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Outline
● 2010-2011 @ LHC

➢ Top physics implication of 7 TeV vs 14 TeV
➢ Luminosity expected

● BSM top physics to be investigated
➢ TTbar resonances

 Will concentrate on low mass resonances (see Jörgen 
and Eric's talk for high mass resonances)

➢ b' → tW (4 th generation quark)
➢ Top charge 
➢ TTbar spin correlation
➢ W polarization in top decays
➢ Anomalous Wtb coupling
➢ Rare top decays and Flavor Changing Neutral 

Current (FCNC)  



06/04/10 JR Lessard and J. Steggemann 3

Scaling the Monte Carlo
● Most MC studies have been done assuming

➢ 14 TeV or 10 TeV CM energy
● Revision for 2010-2011

➢ 7 TeV CM energy
 100-200 pb-1 in 2010
 1 fb-1 in 2011

CM energy TTbar Xsection

14 TeV 883 ± 45 pb

10 TeV 401 ± 25 pb

7 TeV 170 ± 10 pb

Rescale down by ~5 for 14 → 7 TeVRescale down by ~5 for 14 → 7 TeV
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Effect on TTbar resonances 
● Assuming a resonance mass of ~ 1 TeV

courtesy of James Stirlingcourtesy of James Stirling

➢ Rescale cross section 
by a factor of 5-10 (14 
TeV → 7 TeV)

➢ In the Z' case (only 
quarks annihilation)

 Scale down by a factor 
of 5. Similar to ttbar 
cross section.     
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TTbar Resonances
➢ Event Reconstruction

 Kinematic fit with top and W mass 
constraints

 Select the 4 “good jets” in event based on 
gobal Chi2. 

 Fit the 12 quarks->jets combinations and 
keep the one with lowest Chi2.

Efficient muon isolation 
also for boosted tops

Kinematic fit improves Kinematic fit improves 
resolution and linearityresolution and linearity

➢ Event Selection
 1 muon pT > 35 GeV 

Isolation optimized to 
be efficient also for 
boosted tops.

 4 jets pT > 35 GeV
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TTbar Resonances
● Invariant mass distribution and expected 

limits (10 TeV, 100 pb-1)

Z' normalised to cross Z' normalised to cross 
section at 95% exclusionsection at 95% exclusion

Sensitivity for resonance Sensitivity for resonance 
masses >~ 800 GeVmasses >~ 800 GeV

CMS PAS TOP-09-009CMS PAS TOP-09-009
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TTbar Resonances
➢ Event Selection

 1 isolated lepton
 4 jets pT > 40 GeV
 2 b-tagged jets
 MET > 20 GeV

➢ Event Reconstruction
 Hadronic side

 closest light jets + closest b-jet.
 Leptonic side

 Pz-neutrino from W mass 
constraint.

 Window Cuts
 Hadronic W and both top masses. 
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TTbar Resonances
● Invariant mass distribution and 5σ discovery 

potential: 14 TeV and much more luminosity.
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b' → top + W
● Topology

➢ b'b' → tWtW → 
WWWWbb

● Selection
➢ Same sign dileptons
➢ Or three leptons

 Leading pT > 35 GeV
➢ 4/2 jets pT > 35 GeV

 Leading pT > 85 GeV
● Reconstruction

➢ No full 
reconstruction 
possible → Use HT

 Sum the pT of Jets, 
leptons and MET. C
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Exotic top partners

● B or T
5/3
 → tW

➢ Could be discovered 
fairly quickly CMS PAS EXO-08-008CMS PAS EXO-08-008

For a study where b'/t' For a study where b'/t' don'tdon't primarily decay to 3 primarily decay to 3rdrd generation:  generation: ATLAS SN-ATLAS-2008-069ATLAS SN-ATLAS-2008-069
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Top quark charge

Wrong pairingWrong pairing

155 GeV Cut155 GeV Cut

ԐԐ  = 31%= 31%
P = 86%P = 86%

CDF: Top charge -4/3 excluded at 95% CL [CDF note 9939]CDF: Top charge -4/3 excluded at 95% CL [CDF note 9939]
D0:  Top charge -4/3 excluded at 92% CL [PRL 98, 031102]D0:  Top charge -4/3 excluded at 92% CL [PRL 98, 031102]
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Top quark charge
● a) Charge weighting (1 fb-1 @ 14 TeV, ATLAS) 
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Top quark charge
● b) Semileptonic b-decay

➢ Sign of non isolated lepton tells us charge of b-jet
➢ Get top charge by adding isolated lepton charge

A
T
L
A

S
: 

"E
x
p

e
ct

e
d
 P

e
rf

o
rm

a
n

ce
 o

f 
th

e
 A

T
LA

S
 E

x
p

e
ri

m
e
n

t 
A
T
L
A

S
: 

"E
x
p

e
ct

e
d
 P

e
rf

o
rm

a
n

ce
 o

f 
th

e
 A

T
LA

S
 E

x
p

e
ri

m
e
n

t 
D

e
te

ct
o
r,

 t
ri

g
g

e
r 

a
n
d

 P
h

y
si

cs
",

 C
E

R
N

-O
P
E

N
-2

0
0

8
-0

2
0

D
e
te

ct
o
r,

 t
ri

g
g

e
r 

a
n
d

 P
h

y
si

cs
",

 C
E

R
N

-O
P
E

N
-2

0
0

8
-0

2
0
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To include case To include case 
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than one non than one non 
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W polarization
Standard model Standard model 

[Phys. Rev. D 45 (1992) 124][Phys. Rev. D 45 (1992) 124]::
FF

00
 = 0.695 = 0.695

FF
LL
 = 0.304 = 0.304

FF
RR
 = 0.001 = 0.001

Correction function (fCorrection function (f
cc
)) Angular distribution (rec.)Angular distribution (rec.)

