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Experimental setup

Tevatron LHC
\s (1.8&)1.96TeV 7 (&8, ..., 14) TeV
Main tt production mode qq (pp) gg (pp)
Detectors CDF, D@ ATLAS, CMS
Datasets 2 x 10 fb~! 2 x5fb1
tt pairs 2 x 75000 2 x 800000
y

— good conditions to study top quarks
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Inclusive tt production cross sections
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* DS Runlli July 2011
I Gacoiar ot ., rXiv:0804 2850 (2008) T : . )
Kidonakis & Vogt,arXiv/0805.3844 (2008) Assume m=172.5 GeVic lepton+iets + dileptons (pLe) - 7.40%019 05T oo
[E0 Moch & Uwer, arXiv:0807.2794 (2008) 5415 —0.19 —050
leptontjets (topo + btagged, PRD) 1025 4075
D"E(‘E‘jg o 7.40+0.58 +0.63+0.45 53 o 76515 los7 PP
dileptons (topo + b-tagged, PLE) Al +045 4078
Lepion:jet tppologica 7.82+0.38 +0.37 £ 0.15 4 721503 s PR
lepton+track (b-tagged)” —e—tH 5.0 *1€ %02 03 pb
oy e 7.32+0.36:£ 059 0.14 tom! '
L= ) tau+|e!)(on (b-tagged)* e 7.32 :} g:j gg 1045pb
22fb"
All-hadronic .
e 7.21+0.50 + 1.10 £ 0.42 ﬁfﬁ%‘wwmmmm i 6307 ERn
MET+>3jets alljets (b-tagged, PRD) +1.3 +14
=25 %) 7.99+0.55+0.76 + 0.46 TomA N MRS 9 L5 T w04 pb
(stat) (syst) (lumi)
METL*_ZE';:; 7.11£0.49 £ 0.96 + 0.43 m =175 ey M M. Cacciari efal, JHEP 0809, 127 (2008)
= ) (stat) + (syst) + (lumi) o N. Kidonakis and R Vogt, PRD 78, 074005 (2008)
CTEQ6.6M
S. Moch and P. Uwer, PRD 78, 034003 (2008)
Il Il
4 5 6 78 9 10 1 12 B 0 2 4 6 8 10 12
P ) (pb) it "
red = 2011 resu _
blue = 2010 results o (pp— tt + X) [pb]
combination: combination:
0.63
7.5+ 0.31 (stat.) 4 0.34 (syst.) + 0.15 (Z theory) pb 7.56f0 oo (stat.+syst.) pb

» ~50 Run-II notes on public cross section websites

> statistical uncertainties < systematic uncertainties

» experimental uncertainties ~ theoretical uncertainties
> main uncertainties: jet reconstruction, signal modelling
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Inclusive cross sections at the LHC (7 + jets)

0.70 fb—1 ATLAS-CONF-2011-121 0.8-1.1 fb~! CMS-PAS-TOP-11-003

> Event selection: » Event selection:
> single isolated lepton > single isolated lepton (e 45, p 35)
> > 3jets ) > > 1jets
> ET with mp (W) or mr + Ef™ cut > no ET*®
> no b-tagging > > 1b-tag

» Likelihood fit using: » Likelihood fit using:
> lepton 1, leading jet pT, aplanarity, > secondary vertex mass

bj <
Hr = Y0 [pril /50205 [py @

=
CMS Preliminary Vs =7 Te! JrLdlzllvb Muon

wrra»

« 2400 )
;E, 3 Jets ATLAS Prellmlnary -+ Data 2011 5= 7TeV
& 200 JLdt=0.70 o |t M QCD Multijet 50

O W+Jets B Other EW
1600

Y+ Jets e + Jets

1200 3 Jets

800
400

# of events / 0.5 GeV
w
8
3

4Jets | =5Jets

3 Jets 2 Tags Muons
5 Jets 2 Tags Muons

2 Jets 2 Tags Muons
4 Jets 2 Tags Muons

i 100
5 L
8 TR SEAPNR L TUTERR AP ENWISRPANE. SRS 50
HTAT PR V'Q"YT‘ FHT QW\F“W' ‘VV{'
)
] = 0 S0 so 50
o 20 40 60 80 100 Secondary Vertex Mass (Gev)

Likelihood Discriminant

179.0 4+ 3.9 (stat.) + 9.0 (syst.) & 6.6 (lumi.) pb 164 + 3 (stat.) + 12 (syst.) 4+ 7 (lumi.) pb
Main syst.: signal modelling, JES, ISR/FSR Main syst.: PDF, JES, b-tagging
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Inclusive cross sections at the LHC (dilepton)

0.70 fb~! arXiv:1202.4892 [hep-ex]

