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Outline

e ttbar total cross section at 2, 7 and 8 TeV
e Differential ttbar cross sections
 Measurements of ttbar+ (b-)jets, y, W, Z

More details in parallel session this afternoon, and at:

ATLAS results:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
CDF results:

http://www-cdf.fhal.gov/physics/new/top/top.html

CMS results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
DO results:

http://www-d0.fnal.gov/Run2Physics/top/
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Why Is Top interesting?

- Heaviest known fundamental _ ws, .. Chtter, arxivi1209.2716
particle gl B
o Yukawa coupling y,~1 g |
« Decay before hadronization W -
0 access to spin structure E s i
« Presence in virtual loops ’ :
o Consistency of SM (m,,m,,,m,,) S AU A T

m, [GeV]

e Special role in EWK symmetry breaking?

 New particles which decay dominantly into top quarks
o0 Super-symmetric partners (39 gen squarks), Z' bosons

 New particles may be produced in top decays, e.g. H*

« Detalled study of top needed (differential distributions!)

o0 may reveal non-SM contributions
o LHC has already produced several million top quark pairs!
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Top quark pair production and decay

. _ w*
Production: Decay: Vi
g t
%ﬂ@ﬂ( t (almost 100%)
9 BUO00] t e un v it .
_ gg ~80% ~15% \éI\/IET { je Jet
g oo — 1
~ (o) ~ (o) b—Je‘t A . b—Jet
N
>.Q.QQQ.Q< ] v
q t eu je jet
dileptons lepton + jets all hadronic
BR: ~5% ~30% ~46%
- : H1 and ZEUS HERA I+11 10 parameter PDF Fit ; Bkgd few moderate huge
- Q'=10 GeV’ f:j (mainly Z+jets) (mainly W+jets) (mainly QCD)
08l ——— HERAPDFLS (prel.) :“
- exp. uncert. .
N\ [ model uncert. Cross section measurement:

xu,

- parametrization un¢ert.

0.6

- Traditionally: counting experiment
- More precise: likelihood fit, also incorporating
systematics via nuisance parameters

"7 xg (x0.08)

0.2

Important systematic uncertainties:
Jet energy scale, b-tagging
Signal modeling in MC

xS (% 0.05)

HERAPDF Structure Function Working Group
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(Brief) Theory Status
. Approximate NNLO

. Authors o(tt) scale +PDF [pb] Details
calculations for o, by

NLO QCD (MCFM) 160 +20-21 +8-9 MSTW 90%CL,
several groups UEREICEl
Kidonakis 163 +7-5 +9-9 MSTW 90%CL,
O scale unc. 5...9% (arXiv:1009.4935) m_t=173 GeV
- . A Aliev et al. (HATHOR 1.2) 164 +5-9 +9-9 MSTW 90%CL,
o Since recently: pieces of | xvio071327) m_t=173 GeV
exact NNLO exist (aII Ahrens et al. 155 +8-9 +8-9 MSTW 90%CL,
(arXiv:1003.5827) m_t=173.1 GeV
except gg->tt) Beneke et al. 163 +7-8 +15-14 MSTW 90% CL (incl. a),
[Bael’nl’euther Czakon M itOV (arXiv:1109.1536) m_t=173.3 GeV
2012 ’ , Czakon, Mitov (TOP++ 1.4) 154 +9-8 +4-4 MSTW 68%CL,
] (arXiv:1210.6832) m_t=173.3 GeV
0 See next talk for detalils! Moch et al. (HATHOR 1.3) 175 +10-13 +5-5 MSTW 68%CL,
(arXiv:1203.6282) m_t=173 GeV

* NLO+PS MC matched implementations (POWHEG, MC@NLO)
o ftt+jets (incl. tt+bb)

o Full NLO calculations for 1 and 2 extra jets (incl. differential distributions)
o tt+V (V=y,W,2)

o0 NLO exists, also interfaced to PS in aMC@NLO, POWHEG+HELAC
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Total Cross Section at the
Tevatron
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|+jets channel: best single measurements
DO, 5.3/fb, arXiv:1101.0124 CDF, 4.6/fb, arXiv:1004.3224

