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Discovery !

FERMILAB TEVATRONFERMILAB TEVATRON
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The top quark …The top quark …

←←CDF det.CDF det.

  D0 det.  →D0 det.  →
pppp collider,  collider, √√ss= 1.96 TeV = 1.96 TeV 
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✗ Heaviest known elementary particle (Mtop ~ Mgold atom)

✗ Strong coupling to Higgs boson : special role ?

✗ Decays before hadronizing : study of a bare quark.

Ideal sector to search for new physics ! 
 → study the top quark properties in details.
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* top life time ~ 10-25s << hadronization time

* Mtop=173.07 ± 0.89 GeV

… … a special quark !a special quark !
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We are going to focus on the charge asymmetry of the 
top quark-antiquark pairs which have been studied both at 
the Tevatron (this talk) and at the LHC (few words in 
the conclusion).
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Top quark propertiesTop quark properties
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Kühn, Rodrigo Phys. Rev. Lett. 81, 49–52 (1998)Kühn, Rodrigo Phys. Rev. Lett. 81, 49–52 (1998)

positivepositive asymmetry negativenegative asymmetry>>

preferedprefered

Non SM processes can 
modify the asymmetry 
(axigluon, Z' ...)

''the system is less perturbated if the 
outgoing positive electric charge field 
(colour field for tops) flows in the 
direction of the incoming positive 
electric charge field'' 
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At NLO, QCD predicts a tt production asymmetry via qq 
annihilation. Due to the interferences : 

Theory of the charge asymmetryTheory of the charge asymmetry
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http://prl.aps.org/abstract/PRL/v81/i1/p49_1
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Standard Model predictionsStandard Model predictions

NLO QCD: only asymmetric term known so far

Symmetric term (cross-section) known at NNLO QCD
[[Mitov, Czakon & Fiedler PRL 110 252004 (2013)Mitov, Czakon & Fiedler PRL 110 252004 (2013)]]

Also, EW corrections to take into account: ++ ~25% . 
Holik & Pagani  PRD 84, 093003 (2011)Holik & Pagani  PRD 84, 093003 (2011)

66A. Chapelain, 2014.02.11   - top FB asymmetry at the Tevatron -

http://prl.aps.org/abstract/PRL/v110/i25/e252004
http://prd.aps.org/abstract/PRD/v84/i9/e093003
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Standard Model predictionsStandard Model predictions

-
  arXiv:1204.1513 [hep-ph] arXiv:1204.1513 [hep-ph] 
NLO/NLO computation 
  decrease by → ~20% 

+ larger uncertainty

- Event generator :
NLO/NLO computation
 → decease by ~30 % 

- 
consistent fixed-order perturbative 
expansion NLO/LO
- 
same with different set of PDF
- Kühn & Rodrigo JHEP 1201, 063 (2012)Kühn & Rodrigo JHEP 1201, 063 (2012) : 
same with LO PDF instead of NLO PDF
- Ahrens et al. PRD 84 074004 (2011)Ahrens et al. PRD 84 074004 (2011)
NLO + NNLL

Consistent predictionsConsistent predictions

Theoretical uncertainties: PDF, factorization & renormalization scales.

Also, uncertainty may be underestimated
Brodsky & Wu PRD 85 114040 (2012)Brodsky & Wu PRD 85 114040 (2012). . 

≠≠

Bernreuther & Si PRD 86 034026 (2012)Bernreuther & Si PRD 86 034026 (2012)

Holik & Pagani  PRD 84, 093003 (2011)Holik & Pagani  PRD 84, 093003 (2011)

Campbell & EllisCampbell & Ellis

MC@NLOMC@NLO MCFMMCFM

Will be our baseline for predictions.
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http://arxiv.org/abs/1109.6830
http://arxiv.org/abs/1106.6051
http://arxiv.org/abs/1205.1232
http://prl.aps.org/abstract/PRL/v110/i25/e252004
http://prd.aps.org/abstract/PRD/v84/i9/e093003
http://arxiv.org/abs/1204.1513
http://arxiv.org/abs/0812.0770
http://arxiv.org/abs/1007.3492
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~85%

CM ≈ LAB frame
quarkquark antiquarkantiquark

θ

Top   Top   
(prefered)(prefered)

Antitop Antitop 
(prefered)(prefered)

Forward-BackwardForward-Backward
asymmetry

 → dominant production process at the 
Tevatron (there is no asymmetry in 
gluons fusion production)

Charge asymmetry at the TevatronCharge asymmetry at the Tevatron
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* top-based asymmetry :* top-based asymmetry :

Do top quark preferentially 
follows the initial quark 
direction ?

