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Large Hadron Collider (LHC)

 27 km in circumference 

 To collide rotating beams of 
protons or heavy ions 

 Maximum energy of proton-proton 
collisions at      = 14 TeV
and 4 x 1034  cm-2s-1

 In 2011, collision at    = 7 TeV 
 and 4 x 1033  cm-2s-1   
  
 In 2012, collision at     = 8 TeV 
 and 7.7 x 1033  cm-2s-1   
  

CMS

ALICE

ATLAS

LHCb

 In 2015-2016, collision at     =13 
TeV and 1 x 1034  cm-2s-1   
  
 In 2017-2018, collision at     =13 
TeV and 2 x 1034  cm-2s-1   
  



4

SUSY 

 One interesting search channel is 

 Charm quark will be detected as a jet in the detector and LSP will be invisible to our detector.

 In order to find the supersymmetric top particle in this channel, it is important to identify the 
charm quark jet and precisely measure the missing energy from detector. 
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 Jet & MET 

 This spray is called a “jet” which can be detected. 

 A high-energy quark (or gluon or anti-quark) is transformed into a spray of hadrons 
(particles made from quarks, antiquarks and gluons). 

 The transverse plane that perpendicular to the incoming particles has zero transverse 
momentum (p

T
) before the collision, so after the collision the sum of outgoing momenta have to 

be zero.    

 If the sum of momenta after collision is not zero, any net momentum in the transverse plane
is called “Missing Transverse Energy (MET)”.  

 MET is the indication of the non-detectable particles such as standard model neutrino and 
physics beyond standard model particle, lightest supersymmetric particle (LSP)    
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Compact Muon Solenoid (CMS)
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Tracker

 The tracker can reconstruct the paths of high-energy 
muons, electrons and hadrons (particles made up of 
quarks) as well as see tracks coming from the decay of 
relatively long lived particles such as “b quarks” and “c 
quarks”.

 These paths can be traced back to the interaction point (or primary vertex) of the event. 

 The interaction point that misplaces from beam line (or secondary vertex) is the indication of b 
and c quarks
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   Event at CMS
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   C-quark Jets Tagger at CMS 
 Charm or anti-charm quark from particle collisions undergoes the hadronization process to form 
J/ψ meson (c and anti c) and D mesons (c or anti-c and light or anti-light quark).  

 Due to the sizable life-time, the decay of these mesons are characterized by displaced tracks 
with a large impact parameter (IP), a displaced secondary vertex (SV) with a large flight distance, 
and the soft leptons (SL) inside the jets. 

 These variables are trained with Boost Decision Tree (BDT). Jets will be assigned an estimator 
(often called discriminator) value that can discriminate c-jets from others.    
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   C-Tagger Input Variables and Discriminators
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   C-Tagger Performance

 We need to make selections on both CvsL and CvsB.
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   Search for stop → c-quark + MET 
 The search for the direct production of pairs of top spuarks          , decaying to multijet final 
states with large MET.  

 The search is performed using 35.9 fb-1 of proton-proton collision data at        = 13 TeV recorded 
by the CMS experiment at the LHC in 2016.  

 The study is optimized for the compressed region, i.e. Δm(stop,LSP) < 100 GeV.    

 In this compressed region, the small Δm(stop,LSP) makes it difficult to extract the signal from 
the large multijet BG. The event selection uses the initial-state radiation (ISR) jets to identify 
signal events.       

 The main Standard Model (SM) backgrounds are Z->νν + jets, tt/W+jet, QCD, and rare 
(di-boson and tt+boson).       

 Assuming the top squark decays exclusively to a charm quark and an LSP.    
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   Event Selections
 ISR jet p

T
 > 250 GeV and it must not be b- or c-tagged jets. 

 2-4 jet p
T
 > 25 GeV and |η| < 2.4 with PF loose ID.  

 Veto events that contain leptons with isolated track and fifth jet p
T
 > 75 GeV. 

 MET > 250 GeV.

