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e Top production
e Pair production
- With jets
- With boson
e Single top production
e New physics connected to top
e Conclusions
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. HC machine

e proton-proton collider

e/ TeV in 2011
e8 TeV in 2012

e gluon-dominated initial states

- top quark factory

> 5 M top pairs produced so far

Compact Muon Solenoid
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Tevatron collider in Run II

e proton-antiproton collider
- quark-dominated initial states

- CP asymmetries
e1.96 TeV
e 12 fb! delivered

e 10 fb! recorded
per experiment
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Top pair production

t
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~87% at 8TeV LHC ~85% at Tevatron

e Measure cross section in all top decay modes

e Precision test of SM
- Theory prediction at NNLO  arXiv:1303.6254
e Large top quark samples for calibration
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714 v, g

e b-tagging

e [epton isolation

® missing Er

e tau identification
- 103 had tau evts

Top quark decay

Top Pair Decay Channels

muon+jets
tau+jets

Lepton-jets:
o tau+jetslarge samples (10° evts)
N muon+jemanageable backgrounds
| most common analysis
O electron+
channel
\:Q)o"?\ e'|lu(t|  wud cS
Dileptons:

very clean signature,
small rate (10* evts)
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Top quark decay products
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! Lepton (e, p) +jets cross section

" Standard candle measurements at 7 TeV and 8 TeV

2 e data B []Single Top 1] W+b-jets
[ W+c-jets [ |W+LF-jets [ Z+ets | |acp
- cMs \s=7Tev 7/ 1eV 221" of Electron Data
‘ (/)]

g )T - A A A A
F L ~ A a\| a\| Al
J ) A : £ L @ &
_ - > . 3 3 3 3
S16000- ATLAS Prelimi 41O N @ < Lo
s | S Pre 'T'"_"’"y Ldt=58f" | 10°F
§14000[- * Data er23jets J (s_gTev |S -
w [ W+Jets B Multijet E 4
12000~ 7 7+ Jets [ Single Top Dibosons o
10000 10
8000 8 TeV ,
i 5 7. % 0 50 50 50 5
6000 . Z Secondary Vertex Mass %GeV)
: % Phys. Lett. B 720 (2013) 83
4000 CMS (7 TeV): 6 =
2000f Z 158.1 £ 2.1 (stat) = 10.2 (syst) £ 3.5 (lum) pb
A

ATLAS (8 TeV): o =
0 0102030.40.50.60.70.80.9 1
ATLAS-CONF-2012-149 Likelihood 241 £ 2 (stat) £ 31 (syst) = 9 (lum) pb
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Dilepton cross section

e ee/uu/en: Smaller backgrounds,
smaller BR

e et/ut: sensitive to rare decays,
new physics

@ 2200 -
S 2000 =
- - UCJ 1800 | =
900 @ >1 b-tag data = 1600 =
- eT/UT - 3 E
800 ... Bkg from fit /M E Egg E
700 [ Bkg stat. uncertainty ATLAS = 1000 E- [ non-prompt lepton
600 T, signal from fit J Ldt=2.05fb" = 800 f— -------- - tt signal E
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1 wen PR PR PR _________ '
% 01 02 03 064 02 0s 07 58 09 1 20 @0 @2 @GO GBI B2 (33 (240 (?41) (242))
PLB717 (2012) 89 BDT, (t,) iets” b-iets

o = 161.9 & 2.5 (stat.) 727 (syst.) & 3.6 (lumi.) pb
c = 186 £ 13 (stat) = 20 (syst) = 7 (lum) pb
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tau + jets

e \ e Reconstruct hadronic tau
. e Large multijets background
b .y - .
_ e Sensitive to new physics
. b
t
e d S 10 ECMsUer eV, 39107 | ' e Daa
6 ‘/r/t\\ A 7 — ' I:_ls_tat.+syst. uncertainty
W g1 TTeV e
T L T | T - L - ,F W/Z + jets
200 _+» ATLAS A{Q = 10° & I it background
- + : S 3 = -~e multijet
180 JLdt_167fb (s =7 TeV™ 10% & RS
160F- = = T
S ¢ Data 2011 . S
1401 — Fit[All] E 10 = #
1206 [y 0 'L Fit [Tau/Electron] — =
100F-| proed -~ Fit [Quark-jets] T 1;
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60[$| : S I ] S 155~ + 4 ' R
40F ¢ - L 4 = g 1 }H'*“”fi*?fini “H{ ]—
o T TeV - s DL A e T S
P T e e RN T B s 3 9= -1 05 0 05 i 15
0 2 4 6 8 10 12 14 16 18 D