» Event selection:

> two oppositely charged, isolated leptons
veto on My, for low mass and My, region

> > 2jets

> b-tag optional

> ET"° and Hr cut

» Combination with profile likelihood

> ee, uu, ey, eTL, uTL channels (& b-tag)
> Drell-Yan background from data in Mz region

T T T T \

ATLAS o Theory (approx. NNLO) | KT
{

det:OJO i’ m, = 172.5 GeV 4
ee e 18617 '3 7
B J 167121 8
en — 177+ 7 “5 +8
eTL NN MO TpPLE i
uiL ——— 168t24‘:3 i
ee w/ b-tagging e 184115 1% 2
up w/ b-tagging e 17511 1} 8
ew w/ brtagging e 192% 7000 48
Combination L. 176+ 541 8

| | I . lstat)(sys{=lumi)

50 100 150 200 250 300

o lpb]

176 £5 (stat. )“4 (syst.) &= 8 (lumi.) pb
Main syst.: JES, lepton ID, PDF

Martijn Gosselink (Universtat Hamburg)

Measurements of tt production cross sections

1.14 fb—1 CMS-PAS-TOP-11-005

» Event selection:

> two oppositely charged, isolated leptons
veto on My, for low mass and My, region

> > 2jets

> > 1b-tag

> ET'° (not for ep)

» Cut & count method combination

> ee, uu, and ep channels
> Drell-Yan background from data in My region

B

cMs prefiminary, 1.14 fb*
[T ee. . ejt channels.

aw
H
B
g
B
[l

1000

Obs/Exp Ratio

°
o @ s

169.9 + 3.9 (stat.) + 16.3 (B;g;;tm)ml 7.6 (lumi.) pb
Main syst.: lepton selection, b-tagging, pile-up
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Inclusive cross sections at the LHC (all hadronic)

4.7 fb~1 ATLAS-CONF-2012-031

> Event selection:
> > 6 jets (5x55,30) with AR(jj) > 0.6
> > 2 b-tags with AR(bb) > 1.2
> Ejn}lSS/ /7HT <3
> no isolated lepton
» Unbinned likelihood fit mop
» Kinematic fit, cut on x?
> Background estimate: from untagged sample
correction factor my; light jets vs bb from MC

> 250 T
o N T
=3 [ ATLAS Preliminary
3 2001 3
S r -
g [ J.L dt=4.71b
o [
150F ]
r —e— Data
100E [ tisignal B
r I Multijet background
E LAA
501 %! ]
i
r s

qOO 200 300 400 500 600 700

460 m, [GeV] .
168 + 12 (stat.) +7e (syst.) & 7 (lumi.) pb

Main syst.: JES, b-tagging, radiation

Martijn Gosselink (Universtat Hamburg)

Measurements of tt production cross sections

1.09 fb~1 CMS-PAS-TOP-11-007

» Event selection:

> > 6 jets (4x60,50,40)
> > 2b-tags

> Unbinned likelihood fit m¢op
> Kinematic fit, cut on P(x?)

> Background estimate: event reweighting
light jet brae prob. R(Inl, pr) x R(In|, pr)
CMS preliminary, 1.09 fo™ at \'s = 7 TeV
F + —e— CMS data: 1620 events

)

Goviet
v
z s

— tisimulation

(10

Iy
3

---- QCD estimate from data

combined tt and QCD

f,e= 0.250% 0036

Events /
B
]

0O

8

A Prrvck 0 L o
0 150 200 250 300 350 400 450 500 550
m,, (GeV/c?)

136 4+ 20 (stat.) =40 (syst.) & 8 (lumi.) pb
Main syst.: b-tagging, background, JES
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Inclusive cross sections at the LHC

p’

wera»

Data 2011

Channel & Lumi.

ATLAS Preliminary

19 March 2012
Theory (approx. NNLO)
for m, = 1725 GeV

—— stat. uncertainty
—— total uncertainty
0 =(stat) =(syst) =(lumi)

Preliminary \'s=7 TeV

CMS e/p+ets+btag
TOP-11-003 (L=0.6-1.09/pb)

CMS dilepton (ee i en)
TOP-11:005 (L-1.141)

CMS all-hadronic

+3
(val  stat sy% fum

170+ 4+ 1 + 8
(val® stat £ sy&t £ lum)

13620+ 5 * 8

Single lepton  0.70 fb! e 179+ 4= 9+ 7pb TOP-11.007 (L<1.081b) {vals st + oy um)

Dilepton 0.70fb" | e 173+ 6 "1 " Spb CMS dilepton (1) 1402245% & 9
"TOP-11-006 (L=1.09/fb) (val £ stat. + Syst + lum)