» profile likelihnood over N(jets)xN(b-tags)
e nuisance params. for systematics 5

350

ij >3 CDF Il Preliminary 4.6 fb™
B data (7348 evts)

N top
B W+jets
@ aco

-

1 (e) D@, L=5.3fb""
300

0] 3 Jets, 1 b-tag

200

-+

Events /0.1

150

100

0 01 02 03 04 05 06 07 08 09 1 01 0.2 0.3 0.4 0.5 . . 0.8 09 1
RF discriminant (c) NN output

2 b-tags « NN discriminant using kinematic

variables (no b-tagging)
« combined with b-tagged analysis
* reduced uncertainty due to
measurement of ratio o(tt)/o(Z/y*)

Number of &

2 3 >4
Number of jets

o =T7.70 =052 pb (6.8%)

o7 = T.7870 &0 (stat + syst + lumi) pb  (9.1%)
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New measurements using full dataset

CDF dilepton, 8.8/fb, Note 10878 CDF tau+lepton+jets, 9.0/fb, Note 10562
CDF Run Il Preliminary (8.8 fb) tt -1, Log-Likelinaod Fake Rejection After b-Tag
450E +ElATA ____________________ l ___________________________ _E § 14:_ CDF Run Il Preliminary, 9.0 fb,
- 5550 Bkgd £ 10 uncertainty ] § C
400F L = 3 121~
- [ wwiwz/zz . B
3500 [ 1 DY+HF . 10
- I DY+LF . -
300F I Fake . 8-
% : ' E 6]
S 2500 IR = :
> C ] C
ey - e
150§ --------------------------- —i 2
1707 SHR S = o e 4 202 6 8 10
E ] Log-Likelihood
50; ~—eo—y 1 E « Selection: 1 tau, 1 e/y, 2 jets, 1 b-tag
° Tt >2jet + Reduced tau fakes using kinematic
(200w 09 likelihood
« 254 events with 2 jets, 1 b-tag « 36 events selected in 9.0/fb

o = 1.47 £ 0.505¢0¢ £ 0.535y5¢ £ 0.46pymi pb o = 8.2 £ 2.3(stat.) 1 1(syst.) & 0.5(lum.) pb.
(11.5%)

13/11/2012 F.-P. Schilling - Top Quark Pair Production 8 ﬂ("'




Tevatron Combination

DO Note 6363, CDF Note 10926

« NEW (September 2012): Tevatron Run Il Preliminary *=preliminary
first combination of CDF CDF dileptons *  |jee@w=i=d  7.47+0.50+0.70 pb 8.3 ib"
d DO ttbar cross sections Sosepn
an CDF ANN l+jets H=e=#  7.82+0.38+0.40pb 46ib’
+0.55 pb
« Careful treatment of CDF SVX l+jets  jm@ufe] 7.32 ;_r g..?:a? ;rbn.61 pb 46fb"
(un)correlated systematics CDF all-jets  b—f—@—d——i 7.21+0.50+1.08pb 2.91b"
+1.19 pb
. . . CDF combined * ==+ 7.71£0.31+£0.40pb upto8.8fb"
e Combination using BLUE +0.51 pb
D@ dilepton | | 7.36 + 0.85 pb 5.4 fb”
* Relative weights: 60% CDF, DO I+jets p——a—ri 7.0+ 0.74 pb 5.6 fb”
0
40% DO D@ combined —e— 7.56 + 0.20+ 0.56 pb 5.6 fb”
+0.59 pb
* PreC|S|0n Of Comblnatlon Tevatron combined *  Hre-- 7.65£0.20+ 0.36 pb upto8.8ib’
5 5% September 2012 for m, = 1725 GeV +0.42 pb
Les s a1l a sl 533l

6 7 8 9
pp — tt cross section (pb) at\/s=1.96 TeV

Good agreement NNLO+NNLL (TOP++ 1.3, mt=172.5, incl. NNLO qg->tt):
with theory! 7.2479:1% (scale) 318 (PDF) pb
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Total Cross Section at the
7/ TeV LHC
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Lepton+Jets Channel

