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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

- Th T jets at 7/ TeV

- ATLAS and CMS combination at 7 TeV
- single top

- Wt channel at 7 TeV

- t-channel at 8 TeV
- R¢ ratio of top and antitop in t-channel

Conclusion



Why measuring production
cross section of the top quark?

The LHC gives an unprecedented sample of top quark to study.

5fb! at 7TeV and 20 fb-! 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 [Vw|? and is sensitive to any
effect that can modify the top quark weak coupling.
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Top pair production at LHC

ttbar production dominated ¢ t 9 pooooT ¢ . J
by gluon fusion at LHC W ) .
at 7 TeV and at 8 TeV (85%) ; f {

g t g voovo "

Results presented in this talk

LHC 7 TeV LHC 8 TeV
are compared to NNLO computation - °
(arXiv:1208.5578) o(tf) [pb] 16375+ 9 234"1%7% 12

Full NNLO+NNLL are now available including NNLO correction for gg—ttbar(arXiv:|303.6254)

Theory (scales + pdf) wmmmm

Theory (scales) Collider |otot [pb]|scales [pb] | pdf [pb]

300 | CMS dilepton, 7TeV —v— — +0.110(1.5%) | +0.169(2.4%

ATLAS, 7TeV —e— ,
CMS dilepton, 8TeV LHC 7 TeV | 172.0 +4.4(2.6%) | +4.7(2.7%)

5 250t —5.8(3.4%) —4.8(2.8%)
Q . - +6.2(2.5%) +6.2(2.5%)
3 LHC 8 TeV | 245.8 | " 'u3uo) | _6.4(2.6%)
o)

—33.9(3.6%) | —17.8(1.9%)

PP — tt+X @ NNLO+NNLL

| MSTW2008NNLO(68cl)
6.5 7 7.5 8 8.5
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Top pair channels

top pairs are identified through top decay: t—=Whb at 100% in the standard model

w | &
b et *’c*q © ‘% % 12/
’ “” ’ g _g o
—" Nt +
t Ves Vs Vi, 4 B = §
g w+ S |o | E
F W L o tau+jets
e, L, T, q 'y ' | muon+jets
b Ve, Vu, Vi, Q' o ﬁ. electron+jets
. . \“Q}o’b\\ e'|u'ltt|  ud cS
Single lepton (e/[) + jets = 34.3% ©
Dilepton (ee / ey / pp) = 6.4%
All-hadronic light jets = 45.7%

7 + jets (hadronic 7 + light jets) = 9.8%
7 + lepton (hadronic 7 + (e/H)) = 3.7%
ATLAS and CMS have measured the ttbar cross section in all final states

except hadronic 7 + hadronic 7 + jets
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Inclusive o(ttbar) measurements at LHC
at 8 TeVinlepton + jets channel

Very generic selection: one isolated lepton, 4 jets, | b-jet and missing Et

«0° ATLAS-CONF-2012-149

- ATLAS Preliminary
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O(ttbar) = 241+2(stat)x3 | (syst)£9(lumi)pb
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CMS Preliminary 2.7fb" at {s =8 TeV
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CMS PAS TOP-12-006 M, (GeV)

o(ttbar) = 228.4+9(stat)*2?_2¢(syst)x 1 0(lumi)pb

both analysis have |13% errors

ATLAS main systematics: MC modeling, JES
CMS main systematics: JES, b tagging efficiency
excellent data/MC agreement
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Differential o(ttbar) measurements at LHC

in lepton + jets channel
Eur. Phys. ). C.(2013)73:226

, CMS Preliminary, 12.1 fo' at (s = 8 TeV
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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 a(ttbar) measurements at LHC

in dilepton channel
JHEP1205(2012)059 O(ttbar) = 227+3(stat) + | I(syst)+|0(|um|)pb

% al I'TT I T | T | I'TT | T I T | 7T I 7T | 7T | T l_ .E ESD[J_—CMS prehmmaw ;g?ta_} l l I:.l_e I:I
(510 - ATLAS non-b-tag All channels - E [ ee, uy channels 0 4 uo -
= . - 2410 pb”, {5=8TeV W y
= Ldt=0.70 fb Data 7 Tev 2000 = Non W/Z leptons  —
N np . Lt - B 1 signal :
"GC: 10° W Z/y*+jets - B
b Fake leptons 7 1500
Bl Other EW | I
7, Uncertainty - B
102 _ 1000}~

