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Top quark(s) production

Top pair production at the LHC through gg (>84%) and qq

g . b >_0_Q_QQ.Q_< t
g t oovooo —f g3 t
« Single-top production (at LO) s
— t-, s-channel and Wt production,
) ) we W ,\N':.
« LHC Run 1: per experiment (approximately) tohaial Sl
— 6M top-quark pair events (1/second) S itndi b fb ) b
— 2M t-channel single-top events q / /f' _ ‘.‘\'ﬂ""\-\,_\
— 150k s-channel single- N w5 8"
gle-top events i M{ g 5
— 3k tt+Higgs N ¥
— 20 tttt q b
e . . At- nne b
» Sensitive to new physics & test of perturbative QCD il
. - f:” ¢ /Ol »
e Can constrain modeling (PDF, ISR/FSR) c_,b_é?/ "M\\V
. £ 5 M
* Important background to many Higgs and BSM searches o
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Top quark decay

l+ q t—Wb, W—jets or lepton + v
w™ =1 . . .
¢ v, q Top Pair Branching Fractions
“alljets™ 46%
Vi b

« Decays ~100% to W- THets 15%

boson and b-quark —
Vip| ~ unity

* Final state topology o
depends on W decay Wik

L+jets 15%

e+jets 15% _
"dileptons™ "lepton+jets™
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* ATLAS TOP Public Page:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

* CMS TOP Public Page:

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP

Learning about top quark

* Every topic deserves a dedicated long presentation:

MC/Data

Cross sections \

ATLAS L ! t zmz
[ 15=8TeV 20.310" *upwhegpv —
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CMS-PAS-TOP-14-009
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02/05/2015

f Differential \
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tt+V (V=y,W,Z) covered in next
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP

Inclusive measurements
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Inclusive top-pair production: Summary

* Excellent progress both on the theory and experiment sides!

1989 ( 11998 12008 2013 LHC WG :
aan 4 $ X 4 https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TopLHCWG
260 NLO '
NNLO
240 LO ';’ l [ E 1 03 T | I T T T | T T T T I T T 1 I T T 1 | T T T T | T T 1 | T T T T
v | ™ ¥ Tevatron combinad* 1.96 TeV (L 8.8f5" _
2 220 | NLNNLL L ] 2 = ATLAS dieplon 7 TeV (4615 ATLAS+CMS Internal May 2015 -
c | e CMS dilepton 7 Tev (L=23 5" ]
= 200 LL k=) | O ATLAS ljets’ 7 TeV (L=0.7 157) TOPLHCWG =
=~ -— . 4
2 5 | O OMS l+jets 7 Tev (L=23 f5") 1
180 | Fied Order O B ATLAS dilepton 8 TeV (L=203 f5™)
NLOsres o | | @ ® CMS dilepton 8 TeV (L=53 5"
160 NNLO+res {02 =* LHC combined en" 8TeV (L=53-203 ") |
8 = O ATLAS Ijets 8 TeV (L=203 f5') ' ]
140 LHC 8 TeV; m,,,=173.3 GeV; A=0 5 O CMS Ijets” 8 Tev (=28 15"
120 ) MSTW2008 LO NLO NNLO = - * Preliminary 250— b
= L
2 - I
s 200~ -
o 10 e % '
£ = -
= NNLO+NNLL {pp) 150 # T
—~— E NNLO+NNLL (pD) 7 8
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 7
172 5GeV PDF&® ¢ uncertalntles according to PDF4LHC
T Y
-I L] | I | | L 1 DP | L1 1 | [ F | I I L 1 | I |
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\s [TeV]
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Very precise QCD prediction to NNLO with
NNLL corrections available since 2013

All measurements are systematics limited
Best results from dilepton analyses
All measurements agree with predictions

Experimental uncertainties challenge
theoretical ones!

Theoretical uncertainty 5.5%

Experimental
uncertainty 3.5%...

