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Outline
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Motivation for the measurement of production 
cross section

Introduction: top production at the LHC 

Selection of recent results:
- top pair:
  - inclusive and differential cross sections 
    in dilepton and lepton + jets 
  - inclusive cross section in full hadronic at 7 TeV
  - 𝜏h + jets at 7 TeV 
  - ATLAS and CMS combination at 7 TeV
- single top
  - Wt channel at 7 TeV
  - t-channel at 8 TeV
  - Rt ratio of top and antitop in t-channel

   Conclusion
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Why measuring production 
cross section of the top quark?
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The LHC gives an unprecedented sample of top quark to study.

5 fb-1 at 7 TeV and 20 fb-1 at 8 TeV per experiment which correspond 
to 5 600 000 top pairs and 2 700 000 single top events.

This large dataset allows differential measurements, observation 
for difficult decay channels, associated production, besides requirements 
of 2 or more b tagged jets for a pure sample.

These data are analyzed for Standard Model tests,  perturbative QCD 
measurements, new physics searches, understanding backgrounds for 
Higgs boson and new physics searches. 
Single top production is proportional to |Vtb|2 and is sensitive to any 
effect that can modify the top quark weak coupling. 
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Top pair production at LHC

 arXiv.1303.6254

Top pair production at the LHC
• tt production dominated by gluon fusion at the LHC (∼85% @ 7 &  8 TeV) : 

•    

• Results presented in this talk compared to approx. NNLO :

• Full NNLO+NNLL (including NNLO correction for gg→tt) calculation now available : 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too, and a consistent NNLO treatment would require the
analysis of Ref. [35] to be extended to NNLO, which is
now possible with the help of the results derived in this
letter as well as Ref. [12]. Given the numerical effect is
small (a 0.7% shift at LHC 8 TeV and a 0.4% shift at the
Tevatron), in this work we take A = 0.
As can be concluded from table I the precision of the

theoretical prediction at full NNLO+NNLL is very high.
At the Tevatron, the scale uncertainty is as low as 2.2%
and just slightly larger, about 3%, at the LHC. The inclu-
sion of the NNLO correction to the gg-initiated reaction
increases the Tevatron prediction of Ref. [12] by about
1.4%, which agrees well with what was anticipated in
that reference.

Collider σtot [pb] scales [pb] pdf [pb]

Tevatron 7.009 +0.259(3.7%)
−0.374(5.3%)

+0.169(2.4%)
−0.121(1.7%)

LHC 7 TeV 167.0 +6.7(4.0%)
−10.7(6.4%)

+4.6(2.8%)
−4.7(2.8%)

LHC 8 TeV 239.1 +9.2(3.9%)
−14.8(6.2%)

+6.1(2.5%)
−6.2(2.6%)

LHC 14 TeV 933.0 +31.8(3.4%)
−51.0(5.5%)

+16.1(1.7%)
−17.6(1.9%)

TABLE II: Pure NNLO theoretical predictions for various
colliders and c.m. energies.

To assess the numerical impact from soft gluon re-
summation, in table II we present results analogous to
the ones in table I but without soft gluon resummation,
i.e. at pure NNLO. Comparing the results in the two
tables we conclude that the effect of the resummation
is a (2.2, 2.9, 2.7, 2.2)% increase in central values and
(2.4, 2.2, 2.1, 1.5)% decrease in scale dependence for, re-
spectively, (Tevatron, LHC7, LHC8, LHC14).
Next we compare our predictions with the most precise

experimental data available from the Tevatron and LHC.
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FIG. 3: Theoretical prediction for the Tevatron as a function
of the top quark mass, compared to the latest combination of
Tevatron measurements.
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FIG. 4: Theoretical prediction for the LHC as a function of
the collider c.m. energy, compared to available measurement
from ATLAS and/or CMS at 7 and 8 TeV.