n Eur. Phys. J. C73 (2013) 2386
Eur. Phys. J. C, 73 (2013) 2328 rack

o =152 %+ 12 (stat) & 32 (syst) = 3 (lum) pb
c =194 + 18 (stat) & 46 (syst) pb
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7 TeV precision results

ATLAS Preliminary

20 Dec 2012

Theory (approx. NNLO)
form, =172.5 GeV

Data 2011, \/s = 7 TeV —— stat. uncertainty

—— total uncertainty
Channel & Lumi. o; (stat) x(syst) +(lumi)
Single lepton  0.70 fb™’ o+ 179+ 4+ 9+ 7pb
Dilepton 070fb™" e 173+ 6 14 *%pb
All hadronic & 167 + 18 £+ 78 + 6 pb
1.02fb™
Combination —- 177+ 3 "5+ 7pb
Single lepton, b — Xuv  r—ai— 165+ 2+ 17 + 3 pb
4.66 b
T, +jets 1.67 b o 194 + 18 + 46 pb
T,.¢+lepton  2.05fb” ——— 186 + 13 +20 + 7 pb
All hadronic - 168 £12 "3+ 6pb
471" | I |

50 100

N
150 200
o, [pb]

250 300 350

e ATLAS: Measurements with full
/ TeV dataset in progress
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CMS Preliminary,\'s =7 TeV

CMS e/u+jets

Phys. Lett. B 720 (2013) 83
(L=2.2-2.3/fb)

CMS dilepton (ee,uu,en)
JHEP 11 (2012) 067 (L=2.3/fb)

—9
CMS all-hadronic
arXiv:1302.0508 (L=3.5/fb)

———
CMS dilepton (et,ut)
Phys. Rev. D 85 (2012) 112007
(L=2.2/fb)

CMS t+jets
arXiv:1301.5755 (L=3.9/fb)

[ NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254

[ Approx. NNLO+NNLL QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
7 Approx. NNLO+NNLL QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030

[ Approx. NNLO+NNLL QCD, Ahrens et al., JHEP 1009 (2010) 097

| I

NLO QCD

I l I

158+ 2+10+ 4

(val. = stat. + syst. + lumi.)

162+ 2+ 5+ 4

(val. = stat. = syst. + lumi.)

139+10+26+ 3

(val. = stat. = syst. = lumi.)

143+14+22+ 3

(val. = stat. = syst. = lumi.)

152 +12+ 32+ 3

(val. = stat. = syst. = lumi.)

50 100 150

200

250 300
o(tt) (pb)

e CMS: 7 TeV complete,

focus on 8 TeV now




Tevatron cross section
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T DQ, L=5.3 fb™ —-Data
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I Multijets

>4
Number of jets

DO Run I July 2011
lepton+jets + dileptons (pLB) HoH 7.40 +0.19  +0.57 pb

54 51 Y019 -0.50
lepton+jets (topo + b-tagged, PRD) HoH 7.65025 075 pp

53fb" U¥ 025 -057
dileptons (topo + b-tagged, PLB) +0.45 +0.76

5.4 fb-! H&+H 1.27 2545 —0s3 Pb
lepton+track (b-tagged)* 5.0 +]'S jg‘g .03 pb

1.0 b~ I
tautlepton (b-tagged)* 7.32 +1.§3 +1.gg +045 pb

221" e
tautjets (b-tagged, PRD) +1.15 +0.72

10 H 6.30 1090 57 040 pb
alljets (b-tagged, PRD) — 6.9 jg jj 04 pb

1.0fb~" ' '