ATLAS, 0.7/fb, ATLAS-CONF-2011-121 CMS, 0.8-1.1/fb, CMS-PAS-11-003

-, 5000 CMS Preliminary s = 7 TeV JLdt= 116", Muons 2M0m}ﬂ4ﬂﬂlm
(%] 2400 = —71tr r r -~ r 1t - 1 r r gx g E E g gzsnn' § .g .E g .g
% 3Jets ATLAS Preliminary - Data 2011, Vs =7 TeV Ll 3 E'p E'p E, E §mn 2 u u a a
S 2000 fLdt=0.70 b Wit B QCD Multijet zoo ll - " " . 3|3 £ i = L L
- 1600 B O W+Jets B Other EW x 3 s 2 s 3 i IR $ g % z
1200 u + Jets 3Jets € +Jets o l » ! )
. 4Jets | =25Jets :  4Jets | =25Jets . : L.‘mm . LW S p—

5 50 5
Secondary Vertex Mass (GaV) ‘Secondary Vertex Mass (GaV)

800 ! ' I
| | 400, CMS Preliminary \&=7TeV_| Ldt=1.1fb"" Muons 3 200 meﬂqmﬂlmm
400 § ' ! Sk 8| e A T T
= ' : o | 2 S S A N
i i = St B 5 8 i B0 B % )
8 15¢ | I Sofe SRS G
I R e L AR I | % i EAE
'% 0.5 & : . , . . ':: "
o 0 20 40 60 80 100 , . v ,
Likelihood Discriminant Secondary Vertex Mass (Get)
» Likelihood based on kinematic « With b-tagging: fit svx mass in
variables (without b-tagging) N(jets, b-tags) plane
» Profiling of systematic uncertainties » Profiling of major systematics

o7 = 179.0 £ 9.8 (stat+syst) + 6.6(lumi) pb og = 164.4 + 2.8(stat.) + 11.9(syst) £ 7.4(lum.) pb
(7%) (9%)
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Recent measurements

ATLAS l+jets, 4.7/tb, CMS dilepton, 2.3/fb, arXiv:1208.2671
] P
ATLAS-CONF-2012-131 CMS 2.3 fb at\S = 7 TeV
* Use soft muon tagger (>90% eff.) inside jet §§§Eg: eel',ul—l|= eul . |Danta | E
to identify b-jets since BR(b->uX)~20% =3 E
« orthogonal b-tagging systematics oo E
1400 =
2 s ' ' | ] . 1200 - E
30000  ATLAS tagged u + jets = 1000 [ non-prompt lepton 3
T C Preliminary —— Data ] 800 E- = [ signal 3
25000 I Ldt=466fb" L1 - sooE- E
C W+jets 1 PUULC o D 00 ]
% Bl Multijets B 400 =
20000% B Other . 200pee . N =
15000k N uncertainty ] g 19
10000f - o i::::::::::::::;_____‘_______i_____:%:::::;:_____11_____T_______*___::::;:::::i::::::
L G450 igtstis . (2,0) 21 (22) (3.0 G1) (3,2) (3.3) (24,0) (241) (=4.2)
5000 _] ( Njels’ Nb—jets)
] . . . . .
L‘“‘“‘“‘: » Profile likelihood method in N(jets,b-tags)
R 2 3 4 >5 that incorporates systematics via nuisance
Number of jets parameters
o7 = 165 + 2(stat.) + 17(syst.) + 3(lumi.) pb o = 161.9 £ 2.5 (stat.) 72} (syst.) & 3.6 (lumi.) pb
(11%) (5%)

Single most presicse o(tt) measurement!
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T+jets and hadronic channels