The comparison with the latest Tevatron combination
[36] is shown in fig. 3. The measured value σtot = 7.65±
0.42 pb is given, without conversion, at the best top mass
measurement [37] m = 173.18 ± 0.94 GeV. From this
comparison we conclude that theory and experiment are
in good agreement at this very high level of precision.
In fig. 4 we show the theoretical prediction for the

tt̄ total cross-section at the LHC as a function of the
c.m. energy. We compare with the most precise avail-
able data from ATLAS at 7 TeV [38], CMS at 7 [39] and
8 TeV [40] as well as the ATLAS and CMS combination
at 7 TeV [41]. We observe a good agreement between
theory and data. Where conversion is provided [39], the
measurements have been converted to m = 173.3 GeV.
Finally, we make available simplified fits for the top

mass dependence of the NNLO+NNLL cross-section, in-
cluding its scale and pdf uncertainties:

σ(m) = σ(mref )
(mref

m

)4
(16)

×

(

1 + a1
m−mref

mref
+ a2

(

m−mref

mref

)2
)

.

The coefficient a1,2 can be found in table III.

CONCLUSIONS AND OUTLOOK

In this work we compute the NNLO corrections to
gg → tt̄ + X . With this last missing reaction included,
the total inclusive top pair production cross-section at
hadron colliders is now known exactly through NNLO
in QCD. We also derive estimates for the two-loop hard
matching coefficients which allows NNLL soft-gluon re-
summation matched consistently to NNLO. All results
are implemented in the program Top++ (v2.0) [33].

Results presented in this talk
are compared to NNLO computation
 (arXiv:1208.5578)

ttbar production dominated 
by gluon fusion at LHC 
at 7 TeV and at 8 TeV (85%)

Full NNLO+NNLL are now available including NNLO correction for gg→ttbar(arXiv:1303.6254)
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Top pair channels
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top pairs are identified through top decay: t→Wb at 100% in the standard model

Top pairs in lepton+jets
• We identify top pairs mainly through the top decay : t→Wb, BR ∼100% in SM

• ATLAS and CMS have measured tt in all final states (except in τhτh)

• In this talk : cross section measurements in e/µ+jets and τh+jets !                                                                                                                                   

BR∼10%
BR∼36%

BR∼6% BR∼46%

-

3

dileptons(e/µ,τh)

BR∼3%

e/µ + jets

τh+jets

dileptons(l=e/µ) all hadronic

mercredi 3 avril 2013

Single lepton (e/μ) + jets          = 34.3%
Dilepton (ee / eμ / μμ)            =   6.4%
All-hadronic light jets               =  45.7%
𝜏 + jets (hadronic 𝜏 + light jets) =    9.8%
𝜏 + lepton (hadronic 𝜏 + (e/μ))  =    3.7%

ATLAS and CMS have measured the ttbar cross section in all final states 
except hadronic 𝜏 + hadronic 𝜏  + jets
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Inclusive σ(ttbar) measurements at LHC 
at 8 TeV in lepton + jets channel
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ATLAS-CONF-2012-149

CMS PAS TOP-12-006

σ(ttbar) = 241±2(stat)±31(syst)±9(lumi)pb

both analysis have 13% errors
ATLAS main systematics: MC modeling, JES
CMS main systematics: JES, b tagging efficiency
excellent data/MC agreement

Very generic selection: one isolated lepton, 4 jets, 1 b-jet and missing ET 

σ(ttbar) = 228.4±9(stat)+29-26(syst)±10(lumi)pb

μ+jets

e+jets
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Differential σ(ttbar) measurements at LHC 
in lepton + jets channel
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(arXiv:1205.3453)7 TeV

Eur. Phys. J. C.(2013)73:226

CMS PAS TOP-12-027
same analysis strategy as inclusive measurements + full kinematic reconstruction
differential distribution unfolded for detector effects
ATLAS systematic uncertainty 10-20% dominated by jets and missing ET reconstruction
CMS systematic uncertainty 5.4% (half experimental and half modeling)
no deviation from the standard model
good agreement with generators
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Inclusive σ(ttbar) measurements at LHC 
 in dilepton channel 
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18

