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The top quark: a unique particle

Baciron Neulrine Muon Neartring Tau Neutrino

@ Most massive elementary particle °

known to date. Special role in many Bk Vo

theories beyond the Standard Model. QUARKS
@ Short-lived, decays before hadronizing. : e

Possible to study the properties of a s 1

bare quark. .

iy a

@ Precision tests of perturbative QCD.

@ Main background in many BSM
searches.

@ Essential to study Higgs properties,
measure top Yukawa coupling

This talk focuses on the latest results available on Top Quark Production
(mostly 8 TeV)
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Introduction

Top quark production

tt production mainly by gluon fusion at
LHC (~80% at 7-8 TeV)

g

t production via EWK interaction

q' q
W
b t
g b
t-channel

o =64.57715 pb @ TTeV
o =87.76733 pb @ 8TeV

@ Full NNLO+NNLL calculation

arXiv:1303.6254 |

available [ Czakon, Fiedler, Mitov,

Cross section calculated at NLO+NNLL

C. Diez Pardos (DESY)
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Introduction

Jet:

p;=61.7 GeV/c
Muon: n=138
p;=64.4 GeV/c
n =69

pr,o/CiUEt I quws 9 GeV/c

Missing E;:
65.9 GeV % \\\
Pt & AN
AUk
_-‘.'.r"

Jet:
Jet: p;=51.5 GeV/c
p;=61.7 GeV/c n=-0.12
n=0.81
CMS
Run: 163480

Event: 81224410
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Introduction

Top quark decay signatures

W decay defines final state Top Pair Decay Channels

2 18 e
e AR
r —{5z[2
w* 4 528
v, §' N
f ]
|Vtb|=|Vtd |, | Vts| - B EERE
O t— Wb almost 100% b =1 iongets
® electron+jets
‘:&7’* e |wlv ud 5
e‘,u v
A\ - MET
o
bjel =7
B
/ v
e,u

SBTQTlggl;oglsd[e/u]. Dileptonic [e/p]: All-jets: BR~46%
° . BR~5% and small but largest BG (ie. 7+jets: BR~15%
manageable BG (ie. 5o i "py_jets)  QCD multijet)
W-jets) ' ) )
single-top is BG for tt (and vice-versa)
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Top quarks

MET

@ Typical cut range
20-40 GeV, not applied for
all analysis (lep+jets,
dilepton) 8 I

Leptons
@ Up to two high pr leptons

@ Isolated, high pr from W,
soft leptons in b-jets

g With pr >20 GeV || <2.5

@ Trigger largely based on
leptons (Single/double
(isolated) lepton)

C. Diez Pardos (DESY)

/ \e'pr=8
o

\\ b-tagging

n mass 88 GeV/:
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Jets

@ Two to six high pr jets (up
to 2 b-tags, might use
T-tagging)
Jets defined with anti-kT

algorithm with cone
AR=0.5

@ pr >20-30 GeV |n| <2.5

t =
Jet pr °

@ Trigger on |+jets signatures

b-tay 3T
1= R0 CaV/r n=0K in=_.07

@ Uses secondary vertices
and/or IP information

@ Efficiencies and fake rates
are calibrated by using data
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tt production

tt inclusive cross section (8 TeV)
CMS-PAS-TOP-12-006 (I-Hjets), JHEP 02 (2014) 024 (dilepton)

I+jets dilepton

o lisolated high-pr u/e, >4 jets, o 2 OS isolated, high-pT u/e,
>1 b-tagged jet >2 jets, >1 b-tagged jet

o Fit to invariant mass of the e DY and non-W/Z background
lepton-bjet system, My, estimated from data

o QCD background shape from data e Main syst: JES, model

e Main syst.: JES, b-tag, Q%> &
matching scales

uncertainties

o, = 239 £ 2.0(stat) £ 11(syst) £ 6.0(lum.) pb
o = 228.4 % 9.0(stat) 720 (syst) £ 10.0(/um.) pb

