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¡  The discovery of a 125 GeV Higgs boson is established. !
¡  However, there are many problems with the Standard Model (SM). !

¡  Hierarchy Problem,  !
¡  Neutrino Oscillation, !
¡  Dark matter/Dark Energy, !
¡  Matter-Antimatter Asymmetry, Higgs mass stability, …!

¡  One of the primary goals of LHC, is to search for New Physics 
Beyond the SM (BSM). !

¡  Top quark still the heaviest fundamental particle; largest !
    correction to the Higgs mass-squared  !

§  Top quark plays an important role in searches !
    for physics BSM !

!

2	
  Farida	
  Fassi	
  (ICNFP2015)	
  



¡  Some propositions for BSM physics: !

§   Super symmetry, Extra dimensions, !
§    Higher symmetry/Unified model, …. !

¡  Many possible extensions of the SM (non-SUSY) !
§  GUT, Extra-dimension(s), Little Higgs, composite Higgs, … !

¡  Predict new particles, coupling preferentially to the third generation!
¡  Focus on searches with third generation quarks: !

§  New coloured fermions: Vector-Like Quarks (VLQ) !
§  New bosons: decaying to  !
▪  Run 1 physics results: large dataset (20.3 fb-1); !
▪  Results published or publication ready!

!
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¡  Predicted in various BSM models, including composite Higgs, can solve 
naturalness problem without SUSY !

¡  Left and right-handed components transform in the same way under the EW 

group (SU(2)) à  Interesting properties: !

§  Gauge invariant mass term independent of Higgs. !
§  A vector-like top can play a similar role as the stop !
     in regulating Higgs mass divergence. !
!
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§  Couple preferentially with 3rd generation 
quarks !

§  Considering four different kinds of 
Vector Like Quarks with different 
charge !

§  May come in singlets, doublets, triplets !
!
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¡  Strongly produced in pairs: large QQ cross section !
    only dependent on mass (just like      )!

§  Run-1 focus on pair-production!
 !

¡  Single production dependent on mass, !
    charge, coupling (like single top) !

§  dominant for large VLQ masses: !
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¡  Branching Ratios (BR) are very model 
dependent, hence different general 
analyses were developed to cover all 
the possible decays !
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¡  2D-BR plane for a given VLQ mass for many analyses !
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•  Event selection !

•   mreco  from had W+bjet (*) of tight selection is chosen 
to derive final results; better sensitivity !

•  Apply technique to identify hadronic Whad  : !
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Ø  Exclusion @95% CL !
Ø  SU(2) singlet case!
Ø  obs (exp) limit: !

Ø  mT > 800(755) GeV!
Ø  Combination !
     TTà(Wb+X) & TTà(Ht+X)!

Ø  Exclusion @95% CL !
Ø  SU(2) doublet case!
Ø  obs (exp) limit: !

Ø mT > 855(820) GeV!

Ø  Exclusion @95% CL !
Ø  BR(TàWb=1) case!
Ø   obs (exp) limit: !

Ø  mT >770(795) GeV !
!
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¡   BB→Hb + X: same analysis as TT→ Ht + X !
¡    only minor change on pT leading b-jets (more boosted) !

14	
  

!

¡  BR(BàHb=1) caseà Exclusion @95% CL limit mB 

>625 GeV   !

¡  SU(2) singlet case à Exclusion @95% CL limit mB 

>635 GeV !
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Ø  Exclusion @95% CL limit!
Ø  TT singlet/doublet!
      excluded to !

Ø  655/735 GeV!

Ø  Exclusion @95% CL limit!
Ø  BB singlet/doublet!
     excluded to !

Ø  685/755 GeV!
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¡  First LHC cross section limit on single VLQ production !
¡  Sensitivity not sufficient to constrain electroweak couplings TWb & BZb !

§  Single VLQ not quite yet competitive with pair production !
!
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Ø  Event selection ! Ø  BDT cross-checked !
Ø  With cut-based analysis !

Ø  The output of the BDT is shown for the two different signal categories: !
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 Uniform binning ! 	
  (*)	
  non-uniform binning !

(*) Used to determine the final exclusion limits!
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Ø  Very small cross section in the Standard Model!
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Ø  Selection optimized for different signal regions!
Ø   event categories based on HT, N b-jets, Emiss !

Ø  ~2	
  σ	
  excess	
  in	
  categories	
  with	
  large	
  HT	
  	
  
!

	
  	
  
	
  



Ø  	
  Absence of any significant data excess in the HT spectra!
Ø    Interpretation of several new physics models !
!
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!

Ø   Exclusion @95% CL limit !

Ø  mB 

>0.62 TeV      !

Ø  mT 

>0.59 TeV       !

arXiv:1504.04605	
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Ø   Exclusion @95% CL limit !

Ø  mb´  > 0.73 TeV   !

Ø  mSgloun > 0.83TeV!
Ø  mKK >  0.96TeV!