All hadr‘onic 16718+ 78+ 6 pb

1.02 fo CMS 2010 combination a 154+ 1 + 6
arXiv:1108.3773 (L=36/pb) 8 (val % tot.% lum)

Combination — 177+ 375+ 7pb o
CMS e/p+ets+btag = 150+ 9+ + 6
arXiv:1108.3773 (L=36/pb) = (val £ stat.  sysk. £ lum)

%

New measurements CMS dilepton (ee it eq) W 16511811 5 7

11055681 (5600 2 et A
— e L 200:19%

Thaa + jEtS 1.67 fb 200 + 19 + 43 pb CMS elysiets £14:3 1 7

Al hagronic 168212 2 6pb 11080902 (=350 v st + 98

4710’ H;%ésg%‘ﬁ,"&i‘é s iBﬁ{é&Yc"f‘,’ﬁﬁ’%ﬁL&?"‘”

| | | | | [ |
50 100 150 200 250 300 350 0 50 100 150 200 250 300
o(tf) (pb)
o, [pb]

> many channels covered

> statistical uncertainties < systematic uncertainties

» experimental uncertainties ~ theoretical uncertainties

» main uncertainties: b-tagging, jet reconstruction, signal/background modelling

Martijn Gosselink (Universtat Hamburg) Measurements of tt production cross sections April 11, 2012
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CMS Preliminary

o

=

=

8 ® CMS combined (36 pb™)

2 5 W ATLAS combined (35 pb™)

310 [~ o CDF

8 = O DO

=4

(8] -

1S

i=]

F=4

5 -

=]

S

o -

2

o

= 4

E 4 Approx. NNLO QCD (pp)

o 10 E B scale unc.

.9 - NLO QCD (pp)
I L A Approx. NNLO QCD (pp)
- scale unc.

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
r MSTW 2008 NNLO PDF
PN RN BRI A [

1 2 3 4 5
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tty production in CDF

arXiv:1106.3970v5 [hep-ex]
Standard selection + y with Er > 10 GeV

£ + jets channel (6.0 fb—1)

CDF Run Il Prellmlnary 6.0 fb™

> 20 » Data(e+.)
<)) [ ]

0 1 5 W’Y-I-HF
o Wfake b-tag
- Bj fakes vy
» 10 fake I/E;
]

[= t fake

o 5 e fake}{(
T

0

100
Photon E; (GeV)

Observed 30 tty candidate events versus 13.0 + 2.1 expected events without top:

— 3.00 evidence
o, = 0.18 £0.07 (stat.+syst.) pb J

SM prediction: o, = 0.17 & 0.07 pb
Main syst.: jet faking photons, heavy flavour fractions
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tty production in ATLAS
£ + jets channel (1.04 fb—1) ATLAS-CONF-2011-153

Standard selection + y with Ey > 15 GeV

5 1 . . . . . . = L e B B
8 E J K ] 2 5 Ldt=1.0415" e+jets ]
i ] Ldt=104tb _ q < - 3
£ C prompt y ] z —e— data ]
E 08 ATLAS Preliminary - ATLAS Preliminary tty B
g r — hadron fake 1 40 3 non-tf bkg —
< r 1 [ bkg tty 7
2 06— = 3 electron fakes ]
2 C ] 30 B hadron fakes
5 o4b 1 E
T ] 20 -
5] r b ]
g L ] B
- 02  — . 10 3
07 Il B B . T T T T =
0 2 4 6 8 10 12 14 16 18 20 % 2 4 6 8 10 12 14 16 18 20
p_CrDHBZO [GeV] p(.:rOHGZD [GEV]

» psene20: sum of track pr inside cone of AR < 0.20 around y
> signal template: WHIZARD +Herwig+Photos

Oy X Br = 2.0 & 0.5 (stat.) 4- 0.07 (syst.) & 0.08 (lumi.) pb J

for pr(y) > 8 GeV in dilepton and ¢ + jets decay channels
Main syst.: JES, ISR/FSR Observed significance 2.70 (expected: 3.0 + 0.9)
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Properties derived from ttbar production
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Spin correlations at D@
Combined dilepton & £ + jets channel (5.4 fb—1) arXiv:1110.4194 [hep-ex]
matrix element method:

2 2
Psgn(x;H) = L [ fppr(q1)fepr(q2)dq1dgz WW(X, y)d®¢

c ]
g 10 Data DG, L=5.3 b [boLisam
g 120 — ti SM spin corr. i
2 ] tt no spin corr. o8- 7

100-| MM measured tt
I Other
m W+jets 0.6/
807w Multijet i
04
68.0% C.L. |

95.0% C.L.
99.7% C.L.

