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Outline

e Top quark pair production cross sections at the LHC (7, 8 and 13 TeV)
- Total inclusive
- Differential (resolved and boosted regimes)

e Associated production of top quarks with a gauge boson
“tHHW  tt+ Z

e Single top production
- t-channel
- Wt channel
- s-channel



Introduction

20 years after its discovery top quark remains an intriguing particle

® [he most massive elementary particle
e Decays before hadronising
e Could play a role in EWSB

With its large top production rates, LHC is a top factory. This makes it
possible to carry out a very important Top Physics programme:

e Production and decay processes: test pQCD and EW
® Probe couplings to Hand Z
e Significant background to Higgs and New Physics searches



Top pair decays

tt decay modes
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tt production - pQCD

arXiv:1305.3892
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tt production - pQCD

arXiv:1305.3892

TeSt Of pQCD Scale variation
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Total inclusive cross sections

for top pair production
Oit @7 TeV

ATLAS+CMS Preliminary LHCtopWG o, summary, Vs=7TeV Sep 2015 Th e AT LAS a n d C M S CO | | a b O rat | O n S h ave

NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC

—t———i measured the total inclusive cross sections

scale uncertainty total stat
scale ® PDF ® ag uncertainty | o, =(stat) =(syst) =(umi) for to 0 pa| rp roduction at 7, 8 and 13 TeV
ATLAS, I+jets I—Hl-l—l 179+ 4+ 9+ 7 pb L=0.7 b
ATLAS, dilepton (*) I—|-+—| 1732671 “pb L,=0.7 b
ATLAS aljts () | —N e woon | Al channels (di-lepton, [+jet and full had)
ATLAS combined B 177+ 375+ 7 pb L,=0.7-1.0 fb" i . i
oM, i (1 o wesezerm Leeno|  NAVE DEEN exXploited using diverse
CMS, dilepton (*) |—|‘°+‘_| 170+ 4+ 16+ 8 pb Ly=1.1 10" .
CMS, 7, +u () — . # 149+ 24+26+9pb  L,110" eXperImeﬂta| approaCheS
CMS, alljets (*) | +——e——+———=H 13620+ 40+ 8pb L1100
CMS combined |_|°|—| 166+ 2+ 11+ 8 pb L,,=0.8-1.1 fb"

LHC combine (Sep 2012) e me2.s0m oo | ]2DIE Presents a summary of the results at:

ATLAS, dilepton ey, b-tag 1829+ 3.1+ 42+ 3.6 pb L, =461

ATLAS, Hjefs, bosXiey 1652 1723pb L4710’ -7 TeV Run (based on ~ 2-5 fb_1)

ATLAS, dilepton ey, NjetS-E;”‘SS 181.2+2870/+33pb L4610

ATLAS, 7, tets I . : 1 194+ 18+ 46 pb L,=1.7 fb"
ATLAS, all jets b —a— i 168+ 1272+ 7 pb L, =4.7 o

l_ﬁ';'._|_| + 9+ + = .
ATLAS, T, i+l ' 183+ 9+23+3pb Lin=4.6 fb

CMS, I+jets —o—_: 158+ 2= 10+ 4 pb L,=2.22.3 fb"

CMS, dilepton eu @ 1745+21755+38pb L, =501"
——e—1—d =

CMS, 1, ,H 143+ 14+ 22+ 3 pb L,=2.2 fb"
CMS, 1, +ets I —o—f—= 152+ 12+ 32+ 3 pb L,,=3.9 fb"
CMS, all jets —t——— =& 139+ 10+ 26 = 3 pb L,=3.5 b

: Effect of LHC beam energy uncertainty: 3.3 pb
(*) Superseded by results shown below the line : (not included in the figure)
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Total inclusive cross sections

for top pair production
Ot @8 TeV

ATLAS+CMS Preliminary LHCfOPWG o summary, {s=8TeV Sep 2015 Th e AT LAS an d C M S COl |abO ratiO NS h aqve

"""" e s S measured the total inclusive cross sections
el & POF © v, uncerainty o= =0 =m | fOr top pair production at 7, 8 and 13 TeV

ATLAS, lepton+jets |_._”_|E +1+22

oo @i o, 10 e All channels (di-lepton, |+jet and full had)

R e s AL have been exploited using diverse

CMS, leptons, | | 257532247 pb experimental approaches.