...3.9% including LHC beam
energy uncertaintity

Top pair inclusive cross section

ATLAS+CMS Internal O SUMMary, Vs=8TeV TOPLHCWG

....... NNLO+NNLL (Top++ 2.0), PDF4LHC

my,, = 172.5 GeV
[ scale uncertainty
scale @ PDF @ ag uncertainty

ATLAS, lepton+jets
arXiv:1504.04251, L, =20.3 fb”

CMS prel., lepton+jets
CMS-PAS TOP-12-006, L,=2.8 b’

CMS, lepton+r,
PLB 739 (2014) 23, 1,,=19.6 b

ATLAS, dilepton en
EPJ 74 (2014) 3109, 1,,=20.3 1"

CMS, dilepton (ee, pu, eu)
JHEP 02 (2014) 024, L,,=5.3 fb”

LHC combined eu (Sep 2014)
CMS-PAS TOP-14-016,
ATLAS-CONF-2014-053,

May 2015

= = = gfat. uncertainty
- = = {pfal uncertainty
o ; =(stat) +(syst) =(lumi)

+20

260+ 175 =8pb
228+ 9*22+10pb
257+ 3=24=7pb
2424+17:55=75pb

239.0+21+11.3x6.2pb

2415+14:57+6.2pb

L,=5.3-20.3 1"
Effect of LHC beam energy uncertainty: 4.2 pb
. (not included in the figure)
- Scale uncertalnty I | I ‘ N [ 11 | I | I
a.. [pb]
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Single top inclusive production

- ATLAS + CMS Preliminary TOPLHCW - églﬁsacﬁzgfﬁqggée, ATLAS-CONF-2014-007 |

GMS t-channel —

__Single top-quark production Jan2015  SHEPEEANs serosieore om0

ATLAS Wt production
PLB716(2012) 142, ATLAS-CONF-2013-100 —
CMS Wit production
PRL110{2013) 022003, PRL112(2014) 231802 -
LHC combination, Wt production
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009 — |

ATLAS s-channel, 95% C.L. =
ATLAS-CONF-2011-118, arXiv: 14100647
GMS s-channel, 95%C.L. =
CMS-PAS-TOP-13-008

ol t-channel d (7)

—h
o
(=)

h y — t-channel

I Wt production
) f

NMNLO arXiv:1404 7116 —
m, = 173.2GeV, MSTW2008nnlo

— NNLO scale uncertainty I

=== NLO+NNLL PRDS3(2011)091503,
— PRD&82(2010)054018, PRD 81(2010) 054028 -
NLO+NNLL M, = 172.5GeV, MSTW2008nnio
= Wi production: it contribution removed —
/] 4! scale ® PDF ® o, uncerainty,

D
=)
I

Total inclusive cross-section |pb]
(o8]
Q
I
4 d % e @

N
o
I

e NLO arXiv:1007 3492, 14064403 -
my= 1725GeV, b = p = m,,
CT10nlo, MSTW2OH08nIE, NNPDF2.3nle (PDF4LHC) ]
Wi production: p: veto for tt removal= 60 GeV

and p =85 GeV

---= Wi prod. v - scale uncetainty o ]

v scale & PDF & o, uncertainty

<]

q B

— s-channel All exp. results are w.rt.m_=172.5GeV o —

S'Channel . 0 1 | 1 ] 1 | 1 ] 1 | | ] 1 . 1
Vs [TeV]

; a Upper limits
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Differential measurements
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Top pair differential measurement

» Differential cross sections as a function of top and top decay product kinematics
— Measurements performed in both fiducial (visible) and full phase space

— Probe perturbative QCD, test and tune MC models with measurements

* Unfolding techniques used (correcting bin to bin migration):
— Account for acceptance and detector effects (resolution, efficiency, etc.)

