic process of the pair production of two heavy parti-46

cles, each decaying to an unseen particle plus jets. This includes SUSY signals with complicated47

and varied decay chains, or the simplest case of a pair of squarks each decaying to a quark and48

an LSP. All such processes are treated on an equal footing by forcing every event into a dijet49

topology; this is done by combining all jets in the event into two megajets. When an isolated50

lepton is present, it can be included in the megajets or not as explained in [2]. For the 1 fb−1
51

analysis the trigger requirements, pileup conditions, and pile-up subtraction dictate that iso-52

lated electrons enter the megajet reconstruction as jets, while isolated muons are not included53

in the megajet reconstruction and mimic the contributions of neutrinos. The megajet recon-54

struction is thus based on a calorimeter-driven view of the events.55

To the extent that the pair of megajets accurately reconstruct the visible portion of the under-56

lying parent particle decays, the signal kinematics is equivalent to pair production of heavy57

squarks q̃1, q̃2, with q̃i → jiχ̃i, where the χ̃i are LSPs and ji denotes the visible products of the58

decays. For simplicity we will use the approximation that the ji are massless.59

The standard computation of the cross section for such a process uses a parameterization of the60

phase space and the matrix element extracted from consideration of three preferred reference61

frames: the rest frames of the two squarks and the center of mass (CM) frame.62

In the rest frame of the ith squark, the 4-momenta of the squark and its decay products have63

the simple form64

pq̃i = Mq̃(1, 0) , (1)

pji =
M∆

2
(1, ûi) , (2)

pχi =
M∆

2
(

1
β∆

,−ûi) , (3)

where the ûi are unit vectors in the directions of the visible decay products,65

M∆ ≡
M2

q̃ − M2
χ̃

Mq̃
= 2Mχ̃γ∆β∆ , (4)

and β∆ is the boost parameter to the rest frame of the LSP χ̃i. The other preferred frame is the66

q̃1q̃2 CM frame, with67

pq̃1 = γCM Mq̃ (1, βCMûq̃) , (5)
pq̃2 = γCM Mq̃ (1,−βCMûq̃) , (6)

where ûq̃ is a unit vector in the direction of the first squark, and βCM is the boost parameter68

from the CM frame to the q̃1 rest frame. In the CM frame the energies of the visible decay69

products can be written70

Ej1 =
γCM M∆

2
(1 + βCMûq̃ · û1) , (7)

Ej2 =
γCM M∆

2
(1 + βCMûq̃ · û2) . (8)
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p*j1

p*j2

pRj1

pRj2

-βLR*

RAZOR
 CONDITION

|pRj1|= |pRj2|

-βTCM

βTCM

• In reality, the best we can do is to compensate the missing 
degrees of freedom with assumptions on the boost direction

- The parton boost is forced to be 
  longitudinal
- The squark boost in the CM frame 
  is assumed to be transverse 

• We require that the two jets 
have the same momentum 
after the transformation, and 
we solve for the boost

• The transformed momentum 
defines the MR variable

4 3 The Razor Analysis

The problem with the conventional parameterization of this process is that, with two unseen111

LSPs, there are not enough experimental observables to reconstruct any of the three reference112

frames just described. This is true even in the absence of initial state pT (as will now be assumed113

throughout), where the CM frame is just a longitudinal boost from the lab frame.114

The strategy of the razor analysis is to approximate these unknown frames with a razor frame115

that is defined unambiguously from measured quantities in the lab frame. Event by event,116

razor frame observables then estimate the scales M∆ and γCM M∆ seen above.117

A razor frame is defined by finding a longitudinal boost from the lab frame to a frame where118

the visible energies can be written in terms of an overall scale that is manifestly invariant under119

longitudinal boosts. This then defines a razor frame where the scale of the visible energies is set120

by a quantity that should approximate γCM M∆ in the (unknown) CM frame. Such longitudinal121

boosts are very special; in fact there are only two independent ones:122

βR ≡
Ej1 − Ej2

pj1
z − pj2

z
, (9)