10

Obs/Exp Ratio
L . SR N Ry
o0 0D M3 P O

0 40 80 120 160 =190 S - e
ET™ [GeV] CMS PAS TOP-12-007 bagged jet mutipiciy

= + +14 +
O(ttbar) = 17615(stat) ||(syst) 8(lumi)pb CMS at 7 TeV:
2 isolated leptons, 2 jets with one b-tag jet and missing Et O(ttbar) = 161.9+2.5(stat)
overall precision 9% for ATLAS and 6.7% for CMS +5. [ (syst)£3.6(lumi)pb

ATLAS main systematics: 4% from jets/missing Et, 5% from generator
CMS detector and pileup related uncertainties increased compared to 7 TeV
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0 50

Differential o(ttbar) measurements at CMS
at 8 TeV indilepton channel

, CMS Preliminary, 12.2 ft6" at (s = 8 TeV
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(arXiv:1210.7813)
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CMS PAS TOP-12-028

2 leptons, at least 2 jets and at least | 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)

Mélissa Ridel — LPNHE

0.6

0.5

CMS Preliminary, 12.2 fb'at (s = 8 TeV

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
- Dilepton Combined ]

e Data
—— MadGraph
MC@NLO

--- POWHEG
Approx. NNLO -

(arXiv:1210.7813)




Events/10 GeV

Inclusive o(ttbar) measurements at LHC
in full hadronic channelat 7 TeV

ATLAS-CONF-2012-031

ATLAS Preliminary -

JL dt=4.71"

—o— Data

tt signal B
" Multijet background -

]

- _
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m, [GeV]
O(ttbar) = 168x12(stat)*3¢.34(syst)pb

Busy final state: 4 light jets and 2 b jets

N. of combinations/(10 GeV/c?)
g 8 8 B

B
(=)

N
(=)

CMS preliminary, 1.09 fb "at ys =7 TeV

{ * CMS data
* — tt simulation

- QCD estimate from data

B — combined tt and QCD
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arXiv:1302.0508

O(ttbar) = 139+10(stat)+26(syst)pb

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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th+Jetsat /7 TeV

Cross section in di-lepton final states including a 7 lepton already measured at the LHC:

CMS: o(ttbar) = 143+ 14(stat)+22(syst)£3(lumi)pb (precision 18%)
Phys ReV D85(2012) 112007

ATLAS: o(ttbar) = 186%13(stat)+20(syst)+7(lumi)pb (precision 13%)
Phys Lett B717(2012)89-108

Largest contribution including a 7 in the final state

- ATLAS analysis strategy:

i) -ttt ottt =

trigger of at least 4 jets with 2 b jets g 200F | + ATLAS =
: P i - [ ] =

> jets selection: . 180F + _*_|‘+‘| , j Ldt=1.671" \s=7TeV -
2 b jets, 2 jets associated with aW 160 ¢ =
.. ) ) - i ¢ Data 2011 -

and remaining jet as 7 candidate 1401 ! — Fit [All] E
.. 1201 1| 0 'Ky Fit [Tau/Electron] —
MISSING Et 100E- | + """""""" N DR Fit [Quark-jets] 3
lepton veto sob | 17 I Fit [Gluon-jets] 3
. . 60Ee| | L _ -

- signal extracted using a template fit to the PSRRI WU s A | .
number of tracks associated to the 7 o0 E e ST 5 E
candidate (relaxed cut on the number of N ST R O TOUUROY Bt S Bt 5=

tracks to identify the 7 (I or 3) in this plot)
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th+jetsat 7 TeV (2/2)

- CMS analysis strategy
dedicated tau trigger

>
4 jets with at least one b jet O
| 7 candidate E
missing Et G

lepton veto

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

- largest uncertainties from JES, t

Data/MC

identification and energy scale and
trigger efficiency

Results:
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‘o' Data
stat.+syst. uncertainty
B it < +ets
I single top

VSV TV, 3ot T

W/Z + jets

B it background
multijet

.U.]if{.{k*ﬁ},*f.}k}é}E,”if*i.fﬂ.Hﬁ

M, (GeV), DNN>O

ATLAS: o(ttbar) = 194+ 18(stat)+46(syst)pb (precision 25%)

EPJC 73 3(2013)2328

CMS: o(ttbar) = 152+ 12(stat)£32(syst)+3(lumi)pb (precision 22%)

arXiv:1201.5755
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Inclusive a(ttbar) measurements at LHC

at /7 TeV

Preliminary LHC o, combination, \'s = 7 TeV - September 2012
L., =0.7fo"-1.1fo"
: : HATHOR theory prediction
ATLAS, di-lepton (ee, ey, ) : + 16

e |—?-.-|—| 173+ 6 13
ATLAS, l+jets !