— Correct observed distributions to particle or parton-level
— Compare with generators and/or calculations to unfolded data distribution

Kin. Reconstruction : Diff. cross section
Example for l+jets 3 ‘

CMS, 19.7 b at 15 = 8 TeV @8TeV CMS, 19.7tb"at 15 =8 TeV

X0

> L I B B \ [T T ] arXIV1150504480 F | 1 11 ‘ T 11T ‘ 1171 ‘ UL L B I_
Wz 0F ]

8 el + Jets WiSgral Eows - el Jets * Data ]
o [t Other [ Diboson 3 pom - MadGraph+Pyth|§6
I =Singlet Ungertainty 1 F --- MC@NLO+Herwigb
-~ W Jels - . r - -- Powheg+Pythiab 1
4 El - Background subtraction 4 . Powheg-Hermigd
© b . 2 .
_a— 1 5 Unf0|d|ng 0c I(S)&L%ggowshlﬁmm
o : 6 E
e : “ :

50 100 150 200 250 300 _ - X 2 E

£ | PETEI EEE e dar i) |
pt [GeV] o dX o Al E 750 100 150 200 250 300

p$ [GeV]
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(a.k.a. visible) Full phase-space extrapolation:

differential cross-section: «  Model dependent
* Experimentally directly accessible
region
Correct for detector response only
(resolutions and efficiency) Remove hadronization effects
Minimally model dependent Model dependent
ATLAS-CONF-2014-057
5 1-23_'"'|""|'-"'"'."|"".|'-'"\""|""|""—: 5 125\|||||||\|||\|||||||||||||||||||||||||||||_E
T - ATLAS Simulation Preliminary ] g . 1; ATLAS Simulation Preliminary ]
(O] — . — 7
= 1'1; \s = 8 TeV, Detector — Particle ] E - \s =8TeV, Particle — Parton :
O 1= - o 1= -
S - —— E 3 - ——— T ¢ -
Q 0.9 . - QS 09F =
S F . ’ E § [ a3 $ -
o 0.8 — Q 0.85‘; -
8 - E 8 Fe- ~—&— ALPGEN + HERWIG -
2 V= —*— ALPGEN + HERWIG ] 2 07 E
0.6 Fiducial E 0.6 —e— MC@NLO + HERWIG ]
- Detector to *— MC@NLO + HERWIG - - —e— POWHEG + HERWIG -
03 Wrmidedas E S Parton level E
04E- AL —*— POWHEG + PYTHIA - o4k —e— POWHEG + PYTHIA ]
TEe b e b b b b b Ly E i S D B S SR B DS DS P
300400 500 600 700 800 900 1000 1100 1200 300 400 500 600 700 800 900 1000 1100 1200

top-jet candidate P, [GeV] Particle top-jet candidate P, [GeV]
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Top palr differential measurement tests,

CMS Preliminary, £ = 19.7fb ! at /s = 8 TeV

NPpr=>»

;'-' T e;a+Jetscomb|ned >4jets >2btags
L - pa T -I ‘ + unfolded data
oy - ® ALPGEN+HERWIG Generato ) = | 17 (MadGraph) i
B B MC@NLO+HERWIG 5, 0.004p £+ (matching down) ||
10° - ® POWHEG+HERWIG  — 5= - tt (matching up) |1
o ¥ POWHEG+PYTHIA 3 e L Lt (€2 down) i
- b T : 7 0.003 71+ (Q2 up) 8 G IObaI
i ATLAS T 1 event
10 = Phys. Rev. D 90, 072004 0,002k CMS-PAS-TOP-12-042 W& q
E ILdt=4.sfb" 3 el il variables
[ \s=TTeV L 2 L A o= il and syst.
15 e e e e 0.001- . .
e [ ] - B
g|% 1;_._,.,51‘:.1____-__-__'__- = | shifts
- E : L |
O b6 566466406560 600706~ Boc R . e
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_3 CMSY 19.7fb-l at vsz 8 Tev m 1_B_I LI LI | T T 11T LI I LI I T T T I T T 17T
r‘ 8:\ T | T 1T ‘ T TT ‘ T TT ‘ T TT ‘ 1T ‘ T TT | T E 1 ?E Ams Data
% -+ Dilepton . Data = e CT10NLO
g — MadGraph+Pythia = MSTW2008NLO
L) 6o -~ MC@NLO+Herwigs g 1. 6 f'—dt =46fb" + NNPDF 2.3
ol E - -- Powheg+Pythia6 ] _tlc:r 1. 5‘_ ’
oS 5 — - Powheg+Herwig6 - = " s=7TeV ¢ HERAPDF 1.5
T T I N Approx. NNLO ] E
1o 4 (Phys.Part Nucl. 45 (2014) 714) —| 1. 4:—
% arXiv:1505.04480 F LR Phys. Rev. D 90, 072004
2 E 12— % B
1 = - [
E‘ - | | I - ‘ - ‘ - | - - J 1 15 h‘, : # PDFS
16 [ ' ‘ ! ! ! o .
C | Stat .| - D N “"" """"""""""""""""
> 14 = Stat. @ Syst. = 1: l’ -t ﬂ
o] F 7 E
3 S 125 g = 0.9t
= 1% E O-B:_IlllIIlIJII]IIIIJl]Il]lIlIJIJI
08 [ . ‘ 0 50 100 150 200 250 350 800
50