(stat) (syst) (lumi)
M. Cacciari ., JHEP 0809, 127 (2008
M, = 175 GeV ] ‘acman.e I, Jb 9, 127 ( )
”CTEQG M [ N. Kidonakis and R. Vogt, PRD 78, 074005 (2008)
’ S. Moch and P. Uwer, PRD 78, 034003 (2008)
l Ll .l l Ll .l l Ll L 1 l ) - l - - l

100

80

Jets /10 GeV

20

IIIIIIIIIIIlIIlIIIIlI

—e— Data

7/ Systematic uncertainty
[ ] (c=7.09pb)

[ Diboson

|:, ZI* +u,d,s, g

- ZIW* +b,c

I Other

arXiv:1304.7961

0 2 4 6 8 10
G (pp — tt + X) [pb]

* = preliminary
red = 2011 result
blue = 2010 results

12

0
T
e 21 | | e |
3 ————
® F ' | o
8 o5 . . . . . . . | .
0 20 40 60 80 100 120 140 160 180 200
Jet E, (GeV)
CDF Run Il Preliminary, 9.0 fb~ ! —
Top Pair Production Cross Section at CDF

L2 hiananis and Vogh, anXi0805 3044 co0g)  Assume M=172.5 GeVic’
I Moch and Uwer, arXiv:0807.2794 (2008) + (stat) £ (syst.) £ (lum.)
Dilepton , 7.40 + 0.58 + 0.63 + 0.45
Lepton, + jets (topolog.) 7.82+0.38 +0.37 = 0.15
Lepton + jets (b-tagged)%; | 7.32+0.36 + 0.59 + 0.14
All hadyonic 7.21+0.50 +1.10 + 0.42
MET + >3 jets 7.99+0.55+0.76 + 0.46
MET + 2/3 jets 711+ 0.49+ 0.96 - 0.43
Tau + Lepton { 881227 2+ 047

1 41 1 A A 61 1 L A é- ' - L A 110 I 1 A 112 1 1 L 14
a(pp — tt) [pb] 15
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Cross section summary Es
5 I I | I I I I L I I LI | LI I I I I 1 I I I I | I I I_ . . ‘%
- --NLOQCD (pp) 4 Single Lepton (8 TeV) 241 32 pb a 3350CNIS Pre"m'"ary.
| 5 Approx. NNLO (pp) ¥ Single Lepton (7 TeV) 179 12 pb ro¥ ~ I CMS dilepton 7 TeV (2.3fb!) .
L A Dilepton 173 " "pb = —~ [ ®CMScombined7 TeV (1.1 fb) '
NLOQCD (PP) (5 All-hadronic 167 = 81 pb e 300
102 | _—Approx. NNLO (pP) @ Combined 177 "iipb =2 | © - = CMS combined 8 TeV (2.8 fb’)
— ®CDF = -
- 400 : 250—
i 1 200
10 e 5
- Z ] 150— 0
B 150 il ] [ T e NLO QCD 42 A)
I /' ATLAS Preliminary . . | == e ettty
y 7 8 100 __ Scale ® PDF uncertainty
1 /T TN N YT N T T N S T T A T T T T N T T TN T [N TS O Y M - Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
1 2 3 4 5 6 7 8 - MSTW 2008 (N)NLO PDF, 90% C.L. uncertainty
50 B | 1 1 1 | | 1 1 1 | 1 1 1 1 | 1 | 1 1 | | 1 1 1 | 1 1 1 1
Tevatron Run I May 2013 Vs [TeV] 6 6.5 7 7.5 8 85 9
CDF dilepton = e = 7.09+0.49+0.67 pb 8.81b" \S (TeV)

CDF ANN lepton+ijets EF-—eo-d 7.82+0.38+0.41 pb 4.61b"

CDF SVX leptontjets Ir=l=@=fi==i 7.32+0.36 +0.61 pb 46fb" ‘ AI I fi n a I Sta tes eX p I O red

CDF alljets  Immmju@ufem]  7.21+0.50+1.18 pb 2.9 b - Except di-tau W|th hadronic decay
CDF combined F e 7.63+0.31+0.39pb <8.81b" ® MeaSLI rementS tO 50/0
DO dilepton [ 7.36 + 0.85 pb 5.4 fb™ .
s et To0207ep sowt | - Equal experimental and theory
D@ combined p=fod=i  7.56+:0.20+056pb 5.4 b errors
Tevatron combined e 7.60+0.20+0.36 pb <8.8fb"
m, = 172.5 GeV

