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Which asymmetry?Which asymmetry?

ϑ̂

tt YYY −=∆→ϑ̂

Hadron colliders:
difficult to reconstruct the 
partons 4-vectors.
Then, look at variables in the 
lab. frame.
In particular:
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TEVATRON RESULTS (1)TEVATRON RESULTS (1)
Semileptonic channel (e,µ), ≥ 1 b-tag, χ2 top 
reconstruction with W, top mass constraints

Unfolded result: 0.158 ± 0.074 (QCD 0.058 ± 0.009)
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TEVATRON RESULTS (2)TEVATRON RESULTS (2)
Dileptonic channel (e,µ), ≥ 2 jets, HT > 200 GeV, MET > 25 GeV.

tt system reconstruction Leptons informations
Kinematic likelihood fit + 
W and top mass constraints

Look at ∆η between leptons, 
quite well correlated with ∆Y
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0.417 0.417 ±± 0.1570.157
UnfoldedUnfolded
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TEVATRON RESULTS (3)TEVATRON RESULTS (3)
Asymmetry as a function of ttbar invariant mass…
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Which asymmetry @ LHC ?Which asymmetry @ LHC ?

pp collider gg dominates the tt production (~80%) + 
asymmetry is a tiny NLO effect present only in qq events;

In qq events one cannot distinguish the direction of the 
quark ∆Y and ∆η symmetric, need other variables.

Use the pdf: valence q are more boosted than sea anti-q;

- use ∆Y and ∆η + request Y(tt) >0 (or < 0);
- use ∆|Y| and ∆|η| (as CMS) ;

TRUTH STUDIES (Udine):
MC@NLO tt (8.6 fb-1): 
qq sample  A(∆|Y|) = 0.027±0.004
gg+qq sample   A(∆|Y|) = 0.009±0.002

U. De Sanctis (Udine), 
V ATLAS IT workshop

Very challenging measurement with 1 fb-1!!!
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CMS RESULTSCMS RESULTS
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ATLAS situationATLAS situation
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Common effort: no different analyses to measure the asymmetry.
The collaboration among different institutes just started based on a Twiki
where all the groups involved put their interests.
We have studied both single and dilepton channels: even if dilepton signal is 
cleaner, the lower cross-section and difficulty to reconstruct the tt system 
make this measurement more difficult with the target int. luminosity of 1 fb-1.
Italian interests: single lepton channel

tt selection: BO, MI, UD + Barcelona , Annecy;
tt reco: BO, MI, UD (χ2 method) + Gottingen, Barcelona (KL fitter);
Background est. : QCD (UD), W+jets (UD, MI) + Barcelona;
Observables: BO, MI, UD;
Unfolding: BO + Hamburg

- Following the tt cross-section experience, we are already clustered and 
coordinated in our activities. 
- Weekly-based meeting to update our studies and common talks at the WG 
(bi-weekly).
- No other groups (apart those above) seem interested in single-lepton 
channel, but never say never...
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Goals & timescaleGoals & timescale

VERY TIGHT
SCHEDULE!!

from W. Werkerke



Selection/reconstruction issues (1)Selection/reconstruction issues (1)

µ channel
from Bologna

-Moriond cuts 
seems to slighlty
enhance the gg
(blue) fraction 
w.r.t the qq (red);
- Same for e 
channel 

Evaluate the number of tt events (MC@NLO) passing cuts and evaluate 
the efficiencies and the ratio qq/gg
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Selection/reconstruction issues (2)Selection/reconstruction issues (2)

Under study the addition of the jet resolution term into the formula.
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Selection/reconstruction issues (3)Selection/reconstruction issues (3)
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From BO:
-Evaluation of the 
matching between reco
and truth tops;

- CSC vs χ2 method;
- χ2 better than CSC 
(60% vs 45% in ∆R<0.4);

From UD:
- Effect of the reco
algorithms on ∆Y:
- 76% efficiency in 
correctly reconstructing 
∆Y sign (70% with CSC)



Do selection cuts affect the asymmetry?Do selection cuts affect the asymmetry?

Asymmetry changes after selection cuts: acceptance or detector effect?
To disentangle: look at the truth info for events passing the reco cuts.
In particular evaluate charge asymmetry using truth tops 4-vectors after:
- No selection cuts;
- Acceptance cuts on the truth objects (PT, η, MET);
- Reconstruction cuts;
In addition, following B. Webber suggestions, we prepared a reweighting 
tool that change the weight of qq events in order to simulate the excess 
measured by CDF at high inv.mass of the ttbar system:

In practice, instead of simulating dozen of BSM samples, one introduces a 
fictitious contribution following what CDF measured...cheapest and easiest!!
STUDY: evaluate the evolution of the asymmetry w.r.t ttbar inv.mass
and production mechanisms.

)2/tanh()(1 ymf tt ∆+ 2)200/()( −= GeVmmf ttttwhere
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Do selection cuts affect the asymmetry?Do selection cuts affect the asymmetry?
From Milano
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* selection cuts at RECO level

ALL events

Conclusions:
- Asymmetry diluted  at the reco level (visible in BSM sample rich in qq);
- Not so trivial to disentangle…need unfolding and more careful 
investigation on MC acceptance;
- Estimated significance: 2σ (only stat) with 1 fb-1 for M(tt) > 800 GeV.

Do selection cuts affect the asymmetry?Do selection cuts affect the asymmetry?
From Milano



2010/2011 DATA (1)2010/2011 DATA (1)
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- DATA 2010 + 2011 (B2-D6 period); MC10a (with pile-up);
- Selection cuts as Moriond: (PT(lep) > 20 GeV, MET>20 GeV, at least 
4 jets with PT> 25 GeV) BUT PT threshold for electron raised to 25 
GeV (e20 is used in 2011 data);
- MC rescaling using the pileup reweighting tool;
- Top reco algorithms: χ2 and CSC methods;
- No lepton or b-jet scale factors used;
- QCD estimation: matrix method 

χ2 CSC

Improvement in 
hadronic top 
mass using χ2

From Udine
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2010/2011 DATA (2)2010/2011 DATA (2)
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χ2 method for all plotsFrom Udine



2010/2011 DATA (3)2010/2011 DATA (3)
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χ2 method for all plots From Udine

where ∆=|Ytop| - |Yantitop|

- No unexpected huge 
asymmetry ;
- A = -0.080 ± 0.046 (µ pre-tag);

A = -0.027 ± 0.037 (µ b-tag);
- Need data driven 
estimation of W+jets
background (asymmetric?)
- Ask for 2 b-tags: less 
background but dominated 
by the statistical errors;



Conclusions & outlooksConclusions & outlooks

The effort to measure the charge asymmetry in ttbar
events started;
Difficult measurement, but feasible with some fb-1;
Italian cluster is working well (good information flow, 
regular meetings, real collaboration and tasks division) 
and also our contribution to the WG is clearly visible;
ATLAS effort just started. We will have a tight schedule 
to fit within EPS deadline;
Still some technicalities to be put in place (pile-up, KL 
fitter, systematics);
We are finishing a preliminary phase: the discussion 
about tools, variables and tasks in the WG will be 
finalized soon and the hunt will be open….
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