T T T

CMS Y5 = 8TeV, L= 5.3 b" Ew
Y wz
e#yi* channel W Single t

CMS Preliminary 28" at s =8 TeV
00| T T

——Data
[ 13
[ Backgrouna

Fit y2/ndf = 0.19

Events/10 GeV

=3
%60 100 150 200 250 300 350 400 450 500 bei Hiplici
M,, (GeV) -jet multiplicity
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tt production

Summary of tt inclusive cross section 7 TeV and 8 TeV

Inclusive tt cross section [pb]

Good agreement between channels and data
and predictions NNLO + NNLL.

Systematics limited

Dominated by dilepton results (precision 4-6%)

3

=
o

C. Diez Pardos (DESY)

Toaiecombiston L8301 AT AS+CMS Preliminary
TOPLHCWG

al 111

CMS dilepton L= 2.3 16"

ATLAS lepton+jets L=0.7 m"

CMS leptontjets L=2.3 1o
TOPLHOWG combinatian L = 1.1 "
ATLAS dilepton L =203 "

CMS dilapton L= 2.4 "' =
ATLAS lepton+jets L= 5.8 b 300 T T
CMS lepton+jets L=2.8 "
200r- 7
E== NNLO*NNLL (pp) 100
E== NNLO+NNLL (pp) 7 8

Czakon, Fiedler, Mitov, PRL 110 (2013) 262004
L) My 5 1T2 Gel POF g, unceptajnties aceording g PDRAYHE |

2 3 4 5 8 7 8 9
\'s [Tev]
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CMS Preliminary, 6, summary, {5 = 8 TeV

Feoz014

CMS dilepton (e upen)
JHEP 02 (2014) 024 (L-5.3)

239+ 2511 6pb
ol sat  syst i)

CMS prel. elj+jets.
TOP-12.008 (L281%)

228+ 942 £10p0

el st syst < )

‘Caskon etal. PRL 110 (2013) 252001, ki 11125675 2013)

100 200 300 400
o(tf) (pb)

CMS Preliminary, o, summary, {5 = 7 TeV/

CMS efptjels
PLB 720 (2013} 83

158+ 2410+ 4
ool sat = syst < )

CMS dilepton (eeu,en)
JHEP 11 (2012) 087 (=2 310)

162+ 2% 5% 4
(oL sat = syst = )

CMS dilepton (efu+z, )
PRO 8 2012 112007
w=22m)

14314222+ 3

ool st = syst = i)

et
CMS 1, +ets.
EPUC 73 20132388 (=3 9)

152412432+ 3
(0ol sat syst )

e

CMS aljets
JHEP 05 (201 065 (L35 u

13910226+ 3

(ool sat  syst < )

1
250

300
o(tf) (pb)
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tt differential cross section

| CMS Preliminary, 122 ' al is = 8 Te!
10

Dilepion Combined

@ Measure top pairs in different regions of the phase space

@ o(tt) vs several kinematic distributions of top, top pairs,
(b)-jets, leptons, lepton pairs, MET, etc.

e Scrutinise theory predictions & models
e Enhance sensitivity to new physics . l
. do* 1N, — Npg
o Extract/use for PDF fits (future) éﬁ%w
@ Main analysis ingredients: *