100 150 200 250 300 350 400 ptT [GeV]
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top and tt at particle level built from objects directly —

related to particle-level observables (leptons, jets, ET,) 8

Strongly correlated with top quark at parton level, —

reduced model dependence -Eb
ge

Data/MC comparisons sensitive to PDF sets and models
Main systematics: b-tagging, jet energy, ISR/FSR P. Shower

.. -1 —

ox10° CMS Preliminary, 12.2 f5"at Vs = 8 TeV CMS-TOP-028
_|||||\|I\|\III|I\I\‘I\Illll\\l\lllll\l\_ . . .
" Particle-Level Top Data Additional material

9E Dilepton Combined — MadGraph

s~  pm MC@NLO

--- POWHEG .
7 Extending
6

measurement
from particle-level

to construct top
proxy (pseudo-
top) from particle
level objects

|

_Illll\ll\l\lllll\l\‘I\Illll\\TIII LT
0O 50 100 150 200 250 300 350 400

Pl [GeV]
02/05/2015 J. Fernandez
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—e— Data p

stat. © syst. uncert.

= ALPGEN+PYTHIA

= = ALPGEN:PYTHIA (c., UP)
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_____ — e e ]
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Top pair differential: boosted

First boosted (lepton+jets) top pair differential cross-section w.r.t. hadronic top:
- top 1D with jet substructure techniques

- Jet reconstruction algorithms up to TeV range
- anti-kt jet with R=1.0, p;! > 300GeV
* Main systematics:
* NLO and LO MC normalized to NNLO+NNLL QCD predictions overestimate data

(at higher pT). Better description by Powheg+Herwig at parton level
* Modeling uncertainty much larger at parton level!

%l 10 El Data % 102 = Data
O] - Sy ® ALPGEN + HERWIG O] = O ALPGEN + HERWIG
pe) - h "4 . o) u
= oy MC@NLO + HERWIG = L = 0 MC@NLO + HERWIG
ol ! 3 o 4 POWHEG + HERWIG o S @%v_ A POWHEG + HERWIG
lg - CmaY . Y POWHEG + PYTHIA 'g 1 :_ O AV vV POWHEG + PYTHIA
T 107 ms? Fiducial T E O,V Full phase-space
T F o Particle level © - o Parton level
- ATLAS Preliminary o - 10" ==ATLAS Preliminary
| 20307 1s=8Tev =4 - 20.3fo", \s =8 TeV
m1022:_|\||\ L | PR | | 1 | 1 | (U 2;...I....I...\I||||I....I....I....Iw...I....
4+ - ® -+ -
- ® -
S 15F ¢ R v S 15F avo v ¥ o v
- V." my T m R4 - . A ~— 5 v@VCEVChV = SPY =N 0 A
O T 5 IERTE A A A B BB
= 0.5 = 05F
O :_ 1 1 1 1 1 1 1 1 O :_ 1 1 1 1 1 1 1 1
300 400 500 600 700 800 900 1000 1100 1200 300 400 500 600 700 800 900 1000 1100 1200