PLB 739 (2014) 23, L,;,=19.6fb"

ATLAS, dilepton ew 2424 +17+55+75pb *
ERICT4 (2014)2108, L2031 Table presents a summary of the results®) at:

CMS, dilepton (ee, uu, eu) ; V01 . i
sesamen syt | 0 1e=62mm - 7 TeV Run (based on ~ 2-5 1b™)
LHC combined ey (Sep 2014) |y 1: 2415 +1.4 +57 6.2 pb - 8 TeV Run (based on ~ 20 fb1)
ATLAS-CONF-2014-053, CMS-PAS TOP-14-016,

L,,=5.3-20.3 fb™

CMS prel., dilepton e \ . +66 . . .

S PAS TOP-3008, L1971 HoOH1Bss00m (")For additional precise CMS results
CMS, all jets i N , presently not included in the tables
CMS TOP-14-018, L, =18.4 fb" 275.6 + 6.1+ 37.8+ 7.2 pb see also CMS TOP-13-004

Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)
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Total inclusive cross sections
for top pair production

O+i@13 TeV

ATLAS+CMS Preliminary LHCIOpWG o summary, Vs =13 TeV Sep 2015
....... NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC | |y |
m,,, = 172.5 GeV total stat

scale uncertainty

_+(stat) =(syst) =(lumi
scale ® PDF @ a4 uncertainty N (stat) =(syst) =( )

ATLAS, dilepton eu * ——%—+—§ 829:50:56=83pb
ATLAS-CONF-2015-049  L,,=78 pb” :

ATLAS, dilepton ee/up | o L F | 749+ 57+ 79+ 74 pb
ATLAS-CONF-2015-049  L,,=85pb™ 5

ATLAS, I+jets * : : |  817+13+103+ 88 pb
ATLAS-CONF-2015-049  L,,=85pb™

CMS, dilepton ey * —t——— 772+ 60+ 62+ 93 pb
CMS-PAS TOP-15-003  L,,=42pb"

CMS, hjets * | —— | 83627+ 84x 100 pb
CMS-PAS TOP-15-005  L,,=42pb"
* Preliminary :
I | 1 | | 1 | | 2 | 1 | | [
400 600 800 1000 1200

, [pb]

The ATLAS and CMS collaborations have
measured the total inclusive cross sections
for top pair production at 7, 8 and 13 TeV

All channels (di-lepton, |+jet and full had)
have been exploited using diverse
experimental approaches.

Table presents a summary of the results at:
- 7 TeV Run (based on ~ 2-5 fb-1)
- 8 TeV Run (based on ~ 20 fb-1)
-13 TeV Run 2 (based on 40-80 pb-1)

Best precision achieved so far on O4:

- 3.5% at7 and 8 TeV
-13.5% at 13 TeV



Candidate top-pair event at 13 TeV

Run: 267638
Event: 193690558
2015-06-13 23:52:26 CEST




Candidate top-pair event at 13 TeV

CMS Experiment at LHC, CERN CMS Experiment at LHC, CERN
Data recorded: Wed Jul 8 19:26:24 2015 CEST C D e i 2824 20 BCEST
Run/Event: 251244 / 83494441 Lumi section: 151
Lumi section: 151 Orbit/Crossing: 39572626 / 358
Orbit/Crossing: 39572626 / 358

)

MET= 164.0 GeV

Jet
p; =816 GeV

Electron
p; =577

Jet p. =56.8 GeV

Muon p. = 53.8 GeV
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Total inclusive cross sections
for top pair production @ 13 TeV
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- Di-lepton channel (eu) (gives slightly more precise results w.r.t the lepton+jet channel).
- Very good description of the 13 TeV data by MC generators.
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Total inclusive cross sections
for top pair production @ 13 TeV
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Total inclusive cross sections
for top pair production

E‘ | | | | | | | | | | | | | | | | | | | | | | | |
o |V Tevatron combined* 1.96 TeV (L=8.8 fb") i Sep 2015 —
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QO 1 0° = ® ATLAS eu8TeV (L=20.3 ') =
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Measurements, as a function of /s, in excellent agreement
with NNLO+NNLL pQCD predictions
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Top pair differential cross sections

The measurement of single differential top pair cross sections allows one:
- to perform particularly stringent test of pQCD
- to Improve on the determination of the gluon density