CMS Preliminary, 122 f'at (s = 8TV

- 08

% | DisplonCombined = Dala
o7t — MadGiaph
' 2 MCGHNLO

o POWHEG

e tt kinematic reconstruction

o bin-wise cross section measurement

o correct for detector effects & acceptance (unfolding) =% 1

o Normalised: many systematics cancel, only shape #ﬁgr
uncertainties contribute

C. Diez Pardos (DESY) LaThuile, 26 February 2014 10/27



tt production

tt differential cross section
CMS-PAS-TOP-12-027, CMS-PAS-TOP-12-028

o CMS Preliminary, 12 2fs'at (s= BTeV

CMS Preliminary, 121 fo ' at §5 = 8 TeV

o OFO e ey 0.7 —prrr e
o, 077 -
E o[ Dilepton Gombined + Data 1 8|& C eju+JesCombines  « Data -
= — MadGraph o 06> — MadGraph =
Comparison to different 3= MCENLO ] 5 MC@NLO
o - POWHEG | 05_ POWHEG
Monte Carlo (MC) & -~ - Agprox. KNLO e Approx. NNLOZ
E Serams D ljets: e 2
generators & theory o E ™7 Jitop) :
calculations . dileptons: 03
. . pT(top) 4 02- E
Typical precision: 5-10% 2 :
. 012 =
per bin ! E !
L 1 nn L L Il 1 Il Il 1 Il Il
Dominant sistematics: S0 I I D e e RS 105 008 108 2 28
: 7, lae N v
. . =, VBT L (A Laada e Ll
Slgna| mode|||ng ?!,FW Dilepton Combined + Data 3 § er‘u-wldexsco‘rnhinea‘ « Das | 1
| — MadGraph =i —— MadGraph ]
Softer p% spectrum in Wk = woonlo LT 2 “emcano
o - POWHEG T § ’tf,f -~ POWHEG |
data, better described by 4 dileptons: - T ljets: ]
Approx. NNLO i vt - pT(t) |
. . ] 10 ]
Results consistent with 3 E 1
7 TeV measurement o2r E 5 ]
(EPJ C73 (2013) 2339) o : 1
25 2 15 1 'C:S 0 05 1 1!5 2 éS % HHEEJHHWO‘O‘ HI150‘ HZﬂQ 280 300
¥ pﬁ [GeV]
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tt+jets
CMS-PAS-TOP-12-041 (dilepton)

Large fraction of tt events produced

. . CMS Preliminary, 19.6 f5'at (s = 8 TeV CMS Preliminary, 19.6 f5'at s = 8 TeV
with hard jets from ISR/FSR [P P
wl;f Dilepton Combined P> 30 GeV |5 Dilepton Combined ps'> 100 GeV
- * Data —lc * Data
10 — MadGraph+Pythia 10 — MadGraphs+Pythia
MC@NLO+Herwig oy

POWHEG+Pythia

1k ----Matchingup 4
Matching down

Large uncertainty due to radiation
modelling in MC: Tune MC models wh L T ] -
with measurements ‘

Anomalous production of tt+jets
could reveal new physics

CMS Preliminary, 19.6 " at {5=8 TeV CMS Preliminary, 19.6 i at {5=8 TeV
T T

E Dilepton Combined E Bilepton Combined

°
&
T

Background for tt+H and many BSM 3 frﬂﬂ E :%09:
searches R E

[ Syst+Stat error E 08 °_Datn E|
—Madﬁvum&}:ézma 3 0.75] Dig;sm:';;‘ . 3
. P 2 - MadGraph 4 " MadGraph+Pythia E
Main uncertainties: JES, theory (Q M e o —rowsEGwma 3
. . . -~ MadGraph matching down — -~ MC@NLO+Herwig
and matching scale, hadronisation) T os
k4 1 F =
. . <] S o.9s| ]
S 00oE E| > |
Results n agreement Wlth the §095 50 100 150 200 250 300 350 400 E o 50 100 150 200 250 300 350 400
= T additional jet p, [GeV] F i, [Gev]

dilepton, |+jets channels at 7 TeV
(TOP-12-023/018).
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tt: MET, global event observables
CMS-PAS-TOP-12-042

I+jets decay channel, no kinematic fit e e de g
T +  unfolded data
. . 2 0.0035)
Signal extracted from template fit to ‘ )

lepton angular distributions R iy

0.0025, 14 (Q” up)

Main syst.: JES, modelling of W+jets .