Observables : looking at the topsObservables : looking at the tops

Goes from 0 (pz=0, transverse to the 
beam direction) to ∞ (E=pz, along 
the beam direction).
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    y<0     y>0y<0     y>0



Observables : looking at the leptonsObservables : looking at the leptons

Lepton's flight direction 
is correlated to the 
top's flight direction

Looking at the leptons from the top 
quark decays

✗ no need to reconstruct the tt system & 
leptons are well measured

✗ influence from top polarization (if any)
✗ dilute asymmetry

* lepton-based asymmetry :* lepton-based asymmetry :
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Tracker :Tracker : detection and 
momentum measurement 
for charge particles.

Calorimeter :Calorimeter : identification and energy 
measurement for jets and electrons.

Muon chamber :Muon chamber : identification and 
momentum measurement of muons.

Experimental apparatusExperimental apparatus
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Previous measurements (2012)Previous measurements (2012)

  Hot topic!Hot topic!

With half of the Tevatron statistics : 
deviations between measurements and 
predictions up to 3 SD3 SD !!

8.8
±0.

6%

3.8
±0.

3%

4.8
±0.

4%
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Physics beyond the Standard Model ?Physics beyond the Standard Model ?

Some new physics models could explain the deviations 
observed at the Tevatron

tree level interferences with SM

''axigluon'' : 
massive color 

octet with axial-
vector couplings 
to quark in the 

s-channel

Z' : 
vector boson 
with flavor 
changing 

couplings  in 
the t-channel

SM model tt 
production

Let's focus on the 
axigluon model.

[Frampton, Glashow, PLB190 (1987) 157][Frampton, Glashow, PLB190 (1987) 157]
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http://www.sciencedirect.com/science/article/pii/0370269387908598


Axigluon modelAxigluon model

Contribution to tt production from SM 
gluon / axigluon interference :

QCD coupling constant

axigluon mass

Axial-vector coupling to light (q) 
and top (t) quarks

mass of the tt pair

* We need :

to observe a positive 
contribution to the asymmetry

[Tavares, Schmaltz, PRD84 (2011) 054008][Tavares, Schmaltz, PRD84 (2011) 054008]

[Frampton, Shu, Wang, PLB683 (2010) 294][Frampton, Shu, Wang, PLB683 (2010) 294]
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http://prd.aps.org/abstract/PRD/v84/i5/e054008
http://www.sciencedirect.com/science/article/pii/S0370269309014919


Axigluon modelAxigluon model

Contribution to the tt production from axigluon self-interf :

No contribution to 
the asymmetry but 
it constraints the 
model. s(NP)σ  contribution should be small 

to respect the agreement between 
the measured and predicted tt 
cross-section.

e.g. : if the axigluon mass is close to the tt resonance 
(MG~Mttbar)  couplings should be very small !→

Also, the width of axigluon should be large not to be 
seen in the tt production spectrum.
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Measurement procedureMeasurement procedure

1.1. Event selection

3.3. Measurement 
in data after 
background 
subtraction

2.2. Kinematic 
reconstruction 

4.4. Correct for reconstruction 
and acceptance effects & 
study systematic uncertainties

5.5. Unfolded 
results
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✗ Top quark decays ~100% in t Wb→ . Final 
states are defined according to the W 
boson decay modes.

Top quark pair signaturesTop quark pair signatures

✗ We are interested in the dilepton and l+jets channels.
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Small rate

Small background :
* Drell-Yan (from MC) 
* Instrumental (from data) :
W+jets, multijets  fake leptons→

Event selection: dilepton channelEvent selection: dilepton channel
* 2 isolated leptons :
electron (e) or 
muon (µ)
* High missing ET 
from the 2 neutrinos
* 2 b-jets

event selection according 
to this topology
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Reasonable background :
* W+jets (from MC & Data)
* Multijet (data)   fake leptons→

Good rate

* 1 isolated lepton :
electron (e) or 
muon (µ)
* High missing ET from 
the neutrino
* >= 4 jets (2 b-jets)

Event selection: l+jets channelEvent selection: l+jets channel
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ttbar reconstructionttbar reconstruction

* top life time ~ 10-25s  the top quark is not observed →

in the detectors … Need to reconstruct top's kinematic to 
compute the tt-based charge asymmetry.

ttbar reconstructionttbar reconstruction

Energy-momentum 
conversation at each 
vertex (black dot)

System of equations

me
asu

red

me
asu

red
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ed
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ttbar reconstructionttbar reconstructionttbar reconstructionttbar reconstruction

* N(unknowns) > N(knowns)   → MW and MT fixed to their world 
average values within their uncertainties.

* Test different lepton-jet permutation, 
e.g.: Mjj=MW.

* Experimental resolution is taken into 
account.

* l+jets : kinematic fit to reconstruct the full event

* dilepton : also a kinematic fit but the system is less 
constrained due to the 2 neutrinos  need additional →

assumptions (e.g. : pT,ttbar related to neutrino's pT).
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Raw (detector) asymmetryRaw (detector) asymmetry
Background subtracted data ...