- 1o test MC programs

Will present new results at 8 and 13 TeV (resolved and boosted regimes)

Resolved regime:

- well separated |ets
- Isolated leptons

Boosted regime:

- overlapping decay products
- non isolated leptons

partially merged,
un-merged boosted W fully merged
;JQ b - O
/G(t /8
< 200 GeV 200 - 350 GeV > 350 GeV
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Top pair differential cross sections @8 TeV

TOPQ-2015-06 arXiv:1505.04480 [€MS
lepton +jet
& J 3 CMS, 19.7 fb'at (s =8 TeV
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5" Sl PWG+HW6 AUET2 —1b S N I Approx. NNLO ]
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- ] 3E =
3 N
10 E E 2 I —
- - s E
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- E 10 Stat. E
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- Full phase-space normalised parton-level cross sections
(same binning for CMS and ATLAS).

- MC predictions, at high top pr, show a harder spectrum than the data
(Madgraph gives the worse description for both ATLAS and CMS).
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Prediction
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Top pair differential cross sections @8 TeV

TOPQ-2015-06
lepton +jet

[ T T T T | T T T T | T T T T | T T T T | T T T T ]
1 2—_ATLAS Preliminary Full phase-space ]
T s=8TeV,203fb" |, paa -
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1 2:_ .............................................................................................................................................. -
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Iyt

arXiv:1505.04480
CMS, 19.7fb'at \s =8 TeV

- Full phase-space normalised parton-level cross sections
(same binning for CMS and ATLAS).
- Data/MC comparison show similar trends for both ATLAS and CMS.

17

CMS /|

O '..": 0.5 :I T | L | L | ITTTI1 | L | L | L | L | L | T I:
> - =
D5 0,45: e/u + Jets + :
—o  04F =
0.35F =
0.3F 3
0.25F =
0'2;_ * Data _ _
0.15F MadGraph+Pythia6 =
: --- MC@NLO+Herwigb :
0.1 - -- Powheg+Pythia6 E
0.05c =  —-Powheg+Herwigb -

OEI [ | ! I | ! I | ! I | ! I | ! I | ! I | ! I | ! I | ! [ | I:
- Stat. 5
> 1.2 & Stat. ® Syst. E
B _.CE e e =
_GC) 8 1.1 = -ﬁﬁﬁﬁ_.
|— = =-===I 3 =
1E —————— ]
E ---"l IIIIIIIIIIIIIIIIIIIIIIIII -

-25 2 -15 -1 -05 0 05 1 15 2 25
ytf




Top pair differential cross sections @8 TeV

TOPQ-2015-06 arxXiv:1505.04480 [Ems
lepton +jet di-lepton  cwms, 19.7fb"at (s = 8 TeV °
Loy 187777 1
+, | . — = _I | I I I | I I I | I I I | I I I | I I I | I I I ]
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5 s~ — [ NNPDF 3.0NLO - - (JHEP 09 (2013) 032)
e = —— HERA20NLO ]
o A METAV10LHC ]
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S
(Al
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ATLAS: visible (particle level) normalised differential cross sections are
measured and compared to predictions based on recent PDF sets.
— reduced extrapolation uncertainties
CMS: also measures fiducial normalised cross sections.
Results are presented in addition in the di-lepton channel.
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Top pair differential cross sections @13 TeV
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First measurements of the normalised differential cross sections at 13 TeV
- All MC give a fair description of the measurements
Total cross section at 13 TeV:

- 88 (sys) £ 100 (lumi) pb

in good agreement with NNLO predictions.
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Top pair differential cross sections 8 TeV
boosted regime

. CMS
TOPQ-2014-15 Particle Level CMS PAS-TOP-14-012
-1
S L 1eTmeTey
:i"vo__‘ Fiducial phase-space E % 1072 =5 CMS Preliminary E
L ’m — Data ] (2 = =
s v POWHEG+PYTHIA N B ¢ Data .
1= o o ALPGEN+HERWIG = - L e — —— Powheg+Pythia6tt |
- e = MC@NLO+HERWIG - S - - - - MadGraph+Pythia6 fi
— m4 s+ POWHEG+HERWIG . B 103 - Stat. Uncertainty —
0 v ° i © - Stat. ® Syst -
10" = — nt = \b - . . .
— ATLAS Preliminary = T i oEe- |
| Vs=8TeV,203 1" o ]
’ = 10 = E
10% = = e S e
2 R bttt fe I'. """"" .I """"""" ;J """""""" lv """"" L. """""" bofee e b bt de et 7] -'(E 14—
e . .............................................................................................................................. -
1.51L.“v..‘v.‘v.nv.‘ VoA v .A - A 8 12:_ ......................................................................................................................................... _
S~ _= """ F=----  ------ - -
0 e ] > F
T T T T O 08__ ......................................................................................................................................... —]
300 400 500 _ 600 _ 700 _ 800 _ 900 _ 1000 1100 _ 1200 2 eE . . . . . . . ;
- 2?OO 500 600 700 800 900 1000 1100 1200