6 7 8 9
pp — tt cross section (pb) at\'s=1.96 TeV
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Top pair associated production

e In association with jets
- Study jet multiplicity g
- Study flavor composition g
- Precision QCD tests
- ISR/FSR modeling
- Background to ttH
- Sensitive to new physics, new particles

~k

Hl

e In association with bosons
- Observe ttW, ttZ production, separate the two {
- First measurement of top-Z coupling g
- Sensitive to anomalous weak couplings Z
- Sensitive to new physics, new particles
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CMS Preliminary, 19.6 fb'at Vs = 8 TeV

top + jets

2 | | | | | | | N
§ 10’ Dilepton Combined p¥'>30 GeV E
W 10°c CMS PAS TOP-12-041 e Data E
10° E tt (S)ig:‘nal ]
C M S 4 [ tStingtlee'rl'op
10 I W+Jets E
3 B Z / y* — eelupd
2106 lIllllll]IIIIIIIIIIIII.IIDIa..EaIIIIIII i/ 10 :Ié/b,‘{a_)rr—_
§ ATLAS E]g 'Witlh no HF 10° s
ingle to
W 10° Ldt=471" :IZ+jgtS P 10
| Fake lepions 1
104 \s=7TeV -tt+HFp E N ]
SySt unc. E 1.5 — ]
10° E T :
________ ] E a7 .
10— % E : Cr
: "2 3 4 5 6 7 8 9
10 AR E Jets
e o CMIS Proliminary, L5 at 57 TV
1 S s _é: ZE i T | T T T T ]
© — -
) g . 7 TeV
10 10" = E
1 1 - ® Data(combined) =52 .’. ..... .
O 2 i
= 1.5 I {f MadGraph+Pythia 1
..\‘E 1p== R
® 0.5 S 102 = === ti MC@NLO+Herwig —
2 3 4 5 6 7 8 - tf POWHEG+Pythia : : 4
ATLAS-CONF-2012-155 Jet multiplicity - CMSPASTOP-12-018 77777
§ 15 ;_ .' ......... ' . _
3 1 ............
ATLAS: also flavor composition 08t
Rur = 7.1 + 1.3 (stat.) ™30 (syst.) % . , Jet Multiplicity
A Xiv:1304.6386 CMS: differential cross section
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top pairs plus bosons S,

4
CcMS L=50fb'at{s=7TeV

g Zosl PRLI10(2013) 172002
Z .5 - iV (dilepton analysis) tiZ (trilepton analysis)
(% : 0.43°71¢ (stat) ‘0% (syst) pb  0.28°7}] (stat) * 2 (syst) pb
2 0.6
o L
t-' o | 7 TeV
\ A i [ n
T .
> 3_' rrrprrerp T e e T > | |
B10°F arLas Prefiminary coata N2 i : °
N v 0.2 |
.910 : J‘Ldt=4.7fb-1,\s=7TeV-ZZ+je"S " NLO Calculations _
GC) r I:]ﬁw B Cambe.ll and Ellis, JHEP 07 (2012) 052
Lﬁ 105_ |:|WZ+jetS 0- Garzelli et al., JHEP 11 (2012) 056
T TeV Bl (tbZ+1bZ)+X
B [_] Other
B o(ttV) = 0.4370-17 15 (stat) *0-999 97 (syst) pb
107 e 3 s.d. for ttZ+ttW combined
102k e 3.3 s.d for ttZ
1 1 1 | l 1 1 1 | l 1 1 1 | l 1 1 1 1
60 70 80 90 100 110 120
ATLAS-CONF-2012-126 m, [GeV] e tty also from CDF  CDFnote 10270
L o(tty) = 0.18 £ 0.07 pb
e Upper limit on ttZ at 7 TeV (tty) p

e 3 s.d.

e Also tty ArLAs-conF-2011-153
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Events / 30 GeV

Differential cross sections

e Compare kinematics in different theory models to data
- Theory prediction at NLO and approx. NNLO PhysRev. D84 (2011) 011504

e Test QCD predictions beyond total rate
e Sensitive to new physics and modified couplings
e Constrain PDFs, generators, parton showering, etc