But can't compare due to different acceptance cuts and 
detector effects.
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UnfoldingUnfolding

Correct for acceptance and detector effects back to the 
parton ( production) level.

n⃗parton=S−1 A−1 n⃗measn⃗meas∝S.A. n⃗parton

migration matrix selection efficiency
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Systematic uncertaintiesSystematic uncertainties

The main systematic uncertainties and techniques to 
estimate them are:

signal modeling luminosity

unfolding procedure

detector modeling

PDF

modify background 
subtracted data

rederive migration 
matrix

bckg composition
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Tevatron tTevatron ttt
asymmetry measurementsasymmetry measurements
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[[Phys. Rev. D 84, 112005 (2011)Phys. Rev. D 84, 112005 (2011)]]

D0 l+jetsD0 l+jets

hal
f-
sta

tis
tic
s

prediction : 8.8 prediction : 8.8 ±± 0.6 % 0.6 %
[[Bernreuther & Si PRD 86 034026 (2012)Bernreuther & Si PRD 86 034026 (2012)]]
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http://prd.aps.org/pdf/PRD/v84/i11/e112005
http://prl.aps.org/abstract/PRL/v110/i25/e252004
http://prl.aps.org/abstract/PRL/v110/i25/e252004


~2.4σ 

~2.8σ 
[[Phys. Rev. D 87, 092002 (2013)Phys. Rev. D 87, 092002 (2013))])]

CDF l+jetsCDF l+jets

full-statistics

prediction : 8.8 prediction : 8.8 ±± 0.6 % 0.6 %
[[Bernreuther & Si PRD 86 034026 (2012)Bernreuther & Si PRD 86 034026 (2012)]]
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http://prd.aps.org/abstract/PRD/v87/i9/e092002
http://prl.aps.org/abstract/PRL/v110/i25/e252004
http://prl.aps.org/abstract/PRL/v110/i25/e252004


Tevatron leptonic tTevatron leptonic ttt
asymmetry measurementsasymmetry measurements
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[[D0 note 6381D0 note 6381]]

prediction : 3.8 prediction : 3.8 ±± 0.3 % 0.3 %

||yy
leplep
|<1.5|<1.5

[[Bernreuther & Si PRD 86 034026 (2012)Bernreuther & Si PRD 86 034026 (2012)]]
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D0 l+jetsD0 l+jets
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http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/TOP/T98/T98.pdf
http://prl.aps.org/abstract/PRL/v110/i25/e252004
http://prl.aps.org/abstract/PRL/v110/i25/e252004


Results is extrapolated to the 
full phase space using a fitted 
function :

prediction : 3.8 prediction : 3.8 ±± 0.3 % 0.3 %

[Phys. Rev. D 88, 072003 (2013)][Phys. Rev. D 88, 072003 (2013)]

CDF l+jetsCDF l+jets
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http://prd.aps.org/abstract/PRD/v88/i7/e072003


visible 
phase space ex

tr
ap
o l
at
io
n

ex
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o l
at
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n

RSM = 0.79 ± 0.10

[[Phys. Rev. D 88, 112002 (2013)Phys. Rev. D 88, 112002 (2013)]]

D0 dileptonD0 dilepton
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http://prd.aps.org/abstract/PRD/v88/i11/e112002


CDF dileptonCDF dilepton

[[CDF note 11035CDF note 11035]]

prediction : 0.038 prediction : 0.038 ±± 0.003 %  and  0.048  0.003 %  and  0.048 ± 0.004 %± 0.004 %  
[Phys. Rev. D 88, 072003 (2013)][Phys. Rev. D 88, 072003 (2013)]
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http://www-cdf.fnal.gov/physics/new/top/2013/AFBlepCombination/topdilLepAfb_Pub_v2.pdf
http://prd.aps.org/abstract/PRD/v88/i7/e072003


Tevatron measurements summaryTevatron measurements summary

~2.4σ 

~2.8σ 

Time to combine  Tevatron → legacy measurement !
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Statistically limited … 
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Tevatron asymmetry combinationTevatron asymmetry combination

All the leptonic measurement 
with the full statistics are 

released. 

CDF and D0 are working on the 
Tevatron combination. Expected 
uncertainty ~1.5 % for the 
single-lepton asymmetry.

