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STATUS OF SUSY
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NATURAL SUSY STILL ALIVE?
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Most natural corners are the most difficult to look at and it may take long before they are excluded
It is extremely important to be sure to close all the windows before abandoning the “SUSY house”!
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ALTERNATIVES
b-RPV

The stops decay to 2 jets and the gluino to 3 jets
Strongest constraint on Naturalness still comes 
from gluino
No limit on RPV stops yet from LHC

Dirac Gaugino

Models with an exact R-symmetry 
forbid a Majorana mass for gauginos
Gaugino masses are generated by 
mixing with extra adjoint superfields
More natural splitting between stops 
and gluino

NMSSM

To insist on a natural spectrum one 
needs a new source of quartic to 
reproduce the observed Higgs mass
This can be achieved in the NMSSM 
at small tangent beta and moderate �

Still difficult to keep the fine-tuning above 5%
(Arvanitaki, Baryakhtar, Huang, Van Tilburg, Villadoro 1407.0608 [hep-ph])

1311.1799 [hep-ex]
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LEP+Tevatron

1302.0531 [hep-ex]
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STOP SEARCHES: PAIR PRODUCTIONS
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for small         needs recoil of the stops system against hard QCD radiation which decreases 
the rate
when LSP is light it becomes more difficult to have large MET
simulation of QCD radiation and higher order corrections require good understanding
dominant stop decay channels in the very compressed region are model dependent
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THE LIGHT STOP WINDOW

1407.0608 [hep-ex] 1407.0583 [hep-ex]

1407.0608 [hep-ex] 1403.4853 [hep-ex]
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THEORY PROPOSALS: RAZOR
Delgado, Giudice, Isidori, Pierini, 
Strumia 1212.6847 [hep-ph]

Exploits the S-B kinematic differences in processes 
like SUSY pair productions with cascade decays by 
using the two kinematic variables        (dimensionful) 
and R (dimensionless) (Rogan 1006.2727 [hep-ph])
Using the CMS razor analysis CMS PAS SUS-12-009 
(no stop interpretation present) theorists have 
extracted a very strong limit on stops
However new CMS razor analyses have stop 
interpretation but do not have the expected 
sensitivity

MR
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Ask Maurizio!
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THEORY PROPOSALS: PRECISION
Precise measurement of top-pair production CS

NNLO+NNLL tt inclusive CS uncertainty comparable to the experimental one
In this case one exploit similarities with tops instead of differences
Comparing theoretical prediction and experimental measurement gives stronger 
bounds than stop searches in the stealth region 

Czaron, Mitov, Papucci, Ruderman, Weiler 1407.1043 [hep-ph]
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2 -> 3 (DeltaM=80)
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for small         needs to boost the stops system �M

Stop Pair Production2 ! 2 2 ! 3 Stop Pair Production + j

2 ! 3 Stop Pair Production + LSP

one additional hard-jet boosts the stop system
QCD process so the rate does not decrease too much
analysis based on a single hard jet and MET

the LSP is produced in association with top and stop
EW process so the rate decreases more
analysis based on a single reconstructed top and MET

VS2 ! 2 2 ! 3
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2 -> 3 (DeltaM=80)

Stop Pair Production2 ! 2 2 ! 3 Stop Pair Production + j

2 ! 3 Stop Pair Production + LSP
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Simplified model with only RH stop and 
bino-like LSP
All other sparticles are integrated out
A gluino in the TeV region can strongly 
boost the efficiencies for our signal
Our analysis is therefore very conservative
Rates are much smaller but efficiencies are 
expected to be much higher

VS2 ! 2 2 ! 3
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QCD VS LSP RADIATION
2 ! 3 Stop Pair Production + j2 ! 3 Stop Pair Production + LSP
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QCD VS LSP RADIATION
2 ! 3 Stop Pair Production + j2 ! 3 Stop Pair Production + LSP
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UNDERSTAND FULLY HADRONIC FINAL STATES
2 -> 3 (DeltaM=80)

We tested our signal against the ATLAS full hadronic monojet analysis 
Fully hadronic final state requires to go beyond parton level
To understand Showering+Detector effects we used MG5+Pythia6.4+Delphes3

After all cuts we have 20% agreement with ATLAS on acceptance times efficiency
However we get higher efficiencies in this case by doing the c-tagged like analysis which 
allows one or more additional jets

1407.0608 [hep-ex]

Preselections

At least 1j with

Monojet
At most 3j with

M1

E/ T � 150 GeV

pT � 150 GeV , |⌘|  2.8

pT � 150 GeV

|⌘|  2.8

�� (j, E/ T ) � 0.4

pT � 280 GeV

E/ T � 220 GeV



11Riccardo Torre Large MET without ∆M: closing the light stop window

UNDERSTAND FULLY HADRONIC FINAL STATES
2 -> 3 (DeltaM=80)

We tested our signal against the ATLAS full hadronic monojet analysis 
Fully hadronic final state requires to go beyond parton level
To understand Showering+Detector effects we used MG5+Pythia6.4+Delphes3

Preselections

At least 1j with

C1

E/ T � 150 GeV

pT � 150 GeV , |⌘|  2.8

pT � 150 GeV
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�� (j, E/ T ) � 0.4

1407.0608 [hep-ex]

c-tagged
At least 4j with

pT � 290 GeV

E/ T � 250 GeV

After all cuts we have 20% agreement with ATLAS on acceptance times efficiency
Analysis not optimal, however we get higher efficiencies than the ATLAS mono jet for 
the 4-body decay (we cannot compare because they do not do the C for the 4-body)
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OUR GOAL
2 -> 3 (DeltaM=80)

To optimize the sensitivity one needs to design an ad-hoc analysis for monotop plus MET
We are performing a careful study of signal and background at detector level 
(Pythia6.4+Delphes3) both in the fully hadronic and 1 lepton final states
Low rate (2->3 p.s. suppressed) implies that no sensitivity is expected at LHC8
Sensitivity is expected at LHC13 with a few hundreds inverse fb
A comparison between this method and others at LHC13 and beyond is needed
This method is interesting since it provides a complete independent probe of the natural 
compressed spectrum independent of the stop decay mode
Similar approach employed (Fuks, Richardson, Wilcock 1408.3634 [hep-ph])  where however a too 
light gluino (already excluded) is assumed
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GLUINO AROUND THE CORNER?
2 -> 3 (DeltaM=80)

All our study is done in a RH stop + bino-like LSP Simplified Model
A gluino in the TeV region would introduce an additional contribution to the top-stop-chi 
final state through gluino-chi associated production

Due to the heavy gluino mass it gives rise to highly boosted tops and stops in the 
compressed region
The decay products of the top and the stop are harder and the efficiencies for the single 
top plus MET analysis further increase in this case
Efficiencies to the ATLAS mono-jet + MET search increase by almost one order of 
magnitude for a gluino of 1 TeV
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CONCLUSIONS
• We propose a novel strategy to probe stops in the compressed region 

with non-massless LSP

• The relevant final state is top-stop-LSP (bino)

• We considered a simplified model RH stop + bino-like LSP

• We are studying a possible strategy to design a dedicated analysis in 
the mono-top+MET final state both in the fully hadronic and 1 lepton 
final states

• No sensitivity is expected with the 8 TeV dataset but limits 
independent of stop decay and of mass splittings should be possible 
with the 13 TeV run with a few hundreds of inverse fb

• We are extending our study in the context of the FCC-hh program
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