- e Subtract background 5 ¢ AR
|: C ]
" e Correct for acceptance = s NLO MMCFM) ]
I e Unfold detector level & o MCeNo
¢ to parton level € 1L amas 3
2 C JLdt=2.05 fo! ]
10 i _
10 e T

1 i

1.5F 102

:/ % 15 ..........................
! S
%0 E . TR 100 200 1000

P, [GeV]
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Difterential XS

7 TeV

ne»r-=p

— 10E ! E
% = Y data =
= 1 . NLO (MCFM) -
= F NLO + NNLL 3
e n —_— ’
S_10'f ATLAS .
S _2 - '[ Ldt=2.05f" ]
o 107F —
103k ' |
% 1 55_ ....................................................................................................................................... —]
o S — —
S s L
Z 05_ ....................................................................................................................................... —]
- 1 5:_[ ........................................................... —
-ES' 1: | | — l
Q i 1 | ! | |
(O T Y 1 — S .
S 300 1000 2000
Z m. [GeV]

EPJ C 73 2261 (2013)

e Agreement with NLO
within uncertainties

e Differential charge asymmetry
— next talk
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, CMS Preliminary, 12.2 f5' at (s = 8 TeV

Differential XS at 8 TeV

10x10
".-_‘ :l TTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I 1T I:
% i Dilepton Combined e Data E
= F — MadGraph .
» 1 I S MC@NLO -
CMS Preliminary, 12.1 fo' at ys = 8 TeV ~lo 7:_ -~ POWHEG E
:‘ F | T T T I T T T I .I T T | T T | T T T I T T T : E ----- Approx_ NNLO E
> - e/u + Jets Combined ¢ Data ] 6 (arXiv:12107813) ]
8 102 — MadGraph | - ]
— . g -== MC@NLO 3 5F~ -
3| € ----POWHEG A F .
© T 4 =
o 10 = E ]
; 3/ AR ]
1 21 E
107 E : :
3 1 =
\* : O | | | | 1111 | 1111 | 1111 | 1111 1 T T ;'l r—r—r——
10° = S 0 50 100 150 200 250 300 350 400
'\% p. [GeV]
i .y O "'>‘ V.7 _l TTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTT I_
n TIT . .
10-6 | L1 1 l 11 1 | I | 11 | l 111 | 111 Flo Dllepton Comblned g Data
400 600 800 1000 1200 1400 1600 06 — MadGraph
m‘[Gevl T MC@NLO
--- POWHEG
CMS PAS TOP-12-027 o5~ Approx. NNLO
(arXiv:1210.7813)
0.4

e Agreement with NLO within
uncertainties 03
- Top pt softer than predicted

IIII|IIIllllllllllllllllllll

!IIIIIIIIllllllllllllllllllll

0.2
e Also available as pr, n for top
. .. 0. =t ==
- and for lepton, b in visible phase space  edelotisbodlonbodoidud

yt
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Single top production

Associled
production
t

g% 66;'
b W

Tevatron: -omt =3 pb .

LHC:
(7 TeV)

LHC:
(8 TeV) Gtot =114 pb

g..= 76 pb
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Single top quark production

.
Y f - .
» / 2 1 DO 9.7 fb
, ¢ VAVAV, o O 8__ expected
y T =2.33%) pb
’ b b = 0.6 -
O N [ Oobserved ]
a I e - _ +0.53
ﬁﬂ- 5 DO 9.7 fb"’ % 04:_ = 3.07 -0.49 pb
5 | 15D O 0.20
'-E - 2SD A vt | 16%
8 4__ 3SD T . AN ol il
. N B 723456 7 8
g 3- ® : “S"“jf}ﬁurement tqb cross section [pb]
o - 0 O Four generations' > o -1
g I e A O Top-flavor "5; 163 Dg, 9-7 fb
S 2r A Top pion®™ - 14~ ) 10.00
'E: : 1 rcNc™ o 12- |th| =1.00, -
- - [1] PRD 74: 114012, 2006 O 10 1v 1=1.00*%%
1 [2] EPJ C4s: 791, 2007 B 8 3 tb -0.04
: {41 PRL 50: 161802, 2007 T g Vul>0s2@ 5% CL
0_ v b v v b b by E B
6 1 2 3 4 5 8 4-
s-channel cross section [pb] a 2-

