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Introduction

● LHC is going to run at the highest energy ever reached, 13 
and 14 TeV. 

● Does the Standard Model work well at this scale?
● Many theories are waiting for evaluation. 
● One of the best motivated theories is SUSY. 
● However, SUSY has many free parameters and, as a 

result, different scenarios are possible.
● We study a few SUSY models to illustrate some example 

discovery stories describing possible measurements in 
case of discovery.  
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 Why SUSY?

● Mathematically consistent + falsifiable in near 
future.

● Hierarchy problem:                       +
● Dark matter
● Unification of gauge

 coupling constants.
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Status Of SUSY Searches 

● So far SUSY parameter space has been tested in various ways. 
● This is done by analysis of 20/fb of data recorded at 8TeV.
● Future discovery

sensitivities with 300/fb

(Run 2+3) and 3000/fb

(HL-LHC) are presented

using simplified models.
● Performed by Hongxuan Liu, 

Ben Wu, and Nate Chaverin.
● HL-LHC increases mass reach for pair

produced SUSY particles by up to 500 GeV.
● Largest relative gains in weak production processes.
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Radiation Damage

All the major 

parts of the 

detector such as

the tracker

the ECAL

the HCAL

lose their efficiency due to radiation.
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Radiation Damage

● SUSY searches need almost all the aspects of  the 
detector performance. 

● Damage to any of the detector capabilities will affect 
the accuracy of the searches. 

● As an example we have evaluated the effects of the 
radiation damage

on the following

chargino-neutralino

signal.
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Radiation Damage

The existing detector is expected to

achieve a discovery reach of 450

GeV with 300/fb data. 

Without upgrade, 

however, no additional discovery

reach is obtained even with 3000/fb.

On the other hand an upgraded

detector can achieve something

around 1000 GeV discovery reach.    ( G e V )0
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Phase II Upgrade

● High-Luminosity(HL) LHC is expected to run at five to ten times higher 
instantaneous luminosity than baseline LHC. 

● The primary goal of the Phase II upgrade program is to maintain the 
excellent performance of the Phase I detector.  

● Tracker and endcap calorimeter will suffer from a significant radiation 
damage after 300-500/fb and need to be replaced in Phase II upgrade.

● In some scenarios the tracker detector will be extended from 
psudorapidity of 2.4 to 4. 

● Triggers also need to be modified in order to maintain its efficiency. 
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LHC/HL-LHC TIMELINE

Phase II UpgradePhase I Upgrade
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   Assuming full capability of LHC and HL-LHC,     
    we would like to see the discovery potential for
   Supersymmetry.
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SUSY Models 

Five models 
are studied

Natural 
Models

Coannihilation 
Models

NM1

NM2

NM3

Stop 
Coannihilation

Stau 
Coannihilation
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Three Natural Models

● All motivated by naturalness where free 
parameters should of the unity order.

● Differ mainly by the particle content of the 
chargino and neutralino and also mass of the 
sleptons. 

● All have relic density smaller than the 
WMAP+Planck measurement of 

● The models are calculated with “SUSPECT”, 
“SOFTSUSY”, and “SUSY-HIT” softwares. 

0.1199±0.0027 .
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NM1

●     is bino like.

●     and     are wino like.

●   ,   , and    are higsino

like.
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NM2

● The main difference

between this model

and the previously

NM1 model is in the

slepton masses which

are much higher in here.
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NM3

● This third natural

 model is very similar 

to the NM2 model with 

one key difference.
● The LSP is higgsino 

like and is accompanied

by      and    .  All three have very close masses.
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Stau Coannihilation Model

● All the sleptons and 

sneutrinos are light.
● As is clear from the 

name, stau and LSP

have degenerate

 masses. 



10/29/14 18

Stop Coannihilation Model

● In this model stop and

LSP have degenerate 

masses. 
● LSP is bino like.
● Unlike many other

scenarios, here stop never 

never decay to a top quark. 
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Analysis Overview

● 9 different 

analysis are

performed.
● This shows the 

richness of 

physics that can

be studied in 

HL-LHC if SUSY

signal is discovered. 
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Analysis Strategy
 Monte Carlo Simulation

● About 1 million events for a given signal and 10 to 100 million events 
per background are produced with MadGraph (A Monte Carlo event 
generator).

● These are passed to Pythia for hadronization. 
● The cross sections are normalized to next-to-leading order.
● The results are passed to Delphes for detector simulation. Here there 

are two different configurations. Phase I detector with 50 pileup 
interactions is used for 300/fb data. Phase II detector with 140 pileup 
is used for the case of 3000/fb.
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Analysis Strategy
 Uncertainties

● Systematic uncertainties of 8 TeV analyses are used as the 
starting point. 

● The uncertainties are adjusted based on their origin and the 
way the origin evolves in high energy and luminosity case. 

● If the origin of the uncertainty is not a function of energy or 
luminosity we'll keep the same uncertainty.

● Some uncertainties depend on the number of events that 
are different at higher luminosity and they are accordingly 
adjusted.  