Overall good agreement between data and =
predictions within uncertainties. oo

0.0005,

@ Similar behaviour observed at 7 TeV
(CMS-PAS-TOP-12-019)

CMS Preliminary, £ = 19.7 fb~' at /5 = 8 TeV
e, 1+ jets combined, > 4 jets, > 2 b-tags

1 V1 e 1 1 ™

CMS Preliminary, £ = 10.7 fbo' at & = 8 TeV.
©, 1+ jets combined, > 4 jets, > 2 b-tags

=7 0.010f

unfolded data
[0 1 (MadGraph)
1 (MC@NLO)
1 (POWHEG)

unfolded data

£ 1 (MadGraph)

1 (MC@NLO)

5 1 (POWHEG)

_0.012

0.010 0.006

0.008
0.004

0.006r4— e

0.004 0.002

0.002 =
0.000;

0.0 55 i 70
: ! EP [GeV]
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i

tt+bb: ratio of b- to light-flavour jets
CMS-PAS-TOP-13-010

@ Comparison with NLO QCD calculations
@ Irreducible BG for tt+H(bb)
b

First Additional Jets/0.1

Data/MC
|
|
i

0.1 02 03 04 05 06 07 08 09

@ Measure ratio o(ttbhb)/o(ttjj): large cancellation et Discrimnatr
of uncertainties

o Selection: dilepton events with >4 jets with
pr > 20 (40) GeV, >2 b-tagged jets

o Signal extraction by fit to the measured
b-tagging algorithm discrimators

o Corrected to particle level :

e Dominant systematic: mistag efficiency R

Second Additional Jets/0.1

Data/MC

R=0.023+0.003(stat.)+0.005(sys.) for 20 GeV [MadGraph (Powheg): 0.016 (0.017)]
R=0.022+0.004(stat.)+0.005(sys.) for 40 GeV [MadGraph (Powheg): 0.013 (0.014)]

C. Diez Pardos (DESY) LaThuile, 26 February 2014 14/27



tt in association with bosons
tE+W/Z (7 TeV)

PRL 110 (2013) 172002

- . d 3
tt+W/Z are rare processes in the SM 3
. it
@ Measure couplings to bosons d
u
@ Important bg for BSM searches w
P 5 SMS : L‘=5mb"at‘\5=7TeV cMs : L=5.01b'“auE=7Tev
o Investlgate top pair in association 2, eom 3leptons ttZ ~ 1af o0 2SSleptons 7
. Cliisz sz - e
with extra leptons o Siw IE i, WVEZW) 5
Nan-prampt / MisID
. 5 E:?Z 4 EcnargeMbID E
@ Two independent channels A B owan 12 W ]

o Trilepton channel: exclusive
search for ttZ

o Dilepton channel (SS):
inclusive search for ttZ, ttW

(eele  f(eelu  (mwe  (wwu ee i en

@ Main syst.: BG estimate

otz = 0.2879 7] (stat.) T3 33 (syst.) (3.30)

Cross section [pb]

Oy = O.43f%ﬁg(stat.)f%’lgg(syst.) (30)

NLO Caleulations —_—
‘Gambell and Elis, JHEP 7 (2012) 052
Garzell et s, JHEP 1 (2012) 056
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£ in association with bosons
tt + 7y
CMS PAS TOP-13-011

CMS preliminary L=19.7 fo"' at y5=8 TeV
Sllis Y A —

@ Measurement performed in the u+jets channel
@ Selection: E7(7y) >20 GeV,AR(y, b) > 0.1.

@ Prompt photons estimated from binned
maximum likelihood fit to charged hadron
isolation (E of all charged hadronic PF
candidates AR <0.4)

Number of photons

Data/MC

. . . 5 200 400 ~ 500 :
@ Largest systematic uncertainty is due to the ./ cev
modeling of the background template. o Rty LRI B R
_ _ k& N'N el PN %;& uncert. MC_|
o(tt +v)/o(tt) = 2000f]

(1.07 £ 0.07(stat) & 0.27(syst)) - 1072,

o(tt +v) = 2.4+ 0.2(stat) £ 0.6(syst) pb.
(Using o§MS = 227 £ 15 pb)

1000 —

Number of photons

@ Result in agreement with SM expectation
(o(tt +v) = 1.8+ 0.5pb).