% 020406 08 1

2
arXiv:1307.0731 Ivtbl
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s-channel single top

-
q t o, D@, 9.7 fb "’
g - [ J+1SD
+ o [1+2SD
= | —tb
W [ 1- qb
@
©
E ——
2 % |
—, - T
q b f
| | | | | | | | | | | | |
— 0.7 0.8 0.9
-1 . S
S 30~ DO, 9.7 ftb Binned BNNComb discriminant
o
D I s-channel Single Top Quark Cross Section
e
S 20
01 DO e/utjets 5.4 fb o 0.68"3% pb
S 0 CDF e/u+jets 7.5 fb” —e—i 181, pb
)
>~ CDF MET+jets 9.5 fb™ ——— 1.10%2 pb
0 CDF e/u+jets 9.4 fb™ —e—i 1.4174 pb
0.7 0.8 0.9 , ’ 0.33
. . . DO e/u+jets 9.7 fb =0—i 1.10°,.> pb
Binned BNNComb discriminant - o1 P
" PRD 74 114012 (2006) m, =172.5 GeV
® 3.7 s.d. significance ATERTERTE
e very difficult at LHC Xiv 13070731 o(pP— tb+X) [pb]
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CDF Run Il Preliminary ( 9.4 fb') [ Single top (s-ch)

Number of events

s-channel single top

b
—— Data
80

Events/0.07

[ W+cj

50 | All leptons

| Two tight b tags
a0}
a0 |

20 -

10

[ | W+cc

B W+bb

[ w+if
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[ ] Single top (t & Wt)

T 40

[ ] Z+jets

[ zz

= :
WW

[ Multijet

60

e 3.7 s.d.

04 06 08 1
Final Discriminant Output

{ e Resolved lepton and

\4 MET+jets channels q
p ® Based on Higgs analysis

e TeVV combination in progress 5

Single Top s-channel in g +jets, CDF Run Il Preliminary, L = 9.5 "
—=— Data

I | I I I ] I T I | I T

Signal region, 2-jets TT
D SingleTop s-ch

. SingleTop t-ch

]

_\_\_l_ QCD multijet

—

T R wr v

o

0.2 0.4 0.6 0.8 1
Final NN Discriminant Output

6=1.10 % 0.66 pb

0.44

. s—cl ,.
significance oS = 1.41775 pb
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LHC single top production

b w
q q b
W g t
b t b W
g _— t
t-channel ; ¢

c=87.5+2.8pbat8TeV

Kidonakis, arXiv:1205.3453 . .
Wt associated production

e Measure cross section for top and 6=224+15pbat8 TeV
anti-top Kidonakis, PRD82 054018 (2010)
- PDFs

e CKM matrix element |Viw|

e Spin correlation, CP violation o
: e s-channel: only upper limit so far
e Single-top factory ATLAS-CONF-2011-118
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1T L e e e e
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[ &, other top
[ w-+heavy flavour
[ welight jets
D Z+jets, Diboson

[ Muttijets

Events

G

1

PLB 717 330 (2012) uiiml

6OOOL ATLAS Preliminary [Ldt=5.8fb" (s=8 TeV-

4000

0 0.2

Ll L] L] I L] L] L] I Ll Ll L] I L] L] L] I L] L] Ll W

- 2 jets SR ® data
v [ t-channel

B {1, Wt s-channel
8 TGV [ W+heavy flavour
] W+light jets -
[] Z+jets, diboson
I QCD multijet ]
~~1QCD + MC stat unc.

0.4 0.6 0.8 1
ATLAS-CONF-2012-132 NN output
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JHEP12 035 (2012)

CMS |s = 7lTeV L=1.17 gb"

600 Muoln, "2-jets 1-btellg" ] l I —o—IData I | —:
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500 I, s-channel, tW~ —
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400 QCD multijet —]
300 .

200

100

%1 08 06 -04 02 0 02 04 06 08 1
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IlllllllllllllllllIIIIIIIIIIIIIllllllllllllllllll—
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. WiZ+jets, dibosons —
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% t-channel cross section .