σσ(t(ttt) in dilepton channel (e/) in dilepton channel (e/μμ) @ ) @ 8 TeV8 TeV

TOP-12-007

Luminosity = 2.4 fb-1

Event Selection :
Similar to 7 TeV analysis
Changes to be robust againts PU :

Change lepton isolation definition 
Change energy correction of jets (MET)   

Statistical procedure :
Cut & count

Systematic uncertainties :
Dector related uncertainties increased
Pileup uncertainty increased
It still reach a 6.7 % of total precision

Measurement :

Data driven estimations :
Similar to 7 TeV analysis
 

6.7 %

7 TeV

CMS PAS TOP-12-007

JHEP1205(2012)059

σ(ttbar) = 176±5(stat)+14-11(syst)±8(lumi)pb

2 isolated leptons, 2 jets with one b-tag jet and missing ET

overall precision 9% for ATLAS and 6.7% for CMS
ATLAS main systematics: 4% from jets/missing ET, 5% from generator
CMS detector and pileup related uncertainties increased compared to 7 TeV

σ(ttbar) = 227±3(stat) ±11(syst)±10(lumi)pb

CMS at 7 TeV: 
σ(ttbar) = 161.9±2.5(stat) 
±5.1(syst)±3.6(lumi)pb
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Differential σ(ttbar) measurements at CMS 
at 8 TeV in dilepton channel 
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CMS PAS TOP-12-028

2 leptons, at least 2 jets and at least 1 b tag jet
an alternative kinematic reconstruction method is used for the ttbar reconstruction 
with a wider top mass assumption
typical systematic uncertainties 3.9% (half experimental and half modeling)
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Inclusive σ(ttbar) measurements at LHC 
 in full hadronic channel at 7 TeV
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ATLAS-CONF-2012-031

arXiv:1302.0508
σ(ttbar) = 168±12(stat)+36-34(syst)pb σ(ttbar) = 139±10(stat)±26(syst)pb

Busy final state: 4 light jets and 2 b jets
5 jets and 2 b tag jets, different working point (60% for ATLAS and 47% for CMS)
kinematic fit
main systematics: JES, b tagging and ISR/FSR for both experiments 
with differences in analysis strategies
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𝜏h + jets at 7 TeV
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Cross section in di-lepton final states including a 𝜏 lepton already measured at the LHC:
CMS: σ(ttbar) = 143±14(stat)±22(syst)±3(lumi)pb (precision 18%) 
Phys ReV D85(2012)112007
ATLAS: σ(ttbar) = 186±13(stat)±20(syst)±7(lumi)pb (precision 13%) 
Phys Lett B717(2012)89-108
Largest contribution including a 𝜏 in the final state

- ATLAS analysis strategy:
trigger of at least 4 jets with 2 b jets
5 jets selection: 
2 b jets, 2 jets associated with a W 
and remaining jet as 𝜏 candidate
missing ET

lepton veto

- signal extracted using a template fit to the 
number of tracks associated to the 𝜏 
candidate (relaxed cut on the number of 
tracks to identify the 𝜏 (1 or 3) in this plot)

file://localhost/Users/ridel/Talk_Photon2013/template.key
file://localhost/Users/ridel/Talk_Photon2013/template.key
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𝜏h + jets at 7 TeV (2/2)
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Results:
ATLAS: σ(ttbar) = 194±18(stat)±46(syst)pb (precision 25%) 
EPJC 73 3(2013)2328

CMS: σ(ttbar) = 152±12(stat)±32(syst)±3(lumi)pb (precision 22%) 
arXiv:1201.5755

• Cross section & branching ratio measurements :

• Largest uncertainties from :

• jet energy scale

• τh   identification and energy scale

• trigger efficiency

22%

M3 : invariant mass of the three-jet 

system with highest transverse 

momentum in enriched signal region, 

DNN>0.5  

tt→τh+jets - cross section measurement

M3 (GeV), NN>0.5
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- CMS analysis strategy
dedicated tau trigger
4 jets with at least one b jet 
1 𝜏 candidate
missing ET

lepton veto

- signal extracted from a template 
fit to a NN output distribution

- largest uncertainties from JES, 𝜏 
identification and energy scale and 
trigger efficiency

file://localhost/Users/ridel/Talk_Photon2013/template.key
file://localhost/Users/ridel/Talk_Photon2013/template.key
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Inclusive σ(ttbar) measurements at LHC 
at 7 TeVInclusive 𝝈𝒕�̅� measurements @LHC 