 ΔΦ(j,MET) > 0.4  

 Transvers energy balance:

                                   < 0.5

  

 Using medium b- and c-tagging WP requirements. If a b-tagged jet is also identified 
as c-tagged jet, this jet is only counted as b-tagged jet.
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   Search for C-Quark + MET 
 The search for the direct production of pairs of top spuarks          , decaying to multijet final 
states with large MET.  

 The search is performed using 35.9 fb-1 of proton-proton collision data at        = 13 TeV recorded 
by the CMS experiment at the LHC in 2016.  

 The study is optimized for the compressed region, i.e. Δm(stop,LSP) < 100 GeV.    

 In this compressed region, the small Δm(stop,LSP) makes it difficult to extract the signal from 
the large multijet BG. The event selection uses the initial-state radiation (ISR) jets to identify 
signal events.       

 The main Standard Model (SM) backgrounds are Z->νν + jets, tt/W+jet, QCD, and rare 
(di-boson and tt+boson).       
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   Search Regions
 The search regions is categorized in N

b-tags
, N

c-tags
, N

SV
, H

T
, and MET as the following:
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   Results and Interpretation (I)
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   Results and Interpretation (II)
 The data are consistent with the background expected from SM processes.

 The 95% confidence level (CL) upper limits on SUSY production cross-section are calculated 
using the ROOSTATS package with standard limit setting.

 Top squarks with massed below 510 GeV are excluded in this model for a mass splitting 
between the top squark and the LSP is small.
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Conclusions 

 A search for the pair production if third-generation squarks is performed using data collected at 
the CMS experiment.

 The decay mode is  
  
 No statistically significant excess of events is observed above the expected standard model 
background.

 The exclusion limit are set at 95% confidence level in the context of simplified model. 

 Top squarks masses below 510 GeV are excluded for the scenario in which top squark decays 
exclusively to a charm quark and an LSP and the mass splitting between the top squark and LSP 
is small.   
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   C-quark Jets Tagger at CMS

 Identification (“tagging”) of jets originating from the hadronization of c quarks (c jets).  

 Due to the sizable life-time, the decay of the J/ψ meson (c and anti c) and D mesons (c or 
anti-c and light or anti-light quark) are characterized by displaced tracks with a large impact 
parameter (IP), a displaced secondary vertex (SV) with a large flight distance, and the soft leptons 
(SL) inside the jets.

 C-tagger is a new topic studied at CMS. Started in 2013.

 C-tagger is a sub group under the well established b-tagger group. 

 The method and software is based on the b-tag algorithm. The first c-tag algorithm is developed 
for the CMS data in 2015 and will be updated for 2016.  

 As of now, there are 3 people from 3 institutes.
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   C-Tagger Procedures

 Starting with well defined QCD or ttbar simulation, modified BTagAnalyzer produces a set of 
variables needed for c-tag purpose such as jet p

T, 
jet η, track IP, SL and SV information.

Discriminator 
data base

 We are using the modified BTagAnalyzer with Toolkit for Multivariate Data Analysis (TMVA). 

 TMVA is the statistical tool providing the discriminator values to identify the possibility that such 
jet is more or less likely to be charm quark jet.   
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  BDT Options 
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Data and MC Simulations
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   Boosted Decision Tree (BDT)
 A decision tree uses successive decision nodes to categories events as either
being signal or background.

 In this analysis, decision nodes are 
separated into CvsL and CvsB. 

 The combination of these individual decision 
trees (i.e. the boosting) is done by penalizing 
after each individual decision tree 
misclassified events in the final leaves, giving 
them more weight in the next decision tree 
that is constructed.

 This cutting procedure is repeated for 
each of the sub-nodes and stops only when 
one of the nodes reaches a minimum 
number of events or a certain signal purity.

 After the BDT is trained, events can be successively subjected to the different decision 
trees and are assigned an estimator (often called discriminator) value based on the number 
of times they end up as signal or background. 


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