E -A}thlpr'e“n'qingry' L t-channel single top quark production
b

top+antitop ——
CMS preliminary, 5.0 fb

CMS, 1.1711.56 fb

D0.54fb
CDF.75f

t-channel single top
0
24% 19%
y

G [pb]

'\,

10?

> 4 & N

102_

I IIII[III

9%  16%

........ NLO QCD (5 flavour scheme)

antitop

10

mmsssss  theory uncertainty (scale @ PDF)

—Theory (approx. NNLO) |
11.04 fb' arXiv:1205.3130
$ 4.7 b ATLAS-CONF-2012-056 1

15.8 fbo' ATLAS-CONF-2012-132 |

T S N TR NN O S T Kidonakis, Phys.Rev.D 83 (2011} 081503

5 6 7 8 9 10 11 12 13 14 T T S T T
CM energy [TeV] 4 6 8 10

'Vin[>0.80 Vip|>0.92 Vs [TeV]

Campbell, Frederix, Malloni, Tramontano, JHEP 10 (2009) 042

|
I I IIIIIII

NLO+NNLL QCD
theory uncertainty (scale @ PDF)

IIIIII]
I|I|ll|

o
N

e Precision single top physics (CMS uncertainty <10%)
- Dominated by systematic uncertainties
e Updates with full 7 TeV and 8 TeV datasets in progress
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top/anti-top ratio in t-channel
u d

d u

7%
b t
b f CMS/|
o B
L) 4 CMS Preliminary, 12.2 fo™,\V's = 8 TeV
S L LI I ) I LI I ) I 1 LI | I LI ) I LI I ) I LI I | I 1 ) ll I LI I ) I LI I )
A |
S CMS Preliminary, 1
| DL L L B L D D DL B TOP-12-038 1.76+ 0.15 (stat) + 0.22 (syst) 1
ATLAS Preliminary f Ldt=4.7fb" \s=7 TeV :
. CTEQ6M |
ATLAS result ' + ® !
ABKMO09 : ——i et |
NNPDF 2.1 Po— . MRST06 —
MSTW2008 P ——— :
GJROS 1 IeV . MSTW08 NLO 90CL N.=4 E—
CT10 (+ DOW asym.) '5 ! . HERAPDF 1.5 NLO '
CT10 P ——i :
T T TN e .NNPDF2.1NF=4 8 TeV ! -
12 13 14 15 16 1.7 1.8 1.9 2 21 22 C -
- Ll 1 I L1l 1 I 1 Ll I 1 Ll I Ll 1 I L1l 1 I 1 (] I: I L1 L I L1 1
— Rt 4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
=0 O
[ Ratio = o(t)/o(f)
ATLAS-CONF-2012-056 CMS-PAS-TOP-12-038

Reinhard Schwienhorst




Wt associated production

CMS g
b
700__"'l"'.'I.""I'"_'I""""D'at'a """
: CMS Preliminary, ys =8 TeV W
600—12.2 fb eu/uu/ee channels t
C 1j1t B ZIy™+jets
500__ I Other
N V] Syst
-og 400__ ( _:
g S F .
> - Z
L 300 —
200:— —:
2 100F AN : :
o B vZ72JES uncertainty | - _
> 80 ILdt=2.05fb'1 EX\“ N 100:__, B
€ V0 Dwwizzwz, - P
q>) - \s=7TeV %%Esg/p'ggjets . Q ] ' : ' ' :
W got Dilepton 1 jet -Fake+c]iileptons = @ 1_57, .
i ] g‘g 1?/%)%%&%)&%&»«1%@(««&/%}/
40—_ b 0.% | | | | | |
- i 04 -03 -02 -01 0 0.1 0.2 0.3
0 8 TeV:
PLB 716, 142 (2012) BDT output c=23.4+55pb
6.0 s.d. observation
c=16.8 £ 2.9 (stat) = 4.9 (syst) pb

3.3 s.d. evidence 7 TeV: 4 s.d. evidence
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Searches for new physics