R o 179+ 4+ 11
ATLAS, all jets ] : L

0t —— 167+ 18+ 78
ATLAS combined —o— 177+ 3%+ 1}
CMS, di-lepton (ee, ep, pu) '

L —_ 170 4+ 18
CMS, p+r, . :

I.._—‘.1"::n'| : I_l_._rH 149i 24i 28
CMS, l+jets ——i 164+ 3+ 14
CMS, all jets o——— 136+ 20 + 41
CMS combined ——i 165.8+2.2+13.2
LHC combined - 173.3+2.3+9.8

. . for m=172.5 GeV . + (stat.) + (syst.)
50 100 150 200 250 300 350
Gy [PD]

Owbar at 7 TeV:ATLAS
and CMS combination

m# total uncertainty of 5.8%
ATLAS-CONF-2012-134
and CMS PAS TOP-12-003
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S 20 Dec 2012
ATLAS Preliminary Theory (pprox. NNLO)
form, = 172.5 GeV
Data 2011,\Ns =7 TeV —— stat. uncertainty
— total uncertainty
Channel & Lumi. o x(stat) =(syst) =(lumi)
Single lepton  0.70 o' —— 179+ 4+ 9+ 7pb
Dilepton 07017 | e 173+ 6 *1* * 2pb
All hadronic 167+ 1878+ 6 pb
1.02 fo’!
Combination -—--—- 177+ 3 31 7 pb
Single lepton, b — Xuv -—-—- 165+ 2+17+ 3 pb
4.66 fb”
Tpag + jES 1.67 fo’! 194 = 18 = 46 pb
Toag + lepton  2.05 b _— 186+ 13+20+ 7 pb
All hadronic - 168+ 12 *2+ 6pb
471" \ \ \ \
50 100 150 200 250 300 350
Oaf [pb]
CMS Preliminary,\'s =7 TeV
CMS e/u+jets 158+ 2+10+ 4
Phys. Lett. B 720 (2013) 83 (val. = stat. = syst. = lumi.)
(L=2.2-2.3/fb)
. @2
CMS dilepton (ee,uu,eu) 162+ 2+ 5+ 4
JHEP 11 (2012) 067 (L=2.3/fb) (val. = stat. = syst. = lumi.)
. ==
CMS all-hadronic 1391026+ 3
arXiv:1302.0508 (L=3.5/fb) (val. = stat. = syst. = lumi.)
CMS dilepton (et,ut) 143+14+22=+ 3
Phys. Rev. D 85 (2012) 112007 (val. = stat. = syst. = lumi.)
(L=2.2/fb)
. e @——
CMS t+jets 152 +12+32=+ 3
arXiv:1301.5755 (L=3.9/fb) (val. = stat. + syst. = lumi.)
[ ] NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254
[ INLoacp
\ \ \ \ \
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Single top production at LHC

f

Electroweak production of the quark top
q
g +/
A q W

g’ {
A ”r
} >w\, «<
{ _
i b
b g

t-channel s-channel

i

Wt associated production

- The dominant process (t-channel) is equivalent to |/3 of the ttbar production
O. =88 pbat 8 TeV

it has been observed in 2009 at the TeVatron and in 201 | 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-channelat 8 TeV

r~-rr-rrrrrrrr1rrrr1rrr?

6000F ATLAS Preliminary ILdt =5.81fb" (s=8 TeV-
- 2 jets SR ® data .

L 7 8 t-channel

B ¢, Wt s-channel

I W+heavy flavour

] W+light jets -

[ Z+jets, diboson

Bl QCD multijet ]

7. QCD + MC stat unc.

4000}

Events / 0.05

0] T S R R F O ITY POV SPIVRI ER I N SRR

rel. diff.