T+jets channel: Hadronic channel:
CMS, 3.9/fb, CMS-PAS-TOP-11-004 ATLAS, 4.7/fb, ATLAS-CONF-2012-031
> 250 T T T L R =
O . ]
= C ATLAS Preliminary 1
B 200 .
§ i JL dt=471fo"
™ 1501 -
= —e— Data
100:— [ ti signal B
i I Multijet background
50 .
%0 200 300 400 500 600 760

m, [GeV]

o
M3 (GeV), NN>0.5

oy = 156 + 12 (stat.) £ 33 (sys.) £ 3 (lumi)pb 077 =168 & 12(stat.)*$(syst.) + 6(lum.) pb

ATLAS,1.7/fo, ATLAS-CONF-2012-032 CMS, 1.1/fb, CMS-PAS-TOP-11-007
o = 200 + 19 (stat.) + 43 (syst.) pb 0g = 136 = 20 (stat.) & 40 (sys.) = 8 (lumi.) pb
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Overview of 7 TeV measurements

o ICHEP 2012 May 2012
CMS Preliminary, \s=7 TeV
S 15 May 2012
ATLAS Prellmlnary ............ Theory (approx. NNLO)
form, = 172.5 GeV
) Data 2011 —— stat. uncertainty
CMS ef‘pﬂets 164+ 3+12=7pb — total uncertainty
TOP-11-003 (L=0.8-1.1/fb) {val. £ stat.+ syst.+ lumi) Channel & Lumi. o H(stat) #(syst) +{lumi)
Single lepton 0.70 fb” — o 179+ 4+ 9+ 7pb
. ! i -1 - +14 + 8
CMS t+jets 156+ 12 + 33+ 3 pb Dilepton 0.70 b o 173£ 6 7, ;pb
TOP-11-004 (L=3.9/fb) (val. 2 stat.2 syst.2 lumi.) All hadronic 167 +18+ 78+ 6 pb
1.02 b
Combination — = 177+ 3 75+ 7pb
CMS dilepton (ee,u,eu) 162+ 2+ 5+4pb
arXiv:1208.2671(L=2.3/fb) (val. + stat. + syst. + lumi)
New measurements
T4 + jots 1.67 fo! 200+19+42+ 7 pb
CMS dilepton (et,ut) 143 £14 £22+ 3 pb T+ lepton  2.05f07 e 186+13+20+ 7 pb
arXiv:1203.6810 (L=2.2/fb) (val. + slal.+ syst. + lumi.)
All hadronic 168+12 '+ 6pb
Rt | | |
CMS all-hadronic 136 +20+ 40+ 8 pb 50 100 150 200 250 300 350
TOP-11-007 (L=1.1/fb) (val. + stat.+ syst.+ lumi) b
o, [pb]
tt
B Appror NNLO QGD Kidonake, Phye.Rov D 52 (3010) 114030 ' [does not include new I+jets
Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097 .
=3 Lo aco | | | | measurement with soft muon b-tag]
0 50 100 150 200 250 300

o(tt) (pb)
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LHC Combination

ATLAS-CONF-2012-134
CMS-PAS-TOP-12-003

e NEW September 2012 Preliminary LHC 6 combination, \s = 7 TeV - September 2012
L,,=07fb"-1.11fo"
) o ATLAS, di-lept el HATHOR theory prediction 16
o Use individual ATLAS, | Lo oo e @ 173+ 6 * 15
CMS combinations as |77 o 179+ 4+ 11
input Als e — « 167+ 18+ 78
ATLAS combined - — 177+ 3+ 18
e Use BLUE method CLIi\:I:S;deL-_‘Iepton (ee, ey, up) |—:.—| 170 4+ 18
e ——— Ot 149+ 24 + 28
* Weights: ATLAS 67%, | cis. ket —e— 164+ 3+ 14
CMS 33% CHS, al jts —_——————s 136+ 20+ 41
) CMS combined — i 1658+ 22+13.2
° 0 :
Uncertainty 5.8% E combined - 1733+23+98
. . for m,=1'72.5 GeV . T (sltat.) + (syst.)
50 100 150 200 250 300 350
Oy [Pb]

Not using latest measurements based on full dataset, e.g. CMS dilepton ...
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G, (pb)