βR∗
L ≡ pj1

z + pj2
z

Ej1 + Ej2
. (10)

The first razor boost βR defines the R frame where the visible four-momenta reduce to123

pj1 =
MR

2
(1, ûR

1 ) , (11)

pj2 =
MR

2
(1, ûR

2 ) , (12)

where MR is the longitudinal boost invariant124

MR ≡ 2|�pR
j1 | = 2|�pR

j2 | = 2

���� (Ej1 pj2
z − Ej2 pj1

z )2

(pj1
z − pj2

z )2 − (Ej1 − Ej2)
2

. (13)

In the limit that βCM is small (production near threshold), this MR is a direct estimator of the125

SUSY mass scale M∆. More generally MR is an estimator of γCM M∆, the quantity that sets the126

scale for the visible CM energy. A drawback of the R frame construction is that βR as defined127

by (9) is not guaranteed to have magnitude less than unity; this means that for some fraction of128

events γR is either imaginary or singular and the razor method cannot be applied.129

The second razor boost βR∗
L defines the R∗ frame where the visible four-momenta reduce to130

pj1 = (
1
2
(MR − (�pj1

T − �pj2
T) · �Emiss

T
MR

), pj1
T, pz) , (14)

pj2 = (
1
2
(MR +

(�pj1
T − �pj2

T) · �Emiss
T

MR
), pj2

T,−pz) , (15)

where MR is the longitudinal boost invariant131

MR ≡
�
(Ej1 + Ej2)

2 − (pj1
z + pj2

z )2 , (16)

and the longitudinal momentum pz is determined from the massless on-shell conditions. Ob-132

viously the R∗ frame always exists since the magnitude of βR∗
L is less than unity. Here again MR133

The Razor 
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as defined by (16) is an estimator of γCM M∆. It is also possible in this construction to obtain134

a direct estimator of M∆, by introducing a transverse boost along the direction of �Emiss
T , with135

boost parameter136

βR∗
T ≡ (pj1

T)
2 − (pj2

T)
2

MREmiss
T

. (17)

Performing this boost on (14), and the opposite boost on (15), the visible 4-momenta reduce to137

pj1 =
MR∗

2
(1, ûR∗

1 ) , (18)

pj2 =
MR∗

2
(1, ûR∗

2 ) , (19)

where MR∗ = MR/γR∗ .138

The next step of the razor strategy is to define a transverse observable that can also serve as139

an event-by-event estimator of the underlying scale M∆. As usual for transverse quantities we140

expect M∆ to be related to a kinematic edge rather than a peak.141

Several choices of the transverse observable are plausible. To the extent that events match the142

assumed topology, the maximum value of the scalar sum of the megajets transverse momenta143

(p1
T, p2

T) is M∆. The maximum value of the Emiss
T is also M∆. Especially useful is MR

T , a kind of144

average transverse mass whose maximum value for signal events is also M∆:145

MR
T ≡

�
Emiss

T (pj1
T + pj2

T )− �Emiss
T ·(�p j1

T + �p j2
T )

2
. (20)

Given a global estimator MR and a transverse estimator MR
T , the razor dimensionless ratio is146

defined as147

R ≡ MR
T

MR
. (21)

Signal events are characterized by the heavy scale M∆, while backgrounds are not. Qualita-148

tively we expect MR to peak for the signal over a steeply falling background. Thus the search149

for an excess of signal events in a tail of a distribution is recast as a search for a peak on top of150

a steeply falling Standard Model residual tail.151

To extract the peaking signal we need first to reduce the QCD multijet background to manage-152

able levels. This is achieved by imposing a threshold value for R. Recall that for signal events153

MR
T has a maximum value of M∆ (i.e. a kinematic edge); thus R has a maximum value of ap-154

proximately 1 and the distribution of R for signal peaks around 0.5. These properties motivate155

the appropriate kinematic requirements for the signal selection and background reduction. We156

note that, while MR
T and MR measure the same scale (one as an end-point the other as a peak),157

they are largely uncorrelated for signal events as shown in Figure 1.158

4 Analysis Path159

In both simulation and data, the distributions of SM background events are seen to have a160

simple exponential dependence on the razor variables R and MR over a large fraction of the161