0 0.2 0.4 0.6 0.8 1
NN output

ATLAS-CONF-2012-132

CMS Preliminary, 5.0 fb ', ys = 8 TeV

1200

1000
|:| tt, tW-, s-channels

. WiZ+jets, dibosons

D Qco

800

600

400

200

IIIIIIIlIIIlIIIlIIlIIIIlT

CMS PASTOP-12-01 1

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 N distribution of the recoil jet for CMS

O(t) = 95.1+2.4(stat)+ 1 8(syst)pb
| 9% precision

(9% IFR/FSR, 9% b-tag, 8% JES, 7% generators)

Mélissa Ridel — LPNHE

O(t) = 80.1+5.7(stat)x | I (syst)£4(lumi)pb
| 6% precision
(8% JES, 6% generators, 5% muon,

5% b-tag, 5% PDF) s
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Wt channelat 7 TeV

:_ CMS, \/§= 7 Tev, 4.9 fb-1 IiltDvsta 8 100_ LI I B B B BN B B | — LA L B B B B B B | |—
B . i - Data |
N =tzf/ viets - | ATLAS 7773 JES uncertainty _
_ Y - u i _
- & Other i ; 80_ JLdt=2.05 b’ Eyth ]
NN ] Systematic | b . CJWW/ZzZ/WZ -
S ] g,) L \s=7TeV CJZ(ee/up)+jets -
N - : : 3 Z(t1)+jets .
: W 60+ Dilepton 1 jet @ Fake dileptons —
’ - i ]
. - 401 -
ANl AN : :
201~ g
- | 1 ] l 1 ]
0-1 -0.8
1.010-099 -099t0-0.7 -07100.7 0710099 0.99t01.0 .

4 variables €7 CTRT ATLA2\52° ;imbLles B716(2012 ?2; O|U|5tF<;Ult

CMS: Phys Rev Lett | 10(2013)022003 :Phys Lett B716(2012)142-

Selection: 2 leptons, missing Et, | b jet
Signal extraction: simultaneous fits of BDT outputs in different jet-bin regions
First evidence from ATLAS with 2 fb-! and confirmation from CMS with more statistics

ATLAS: CMS:
o(t) = 16.8+£2.9(stat)£4.9(syst)pb (precision 34%)  O(t) = 16*.4pb (precision 31%)
measurement signifiance: 3 40

Malissa Ridel — LPNHE main systematics from JES and parton shower 16



Single top cross section measurements with ATLAS

ATLAS Preliminary \s=7 TeV
t-channel 1.04 fo” e——383" pb
arXiv:1205.3130

t-channel top 4.7 fb™ —— 53" pb
ATLAS-CONF-2012-056

t-channel antitop 4.7 fb™' —&— 30%7 pb

ATLAS-CONF-2012-056

Wt-channel 2.05 fb! 8- 17”2 pb

arXiv:1205.5764

s-channel 0.70 fo! —=—4 < 26 pb

ATLAS-CONF-2011-118

Theory (approx. NNLO)

Lo Lo o L o L b L o L 1 1)
0 20 40 60 80 100120

single top cross section [pb]
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

R: is sensitive to u/d PDF

CMS Preliminary, 12.2 fo',\s = 8 TeV

L L B L L L B LR
S s | [T e
CTEQeN 5 ATLAS result | : -
o ; ABKMO09 ——
-MRSTOG E — NNPDF 2.1 ———i
. MSTWO08 NLO 90CL N.=4 E — MSTW2008 —e—
. HERAPDF 1.5 NLO E- GJRO8 E
| E CT10 (+ DO W asym.) ——i
.NNPDF2.1 Ne=4 E = CT1O I o—i
NPT EPEPETE PN B BN B B BT BEPET B SFEFIFErS P FAEATE IPEPAPAG SR A AP IS e R
04 06 08 1 12 14 16 18 2 221213141516171819 2 21 5 0
Ratio = o(t)/o(t) R
Re = 1.7620.14(stat)£0.2 | (syst) at 8 TeV Re = [.8120.1(stat)£0.2 | (syst) at 7 TeV ‘
CMS PASTOP-12-038 ATLAS-CONF-2012-056

Analysis strategies:
fit to NN outputs for I* and I for ATLAS and fit to n of the recoil jets for I* and I- for CMS
both results agree with standard model prediction
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Conclusions

Many top measurements from 7 TeV 5 fb-! of data, and further statistics of 8 TeV data
- first LHC o(ttbar) combination and ongoing work to uniformize the systematics estimates.

- improved O(ttbar) and O(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 R, 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.
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