Particle top-jet candidate P, [GeV] top quark P, [GeV]
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Total systematics on jet multiplicity: 10 to 30%

MadGraph+Pythiab

(background modeling and jet energy scale) _
showing generally good

e Data discriminate models and validate choice of scale '
e POWHEG+PYTHIA with tuning of hard radiation agreement with the data

best overall description (accuracy and consistency)

CMS Preliminary, 19.6 fb'at {s = 8 TeV

= = T ATLAS T ol | I T | I
R E —e— Data E © ﬁ Dilepton Combined Pft‘ﬁ' 30 GeV ]
o C POWHEG+PYTHIA i - e Data 7
_gﬂ 10 —— ;i";ﬁi(h;aggx:”m : 10 MadGraph+Pythia =
IS = ® - ALPGEN+PYTHIA (o, Down) B o MC@NLO"'HBMIQ E
© - g— . ---- POWHEG+Pythia
1 ILdt=4.6fb“ ] |
= = 1 E
= I\s=7 TeV - =
4| antik, R=0.4 e N
10 E |n|<55 '|'|'I'|'!'-'|'PI'|'|'EI 10_1_ —mee e 3
- — g . .
P PmEeGeY il i - Normalization |— :
o] | B PR — - 7
o 107 | |‘ | | = 102k reduces Syst. UnC. ™ —=—
g 4 E i
S B : = 1
‘D - )
o = 10 | | | | | —
8 o ey 1S i
R 0.5 R S = 1 B AT ]
E | I | | l | S """";_“"""f
05 5 2 3 4 5 T

CMS dilep @8TeV

CMS-PAS-TOP-12-041
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Single top t-channel: differential

Differential cross sections as functions of top p; and |y|. Leptonic decay channels.

e Comparison with MC after showering/had. using different modeling for b-quarks

 All three simulations describe describe the unfolded data within statistical and
systematic uncertainties CMS-PAS-TOP-14-004

CMS Preliminary 19.7 fb™' (8 TeV) CMS Preliminary 19.7 fb™* (8 TeV)
[ _I TT | TTT | TTT | TTTTTTTTTTTTTTTTTTTITTTITTTT | TTT | TT I_ _— :I T 1 | T 11 | T 11 | rTrrrrryrrryrrrJrrd | T 11T | LI | I:
g ¢ + Data . 5 0.35F - Data =
3 0.50 —— POWHEG (5FS) + Pythia6 1 s —— POWHEG (5FS) + Pythiaé ]
é C e aMC@NLO (4FS) + Pythia8 ] é 03 aMC@NLO (4FS) + Pythia8 —
Lt .. COMPHEP + Pythia6 N = F CompHEP + Pythia6 .
0.4 : . 0.25 P y -
0aF ] 020 1 L P i £
E E 015:_ .................... _:
0.2F z — O — I ........... ]
B : i 0.1 8 ! =
0.1+ - - ]
' t ] 0.05]- =
C L T G - 4
0 b e
Tl e S| 128
28 e g8
o 05t b b b e e L T i _EDO_S”"
0 20 40 60 80 100 120 140 160 180 200 220 240 7

v by ey by | L1 L M L

0 02 04 06 08 1 12 14 16 18 2

top p_ [GeV]
T
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19.6 fb™ (8 TeV)

cMS M tiLF + Data
Fourth jet M ticc [ Z/y* — Il /2
SRl LA Main background in the search for ttH and as a figure of