- b’ 4t generation
t quarks

anomalous CKM matrix

anomalous
Witb couplings

. . W’
CP violation 7’
charged
new couplings  ©lavor-changing Higgs
neutral currents
Supersymmetry Extra Higgs-less Other new

dimensions models physics models
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Heavy resonance searches

q t q t
q f q' b
e Searches in lepton+jets and all-jets

e Limits on Z’, W/, KK gluon
e Boosted top techniques

CMS Simulation, \'s = 8 TeV

%‘0045:_'""""""""""CMS%"'_: > 30— S —
< - i - ) - . ‘ -
> - . O] Eou+ Jets -e-Data O« E
8 0.045— E Q 250: boosted 5 @Singletop [JW +jets
0.035F = Ny = _ @ Multi-iets [ Z+jets E
cL?)' g —— 2TeV RS Gluon ] (%) 200E" anti-kt R=1.0 .
= %990 E S 1500 %% ATLAS 3
8 0.0253— —— QCD multijet —f Lﬁ E 7 TeV 4 ,"; 1 E
- - . - % Ldt=47fbo —
8 0.02F E 100 J .
T - ] C \s=7TeV ]
0.0151 8 TeV = 50:— =
0.01;— —; C_%” 5 ]
0.005 —

- . Io! 1

0— 1 1 l 1l 1 1 1 I 11 I l 1 1 1 | l 11 1 | 1 1 - E 0
0 50 100 150 200 250 300 350 a 0 B0 700 50 200 250 300 3850
PAS-B2G-12-005 Jet Mass (GeV/c?) PRD 88, 012004 (2013) mthad [GeV]
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ngh -mass resonance search (Z’, KK gluon)

> L L I L B L B B B | E& —&— Observed limit ‘
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Single top resonance searches

CMS Preliminary, 19.6 fb' at \s = 8 Tev

e lepton+2b final state P ==
o W' with left-handed and right- 3 i
handed couplings 3 el ]
e Cuts (CMS), MVA (ATLAS) 2 o) 8 TeV |
to optimize sensitivity RLL R
e Limit as function of W’ couplings  1o'ili (e

1111111111111111111111111111111
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Excited quark searches

o Smgle production of b* with
vector I|ke quark decay to Wt

® Data
Lepton + jets channel ---- b’ (800 GeV)
I wt
L dt=4.7fo' HHOthertop
[ W+jets HF
\s = 7 TeV []W+light jets
[ Z+jets
[ Diboson
[l Multijet
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e Pair production of t* with
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Other searches

e W' or @ coupling only to top — top pair + jet signature

- Possible explanation for Tevatron Asm anomaly
d t & .

CMSSOfb atls = 7TeV
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Top partner searches

CMS

e Pair produced t’ decaying to Wb
> 10°E 'l"'l"'l"'IT'_r* BT
S wPe! \s=7TeV ATLAS ¥ & 3
— B -1 S 7
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PLB718 (2013) 1284

me > 656 GeV (BR('—Wb)=100%)
e Complete picture of fourth generation

and vector-like quark searches in
exotics talk on Saturda
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Conclusions/Outlook

e LHC is producing lots of top quark results
- Precision measurements
- First observation of SM processes
- Many searches for new physics connected to top

e Tevatron continues providing valuable physics
- Cross section combinations
- Single top
- Well understood detectors

e Cross section measurements for top pairs and single top
are critical for understanding LHC physics, detectors,
MC, theory
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Top at PIC

e EW session:

- Precision EW fits
e QCD session:

- Jet physics at high-pt — boosted top jets

- Higher-order QCD corrections - ttbar at NNLO
e Higgs session:

- Higgs production

- Top Yukawa coupling

e Heavy flavor sessions:
- Top in loops
e Searches session:

- Searches in top final states
- Top coupling to new physics
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Thanks!

e ATLAS top physics results:
http://twiki.cern.ch/twiki/bin/view/AtlasPublic/
TopPublicResults

e CMS top physics results:
http://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsTOP

e Tevatron physics for the informed public
http://www.fnal.gov/pub/today/frontier science result

e CDF top physics results:
http://www-cdf.fnal.gov/physics/new/top/top.html

e DO top physics results:
http://www-d0.fnal.gov/Run2Physics/top/
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