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Motivation For t/b Channel 
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BPμ1 : WR 5100, NR 1020
BPμ2 : WR 5100, NR 2550
BPμ3 : WR 5100, NR 4700

https://doi.org/10.1007/JHEP04(2022)047



Searching Mass Region

• Topology   
If N is small (boosted) , more than 5 substructure ( top - 3 jets , b quark , leptons)  mixed  
:resolved topology required  

• Setting mass of  N similar    -> makes N slow : * ,  lepton separated 
                                                        -> makes * slow : t jets & b jet  separated (back to back)

WR WR
WR
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Detailed Topology Of Main Target 

1

2 

4

W*R

b

W*R
b

Main target :  ~ N 

 
1. High mass  
Jets are boosted which can be  
inside one jet 
 
2. Low mass  
Jets are separated  by two jets 
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https://doi.org/10.1007/JHEP04(2022)047



Structure draft 

Cross sections checking

• Checked cross section with mad graph  
(v.2.9.18 20,000 run) 
 
 

- Due to phase space ( top ~ 173GeV)    
cross section is constrained  
 
- N phase space makes N=WR/2 > N = WR-100 
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Full cross section 

Cross Sections Checking

•  fixed & N increase 
Cross section increases -> decrease  
: top quark phase space constraint ->  
  N phase space constraint -> .. 
 

WR
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Topology check
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Used LHE files to check each particles ΔR , pt

Mass for WR 5000 , N4900
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Topology check
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Used LHE files to check each particles ΔR , pt

Mass for WR 5000 , N4900
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AK8 top jet check
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Used top quark in genparticle to find closest Fatjet . 

Most of Fatjet has  with top quark ΔR < 0.8 Fatjet closest to top quark has ~ 1.0 top tagging score 
FatJet_particleNetWithMass_TvsQCD Mass for WR 5000 , N4900



AK8 top jet check
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Checked softdropmass if its well matched,  

Fatjet closest from top quark Fatjet highest top score

Due to quarks escaping from Jet ( ~ W mass )

-> Can find Top jet with top tagging score , SDM

Mass for WR 5000 , N4900

Tagger >0.9,   
SDM >120 
 Eff  ~ 60%



Strategy 1 for cleaning

Cleaning Adjusting

* 40,000 events , 10.82% efficiency  
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[FatJet_particleNetWithMass_TvsQCD]

[Jet_btagDeepFlavB]

[FatJet_msoftdrop]

2 leading lepton           : no cut  
                                           ( no overlap with 2 leptons each)

AK8 with top tagged   : top tagging score > 0.9 
                                               120 <soft drop mass < 250 
                                             
                                          (no overlap with 2 leptons , AK8)

AK4 with leading       : b tagging score > 0.5 
 
( no overlap with top tagged AK8 , AK4, 2 leptons )

pt



Summary

• Not a super novel search , but it is very helpful to take a bird’s eye view  

• Now checking signal efficiency  

• Future plan  
 
Check Background samples , object ID , Triggers  
 
 



Backups
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 channel searchedWR → tb



EXO 20 -002 plots



EXO 20 -002 plots



EXO 20 -002  data / bkg rates 
( light quark channel )

arXiv:2312.08521v2

T/b jet channel data / bkg rates ( HL -LHC 3000 ) fb−1



Cross sections for up to 10tev

• Cross section up to 6.6 tev ( light jet channel)• Cross section up to 6.5 tev (  t/b jet channel)
CMS AN-19-083



Right handed top?

How can right handed top can decay to SM W? 
 
 
 
 
 
 

2. Just decays to right handed W1.    tR → tL

Due to lot of mass difference with  &  -> highly suppressed -> “will be almost decay to ” tR W*R tL − > WL

Checked with cross section in 2 Cases [LO]



Right handed top?

Yellow region is when  decay has more cross section WL + WR

Black region is when  decay has more cross section WL

Average ~ 0.7% ( which means  contributes cross-section about 0.7%) 
-> It would not be a big problem to consider  topology..

WR
WR

Each colors stands for each N mass



AK8 top jet check
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Adjusting Cut ( top tagging score > 0.9 , SDM >120 ) 
Is there could be fake top jets? 
 

-> Max number of top jet was 2. ( 99% of event has 1 AK8 jet passed , 1% has 2 AK8 jet passed ) 
     -> veto if there is 2 top jets.

Mass for WR 5000 , N4900



AK8 top jet check
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How much top jet we can use? 
 

Mass for WR 5000 , N4900

If I set top tagger cut > 0.9 , SDM > 120 ,



Boost factor for WR, Top

     WR 5000 , N 4900
WR 5000 , N 2500



For WR5000 N4900
ΔR , Δη , Δϕ



For WR5000 N2500

ΔR , Δη , Δϕ



Number of reco muon 

     WR 5000 , N 4900 WR 5000 , N 2500



Number of muon inside top jets

     WR 5000 , N 4900

Gets inside ~ 10%

     WR 5000 , N 2500



Muon   distribution with signal & bkg pt



Hard process & From Hard process top quark ΔR

For WR5000 N4900For WR5000 N2500



B quark get outside top jet

 5000 N 4900WR  5000 N 2500WR



Top tagger ,  , SDM with  closest ΔR ΔR

For WR5000 N2500For WR5000 N4900



Case of 1 or 2 AK8 passed
For WR5000 N4900



Strategy 1 for cleaning

Cleaning Adjusting

LHE particle AK4 jets AK8 jets

1. 2 leading lepton  
2. AK8 with top tagged  
3. AK4 with leading  pt 33



M(ll) distribution

2 leptons & 1 AK8 & 1 AK4



Jet  distributionpt
2 leptons & 1 AK8 & 1 AK4



Muon   after cleaning pt
2 leptons & 1 AK8 & 1 AK4



Strategy 2 for cleaning

Cleaning Adjusting

LHE particle AK4 jets AK8 jets

1. 2 leading lepton  
2. AK8 with top tagged  
3. AK8 with leading  pt 37



Strategy 2 for cleaning

Cleaning Adjusting

* 40,000 events , 26.9% efficiency  
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AK8 with leading       : top tagging score < 0.9 
(no overlap with 2 leptons , top tagged AK8 , AK8)

pt

[FatJet_particleNetWithMass_TvsQCD]

[FatJet_msoftdrop]

2 leading lepton           : no cut  
                                           ( no overlap with 2 leptons each)

AK8 with top tagged   : top tagging score > 0.9 
                                               120 <soft drop mass < 250 
                                             
                                          (no overlap with 2 leptons , AK8)



M(ll) distribution

2 leptons & 2 AK8



Jet  distributionpt
2 leptons & 2 AK8



2 leptons , 2AK8

Same criteria selection in gen level

Not used top tagging , b tagging

83% efficiency 86% efficiency 



Thanks! 
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