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HL-LHC 

CERN-LHCC-2015-010
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HL-LHC 
 Lint  = 3 ab-1

 300 fb-1/year

CERN-LHCC-2015-010
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Why study tops @ HL-LHC ?

Large number of tops @ LHC, 10x more @ HL-LHC ! 
                         
                                               3 ab-1

   
   σ t t          ~  1 nb      →    3B top pairs            

σ 
t-channel  ~ 200 pb   →    600M tops

   σ tW        ~ 75 pb     →    200M tops

   σ s-channel  ~ 10 pb     →    30M tops

   σ ttγ/V/H     ~ 1 pb       →    3M top pairs

   σ tZ          ~ 100 fb     →    300k tops

σ tH              ~ 10 fb       →    30k tops      

HL-LHC is great laboratory for doing high precision top physics

Adelman et. al [1309.1947]
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Outline

●  Experimental aspects
●  Top Measurements @ HL-LHC
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Detectors

 

High luminosity comes with high pile-up (150 – 200), event rates and 
radiation damage:

• ATLAS and CMS will implement track triggers (event rates)
• High granularity pixel detectors  (PU rejection, b-tagging)
• Extended tracker coverage up to |eta| < 4 (b-tagging, pile-up 

removal, fwd jet tagging, MET resolution)
• Extended muon coverage 
• High Granularity Calorimeters (PU, high pT)

 

High angular resolution is key in 
high pile-up, high pT 

environment
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Exp. issues (low pT)

Pile-up can affect top measurements at low top 
pT ( ~ 100 GeV ):    
●  b-tagging efficiency
●  Jet energy resolution
●  Missing ET resolution

→  more granular detector
→  efficient PU subtraction methods (cf. PUPPI)

  

ATLAS-PHYS-PUB-2013-009

CMS-TDR-15-02

Bertolini et. al 1407.6013 

CMS-TDR-15-02CMS-TDR-15-02
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• Top decay products become more collimated:
 R (W,b) ~ 2 m / pT  ( for ∆R ~ 0.4  for pT=1 TeV ) (cf. M. Spannowsky 'talk)

 → need jet substructure techniques, and high detector granularity
•  At high top pT , less impact of pile-up on jet pT, but QCD and pile-up can 

affect other observables (ex: jet mass, shape)
 → need grooming techniques

Exp. issues (high pT)
High luminosity comes with high pT tops as well..

CMS-JME-14-002
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Top Measurements 
@ HL-LHC
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Top studies

 

mass kinematics (anomalous)
  couplings

   FCNC
rare decays

direct search

SM BSM

Inv mass
EndPoint
J/Ψ
Lxy

cross sec. 

spin corr.
AFB

differentials

gtt
tWb(d/s)
ttγ/Z
ttH

t→qZ
t→qH
t→qg
(q = u/c)
t→W(d/s)

SUSY stops
T-partners
Z'→t t 
...
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The EFT approach  
A Standard Model measurement can be seen as a search for 

deviation from D=4 SM lagrangian:  

• Valid for mt << Λ
• Top anomalous (and flavour 

violating) couplings
can be derived from EFT:

  

Grzadkowsky et. al [1008.4884]
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g t t  coupling 

  Strategy:

● use boosted techniques to tag tops and 
reduce QCD background

● measure σ tt ( m > 1(2) TeV ) to constrain

dA and dV 

 

SM ( ~ αS  ) BSM 
SM via loop

see MLM's talk for 100 TeV projections ...

Enhance chromo-
electric/magnetic 
contribution by going 
at  p > mt

Aguilar, Fuks and Mangano [1412.6654]
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tWb coupling 

  

Strategy (suggested by M.Mangano):

● s-channel single top production perfect candidate
● probe off-shell region q2 >> MW

2 by selecting 

   events such that m tb  > 1(2) TeV

   →  enhance sensitivity of cross section to gL , gR

     →  reduce QCD backgrounds

SM

enhance at  q > MW

thanks to F. Demartin and G. Durieux

● VL = Vt b  in the SM
● ∆Vtb ~ 5 % well constrained
● ∆Vtb ~ 2.5 % with 300 fb-1 (3 ab-1)   

Agashe et. al [1311.2028]



  

VERY PRELIMINARY (LO parton level) analysis:
  

● 2 central jets,  pT > 600 GeV,  |eta| < 2.0
● m j j > 2 TeV
● 1 top-tagged (eff = 30% , mis = 0.1%)
● 1 b-tagged (eff = 50 (30)% , mis = 1(0.1)%) and

         Anti-top tagged (eff = 50(50)%, mis = 0.5(0.1)%)

● At m t b  > 1-2 TeV, top decay products will be very collimated, need 

boosted techniques, also b-tagging tricky, but possible
● Backgrounds: QCD (dijet), ttbar

conservative

aggressive

Anti-top tagger

tWb coupling 



  

 m
t b

 > 2 TeV  s-channel ST ttbar dijet

 σ
fiducial

 (fb) 82 (50) ab 105 (12) ab 750 (80) ab

 Δσ/σstat  (300 fb -1)  Δσ/σstat  (3 ab -1)

68 (43) % 21 (13) %

conservative

aggressive

VERY PRELIMINARY !!! 

