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Why T’ (Vector Like Quark)?

•  Particularly attractive to solve the hierarchy and CKM unitarity problems.


•  Quarks for which the left- and right-handed chiral components transform in the same way in the 
SM electroweak group.


•  VLQ:

•Charge +2/3

•  Decay to tH (25%), tZ (25%) and tb (50%)

2



Introduction

• Search for a single-produced VLQ T’ decaying into top 
and Higgs in a SS dilepton final state.


• Three channels considered (µµ/eµ/ee).


• Nominal masses mT’ range: [600 - 1200 GeV].


• Full Run 2 (2016-2018) UL data.


• Searching for a resonance in the transverse mass MT′￼

T

(MT′￼
T )2

3



Event Selection

• HLT Paths (2018):


• HLT_IsoMu24 for muon

• HLT_Ele32_WPTight_Gsf for Electron


• Lepton Selection (2018):
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Tight Isolation: Irel < I1 AND (  > I2 OR  >I3).
pratio
T prel
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Results
• Profile likelihood fit is performed using Combine package.

Signal Region ttX Region

• Expected UL at 95% CL of the cross section 
multiplied by the BR of the T’ → Ht decay.
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Object Review
• Status of the Object reviews: • TRIG, EGM and MUO comments are related to the extra 

isolation cut (multiIso) which we are applying in our 
analysis as we have relatively boosted leptons. 

• In this multi-isolation, the cone is varies as a function of 
the pT of the lepton.


• We are checking the impact of replacing this extra 
isolation cut with the standard isolation in our selection.


• The JME object review is related to one missing 
uncertainty (JER).  

• We have already added this in our analysis framework.


• In the next iteration of our results we are expecting to 
include it.
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Isolation

• The SFs are not available for Multi-isolation


• We have switched to Standard Isolation.


• It is not good for boosted scenario. Removes a lot of signal events. 
Significance degraded. (results in the next slides.)


• We have used Mini-Isolation and Lepton-MVA.
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Results with Standard Isolation
• First reproduced Benjamin’s results (from his thesis). They are comparable within <1%.
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-6% +69%+11%

35% reduction on significance at  = 700 GeV. It is even worse at 1 TeV, > 50 %MT′￼

0.267 σ

0.266  in comparison to 0.267 σ σ

0.187 σ



Different Isolation variables available in CMS
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Different Isolation variables available in CMS
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Lepton MVA ID

Variables also used 

in Multi-Iso



Results with Different-Isolation
• We are trying several variations other than multi-isolation.
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For the results with Lepton-MVA, we have considered di-lepton trigger paths as well.

We are is progress to produce the results for higher mass points.



Back up
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Analysis Note: AN-2022/174, PAS: B2G-24-017 

https://cms.cern.ch/iCMS/jsp/db_notes/noteInfo.jsp?cmsnoteid=CMS%20AN-2022/174
https://gitlab.cern.ch/tdr/papers/B2G-24-017


Multi-Isolation
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Multi-Isolation
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Results
• Profile likelihood fit is performed using Combine package.
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Analysis regions

Signal Selection: 
• The two leptons must be back-to-back.

• The T’ has a large mass so we expect the 2 leptons and 
the b-jet to have high pT.

• The top quark must have a non-hadronic decay.


• Falling distribution needed to estimate the background.


• Background efficiency in each  bin should be the same 
after each cut to keep the same shape.

• Solution: cut optimization using quantiles of the 
background yield.

MT′￼
T

MT′￼
T

Preselection (Cut 0)

 Control region: 
• targets the ttX processes.


• Reverted cut 3.

• one of the two top quarks decaying 
hadronically.

tt̄X

Cut 1: 

Cut 2: 

Cut 3: min( )

ΔR(l1, l2) > 1.8.
pl1

T + pl2
T > 160 GeV

|M3j − Mtop | > 34 GeV

Background: (two types) 
• Fake leptons: The largest contributor to this category 
is the  process (63.3% of the fake leptons in the 
SR, with a contribution of the , , tX(W/q), and 
multiboson processes of 17.9%, 10.1%, 6.4%, and 
2.3% respectively).


• Flip leptons: leptons whose charge has been 
misidentified. The largest contributor to this category 
is the  process (95.3% of the flip leptons in the 
SR).

tt̄1l
tt̄X tt̄2l

tt̄2l

 Measurement region: 
• targets the charge flip process.


• Cut 0 is modified to require 2 OS leptons.

• a top quark pair is produced with both top  

quarks decaying leptonically.

tt̄2l

 Measurement region: 
• targets the non prompt process.


• Cut 0 is modified to require one of the SS 
leptons must pass the fakeable requirements 
but fail the tight requirements.

tt̄1l
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