Particle top-jet candidate P, [GeV] Particle-level top p_ (GeV)
T

As for the results in the resolved regime, the MC predictions, at high-pr
show a harder spectrum than the data. Both at particle...
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As for the results in the resolved regime, the MC predictions, at high-pr
show a harder spectrum than the data. Both at particle and parton level.
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tt production in association with W or Z @ 8 TeV

Dominant production modes:

e ttW and ttZ small expected cross sections ( ~200 fb @ 8TeV)

e ttZ production cross section provide most accessible direct measurement to the
coupling of the top quark to the Z

e Both o(ttW) and ¢(ttZ) expected to be altered in new physics models
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ttW, ttZ cross sections @ 8 TeV &

CMS PAS-TOP-14-021

e 5 mutually exclusive signal channels eu + 24 jets + b tags 19.5 16" (8 TeV)
- at least 1 lepton with pt > 20 GeV % . Nonprompt [lich. misiD [IWZ  Other
- pt > 10 GeV for additional leptons o [ Pean tiz Bitw ¢ Data
301 post-fit yields CMS
e Even after selection final signal categories are i (b)
background dominated ool
e Use full reconstruction and linear discriminant to -
match tt system 10/~
e Match scores and other rec. variables into a ’
Boosted Decision Tree (BDT) ;s
% - ¢
e Cross sections extracted from binned likelihood fit  © ° 10 5 0

Match score ttW — |v blv baq
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ttW, ttZ cross sections @ 8 TeV

CMS PAS-TOP-14-021

u + =4 jets + b-tags 19.5 b (8 TeV)
“Non-prompt lwz  Other B+iH
iz Mitw < Data

Post-fit CMS Preliminary

I\llllllllllllll';

15

10

Data/Pred.
o —_ N

06 -04 02 0 02 04 06
ttw BDT
uu + 3 jets + b-tags 19.5fb™ (8 TeV)
(2]
30 | Non-prompt fwz - Other BttH
> - _ —
w [ [tz Btiw < Data
- Post-fit CMS Preliminary
20
\
100
. . I 1
g 2
< 1
8o

04 06
ttW BDT

0.2

600

500

o
o
o

ttZ cross section [fb]
S 3
o o

100

0 100

CMS Preliminary

+ sMm
% Dbest fit

200
ttW cross section [fb]

300 400

CM!

1.0 -
+ sm MS pPreliminary
05|l e best fit >0
48
0.0
40
-0.5 .
<
0 -1.0 324
*
oN
-15 24 1
-2.0 16
-25
=% 6 -2 -2 o 2 4 6

AcV

Cross section measurements:

OttZ

Ottw

65
2427127

332

fb

+117 b

—102

Source of slight excess in ttW,
consistent with CMS excess in ttH
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e Final results

ttW, ttZ cross sections @ 8 TeV

¢ 15 signal regions and 5 control regions

e 2 OS leptons: NN used to separate ttW and ttZ

Events

25

20

15

10

- at least 1 lepton with pt > 20 GeV

- pt> 15 or 7 GeV for additional leptons

from the background

|
ATLAS

eu-SS

" Vs=8TeV, 20.3fb™

miss
Low-ET

N

os 24

e Data
Bl ttw
]tz
[ Charge misID
I Fake leptons
I Rare SM
N\ Total unc.