Pre
lim
ina
ry 

CD
F 

com
bin
atio

n

New result to be released soon.
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CMSCMS ATLASATLAS

pp collider 
√s= 7-8 TeV

LHCLHC

20112011

~ 5 fb-1

LHC measurementsLHC measurements

~85%

CM ≠ LAB frame

No asymmetryNo asymmetry

Forward-C
entral

Forward-C
entral

asymmetry

[[Mitov, Czakon & Fiedler PRL 110 252004 (2013)Mitov, Czakon & Fiedler PRL 110 252004 (2013)]]
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Smaller 
asymmetry 
at the 
LHC:

AC1.23±0.05% 20122012
~ 22 fb-1
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http://prl.aps.org/abstract/PRL/v110/i25/e252004


Lot of measurements … Lot of measurements … 

See
 AT

LAS
 To

p P
ubli

c R
esu

lts

ATL
AS 

Top
 Pu

blic
 Re

sult
s

and
 CM

S T
op 

Pub
lic 

Res
ults

CMS
 To

p P
ubli

c R
esu

lts
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP


LHC measurements summaryLHC measurements summary

No deviations seen 
so far at the LHC.

Results start to be 
limited by the 
systematic 

uncertainties.
Need new phase 

space to increase the 
sensitivity.

New physics implications ???
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20122012

New physics scenariosNew physics scenarios

[[CERN-PH-EP-2013-177CERN-PH-EP-2013-177]]

Gµ: axigluon
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20142014

20142014
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http://arxiv.org/pdf/1311.6724v1.pdf


Conclusion & outlookConclusion & outlook
Top charge asymmetry     New physics ?

LHC :LHC : no deviations so far. Results 
start to be limited by the systematic 
uncertainties. Will need to look at 
special region of the phase space to 
increase the sensitivity. 

Tevatron :Tevatron : 2 σ deviations (espacially at 
high invariant mass). Waiting for final D0 
results.  need to combine CDF & D0 →

results to achieve the best possible 
sensitivity.
Also : wait for NNLONNLO predictions !
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MERCI

By the way: I'm on the post-doc By the way: I'm on the post-doc 
market after June 2014 … market after June 2014 … 



Additional materialsAdditional materials



Standard Model predictionsStandard Model predictions
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ne W

estho
ff

Susan
ne W

estho
ff

TOP2
013, 

Germ
any

TOP2
013, 

Germ
any

AN
L 

lu
nc

h 
se
m
in
ar

4242A. Chapelain, 2014.02.11   - top FB asymmetry at the Tevatron -



Axigluon constraintsAxigluon constraints

* Dijet and top pair production.

* LHC charge asymmetry.

* Electroweak precision observable.

[Bai et al., JHEP1103 (2011) 003]

[Haisch, Westhoff, JHEP1108 (2011) 088]

[Gresham, Shelton, Zurek, JHEP1303 (2013) 008]

CMS M(ttbar) measurementCMS M(ttbar) measurement  
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http://arxiv.org/pdf/1309.2030.pdf


Axigluon constraintsAxigluon constraints
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SM predictionsSM predictions
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LHC measurementsLHC measurements

Special region of the phase space
* AC versus pT,ttbar

* AC versus mttbar

* AC versus βZ,ttbar

=> more sensitive to new physics models.
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LHC measurementsLHC measurements
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New ObservablesNew Observables
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New ObservablesNew Observables
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New ObservablesNew Observables

[Falkowski et al.   arXiv:1401.2443 [hep-ph]][Falkowski et al.   arXiv:1401.2443 [hep-ph]]
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http://arxiv.org/pdf/1401.2443v1.pdf


Generated asymmetryGenerated asymmetry

[[Phys. Rev. D 87, 092002 (2013)Phys. Rev. D 87, 092002 (2013))])]
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http://prd.aps.org/abstract/PRD/v87/i9/e092002


Unfolding & regularizationUnfolding & regularization

Correct for acceptance and detector effects back to the 
parton ( production) level.

n⃗parton=S−1 A−1 n⃗measn⃗meas∝S.A. n⃗parton
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Add a regularization term to limit the statistical 
fluctuations: n⃗parton=S−1 τ1/2C A−1 n⃗meas

prior condition due to an 
expecting behavior, e.g.: 
smooth distribution.

strength of the regularization
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CDF l+jets ttbar asymmetry uncertaintiesCDF l+jets ttbar asymmetry uncertainties
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CDF l+jets lept asymmetry uncertaintiesCDF l+jets lept asymmetry uncertainties
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D0 dilepton asymmetryD0 dilepton asymmetry
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ATLAs l+jets ttbar asymmetry uncertaintiesATLAs l+jets ttbar asymmetry uncertainties

5656A. Chapelain, 2014.02.11   - top FB asymmetry at the Tevatron -
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CMS l+jets ttbar asymmetry uncertaintiesCMS l+jets ttbar asymmetry uncertainties



CDF extrapolationCDF extrapolation

Asym (full phase space)

This is the sum of the asymmetry 
values in the different bins weighted 
by the fraction of events in these 
bins.

5858A. Chapelain, 2014.02.11   - top FB asymmetry at the Tevatron - 5858A. Chapelain, 2014.02.11   - top FB asymmetry at the Tevatron -

AN
L 

lu
nc

h 
se
m
in
ar


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58