0 4 6 8 70
C. Diez Pardos (DESY) LaThuile, 26 February 2014 Charged hadron isolation / GeV 16/27
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tttt production

Search for standard model four top quark production
CMS-TOP-13-012

f
. . g l
Four top production is mainly .,
t
]

produced via gluon fusion in the
LHC o2 ~ 1.3 fb@8 TeV

Tt S S
@ Studied p/e+jets final states M

° SeleCtion: 26 ‘jets’ 22 b_tagged CMS Preliminary, 19.6 fb' at Vs = 8 TeV.
jets, Hr, MET cuts EoE e somonzons

H 2400 GoVic, E7* 230 GeV

@ Main background is tt+jets 0(5)
larger

@ Event classification scheme based
on a BDT algorithm

@ The limit setting: simultaneous 5!
maximum likelihood fit to the BDT Upper limits on the SM oz of 42715 fb
output distributions (expected) and 63 fb (observed) at

95%CL

C. Diez Pardos (DESY) LaThuile, 26 February 2014 17/27



Single Top

Muon
p;=54.1 GeV/c

n: 0.70 |

M(ep):

86.5 GeV/c?
Single td%d“%’gn
/)/ |

Jet
pr=55.3 GeV/c

n=2.22

CMS
18/27

B 163385 i
oo oaoan,LaThuile, 26 February 2014

Electron
p;=50.1 GeV/c

n=0.60
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Single Top production via EWK interaction

Direct probe of Wtb coupling and of Vtb in CKM matrix.

Sensitivity to b-quark PDF

Constrain u/d PDF models (ratio of top/anti-top cross-sections)

Important background for Higgs searches in associated production

W /ZH—qqbb

Probe for new physics: 4th gen., FCNC, contributions from additional

bosons

Challenging, due to large BGs: top-pair production (both semileptonic and
dileptonic), W(lv)+jets, multijet QCD

ed.l ,T v
N\ MET
jet
=
/
b-jet] /

C. Diez Pardos (DESY)

LaThuile, 26 February 2014

E,\[_L,T v
MET

N\
\
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SIHE{CHET M  t-channel

t-channel inclusive cross section
CMS-PAS-TOP-12-011

Integrated luminosity = 5.0 fb!

@ Selection: 1 isolated high-pr
muon, 1 central b-tagged jet, 1

CMS Prefiminary. (Sm8TeV Lw50fS"
T

£ 1200 Muen
forward light jet, M+ (W) £ 1000 i U o
@ Template analysis |n;|: fit to the “ | e s

AEO mutijet

pseudorapidity of the recoil jet in
the signal region (2jets,1bjet)

130 < m;y < 220 GeV o
0 05 1 16 2 25 3 35 4 45 n ‘5
@ Data-driven QCD, W+Jets and tf _ t-channel single top quark production !
@ Main syst. uncertainty: JES PP B

4 coRvsw

0=80.1£+13.0 pb, |Vtb| =
0.96 4 0.08(exp.) £ 0.02(th.), 10
constrained |Vtb| > 0.81 at 95%CL

Camptt, Friators, WA, Tiascniins, JHEF 10 2008 142

HLOWKNLL GO0

7 TeV: 0=67.246.1 pb . e ]
0 2 4 6 8 10
(JHEP 12 (2012) 035) & rev]
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SIHE{CHET M  t-channel

t-channel charge ratio
CMS-PAS-TOP-12-038

@ t () t-channel prod. happens mainly via u(d)-b W exchange " d
@ pp collisions the u density is almost twice the d density: o:/o7 is we w
expected to be larger than 1 T
@ 1 and electron channels considered . .
@ Analysis performed fitting the 7 distribution of the non b-tagged jet ¢ u
and separating /™ and I~ - w
. _
@ Main systematic uncertainties: PDF, BG estimation
b