High-E:‘SS
Nets €[2,3]

. miss
ngh-ET

r]je'(s =4

)II|IIII|IIII|IIII|I

ATLAS, arXiv:1509.05276
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100

s

Data / SM

All signal and control regions are
combined in a profile likelihood fit
with a(ttZ) and o(ttW) as free parameters.



ttW, ttZ cross sections @ 8 TeV

Post fit results (per region):

ATLAS, arXiv:1509.05276

ATLAS

\s=8TeV,20.3 "
@ Data [JTotal unc.
A Top
'Y [ Fake leptons
[ Rare SM [Jttz
mz W aw

Events / channel
o
[¢;]

nnZ zZ zZ 72z Z
1-2b 2b  2b 0Ob
3 3 4 3

Measured cross sections:
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o
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0p)
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2b+ 2b+ 2b+

noZ noZ
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4 5j+ 5j+

o = 369750 (stat) £ 44 (syst) fb

Oty = 1761_22 (stat) -

The observed (expected)
-ttWis 5.00 (3
-1t/ is 4.20 (4

- 24 (syst) fb

significance of:
20)
50)
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Slngle top production

t-channel
e One forward jet

e One lepton
e One b-jet
e Missing transverse energy

Wt-channel

¢ Two oppositely charged leptons
e One high-pT and central b-jet
e Missing transverse energy

s-channel
¢ One isolated and high-pT lepton
e Two b-jets with high-pT
e Missing transverse energy
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t-channel single top @ 8 TeV 2

CMS PAS TOP-14-004 CMS PAS TOP-15-007 19.7 b (8 TeV)
e One electron (muon) with pT > 30 GeV (26 GeV) s T
¢ Jet pT > 40 GeV Preliminary

e ETmiss > 45 GeV , mT(W) > 50 GeV
¢ Measure differential cross sections

3.38 = 0.25 (exp.) = 0.20 (theo.) pb

aMC@NLO, 4FS (scale ® pdf)

CMS PAS TO P'1 5'007 POWHEG, 4FS (scale ® pdf)

Fiducial cross section measurement recently released
POWHEG, 5FS (scale ® pdf)
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CMS Preliminary  19.71b (8 TeV) CMS Preliminary 19.7 " (8 TeV)
- « Data ] :>,O35:'"I"'I"'I"'l'I:S'tl"'l"'l"'I"'I"'I':
_ : i © V.oo ° ata -
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t-channel single top @ 13 TeV

CMS PAS-TOP-15-004

Lr) 2 Jet 1 tag (SR) 42 pb (1 3 TeV) LO 3| jleltl |2I-Fa|.|g| |||||||||||| | T TTT | TT |4|-2| Plbl (|1| |3|T|e|V|)|
) 90 :_I ||||||||||||||||||| | TTTT | ||||||||||||||| I_: ) E :
< 805 CMS - Data g S  22- cMS e Data E
2 = Prelimi E 205 E
= of Preliminary . t-channel = 2 sk Preliminary I +-channel ]
Q - - —_ D — —
2 : L]t tw : S - :
LL - . L 16 - T —]
o0L W wiz+jets : b [l w E
50 |:| QCD _g 12 I W/Z+jets _i
40 E 10 =
30 —; 8 3
20 - 6 E
10 — N E
] 2 =
0 05 1 15 2 25 3 35 4 4'5h”| P 0O 05 1 15 2 25 3 35 4 45 5
g i h]j |
= kEJ 2E
: 2 iF
o £ sE
() 0=

Measured cross section: t—ch = 274 pb £+ 42%
Observed (expected) significance: 3.50(2.70)

Theory: %0 =218+ 7 pb
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tW single top @ 8 TeV

TOPQ-2012-20
¢ Di-lepton selection with 1 or 2 jets (0,1 or 2 b-tag)

[7p] I I I I
: € 14000 — ATLAS Preliminary ¢ Data —
e BDT to separate signal from tt 2 1ooooF. 15 = 8 TeV, 203 16" " E
o : : : _ C 1or2jets Mt .
Wt inclusive cross section: 10000 Boters =
2 . - o 72 Uncertainty -
ovw = 23.0 & 1.3(stat) 752 (syst) & 1.1(lumi) pb S000 o -
' 6000 =
e \Wt +it fiducial cross section measured by fitting 4000 =
the sum of the Wt and tt contributions to data in 2000
the 1-jet 1-tag region: T . e R E
Ofid — 085 + OO]— (Stat) _0:07 (SySt) T 002 (luml) pb A 1-jet 1-tag | 2-jet 1-tag'2-jet 2-tag | 1-jet O—tag'2-jet 0O-tag
Regions
|||||||||||||||||||||||||||||||||
ATLAS Preliminary V\s=8TeV, 20.3 fb
essros il s s et —— S Ty vome
Stat. uncertainty -~ 700 \FS =8 TeV, 20.3 fb-1 V_Vt =
Predicted fiducial cross-sections: S Post-fit I Others =
POWHEG-BOX+PYTHIA DR CT10 R it 500 77 Uncertainty _;
o™ at NLO+NNLL, o' at NNLO+NNLL -
POWHEG-BOX+PYTHIA DR CT10 = = | 400 =
o™ and o at NLO =
POWHEG-BOX+PYTHIA DS CT10 = = 300 E
o™ and o't at NLO -
. 200 E
POWHEG-BOX+HERWIG DR CT10* " -
o™ and ot' at NLO 100 ._:
MC@NLO+HERWIG DR CT10 : .
oWtand o't at NLO . :

