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• Searches for heavy fermions and bosons that couple preferentially to 3rd generation quarks

Heavy fermions, vector-like quarks!
!

• Vector-like quarks are present in various BSM models: 
composite-higgs, extra dimensions, 4th generation ..!
!

• Targeted QCD pair production!
!

• Charge +2/3 (T) and -1/3 (B)!
!

• Limits are set on the cross section!
  for a given M(Q)!

Wb+X

Ht+X

Zb/t+X

Same-Sign dileptons

}
What will be covered today

{
Heavy boson resonances!
!

• Present in extra dimension, 
GUTs …!

W’

Z’ - narrow

g’ - wide
}

tt ̅

tb ̅



heavy fermions
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Vector-like top
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• Fully reconstructed lepton+jets final state !
W+bW-b̅ → (lv)b(qq̅)b̅

!
• Events are required to have HT ≥ 800 GeV!
!

• Main background (tt)̅ is reduced requiring :!
! ! min ΔR(l,b) > 1.4, min ΔR(Whad,b) > 1.4 !
!
!
!
!
!
!
!
!

•  Mass(Whad,b) used for hypothesis test

SM top

Heavy BSM T

Wb+X	

 ATLAS-CONF-2013-060

100% BR(T→Wb) 

Heavy fermions

boost from HT cut

boost from M(T)

hadronic case
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• Targets T decays with bb ̅in the final state!
! ! TT̅ → HtHt, with H → bb̅

Vector-like top

!
• One lepton, large jet multiplicity, ≥ 6 jets!
!

• Three channels, 2, 3 or 4 b-tagged jets!
!

• HT used for hypothesis test!
!

•     ———-

Ht+X	

 ATLAS-CONF-2013-018

Heavy fermions

BR(T→Ht) ~ 0.6  
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• Targets T→Zt and B→Zb, with Z→e+e-, Z→µ+µ-

Vector-like top

!
!
!
!

• Two oppositely charged leptons, two b-tagged jets!
!

• pT(Z) and HT used as main discriminants!
!

• Mass(Zb) used for hypothesis test

Zb/t+X	

 ATLAS-CONF-2013-056

Heavy fermions

BR(B→Zb) ~ 0.3  

BR(T→Zt) ~ 0.2  
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Vector-like top Summary

!

Heavy fermions
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step 1 step 2 step 3 step 4

BR(T→Ht)+ BR(T→Zt)+BR(T→Wb)=1
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Vector-like top SummaryHeavy fermions
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!
- For vector-like top masses below 700 GeV most of the BR values are excluded!
!

- The best limits are [GeV] : obs (exp)

100% BR(T→Wb)   740 (770)
• SU(2) singlet T!

670 (680)
★SU(2) T, B doublet!

790 (750)

100% BR(T→Zt)     750 (750)
100% BR(T→Ht)     850 (850)

Chiral / 4th generation
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Vector-like bottom
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• Targets B decays with large BR(B→Wt) 
!

• Also sensitive to T→H/Zt depending on the 
decays of the H/Z 
!

• Same-sign leptons in the final state

Same-Sign	

dileptons	

 ATLAS-CONF-2013-051

Heavy fermions
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• Extra requirements on HT, missing ET and on the number of b-tagged jets.!
!

• Both vector-like bottom and top are tested

B̅

B
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Vector-like bottom SummaryHeavy fermions

step 1 step 2
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Vector-like bottom SummaryHeavy fermions

11Phenomenology Symposium 5-7 May 2014

!

!
- For vector-like bottom masses below 700 GeV most of the BR values are excluded!
!

- The best limits are [GeV] : obs (exp)

100% BR(B→Wt)    720 (760)
• SU(2) singlet B!

640 (640)
★SU(2) B, Y doublet!

730 (720)

100% BR(B→Zb)    770 (760)
100% BR(B→Hb)    350 (350)

Chiral / 4th generation



heavy bosons
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ATLAS-CONF-2013-052!
!

• lepton+jets final state!
!

• Two channels,!
!  resolved and boosted!

!
• Mass of reconstructed tt system used for 

hypothesis test!
!
Best limits are [TeV]: obs (exp)

tt ̅resonances
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- KK gluon!
! 2 (2.1)

- Leptophobic Z’!
1.8 (1.9)
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Heavy bosons
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ATLAS-CONF-2013-050!
!

• One lepton, ≥ 2 jets, !
!  2 b-tagged jets!

!
• BDT discriminant used!

see backup slides!
!
Best limits are [TeV]: obs (exp)
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tb ̅resonances

Nicolas Gutierrez

- W’L!
! 1.74 (1.56)

- W’R!
1.84 (1.72)
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Heavy bosons
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Summary

• Broad coverage of final states involving 3rd generation quarks on 8TeV ATLAS searches program!
!

• Stay tuned for new results with the complete LHC Run1 dataset!
!

• Room for new fermions with masses above 700 GeV!
!

• Limit of 2 TeV for benchmark models of new bosons!
!

• Huge physics potential for new physics at the TeV scale with LHC Run2!



Backup slides
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vector-like quark production
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Heavy fermions

• Cross section @ NNLO calculated with HATHOR!
!

• Branching ratios computed with PROTOS
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Same sign dileptons
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Heavy fermions
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tb ̅resonances
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Boosted decision tree

“handeness” dependancemost discriminant variables
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