First LHC combination 
–First step in the discussion towards the harmonization of 
systematic treatment 

–For the moment there were still important differences:          
e.g. treatment of generator systematics 

–This could be a very good motivation for top modeling studies 
Top Quark Production at the LHC 4 

𝜎 ̅ @ 7 TeV pp collisions 

ATLAS and CMS combination 

Total uncertainty : 5.8% 

ATLAS-CONF-2012-134  

CMS PAS TOP-12-003 
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σttbar at 7 TeV: ATLAS 
and CMS combination 
➠ total uncertainty of 5.8%
 ATLAS-CONF-2012-134 
and CMS PAS TOP-12-003

 [pb]ttσ

50 100 150 200 250 300 350

ATLAS Preliminary

 = 7 TeVsData 2011, 

Channel & Lumi.

20 Dec 2012
Theory (approx. NNLO)

 = 172.5 GeVtfor m

stat. uncertainty
total uncertainty

(lumi)±(syst) ±(stat) ± ttσ

Single lepton -10.70 fb   7 pb±  9 ±  4 ±179 

Dilepton -10.70 fb  pb-   7
+  8  -  11

+ 14  6  ±173 

All hadronic
-11.02 fb

  6 pb± 78 ± 18 ±167 

Combination   7 pb± -   7
+  8  3  ±177 

νµ X→Single lepton, b 
-14.66 fb

  3 pb± 17 ±  2 ±165 

 + jetshadτ -11.67 fb  46 pb± 18 ±194 

 + leptonhadτ -12.05 fb   7 pb± 20 ± 13 ±186 

All hadronic
-14.7 fb

  6 pb± -  57
+ 60 12  ±168 

) (pb)t(tσ

0 50 100 150 200 250 300
-0.7

5.8

+jetsτCMS   3± 32 ± 12 ±152 
arXiv:1301.5755 (L=3.9/fb)  lumi.)± syst. ± stat. ±(val. 

)τµ,τCMS dilepton (e   3± 22 ± 14 ±143 
Phys. Rev. D 85 (2012) 112007  lumi.)± syst. ± stat. ±(val. 
(L=2.2/fb)

CMS all-hadronic   3± 26 ± 10 ±139 
arXiv:1302.0508 (L=3.5/fb)  lumi.)± syst. ± stat. ±(val. 

)µ,eµµCMS dilepton (ee,   4±  5 ±  2 ±162 
JHEP 11 (2012) 067 (L=2.3/fb)  lumi.)± syst. ± stat. ±(val. 

+jetsµCMS e/   4± 10 ±  2 ±158 
Phys. Lett. B 720 (2013) 83  lumi.)± syst. ± stat. ±(val. 
(L=2.2-2.3/fb)

 = 7 TeVsCMS Preliminary, 

NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254

NLO QCD
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Single top production at LHC
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Electroweak production of the quark top

- The dominant process (t-channel) is equivalent to 1/3 of the ttbar production
σt = 88 pb at 8 TeV
it has been observed in 2009 at the TeVatron and in 2011 at the LHC
- Evidence of  Wt at ATLAS and CMS
- The s-channel has the smallest cross section (1/15 of t-channel)
a limit is given by ATLAS
Note: the number of top and of anti-top produced is different (see slide 18)
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t-channel at 8 TeV

15

CMS PAS TOP-12-011ATLAS-CONF-2012-132

σ(t) = 95.1±2.4(stat)±18(syst)pb
19% precision 
(9% IFR/FSR, 9% b-tag, 8% JES, 7% generators)

σ(t) = 80.1±5.7(stat)±11(syst)±4(lumi)pb
16% precision
(8% JES, 6% generators, 5% muon, 
5% b-tag, 5% PDF)