Can do better by:

• going NLO
• include tW channel

tWb coupling 

CMS-TOP-PAS-14-007

ATLAS-TOPQ-2013-12
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ttZ coupling  

  

Strategy:

● process: t t Z production (no background!)
● when has significant boost, enhance sensitivity 

of cross section to CZ
2,V , C

Z
2,A

● σ ttZ ~ 800 fb-1, but clean signal in 3 leptons, 

with mll ~ mZ 

SM

enhance at  q >> Mz

● CZ
2,V = 0.24 , C

Z
2,A = - 0.60 in SM

● ttZ rate (x4) from 8 to 14 TeV

Rontsh and Shulze [1404.1005]

(see. M. Shulze's talk)

NLO
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ttZ coupling  

  

30 fb-1

|CZ
2,V |,|C

Z
2,A | < 0.3  @ 95% CL 

300 fb-1

|CZ
2,V |,|C

Z
2,A | < 0.15  @ 95% CL 

3000 fb-1

|CZ
2,V |,|C

Z
2,A | < 0.08  @ 95% CL 

Rontsh and Shulze [1404.1005]
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ttH  

  

● ttH not observed yet at the LHC 
● σ ttH ~ 700 fb-1 @14 TeV 

● Eventually, sensitivity driven by 

    H → γγ (almost syst. free) 

3 ab-1

 Δσ/σstat  (3 ab -1)  Δy
t
/y

t stat  (3 ab -1)

25 % 15 %

rate/shape sensitive to CP-
structure of the coupling 

Demartin, Maltoni, Mawatari and Zaro [1407.5089]

Adelman et. al [1308.5274]

CMS-TDR-15-02

ATL-PHYS-PUB-2014-012
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Top FCNCs 

  

● FCNC appear through loop correction in the SM, and are heavily suppressed by GIM 
● Can probe through flavour violating couplings in EFT:

● Any measurable BR is a compelling indication for new physics

Agashe et. al [1311.2028]
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Top FCNCs 

  

● FCNC appear through loop correction in the SM, and are heavily suppressed by GIM 
● Can probe through flavour violating couplings in EFT:

● Any measurable BR is a compelling indication for new physics

Agashe et. al [1311.2028]

Aguilar-Saavedra [0811.3842]
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 t → Z q

  

Signal: t t →W b Z q 

Backgrounds: tt, VV, ttV 

Selection:

● 3 leptons + MET + 2 jets ( 1 btag )
● m ( Z j ) ~ mtop

● m ( W b ) ~ mtop

Systematics

< 0.05 %

CMS-FTR-13-016

Phys. Rev. Lett. 112  (2014) 171802 
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 t → c H 

  

Yields

ATLAS-PHYS-PUB-2013-012

Signal: t t → tlep(had)  c γγ
Backgrounds: ttH, W/Z+ jets, γγ+jets 

Selection:

● 4 jets (1 b) + 2 photons (had)
● > 2 jets (1b), 2 photons (lep)
● m ( c H ) ~ mtop

● m ( W b ) ~ mtop

B(t→ c H) < 1.5 10-4
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 Other FCNC's

  

Current limits Future limits

Agashe et. al [1311.2028]

3 ab -1

K Skopven's talk
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Summary and outlook
HL-LHC comes with important experimental challenges and opportunities:  

-  pile-up                         
-  high pT events

    →  In order to maintain present performance need to                                          
           extend capabilities of our detector

HL-LHC will deliver up billions of tops:

      →  great opportunity to challenge the SM by measuring as best as we can:

            -  top properties (mass, couplings, FW-BW asym., spin correlation , etc... )
               -  rare decays (FCNC, t→ Ws/d, tZ, tH, V V → t t )
               -  explore new ideas in the boosted regime to enhance sensitivity to          
                  anomalous couplings (cf. ttg, tWb ..)

         

         
     
       

More info on SnowMass reports: [1311.2028], [1308.5274] 
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Thanks !
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Backup
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Rare top processes
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ATLAS Phase II upgrades
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CMS Phase II upgrades

M. Klute 
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Top Mass



32

ttγ/ttZ
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