R=1.76-0.14(stat)--0.21 (syst) °
or = 49.9 + 1.9(stat) 4 8.9(syst) pb, o = 28.3 £ 2.4(stat) £ 4.9(syst) pb

CMS Preliminary, 12.2 fb !, Muons +, Vs =8 TeV
A Masans R

CMS Preliminary, 12.2 fo,\s = 8 TeV.
T T T T

cus pre
P12

creasm
2500

ario

W s )

2000

1500 '
[ -
1000 [ [EaE -
w00 W -
L L L L L L il 1
0.6 0.8 1 12 14 16 18 2 22
Ratio = o(t)/o(f)
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Siachannet
Observation of tW-channel (8TeV)

arXiv:1401.2942

@ 2 opposite sign isolated leptons, MET (2 neutrinos), Integrated luminosity = 12.2 b
1 jet (Coming from b quark) 0 M Preliminary, /& = x;'l'wEIIW
500-12.2 fb”' ep/ppee channels |M
11t -OJ;_"I“’
so0f- o or
400
300
200

@ Signal extraction procedure: fit to BDT
discriminant in the signal region (1j1t) and in
control regions (2j1t, 2j2t), tt background
dominated.

g

e
b
Ry

Data
MC

@ Main BGs: top pair production, DY (Z+jets),
W-tjets, other single top processes A et

GMS Preliminary, & = -8TeV [*
12210, ee/ep/pp channels |1V

@ Main syst.: matching thresholds, Q? scales

oy =23.445.4 pb (o5M=22.240.6+1.4 pb,
arxiv:1210.7813v2)

|Vip|= 1.0340.12(exp.)£0.04(th.),
|Vip| > 0.78 @ 95% CL

Significance 6 ¢ (expected: 5.4+1.50)
C. Diez Pardos (DESY) LaThuile, 26 February 2014 22/27

i fE

Evers/ 12210



SIHE{CHET M s-channel

Search for single top production in the s-channel
CMS-PAS-TOP-13-009
Sensitive to new physics, W’ bosons, charged Higgs bosons

Smallest cross section at the LHC

Signal signature: lepton + jets

o e/u and MET from the W decay
e Two high pr jets, at least one of
which comes from a b-quark

Main BGs: tt, W+b jets, t-channel

Main syst.: JES, matching thresholds, Q?
scales

Multivariate analysis based on Boosted
Decision Trees

O schannel < 115 (170,90) pb @ 95% CL,
observed (expected with SM signal, with
BG only)

C. Diez Pardos (DESY)

LaThuile, 26 February 2014

GMS Praliminary, 19.3 167, Electrons, /5 = 8 TeV
e B R

S =data
~ [s-channel
—= Wtchannel
- OtWechanne
E{aT
= W2Zsjets
= WW+ets
= MDiboson
i[aco
= [Syst. unc.
i - [IRate syst.

08 08 04 -0.2 0 0.2
BOT Discriminant

e
- =gala
[0 s-channel
1 W-channel
— []tW-ghannel

7 WWEets
- WDiboson

- Doco
[5yst. unc:

" [Rate syst

1

L = T s L MR
.7 06 -05 04 03 02 01 0 01 02
BDT Diseriminant
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Summary and outlook

Top quark physics: key to QCD, EWK and new physics
In the last years, the LHC has become a real 'top factory’:
o Most analyses are systematics limited

o Precision regime: o7 < 5% (inclusive cross section available up to
full NNLO, same precision as data), differential measurements

o Presented measurement of tt + v, tt+W/Z (7TeV) cross sections
¢ First limits to tttt production