Selection: one lepton, missing ET, one b jet, one recoil jet
Analysis strategies: signal extracted from a fit on a NN discriminant for ATLAS and 
on η distribution of the recoil jet for CMS 
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Wt channel at 7 TeV

16

ATLAS: Phys Lett B716(2012)142-159CMS: Phys Rev Lett 110(2013)022003
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Figure 3: Distributions of HT and the pT of the system composed of the leptons, Emiss
T and the

jet, in data and simulation after jet selection in the signal region (1j1t).

separate the tW signal from the dominant tt background. These variables are HT, defined as
the scalar sum of the transverse momenta of the leptons, jet, and Emiss

T ; the pT of the system
composed of the leptons, Emiss

T and jet; the pT of the jet with the highest energy; and the dif-
ference in angular separation, f, between the direction associated to the Emiss

T and the closest
of the two selected leptons. The distributions of HT and the pT of the system composed of the
leptons, Emiss

T and the jet, are presented, in the signal region (1j1t), in Fig. 3. The presence of the
tW signal over the background is visible in all the distributions. The distributions of the other
two variables are available in Appendix A.
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Figure 4: Distribution of the BDT discriminant in the signal region (1j1t) in data and simulation.

The output of the BDT is a single discriminant value for every event ranging from �1 (background-
like) to +1 (signal-like). The distribution of the BDT discriminant is shown for the 1j1t signal
region in Fig. 4. Even if the tW signal does not peak strongly at +1, its distribution discrim-

Selection: 2 leptons, missing ET, 1 b jet
Signal extraction: simultaneous fits of BDT outputs in different jet-bin regions
First evidence from ATLAS with 2 fb-1 and confirmation from CMS with more statistics
ATLAS:                                                                    CMS:
σ(t) = 16.8±2.9(stat)±4.9(syst)pb  (precision 34%)      σ(t) = 16+5-4pb (precision 31%)
measurement signifiance:    3                                            4 σ
                         main systematics from JES and parton shower

22 variables
4 variables
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Single top cross section measurements with ATLAS
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Comparison of the different ATLAS measurements in single top production 
with the theoretical prediction 
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Rt ratio of top and antitop in t-channel
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ATLAS-CONF-2012-056CMS PAS TOP-12-038
Rt = 1.81±0.1(stat)±0.21(syst) at 7 TeVRt = 1.76±0.14(stat)±0.21(syst) at 8 TeV

Rt is sensitive to u/d PDF

Analysis strategies: 
fit to NN outputs for l+ and l-  for ATLAS and fit to η of the recoil jets for l+ and l- for CMS
both results agree with standard model prediction

Julien Donini

Top/antitop cross section ratio (Rt)

Motivation: Rt sensitive to ratio of u/d quark PDF
Rt ~ 1.9, sizable dependence on PDF sets
Measurements: ATLAS (7 TeV), CMS (8 TeV)

ATLAS-CONF-2012-056
CMS-PAS-TOP-12-038

(13%) (15%)
12

Rt = 1.81 ± 0.10 (stat) ± 0.21 (syst) Rt = 1.76 ± 0.15 (stat) ± 0.22 (syst)
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Conclusions
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Many top measurements from 7 TeV 5 fb-1 of data, and further statistics of 8 TeV data
 - first LHC σ(ttbar) combination and ongoing work to uniformize the systematics estimates.  
 - improved σ(ttbar) and σ(t) measurements

ATLAS and CMS have measured the top pair cross sections in many channels.

Large statistics of the LHC sample allows to perform more detailed top measurements 
(differential cross sections or Rt measurement in t-channel single top for example).

Excellent agreement data/MC and cross section measurements in very good agreement with 
approx. NNLO calculations.

Better understanding of QCD in ttbar final states through differential measurements. 
 
Only a subset of ATLAS and CMS results have been shown here, please have a look at the 
experiment public pages for a full list of the top quark publications. 

More detailed and interesting top results to come.