10/29/14 22

Summary I

● SUSY is a well motivated theory. 
● Search for SUSY needs all the capabilities of the LHC and HL-LHC.
● Radiation damge can badly affect these capabilities and therefore our 

sensitivity in search.
● Assuming full capability of LHC and HL-LHC, we would like to see the 

discovery potential for Supersymmetry.
● Five different models from different regions of the phase space are 

considered.
● Nine different analyses are performed on these models. 
● The results show that, when a SUSY signal is discovered in Run 2+3, how 

HL-LHC will unveil the underlying SUSY spectrum further.
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Why Stop Co-Annihilation?
The area around

M(stop)~M(LSP) is a

difficult region to assess,

because the decay

products of stop tend to

have low     .

The top squark may be

hiding in that region.

One of the ways to do a search sensitive to that region 
is to require events to have an energetic ISR jet.  

pT
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The SLHA Information

We have investigated a few stop coannhilation 
models and simplified model T2cc with lower 
stop masses to investigate the search sensitivity 
vs stop and LSP masses.
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         Search for compressed supersymmetry         
         spectra in the mono jet signature
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Signal & Background

● We are searching for 

~t → c +   

with one initial energetic jet (ISR jet)
● The Backgrounds are mainly 

 Wlv & Zvv & Ttbar
● The background Delphes samples were 

developed by Alexis Kalogeropoulos, Markus 
Klute, Seth Zenz, and many others.
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 Preliminary Event Selection

These are taken from CMS-PAS-SUS-13-009.
● Events are required to have MET > 250 GeV.
● We have also probed MET > 500 GeV.
● The first jet need to have     >110 GeV and |eta|<2.4
● A second jet with      > 60 GeV and |   |<4.5 is allowed.
●       (J1,J2) < 2.5
● Third jet with      > 60 GeV and |eta|<4.5 is discarded. We also 

have probed      > 100 GeV.
● Leptons are vetoed.
● The analysis is performed in     > 250, ..., 1500 GeV.

  

Δϕ

pT

pT

pT
pT

pT

η
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Preliminary Uncertainties

Here are the assumed uncertainties based on 
results in CMS-PAS-SUS-13-009. 

● Total of 8% on Wlv events.
● Total of 5% on Zvv events.
● Total of 50% on any other background.
● Significance is calculated using: S

√B+δB2
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Signal and Background Yields

● When              ~ 10 GeV, sensitivity is high.
● Because final jets are softer.

Δm( t̃ , χ̃1
0
)
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Signal and Background Yields

The Highest significances
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Some Plots

3sigma excess with 300/fb becomes 5sigma
discovery with 3000/fb.
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All The Backgrounds

● In addition to the three main backgrounds considered in the early 
evaluations, 10 other less important backgrounds are considered.

● This table validates our early assumption that Wlv, Zvv, and Ttbar 
are the main contributors.

● For better accuracy we considered all the backgrounds in our final 
results. 

Selection BJ
Rest

BJJ
Rest

B BBB H LL LLB TB TJ TTB All
Wlv

All 
Zvv

Ttbar

pt(Jet1)>
900

24 1 0 74 7 867 63 35 27 18 5341 25818 199
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Event Selection Optimization

● I developed a code to further optimize the event 
selection requirements.

● Events are required to have MET > 600 GeV. 

(original value: 500 GeV)
●     (J1,J2) < 1.8 (original value: 2.5)
● Third jet with     > 100 GeV  and |   |<4.5 is 

discarded. (original value: 60 GeV)
● The rest are the same as those used in the initial 

study. 

pT η

Δϕ
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Final Results 
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           Inclusive search in the all-hadronic
           final state with HT & MHT variables
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Preliminary HT-MHT Studies

● WE also performed RA2 multijet studies of the last year's 
ECFA (CMS-PAS-FTR-13-014) on the STOC(V4).

● The analysis used several signal regions.
● A typical one: Njets>=6, HT>=2.5 TeV,

 MHT>=1.0 TeV.
● The preliminary significance

of 8 sigma (signal:74, background:25,

uncertainty 30% of background) was

 reached.  
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Signal & Background

● Heavy colored SUSY particles are produced 
and after a long decay chain give rise to 
multiple jets and a large amount of missing 
energy. 

● The Backgrounds are mainly Wlv & Zvv & 
Ttbar. Ttbar has the highest contribution after 
the b-tagging requirements. 
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Most Optimized Event Selection

● There should be at least three jets with 

   >50 GeV and |   |<2.5.
●                    for the first two jets and 
● Leptons and photons are vetoed.
● There must be at least two b-tag jets. 
● HT>2500 GeV.
● MHT>1300 GeV.

pT η
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Final Results
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Final Results

For STC, 1sigma excess with 300/fb 
becomes 4sigma discovery with 3000/fb.
For STOC, 3sigma excess with 300/fb 
becomes 8sigma discovery with 3000/fb.
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Summary II

● The area in the parameter space in which stop and LSP masses are close 
is a difficult region.

● A sensitive search in this area is to require existence of an initial energetic 
jet. (Monojet Search)

● After searching different STOC versions we realized that sensitivity is higher 
for lighter stop masses as well as when stop and LSP have closer masses. 

● Rather than stop there are other particles in the STOC model that make the 
HT-MHT search sensitive.

● Monojet search on STOC reaches 4.7 sigma significance at 3000/fb.
● HT-MHT search on STOC reaches 8 sigma significance at 3000/fb.
● HT-MHT search on STC reaches 4 sigma significance at 3000/fb.
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Thanks!!
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BackUp
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Pseudorapidity
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