. \ o o T2 2 S -
xfaﬁl\;{f_g N’:(ERWIG DR MSTW2008 g 1ot ® e . ® 5 [ ,..W,.¢¢.,..,./.,4.,.,..,.¢¢././+/-//,*/7f
MC@NLO+HERWIG DR NNPDF 2.3 \ . (\3 0.8 - T S . s s 0 ................. -
oW and o' at rl\lLO | | | | | 8 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

0.3 0.4 0.5 0.6 0.7 0.8 0.9 BDT Response

Cross-section [pb]
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s-channel single top

ATLAS-CONF-2015-047

1500

g _[Ldt _ 203" ATLASDPrellmlnary ]
' = s =8TeV [ s-channel _
SeleCtlon 1000 \|ijet2 © =6\-’:hannel i
. ' I tt —
One lepton + 2 b-jets and ETmiss S o]
. . . * y 'I\’n:sltti-fjﬁtuncertainty 1
Discriminant: 500 ’ ]
- Build Matrix Element discriminant for each selected event »
- s-channel vs t-channel, tt, W+jets
- Template fit in signal and control region 0
oo
P(S|X) = 3. ag, P(X|S;) 2 ooa{%/(mm/%%%%%ﬁ//%%%%% //f
< -0.1F
2. s, P(X|S:) + Zj ap, P(X|B;) 2 00002 00018 0058 0.0 0187 1
P(SIX)
C . @ 150¢ —— |
ross section: S‘;:, E A.TL;tSa-I:);fll(l;::ri’ry j Lt 203 15

\s =8 TeV
l+jets

Og — 4.8 :l: ].. ]. (Stat) +2 2 (SYSt—I—luml) pb 100_— [ ] s-channel
- Post-fit bkg. uncertainty

Observed (expected) significance: 3.20 (3.90) 50 [
coearr

/% a | :

-50
0.0002 0.0018 0.058 0.102 0.187 1

TN B R

N\

First evidence of the s-channel production at LHC 0

NN
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Total inclusive cross-section [pb]

—
o
o

80

40

20

Summary of Single top measurements

| ATLAS+CMS Preliminary LHCIOPWG

— Single top-quark production

I = Py G IV

Sep 2015

ATLAS t-channel -
PRD90(2014) 112006, ATLAS-CONF-2014-007

CMS t-channel —
JHEP12(2012) 035, JHEP06 (2014) 090

ATLAS Wt
PLB716(2012) 142, paper in preparation —

CMS Wt
PRL110(2013) 022003, PRL112(2014) 231802 -

LHC combination, Wt
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009 —

ATLAS s-channel ]
ATLAS-CONF-2011-118 95% C.L.,
ATLAS-CONF-2015-047 —

CMS s-channel, 95%C.L.
CMS-PAS-TOP-13-009 -

NNLO PLB736(2014) 58
my,,= 172.5GeV, MSTW2008nnlo

scale uncertainty

NLO +NNLL PRD83(2011) 091503,

PRD82(2010) 054018, PRD81(2010) 054028

my,,= 172.5GeV, MSTW2008nnio —
Wt: tt contribution removed

scale ® PDF @ a4 uncertainty, -]

NLO NPPS205(2010) 10, CPC191(2015) 74
m,,,= 172.5GeV, Ro= W= M, —
CT10nlo, MSTW2008nlo, NNPDF2.3nlo (PDF4LHC)
Wt: p: veto for tt removal=60 GeV —]

and “p=65 GeV
scale uncertainty

1e1s 1sAs

scale ® PDF @ o, uncertainty

All exp. results are w.r.t. m1°p= 172.5GeV —

Vs [TeV]

t-channel total cross section [pb]