Ø  Exclusion @95% CL limit!

Ø  Expected: 715-885 GeV!
Ø  Observed: 730-950 GeV !
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Ø  Exclusion @95% CL limit!

Ø  Expected: 615-800 GeV !

Ø  Observed: 575-813 GeV !

 Wb)→BR(T 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

 H
t)

→
B

R
(T

 

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

O
b

se
rv

e
d

 9
5

%
 C

L
 m

a
ss

 li
m

it 
[G

e
V

]

500

550

600

650

700

750

800

850

900

950

ATLAS
-1 = 8 TeV, 20.3 fbs Summary results:

Same-Sign dil.
arXiv:1504.04605

Zb/t + X
JHEP11(2014)104

Ht+X,Wb+X comb.
arXiv:1505.04306

750

800

850

900

 Wt)→BR(B 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

 H
b

)
→

B
R

(B
 

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

O
b

se
rv

e
d

 9
5

%
 C

L
 m

a
ss

 li
m

it 
[G

e
V

]

500

550

600

650

700

750

800

850

900

950

ATLAS
-1 = 8 TeV, 20.3 fbs Summary results:

Same-Sign dil.
arXiv:1504.04605

Zb/t + X
JHEP11(2014)104

Wt+X
arXiv:1503.05425

Hb+X
arXiv:1505.04306

650

700

750

750

800

¡  Lower mass limits for individual limits from most restrictive searches !
¡  Best sensitivity in upper-left corners where BR(T → Ht)=100%!

arXiv:1505.04306	
  	
  

Farida	
  Fassi	
  (ICNFP2015)	
  



Farida	
  Fassi	
  (ICNFP2015)	
   24	
  



25	
  

Eur.	
  Phys.	
  J.	
  C	
  (2015)	
  75:165;	
  	
  Physics	
  Letters	
  B	
  743	
  (2015)	
  235-­‐255	
  	
  
	
  

Ø  Unbinned likelihood fit on m(tb) !
Ø   Background estimation fully from data !

Ø  Exclusion @95% CL limit!
Ø    !

 !

!

!

Ø   Full hadronic analysis !

!

Ø   Lepton+jets  analysis!
Ø  Phy. Lett. B 743 (2015) 235-255   !



26	
  Farida	
  Fassi	
  (ICNFP2015)	
  



¡  Two theoretical benchmarks to quantify sensitivity: !
§  Narrow resonance (topcolor, leptophobic (Z’))!

!

§  Broad resonance (Kaluza‐Klein (KK) gluons) from Randall Sundrum !

 !

¡  Search for enhancement in the invariant mass ttbar spectrum !

27	
  

gkk 

Farida	
  Fassi	
  (ICNFP2015)	
  



¡  Analysis strategy !
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¡  Single-lepton (e/μ) final state !

¡  Resolved + boosted selections !
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¡  Boosted selection attempted first; !
¡  Events that fail the boosted selection are examined using the resolved selection !
 !
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¡  Focus on invariant mass spectrum (mtt)!
¡  Combine 12  mtt  event categories !

¡  3 b-tag categories for 2 selections and for 2 decay channels!
¡  b-tag: leptonic side/hadronic side/both !
¡  resolved/boosted regime !
¡  lepton channel (e/μ)!

!

!
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Kaluza-Klein gluon (LO)

      ATLAS
-1=8 TeV, 20.3 fbs

¡  Exclusion @95% CL limit!
¡  m Z´> 1.8 TeV!

§   (narrow leptophobic)!

¡  Exclusion @95% CL limit!
¡  mgkk> 2.2 TeV !

§  (Randall-Sundrum KK model) !
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¡  No hints of new physics yet!!!!
¡  Recent results with 2012, 8TeV data are presented !

¡  All results consistent with Standard Model so far!
¡  Limits are set for new physics models/particles !

!
¡  Exiting perspective!
¡  LHC physics reach at TeV mass scale is greatly extended !

     by the increased beam energy and intensity of Run 2!
!

¡  ATLAS has been doing great…!
§  Very competitive analyses in Exotica searches!

!
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¡  LHC searches entering TeV-scale: “Boosted” top quarks from BSM signals !

¡  Decay products of Boosted Tops collimated in direction of pT!
¡  Separation can be described according to ΔR≈ m/pT!

 !
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¡  Efficient hadronic top tagging;  !
¡  Large-radius jet as top candidate!

¡  Less combinatorics backgrounds!

¡   Jet substructure can be exploited for   !

      powerful discriminants!

ATLAS-­‐CONF-­‐2013-­‐084	
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¡  Run 2 physics results: !
§  limited dataset (<100 pb-1)!
§  only a few weeks to "look" at data !

§  mostly "retuning" searches for higher energies!
§  no complete searches yet!
§  higher energy extends mass range: !
§  sensitivity soon competitive (for some searches)!
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