First determination of ag from tt cross section
CMS PAS TOP-12-022

Exploit theory relation o,(m,,a,) - as in approximate NNLO (HATHOR, TOP++)
for given set of PDF
Experimental input: CMS dilepton cross section, world average m,

220

200

180

160

140

120
PR | | 1 1 | | 1 | 1 | 1 1 | | 1 1 1 ‘ 1 1 1 | 1 1 1 ‘ |
011 0.112 0114 016 0.118 012 0.122 0.124

T | T T T | T T T | T T T
CMS 2011, 2.3 fb™

g TOp++ 1.3 with NNPDF2.1

—%¥— HATHOR 1.3 with NNPDF2.1
==-l--- Top++ 1.3 with MSTW2008
..... nfrem Top++ 1.3 with HERAPDF1.
=.fu:=: Top++ 1.3 with ABM11

)
----
-

.l
-
am

e®
" -
.......
. -
-
-
P

m, = 173.2 GeV

-
Pl
v -
“““““
-
we®
-

-
N
"-
-
-
-

=
-

-
vt

f
-“

-
V-
-

ocs(mz)

2.3fb" of 2011 CMS datax approx. NNLO for o, Is=7TeV, m,=173.2+ 14 GeV

| T T T | T T T | T T T ‘ T T ‘ :\ ‘ T T | T T T | T T T |
W Top++1.3 gi
4 HATHOR 13 oinner err.: exp., PDF, scale
£ Outer err.: mt
! LN him 7 NNPDF2.1
N T Y 1 MsTw2008
H A” H H HERAPDF15
51 v ]
ABM11 I s f
| 1 | | | | | 1 | | | 1 ‘ | | 1 ‘ E\ 1 1 ‘ 1 1 1 | 1 1 1 | 1 | 1 |
011 0112 0114 0116 0118 012 0122 0124 0126

Most likely a, per PDF set obtained by likelihood maximization
HATHOR yielding systematically lower results due to theory approximations
(larger oy)

ocs(mz)

First determination from ttbar / precision comparable with jet-based extractions
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Total Cross Section at the
8 TeV LHC

13/11/2012 F.-P. Schilling - Top Quark Pair Production 17 ﬂ("-




Cross section at the 8 TeV LHC

350 CMS Preliminary

CMS, 2.8/fb,

TOP-12-006 and TOP-12-007

 Combination of measurements in
lepton+jets and dilepton channels

re)
o
® CMS combined 7 TeV (1.1 fb')
300

—

-—

et
©

= CMS combined 8 TeV (2.8 fb™)
250

o = 227 £ 3 (stat.) £ 11 (syst.) £ 10 (lumi) pb

00

150

e NLOQ QCD
Approx. NNLO QCD

NEW: ATLAS l+jets, 5.8/fb, o B Scale uncetainy

ATLAS-CONF-2012-149 - VISP 5008 (NNLO POF S0k G anceranty
- 50_1 1 1 L l 1 1 L L ] 1 L L 1 I L L 1 1 I L 1 1 1 l 1 1 1 L
* lepton + 3 jets (one b-tagged) 6 6.5 7 75 8 85 9

« kinematical likelihood discriminant fit \'s (TeV)

o =241 £ 2 (stat.) £ 31 (syst.) £ 9 (lumi.) pb

Plan: (double) ratios e.g.
Theory: 0,=220 +13-11 (scale) +5-6 (PDF) pb tt/Z(8) / tt/Z(7)
[TOP++1.4, Czakon & Mitov, arXiv:1210.6832] sensitive to new physics
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Differential Cross Sections

Motivation:

» Profit from huge sample of tt events at LHC

« Validation of MC models

» Reduction of systematic uncertainties due to tt modeling

* Important for searches/measurements where top is large background
(e.g. Higgs, SUSY)

Techniques:

» Unfolded cross sections for comparisons with theory and across
experiments

* Quote results at hadron or parton level, within visible phase space or
extrapolated to full phase space
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o] dp, [pbiGeVe']
s 523323

o
o
-

0.02

%107

CMS, 5.0 fo" at\s = 7 TeV

1D:|III|IIII|IIII|IIII|IIII
E e/u+ Jets Combined

® Data

CMS, 5.0 o' at\s = 7 TeV

o
8z

0.7_|||||||||||||||||||||||||||||||||||||||||||||||||

Top quark p-,y and MET

—— MadGraph
~—= MC@NLO

--—-POWHEG 7
—— Approx. NNLOJF

{arXiv:1000.4935)

III|IIII|IIII IIII|IIII|I 3
100 150 200 250 300 350 400

p‘T [GeV]

IIIIIIIIIIIIIIIIIIIIIII!IIIIIIIIIIII
® data 1fb’
NLO pQCD ]
—— Approx. NNLO pQCD

----- MC@NLO

=== PYTHIA
ALPGEN

0 50 100 150 200 250 300 350 400

13/11/2012

top quark P, [GeV/c]

2 D-ﬁ:_eﬂ.u Jets Combined ;thaatj\Graph NEW CMS |+Jets’ 50/fb
£22 MC@NLO .
05k T omes 1 arXivli211.2220
—_— Approx. NNLO -
04 C {arXiv:1105.5167) e
03f -
0oL -
RTINS CMS |+jets, 5.1/fb,
25 -2 15 -1 05 0 05 1 15 2 515 PAS-TOP-]_Z-O]_Q
. — 002 . CMSPrellmlnaryL 51fb1atltsl-TTeV
Approx. NNLO: S AR RSEE AR RRR R
Improved descr. o - - 6 (MADGRAPH]
at low Pt ,3'20014:_ I i pownEs)
™ 0012" i 1 — f (PYTHIAB) ]
001+ | o ff (MC@NLO) —
0.008[ | .
0.006F~ -~ N -
. 0.004— E
DO I+jets, 1/tb o002- —
arxXiv:1001.1900 O ~"20 40 60 80 100 120 140
ETs [GeV]

Good agreement of shapes with MC models
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ATLAS I+jets, 2.1/fb,
arXiv:1207.5644

NEW: CMS I+jets, 5.0/fbe. 2550 rrrrrer et

arxXivl211.2220

Good agreement of

shapes with MC models
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P

y of tt syste

> E o E
] = — data 3
E B ] NLO (MCFM) ]
"= 10E —— ALPGEN
e E e MC@NLO 3
e C = ]
13# 1 ATLAS =
e F J B E
= F | Ldt=205m ]
10" R
E e

10—2 | 1 1 Ll
8 1.5 =
1] 3]
_“Dé‘ 1; ............... :l_ ......... : ------------_-I_------ __________ _lL____;
S [o ] —— e 4
< 710 20 100 200 100
a P, [GeV]

CMS, 5.0 ib'at\s = 7 TeV

S e/u + Jets Combined e Data
.8 i —— MadGraph
=0 mm MC@NLO
58 | - POWHEG
=

10

100 150 200 250 300
pl [GeV]

m

tt

——
ATLAS

it

ﬂsn_ do Jdy

107

_[ Ldt=205f"

data

] NLO (MCFM)
--------- ALPGEN
MC@NLO

Theory/Data

CMS, 5.0 b at\s = 7 TeV

blﬁ U.B_llll||||||||||||||||||||||||||||||||||||||||||||
S| & [ e/u+ Jets Combined e Data
—c 07F —— MadGraph
E s MC@NLO
061 -~ POWHEG
05
. +
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tt mvarlant mass dlstrlbutlon

> S
Sensitive to new physics g 1;_ — :ﬁi‘é o | B E__m__ :‘:ﬁ‘g o
COUleng tO tt, e.g. Z’ >tt v §ﬂ10-1E—ATLAs —|—- NLO+NNLLE E# 1§— ] _““ al.opgstlo _E
=~ E E = E 3
g Fliat=200" ] o F e ]
6"1 02 E 7 :|:; E:; 107 3 ATLAS E
= _3_ 3 = EJLdt 2051 ]
g 1?-5— : ‘ 102
[11] E | E
o) = | | I | = E
(@] E | E =
z 0.3 : 10°
. E . o E
ATLAS |+JetS, 2.1/tb, g 1"4’5 N _ —— 5 1% — e
. . Q IE | | | 3 E OBIE i e T E
O =t g -BE ]
arXiv:1207.5644 3 05 e 8w ——
z m; [GeV] mg [GeV]