ttbb [ tt oth
. [ tother merit for testing the validity of NLO QCD calculations

Jets / 0.1 units

o= =

0.10.20.30405060.7 0809 1
b jet discriminator

Data/MC
o =

Dilepton ATLAS@7TeV
Phys.Rev. D89 (2014) 072012 ALPGEN+HERWIG = 3.4%

POWHEG+HERWIG = 5.2%

Dilepton CMS@8TeV
PLB 746 (2015) 132

a(tthb) NLO OCD) = 0.011 4 0.003  WADGRAPH+PYTHIA=0.013 £ 0.002
o (ee) VL0 QCD) = 0011 £0. POWHEG+PYTHIA  =0.014  0.002

NLO predictions and MCs systematically lower than observed ratios

Dominant systematic: mistag efficiency
02/05/2015 J. Fernandez
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Tttt

wer e g(ttt) SM=1fb @ 8 TeV (MG)
t « Many BSM models predict enhancement of this
9§ cross section (SUSY squark/gluino decays)
«  Will be of interest for Run 2:

g t - Cross section ~9-15 times larger
No significant excess observed over SM expectations
o CMS 19.6 fb™”' (8TeV)
] = 10° . .
CMS 8TeV result (dilepton) c Tiso.w, N =7, N .22 mmi, cé’,gg

. . EW
H; = 400 GeV, ET™° > 30 GeV i other

v Scale uncertainty
SM tttt (x 100)

S o)
Cross section limit: I_I>_|105

* Observed: 32 fb (25 x SM) 10*
 Expected: 32+ 17 fb

S
I|'|T|T|_|_|'|'|'|'|T|| IIIII|T1 IIII|'|T|| IIII|'|T|] IIIII|'|T|_|_|'|'|T|'||]_|

¢ Data
JHEP 11 (2014) 154 102
10
ATLAS 8TeV result (lepton+jets): the 1
observed (expected) 95% CL upper limit ) I
on the production cross section is 34 (47) [k |z mmmrrrmmm Lt 5555555
arXiv:1505.04306 ' ' ' BDTe\,em'discrir'ninanf
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* Rich and mature top physics program @ Run 1

NPpr=>»

Conclusions/Summary

— Single top measured (upper limit in s-channel)
— Inclusive and differential cross sections
— Study of four-top & tt+HF production

* Precise and extended cross section :

— Theoretical calculations challenged by precision of
experimental data (in a hadronic collider)

* Top community eager to look at LHC Run2 data
More top quarks: cross section increases by a factor ~3 !

02/05/2015 J. Fernandez 21
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Objects

Top,tt

Boosted top

Final state
(leptons, jets)

Global event
variables

tt + jets

Overview of top pair
differential measurements

Parton-level

ATLAS(L+J) 7TeV Phys. Rev. D 90, 072004 (2014)
CMS (L+J,L+L) 7TeV EPJ C73 (2013) 2339
CMS (L+J,L+L) 8TeV arXiv:1505.04480

ATLAS(L+J) 8TeV ATLAS-CONF-2014-057

CMS (L+J) 7TeV CMS-PAS-TOP-12-019
CMS (L+J) 8TeV CMS-PAS-TOP-12-042

CMS (L+L) 8TeV CMS-PAS-TOP-12-041

Particle-level

ATLAS (L+J) 7TeV arxiv:1502.05923
CMS (L+J,L+L) 8TeV arXiv:1505.04480

ATLAS(L+J) 8TeV ATLAS-CONF-2014-057

CMS (L+J,L+L) 7TeV EPJ C73 (2013) 2339
CMS (L+J,L+L) 8TeV arXiv:1505.04480

ATLAS (L+L) 7TeV Eur. Phys. J. C72 (2012) 2043
ATLAS (L+)) 7TeV JHEP01(2015)020

ATLAS (L+)) 7TeV ATL-PHYS-PUB-2015-002

CMS (L+J,L+L) 7TeV Eur. Phys. J. C74 (2014) 3014
CMS (L+L) 8TeV CMS-PAS-TOP-12-041



Fiducial vs Full
Particle vs Parton

-~
Detector level
measurements EXPERIMENT -~ -
-~
-~ THEORY
Corrections for _ -
detector effects P
-~
-~
L Particle-level J_. - - Parton-level
fiducial phase space - fiducial phase space
P pac " Hadronisation v pace}
_ A
-~
e
P “! Kinematic cuts Kinematic cuts
-~ (Acceptance) (Acceptance)
- Y
Particle-level Hadronisation Parton-level
(full phase space) - = (full phase space)
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Phase space: total, fiducial,
observed

Reality:
bad choice of the phase space

FAducial p.s.