MΔ

• MR is boost invariant, even if 
defined from 3D momenta

• No information on the MET is used

• The peak of the MR distribution 
provides an estimate of MΔ

• MΔ could be also estimated as the 
“edge” of MTR

• MTR is defined using transverse 
quantities and it is MET-related

• The Razor (aka R) is defined as 
the ratio of the two variables 

5

as defined by (16) is an estimator of γCM M∆. It is also possible in this construction to obtain134

a direct estimator of M∆, by introducing a transverse boost along the direction of �Emiss
T , with135

boost parameter136

βR∗
T ≡ (pj1

T)
2 − (pj2

T)
2

MREmiss
T

. (17)

Performing this boost on (14), and the opposite boost on (15), the visible 4-momenta reduce to137

pj1 =
MR∗

2
(1, ûR∗
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SUSY Search As a Bump Hunting
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For di-gluino pair-production (SMS T1), the MR distribution 
peaks at the characteristic scale: 

 [GeV]RM
500 1000 1500 2000 2500

a.
u.

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09  = 900 GeV
!"

 = 1150 GeV, mg~m

 = 750 GeV
!"

 = 1150 GeV, mg~m

 = 500 GeV
!"

 = 1100 GeV, mg~m

 = 50 GeV
!"

 = 1150 GeV, mg~m

g̃g̃ → (qqχ̃0
1)(qqχ̃

0
1)

Here, gluinos are pair-produced 
and undergo 3-body decays to 
two jets and an LSP 

+ 6 MR and new physics scale 

M∆ =
M2

q̃ −M2
χ̃

Mq̃

What happens to MR for topologies that differ from the one 
where it was derived? 

For di-gluino pair-production (SMS T1), the MR distribution 
peaks at the characteristic scale: 

 [GeV]RM
500 1000 1500 2000 2500

a.
u.

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09  = 900 GeV
!"

 = 1150 GeV, mg~m

 = 750 GeV
!"

 = 1150 GeV, mg~m

 = 500 GeV
!"

 = 1100 GeV, mg~m

 = 50 GeV
!"

 = 1150 GeV, mg~m

g̃g̃ → (qqχ̃0
1)(qqχ̃

0
1)

Here, gluinos are pair-produced 
and undergo 3-body decays to 
two jets and an LSP 

- Peaking signal at MR ~ MΔ 
  (discovery and characterization)
- R2 is determined by the 
  topology, but not changes too 
  much vs particle masses

+ 9 

For a given signal topology, R2 is nearly identically 
distributed over a wide range of characteristic scales 
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R2 is sensitive to the scale invariant ‘shape’ of the event, 
MR is sensitive to the characteristic scale 
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t → Wb

Cut & Count Approach

38

t̃1 → bχ̃±
1t̃1 → tχ̃0

1

MMAX
CT (b1, b2) =

m2(t)−m2(W )

m(t)
= 135.0GeV

MMAX
CT (l1, l2) =

m2(W )−m2(ν)

m(W )
= 80.4GeV

The contransverse mass (MCT) and stransverse mass 
(MT2)  show end points at approximately:

In stop decay one has two invisible particles among the 
upstream particles and two among the downstream 
particles. Both classes of particles are summed up in MET ll



G. Gaudio M. Pierini- VI Workshop Italiano sulla Fisica p-p a LHC - May 8-10th, 2013

Exclusion Limit
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Summary ATLAS searches
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1
!%, -
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 mass#$
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Only a selection of the available mass limits on new states or phenomena shown.*
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ATLAS
Preliminary

7 TeV, all 2011 data

8 TeV, partial 2012 data

8 TeV, all 2012 data

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 26, 2013)
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Sparticle spectrum
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