CMS, 5.0 o' at\s = 7 TeV

| L MRIOMMETE CDF, 2.7/fb, arXiv:0903.2850
CMS dilepton, 5.0/fb % Fowencomones — « bae 3 Aprene et al., arXiv:1006.4682

arXivl211.2220 (NEW) mz MC@NLO =
----POWHEG /5 = 196 TeV
10
z
2
2
=
N l
10—6I|||I|||I|||I|||I|||I||| 0.1
400 600 800 1000 1200 1400 1600 ~}~ CDF data
mt [GeV] B o NI
Good agreement observed beyond M=1 TeV ool

0 200 400 600 800 1000 1200

See talk by Bernd Stelzer for dedicated M(tt) searches M [GeV]
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ttbar with veto on extra jets

ATLAS, 2.1/tb, arXiv:1203.5015 - CMS, 5.0/fb, CMS PAS TOP-12-023

Corrected fraction of ttbar events with no extra jet above a given Pt cut
Compared with ME+PS and NLO generators
* EXp. uncertainties often smaller than spread between models

CMS Preliminary, 5.0 o' at\s=7 TeV

s O . w . . n s T 1 ©  prrrrrrrerrrrrrererrree e
= C -5 C 1 .© 1 Dilepton Combined
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Central region: » Constrain parameters of QCD radiation model
Too few jets from MC@NLO (ISR/FSR, Q2, matching threshold)

* Reduction of systematic uncertainties
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ttbar in association with (b-)jets
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tt+jets
NEW: ATLAS I+jets, 4.7/tb, ATLAS-CONF-2012-155
Contributions from tt+1,2,... additional jets enhanced for N(jets)>4 (l+jets)
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MC@NLO underestimates large N(jets) Lower alpha-s value in ME

[known: PS over-emphasized w.r.t. ME for tt+j] favored for ALPGEN +PYTHIA
POWHEG in better agreement with data
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tt+jets (cont.)

CMS dileptons, 5/fb, CMS-PAS-TOP-12-023

CMS Preliminary, 5.0 fbo" at\'s=7 TeV CMS Preliminary, 5.0 fo'' at\/s=7 TeV
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» Observe differences in models with respect to add’l. parton radiation
» Constrain parameter ranges (Q2, ISR/FSR)
e Aim at comparison with NLO calculations
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First measurement of o(ttbb)/o(tt)))

ttjj and ttbb are important backgrounds for ttH(bb) ...
CMS dileptons, 5/fb, CMS-PAS-TOP-12-024
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2 13l 50 fbat\s =7 TeV —r bl with >=4 jets
m | ee « Cross section ratio at particle level
102 ’ in visible phase space

o(ttbb) /o (ttjj) = 3.6 = 1.1(stat.) 4= 0.9(syst.)%
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 Madgraph 1.2%
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0 12340 123401234 Ai_matcomparisons _
b-Jet Multiplicity (CSVM) with NLO QCD calculations
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tt+V
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tt+ y/W/Z

Goal: measure couplings to bosons CMS tt+W/Z, 5.0/fb, CMS PAS-TOP-12-014
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Conclusions

 The era of precision top quark physics, started at the
TEVATRON, is continuing at LHC

0 5% precision on total cross section (CMS dilepton), competing with
theory uncertainty

o First round of differential cross section measurements
0 Measurements of tt+X, where X=(b-)jets, y, W, Z

 Next: Even more precise total and differential cross sections
o Validate MC models (and variations), compare with (N)NLO
o Constraints on m,, Xg(x,Q2) and a,
 Beyond precision QCD:
o Understanding ISR in gg->ttbar important also for gg->H
o tt+j], tt+bb major backgrounds for ttH
o Constrain backgrounds in Higgs/SUSY searches/measurements
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