BER — Gy

Reality:
good choice of the phase space
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Top pair inclusive mtop=173.34

Very precise QCD prediction to NNLO with

NNLL corrections available since 2013

All measurements are systematics limited
Best results from dilepton analyses

All measurements agree with predictions

Experimental uncertainties challenge
theoretical ones!

Theoretical uncertainty 5.5%

Experimental

uncertainty 3.5%

~3.9% including LHC beam
energy uncertaintity

0 scale uncertainty

ATLAS+CMS Internal O summary, Vs =8 TeV TOPLHCWG May 2015

NMNLO+NNLL (Top++ 2.0), PDF4LHC
=173.34 GeV

m— e === otat uncertainty
— e fotal uncertainty

o =(stat) =(syst) =(lumi)

Tevatron+LHC m, op
scale uncertainty
scale ® PDF @ a4 uncertainty

ATLAS, lepton+jets

25812 . 8pb
arXiv:1504.04251, |—in=20-3fb" = 1 _5 =

CMS, lepton+t,

254 =324 =7 pb
PLB 739 (2014) 23, L, =196 fb”

ATLAS, dilepton eu

2418+17=55=75pb
EPJ C74 (2014) 3109, L,,=20.3 fb”

CMS, dilepton (ee, uu, euw)

23722111362 pb
JHEP 02 (2014) 024, L, =53 b

HC combined eu (Sep 2014)
MS-PAS TOP-14-016,
TLAS-CONF-2014-053,

L,,=5.3-203 b

2406 =14 =5.7=6.2pb

Effect of LHG beam energy uncertainty: 4.2 pb
(not included in the figure)

scale ® PDF @ ag uncertainty 250

oz [Pb]

100
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Summary Single top: t-channel
@8TeV

ATLAS+CMS Preliminary TOPLHCWG
Data 2012, \s =8 TeV
wi NLO (MCFM), m = 172.5 GeV,
PDF4LHC (MSTW2008, CT10, NNPDF2.3)
[ scale uncertainty
scale ® PDF @ o uncertainty

ATLAS, L =50 fbo

ATLAS-CONF-2012-132

CMS,L =58 fo’!
CMS-PAS-TOP-12-011

LHC combined (Sep 2013)

ATLAS-CONF-2013-098,
CMS-PAS-TOP-12-002

July 2014

= stat. uncertainty
= total uncertainty

O\ channel *(stat) (syst) £(lumi)

95.1+2.4+176 3.6 pb

80.1+5.7 +11.0 + 4.0 pb

85+ 4+11+3pb

ATLAS, L =203
ATLAS-CONF-14-007

CMS, L = 19.7 b
JHEPO06(2014)090

826+1.2+11.8+23pb

83.6+23+7.1+2.2pb
Effect of beam energy uncertainty: 1.2 pb

20 40 60 80 100
G!-channel [pb]
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Inclusive Cross Sections 7TeV

ATLAS+CMS Preliminary o summary, Vs =7TeV TOPLHCWG July 2014

"""" NHLOWHNNLL flopss 2.0). PDF4LHC, m = 1725 GeV — stat. uncertainty

- scale uncertainty — 1otal uncertainty
scabe @ POF & o uncertainty o tistat)tuyst) 2 0nmi)

ATLAS, Hjets 1792429+ 7Tpb Le=07 b
ATLAS, dilepton (7} 17aze N fen La-07 I
ATLAS, all jets () P 1 167+ 18t 78+ Bpb L=t 0t
ATLAS combined 1773 5+ 7pb L =07-100b
CME, l+eis (") 1843112 T pb L =08-11 b
CMS, dilepton () 17024189 pb L=t b
CMS, T, g+ (%) 140+ 24+ 26+ 0 pb La=1.1 1
CMS, all jets (*) L 123620+ 40t Bpb Le=1.1 b
CMS combined 166+ 2+ 11+ &8 pb Lo=D8-11 b
LHC combined (Sep 2012) 173+ 2+ B8+ 6 pb Lg=07-11 b
ATLAS, l+jets, b —»Xpuv 1852+ 17+t 3 pb L=t .7 b

ATLAS, dilepton e u. b-tag
ATLAS, dilepton & p. M.-n'ET-.