¢ Single top production: t-channel cross section measured at all
energies, tW observed (8 TeV) and upper limit set on s-channel cross
section

@ All results so far in agreement with SM predictions

@ CMS public Top Physics results available from:
https:/ /twiki.cern.ch /twiki/bin /view/CMSPublic/ TopPhysicsResults

C. Diez Pardos (DESY) LaThuile, 26 February 2014 24/27
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Summary and outlook

BACK UP
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LHC combined result at 7 TeV

ATLAS+CMS Preliminary Gz summary, Ys=7TeV TOPLHCWG

NNLO+NNLL ftop++ 2.0}, PDFALHO m,_ = 1725 GV = stat. uncerainty
B scale uncertainty m— total uncertainty
Scale © PDF © e ucertainy o Hsta) +syst) Hlumi)
ATLAS, l+jets 17944£947pb L0710

ATLAS, dilepton 1732671 pb 07w

ATLAS, all jets (%) —Lom?
ATLAS combined

CMS, l+jets (*)

167+ 18+ 78+ 6pb L
17743*517pb L7 10m!

164£321227pb  L,0iit’

CMS, dilepton (*) 170+421628pb  L-111b"
OMS, Tpag (1)
CMS, all jets (*)
CMS combined
LHC combined (Sep 2012)

149124426 -9pb L1 i

136120140 8pb L1

166+ 2: 11=8pb L,
173+ 2+ 816pb L,

081117

074117

ATLAS, l4jets, b>Xpv
ATLAS, Tl
ATLAS, 1, 4ot

165424 17£3pb  Lart’
1864135202 7pb L2110
1941 18246pb L1710

ATLAS, all jets 168+ 122+ 7pb 7
CMS, I+jets 1584121104 4pb 22st!
CMS, diepton 1624225+ 4pb

CMS, Tyl 143+ 1422223pb 220"
CMS, T iets 152+ 12232=3pb L,590"
CMS, all jets 139110126 -3pb L,asn’

(%) Superseded by results snown below the line

| I | |
50 100 150 200 250 300 350

o, [pb]
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tt inclusive cross section (7 TeV)

. . . CMS Preliminary, 6. summary, s = 7 TeV
@ All final states investigated (except 77) ¢

CMS e/ +et ol ises2:10+4
.. . . . e/u+ets +2+10+
[+ Slmllar event Se|eCtI0n n dllepton and PLB 720 (2013} 83 (val. & stat. & syst. & lumi)
j (L=2.2-2.3/fb)
lepton-+jets modes ol
CMS dilepton (ee,up.ep) 162+ 2+ 5+ 4
° A” hadronic_ at |eaSt 6 h|gh'pT JHEP 11 (2012) 067 (L=2.3/fb) (val. + stat. + syst. + lumi.)
jets, at least 2 b-tagged CMS dilepton (e/u+,_) 143£14422+ 3
o T+jets: at |east 3 high_ pT jets ::l;;t;b()zmzj 112007 (val.t stat. + syst. tluml)
(>1 b'taggEd) + tau jet; fed into CMS 1, +ets T ispr12a2s s
ANN Reconstruct hadronic tau, EPJG 73 (2013) 2386 (L=3 9/b) (val. % stat.+ syst. + lumi)
large multijets background CMS all jets el gses0:26+ 3
JHEP 05 (2013) 065 (L=3.5/fb) (val.  stat. + syst. & lumi.)
@ Measurements from likelihood fits L NNLOWNNLL (p++ 20, PDFALHC, m_ = 1725 GV
Czakon et al. PRL 110 (2013) 252004, arXiv:1112.5675 (2013)
[ scale uncertainty
@ Data-driven estimates for main B | |
backgrounds 0 50 100 150 200 250 300
o(tt) (pb)

¢ Good agreement between channels and data and predictions NNLO + NNLL.

o Precision dominated by the dilepton result (~4%)
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