102

—_
o

CMS

Preliminary

NLO+NNLL QCD = (scale @ PDF)
Kidonakis, Phys. Rev. D 83 (2011) 091503

Tevatron 1.96 TeV (L <9.7fb™)
arXiv:1503.05027
CMS7TeV(L=1.17156fH") _|
JHEP 12 (2012) 035
CMS8TeV (L=19.7f0")
JHEP 06 (2014) 090

CMS 13 TeV (L=42pb™)
CMS-TOP-15-004, preliminary

All the measurements are so far consistent with the SM predictions
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Summary of |V, | determinations at 7 and 8 TeV

ATLAS+CMS Preliminary

LHCtopWG

If . Vil = Omeas. from single top quark production

0’theo.

o, NLO+NNLL MSTw2008nnlo

Sep 2015

—t——

theo” bRDB3 §201 1; 091503, PRD82 (2010) 054018, total theo.
PRD81 (2010) 054028
Ao, scale ® PDF
M, = 172.5 GeV If, V! = (Mmeas.) = (theo.)
t-channel:
ATLAS 7 TeV' —H— 1.02 + 0.06 = 0.02
PRD 90 (2014) 112006 (4.59fb™")
ATLAS 8 TeV —a— 0.97 = 0.09 = 0.02
ATLAS-CONF-2014-007 (20.3fb™")
CMS 7 TeV e 1.020 = 0.046 = 0.017
JHEP 12 (2012) 035 (1.17-1.56fb™")
CMS 8 TeV et 0.979 = 0.045 = 0.016
JHEP 06 (2014) 090 (19.7 fo™)
CMS combined 7+8 TeV —5— 0.998 = 0.038 = 0.016
JHEP 06 (2014) 090
Wt: :
ATLAS 7 TeV : —— 1.03 * 1%+ 0.03
PLB 716 (2012) 142-159 (2.05fb™")
: 0.16 +0.03
CMS 7 TeV _1 | o 1012015 Zo04
PRL 110 (2013) 022003 (4.9 fb™) 5
ATLAS 8 TeV (%) —_— 1.10 £ 0.12 = 0.03
ATLAS-CONF-2013-100 (20.3 fo™")
CMS 8 TeV' } —0— 1.03 = 0.12 + 0.04
PRL 112 (2014) 231802 (12.2fb™")
LHC combined 8 TeV ** ———— 1.06 = 0.11 + 0.03
ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009
Wt:
ATLAS 8 TeV ™ - 1.01+0.10 = 0.03
paper in preparation (20.3 fb'1) :
s-channel:
ATLAS 8 TeV* [ - 0.93 *92% . 0.04

ATLAS-CONF-2015-047 (20.3 fb™")

(*) Superseeded by results shown below the line

| | | l | |

-0.30

! including top-quark mass uncertainty
2 including beam energy uncertainty

0.4 0.6 0.8

1
If, V!

1.4 1.6

Direct determination of the matrix element |Vio| :

e Test the unitary of the CKM Matrix
e Sensitivity to new physics

Measure |Vip| assuming left-handed SM-like

W-t-b coupling (and |Vip| >> [Vis|, |Vid|):

Oobs

Vib - fuv| =

Otheory

with fLV = 1in the SM.
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Summary

e Top quark pair production cross sections at the LHC (7, 8 and 13 TeV)

- Inclusive cross sections:
- new 8 and 13 TeV results from ATLAS and CMS

- excellent agreement with pQCD (NNLO+NNLL)
- Differential cross sections:

- new 8 TeV (resolved and boosted regimes) and 13 TeV results
- 8 TeV measurements have discriminating power (MC generators, PDFs)

e Associated production of top quarks with a gauge boson
- ftZ and ttW: improved cross sections measurements

e Single top production
- t-channel:
-new 13 TeV result from CMS
- Wt channel:

- Wt cross sections has been measured with a precision of 23% in CMS
and 17% in ATLAS

- First Wt + t t fiducial cross section measurement by ATLAS
- s-channel:

- First evidence of the s-channel by ATLAS

* ...arich Top Physics Programme ahead of us with the ongoing Run 2
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