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Tevatron collides 980 GeV beams of protons and anti-protons:
minimum x=0.18 so quark anti-quark annihilation dominates [85%]
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Tevatron collides 980 GeV beams of protons and anti-protons:
minimum x=0.18 so quark anti-quark annihilation dominates [85%]
LHC collides 4 TeV (6.5 TeV) beams of protons and protons
minimum x=0.043 (0.027), so gluon fusion dominates [above 80%]
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Three experimental final states

Common feature is two b-jets
from weak decays t->Wb

Subsequent decay of W*W-
bosons gives three final states

4% dilepton
30% single lepton+jets
46% all jets
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Top Pair Branching Fractions

“alljets” 46%

tt+jets 15%
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Discovery in 1995 with 50 pb!

Dilepton and lepton+jets with half of Run 1 data at 1.8 TeV
Important features: b-jet identification and unique kinematics
Measure inclusive cross section to 30% precision with full Run 1 data
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Inclusive cross section in Run li

5% precision by combining six measurements from CDF & DO

~ 10
7.60 # 0.41 pb 2.,

CDF+DO, PRD 89, 072001 (2014) & _

8.
4% precision from theory NNLO+NNLL
Barnreuther, Czakon & Mitov

PRL 109, 132001 (2012)

7.5-

Predlctlon top++ A Scale | A PDF
=172.5 GeV (pb) (pb)

NLO+NLL 7.09 +0.28  +0.19 6
~0.51 -0.13 55

NNLO+NNLL 735 +0.11 +0.17 5
~0.21 -0.12

Tevatron Run I, < 8.8 fb
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Inclusive cross section in Run li

Tevatron Run Il,\ s=1.96 TeV

CDF dil T 00i083 Good agreement
llepton =i .09+ 0. .
88 P between final states

CDI;f{)\NN lepton+jets o4 7.8210.56
1 e

CDF SVX lepton+jets pj—e—i— 7.32+0.71

4.6 b - 0.36 + 0. Combine with Best
L + . o
CB';%" Jo1s =gt fald s . Linear Unbiased
- + ]

(Zlg-lgfgpmbmed H=o—H 7.63+ 0.50 Estimate (BLU E)
DO dilepton C e . 7364085 with correlations of
DO IeE}omjets —e—q 7.90+0.74 systematics

53f0" between results
D% g)fcg_mbmed — — 7.56 = 0.59
T j 7.60 + 0.41 ..
L. 000 036 | 5% precision CDF+DO,

Phy_s. ReIV. Le'ft. 109 (2012) 132001 PRD 89’ 072001

6 7 8 9 ResulttTotal Uncertainty (2014)
o(pp — tf) [pb] + Stat + Systematic
Yellow band shows NNLO+NNLL theoretical prediction



Uncertainties (pb)

Uncertainty (pb) _| CDF | DO Tevatron_

Statistics 0.31 0.20 0.20
All systematics 0.39 0.56 0.36
Signal model * 0.21 0.13 0.18
Luminosity (inel)* 0.05 0.30 0.15
Luminosity (det) 0.06 035 0.14
Detector model 0.17 0.22 0.13

DO optimized
technique to
reduce statistical
uncertainty

CDF reduced 6%
luminosity Jet model 0.21 0.11 0.13
uncertainty Bkg theory * 0.10 0.08 0.10
to2% by Znormalization ~ 0.13 N/A  0.08
normalization to

Bkg data 0.08 0.06 0.05

Z cross section

g Method 0.01 0.07 0.03



DO Lepton+lets

Mumber of events

Classify by number of jets and b-tags

* If dominated by top, then fit number
of selected events with estimate of
small W+HF backgrounds

* If dominated by background, then fit
discriminant based on kinematics

Mumber of events

Excellent statistical sensitivity, but more
sources of systematic uncertainty with
kinematics, b-tagging and W+HF

Can use W+2 jets to fit W+HF fraction
(small difference between PRD and PLB)

Number of events

7.90 + 0.74 pb combined 5300 pb
9 PRD 84,012008 & PLB 704, 403 (2011)




DO Lepton+lJets

Classify by number of jets and b-tags

* If dominated by top, then fit number
of selected events with estimate of
small W+HF backgrounds

* |If dominated by background, then fit
discriminant based on kinematics

Excellent statistical sensitivity, but more
sources of systematic uncertainty with
kinematics, b-tagging and W+HF

Can use W+2 jets to fit W+HF fraction
(small difference between PRD and PLB)

7.90 + 0.74 pb combined 5300 pb
10 PRD 84, 012008 & PLB 704, 403 (2011)
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CDF Lepton+Jets

Reduce luminosity uncertainty = ¢
from 6% to 2% for first time = 00
— Measure ratio of ttbar and Z/y* .-
— Normalize to Z/y* theory _

Fit ttbar and W+jets from a
discriminant with kinematics

Discriminant for at least 3 jets

B data (7348 evts)
R tor
B w+ets
B acp
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7.82 +0.56 pb 4600 pb NN output
Reduce W+jets background with,  _ Events with at least 1 b-tagged jet
b-tagging, fit number of events & T \ o

Wt

7.32+0.71 pb 4300 pb-l soo:— \ \ S E;“;EW

Only 30% statistical correlation il

since different information used

7.70 £ 0.52 pb combined
11  CDF PRL 105, 012001 (2010) " lset  2uets  3dets  ddets  s5dets
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Dilepton & All-jets

7.09 £ 0.83 pb 8800 pb! 7.21 + 1.28 pb 2900 pb!
CDF PRD 88, 091103(R) (2013) CDF PRD 81, 052011 (2010)
Dilepton All-jets
* smallest branching fraction * biggest branching fraction
(4%) and low backgrounds (46%) and large backgrounds
* Atleast 1 b-tagged jet has * Jet model dominates
91% purity systematics
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- (@ DO Z=9.7fb"!

Differential cross section:~ =

Wijets

DO Run Il for lepton+jets 9700 pb 1oo§ = Muitjet
Test model by Alpgen, MC@NLO and ot

NNLO calculations £ . re——
* low acceptance effects (central events) O 0555 T200

m(tt) [GeV]

 goo0d agreement with standard model
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(@ DO ¥=9.7fb!
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Differential cross section :

DO Run Il for lepton+jets 9700 pb!
Test model by Alpgen, MC@NLO and

NNLO calculations g L 4
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Differential cross section :

DO Run Il for lepton+jets
Test model by Alpgen, MC@NLO and

NNLO calculations g % i
= i
 low acceptance effects (central events) G T e

* good agreement with standard model

do /dpy” [pb/GeV]
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Summary

v’ Different experimental
final states in good
agreement with each
other

v’ Inclusive cross section in
good agreement with
impressive theoretical
predictions

v’ Differential cross section
with full Run 1l dataset
tests QCD model

I|I*I‘II|IIII|IIII|
rn

Tevatron Run I, < 8.8 fb '

—e— Measured c(pp— tt+X)

- Measured dependence of ¢

—— NNLO+NNLL QCD
1 | 1 1

170 172 174 176
Top quark mass (GeV)