Expected precision for ATLAS Expected precision for ATLAS 
14 TeV (L = 1 fb14 TeV (L = 1 fb-1-1))

FF
00
 →   →  5%5%: : ± 0.04 (stats)± 0.04 (stats)

                            ± 0.02 (syst)± 0.02 (syst)

FF
LL
 →  → 12%12%: : ± 0.02 (stats)± 0.02 (stats)

                              ± 0.03 (syst)± 0.03 (syst)

FF
RR
  → → 0.030.03::  ± 0.02 (stats)± 0.02 (stats)

                              ± 0.02 (syst)± 0.02 (syst)

CDF CDF (L = 2.7 fb(L = 2.7 fb-1-1) ) [10004-CONF][10004-CONF]
FF

00
 = 0.88  = 0.88 ± ± 0.11 0.11 ± 0.06 → ± 0.06 → 18.0%18.0%

FF
RR
 = -0.15  = -0.15 ±± 0.07  0.07 ± 0.06 → ± 0.06 → 0.090.09

D0 (L = 2.7 fbD0 (L = 2.7 fb-1-1) [5722-CONF]) [5722-CONF]
FF

00
 = 0.49  = 0.49 ± ± 0.11 0.11 ± 0.09 → ± 0.09 → 19.5%19.5%

FF
RR
 = 0.11  = 0.11 ±± 0.06  0.06 ± 0.05 → ± 0.05 → 0.080.08 A
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The percentages are calculated with respect to SM expected valuesThe percentages are calculated with respect to SM expected values
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TTbar spin correlation

αα
11
(lepton) = 1(lepton) = 1

αα
22
(least energetic non b-jet) = 0.51(least energetic non b-jet) = 0.51

ATLAS used ATLAS used 
semileptonic semileptonic 

instead of instead of 
dileptonic (D0)dileptonic (D0)
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TTbar spin correlation
● Expected precision, ATLAS 14 TeV @ 1 fb-1

A  → 57% / [83%]: ± 0.17 (stat) ± 0.18 (syst) ± 0.25 [ATLFAST]
A

D
 → 49%: ± 0.11 (stat) ± 0.09 (syst)

● Need 10 fb-1 @ 14 TeV for 1% to 5% precision
➢ Limited principally by b-jet energy scale systematic error.  

● CDF @ 4.3 fb-1 [CONF, 10048]
A = 0.60 ± 0.50 (stat) ± 0.16 (syst) → 124%

● D0 @ 4.2 fb-1 [5950-CONF]
A = -0.17-0.53

+0.64 → 138%

The percentages are taken with The percentages are taken with 
respect to the LHC expect SM respect to the LHC expect SM 

values:values:
A = 0.422, AA = 0.422, A

DD
 = -0.290 = -0.290  
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Anomalous Wtb coupling

[Phys. Rev. D67 (2003) 014009; Eur. Phys. J. C50 (2007) 519][Phys. Rev. D67 (2003) 014009; Eur. Phys. J. C50 (2007) 519]

Anomalous couplingAnomalous coupling

With t = 0, With t = 0, ±± (2 (22/32/3 – 1 – 1) →) →  AA
FBFB

(F(F
RR
,F,F

LL
));;  AA

--
(F(F

00
,F,F

LL
));;  AA

++
(F(F

00
,F,F

RR
) ) 



06/04/10 JR Lessard and J. Steggemann 18

Anomalous Wtb coupling
● Anomalous Couplings 

ATLAS 14 TeV @ 1 fb-1

TopFit [Eur.Phys.J. C50 [Eur.Phys.J. C50 
(2007) 519-533](2007) 519-533]

● D0 limits at 95% CL 
[5838-CONF]

V
R 
< |0.72| (outside the plot)

g
L 
< |0.19| and g

R 
< |0.20|

● b → s + gamma limit 
at 95% CL [hep-
ph/arXiv:0802.1413v2]

-0.0007 < V
R 
< 0.0025

-0.0015 < g
L 
< 0.004

-0.15 < g
R 
< 0.57 (upper 

bound outside the plot)
● Will be competive for 

measurement of g
R
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Rare top decays and FCNC
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Rare top decays and FCNC
14 TeV14 TeV
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Conclusion
● The revised 7 TeV centre of mass energy  for 

2010-2011 running has possibilities for 
discoveries/evidences of new physics.
➢ Especially true in the case of TTbar resonances 

and b' → tW.
➢ More top-like MC studies are ongoing at 10 TeV 

and also 7 TeV.
 Will help with making quantitative statements.

➢ Focus will be moved toward real data as the 
integrated luminosity increases.

● Moreover, our experience from 2010-2011 
should speed up our searches when 14 TeV 
operation starts. 
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Backup Slides
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Top quark selection
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Top Charge Systematic
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W Polarization Systematic
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Anomalous Wtb systematic

Without b-tagWithout b-tag

With b-tagWith b-tag
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FCNC systematic
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Z' systematic
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