182801312421 36 pb L ~asib

1812128 3]+33pb L a5

ATLAS, 1, _+ 186+ 13+ 20+ 7 pb Lu=2.1 1

ATLAS, 1, _+jets 194+ 18+ 48 pb Ty

ATLAS, all jets 188+ 12° 574 7 pb L7 I

CMS, I+&is 158+ 2+ 10t 4 pb la=2222b
CME, dilepton 1622+ 5t 4pb Ly=23 it
GMS, T, 1431141t 22+ 3 pb La=22 fb
CMS, 1, tiels 152 +12+ 32+t 3 pb L=2 3
CME, all jets S | 130+ 10226+ 3 pb L -a5 R
("] Superseded by resulis shown below the line Eflect of LHC beam enengy uncertainty: 3.3 pb
IIIIIIII|IIII|I I|IIII||III|IIII|II
50 100 150 200 250 300 350

o [Pb]
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LHC 7TeV Combination

ATLAS+CMS Preliminary Gz summary, Vs=7TeV TOPLHCWG Sep 2014

““““ NNLO+NNLL (Top++ 2.0), PDFALHC, M= 172.5 GeV
P scale uncertainty
scale @ PDF @ aq uncertainty

stat. uncertainty
= = = total uncertainty
o, +(stat) =(syst) =(lumi)

ATLAS, I+jets o 179+ 497 pb L,=0.7 fo”'
ATLAS, dilepton (*) - 173+ 6775 2opb L=0.7fb"
ATLAS, all jets (*) I ] 167+ 18 = 78+ 6 pb L,=1.010"
ATLAS combined 177337 pb L,=0.7-1.015"
CMS, I+jets (*) = 164+ 3+ 12+ 7 pb L,=081.110"
CMS, dilepton (*) — 1704+ 16+ 8 pb L,=1.11fb"
CMS, 1, .+ () — * 149+ 24+ 26+ 9pb L,=1.110"
CMS, all jets (*) — b 136+ 20+ 40+ 8 pb L,=1.11fb"
CMS combined —e 166+ 2= 11x 8 pb L,=0.8-1.1 b
LHC combined (Sep 2012) 173+ 2= 8= 6pb L,=0.7-1.1 fb"
ATLAS, I+jets, b =Xuv — 165+ 2+ 17+ 3 pb L,,=4.7 fo’
ATLAS, dilepton e, b-tag 1 182.9+3.1+4.2+3.6pb L =46’
ATLAS, dilepton ep, Njels-ETSS =1 181.2+ 2.8 ::; =33pb L, =450’
ATLAS, 1, -+l - 186+ 13x20= 7 pb L,=2.110"
ATLAS, 1, +jets i 1 194:18=46pb =171
ATLAS, all jets t 168+ 12° %+ 7pb L4717
CMS, l+jets —e—i 158+ 2+ 10+ 4 pb L,=2.2-2.310"
CMS, dilepton ke 161.9+ 25720+ 36pb L,-23%"
CMS, 1,4+ ———— 143+ 14=22+3pb L,=2.2fb"
CMS, 1, +ets e 152+ 1232+ 3pb  L.=3.91"
CMS, all jets P —] 139+ 1026+ 3 pb L.,=3.51"

(*) Superseded by results shown below the line

Effect of LHC beam energy uncertainty: 3.3 pb
(not included in the figure)

IlII|| I|IIII|IIJ||II|I|JI

50 100 150 200
o, [Pb]
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