0.2~

04 0.45 0.5
R
Psgn (x;H=c) fineas

Discriminant: R =
Pggn (x;H=c) +Psgn (x;H=u)

. M 1
From correlated/uncorrelated R templates: fmeas=0.85 + 0.29 (stat+syst) with { funcorr

— evidence for spin correlations with 3.1c

meas

Main syst.: MC statistics, PDF note: ARets = APV

Martijn Gosselink (Universtat Hamburg) Measurements of tt production cross sections April 11, 2012 14/ 35
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Spin correlations in ATLAS
Dilepton channel (2.1 fb—1) arXiv:1203.4081 [hep-ex]

Template fit
A angle between two tt — bb¢~ ¢+ vV leptons

2 900F L T T A As AR AR AR R AR RR AR R R
Sif(s ] Ldt=24 " | ATLAS
Ldt=2.1"] =2 ;

: E ee 147404033

- E Hu —e—— 0.84+0.32 0%

: E en e 14001793

3 E combination e~ 1.30+0.1470%

100 = )

% b b b b b

o
=}
3
3
o
o
3
w

-1-05 0 05 1 15 2 25 3 35 Nlll

A9 ¢S
M
_ +0.27 g fF =1
fmeas— 1.30 + 0.14 (stat.) 1327 (syst.) with { I
— zero spin correlations excluded with 5.1c
Main syst.: fake ¢, JES, MC statistics, ISR/FSR  Note: A — ASM. . fmeas _, Ahelici?, Amaximal
Martijn Gosselink (Universtat Hamburg) Measurements of tt production cross sections April 11, 2012 15/35
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Top quark charge

Inclusive
00000000

Introduction
(oo}

) 4
Grop = +5€0r —ze? J

3 3
2II 2
E 3
S 8

use isolated, high-pt lepton from W decay
4_
tracks or soft muon from B hadron decay inside b-jet
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Top quark charge at CMS

i + jets channel (4.6 fb—1) CMS-PAS-11-031

soft muon method: q: = q, + q

Correct b-jet charge assignment Pyc = 0.745

CMS Simulation\/s=7 TeV CMS Preliminary Vs=7 TeV L=4.6 fb
2 L B e e M 2 T o
L tt MC (Madgraph) * de
8 L — p from B: same sign as b % W tf p+jets(signal)
o L —  from B: opposite sign as b - E : Z/\Wf‘s
=~ 300 — pfrom D: same signasb _| 2 600 leptonic
a _ o I single top
£ L 1t from D: opposite sign as b 8 B s
o r ]
3 [ & @ Z+jets
5 r S
s 200 T S 400
H [ £
5 2
z H
100 -
P i s -
% 1 2 3 4 5 0 “23e e
soft muon pT' o [GeV] qu

Measured with 972 events:

. ASM =+1
Apeas = 0.97 + 0.12 (stat.) + 0.31 (syst.) with AnonSM ]

— top quark charge — ge excluded with high significance

Main syst.: b charge id, matching scale
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Top quark charge in ATLAS

£ + jets channel (0.7 fb—1) ATLAS-CONF-2011-141
track weighting method soft muon method
ialipil* Qoft = Q¥ft - Qp
= . comb 14
Qcomb Zi Fpil* Q
£200F T I t‘ T 3
g 35?‘ L B B B B B B .‘ T ‘f g 180i ATL‘AS u+jets ‘Vo‘Da;aiE 5
s Tk le. dt=0701" | e+jets a1 W Preliminary o
2 301 ) I gl op E 1600 JLat=o7om’  ERmER )
I £ Wejets 00) 140 B Srbason
oo -~ w7 mocoen
20F ATLAS 10o- 7 e
E Preliminary ] 80 : E
15~ - £ 7 ]
E ] oo E
o ; - ]
5- E 20- | E
; : E ] o 2 : - :
obs . .
-1 05 0 05 1 o,
Qcomb
Qcomb = —0.082 +0.013 (stat) £ 0.011(sys)| Qft = —0.31 +0.05 (stat) = 0.04 (sys)
SM = —0.082 =+ 0.013 (stat) SM = —0.234 + 0.011 (stat)
exotic = 40.083 £ 0.013 (stat) exotic = +0.209 + 0.011 (stat)
Main syst.: jet/E!F“iSS, ISR/FSR — top quark charge — %e excluded with > 50
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Differential tt production cross sections
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Invariant top quark pair mass in CDF

£ + jets channels (2.7 fb—1) arXiv:0903.2850 [hep-ex]
do T
dMg
_ CDF Il Preliminary CDF Il Preliminary
200 E o
180’? | e CDFII Data,J- L=27 fb" E —— SM Expectation
160 ’;* ) — 10 b - SM Uncertainties
140+ § E o CDFIl Daza,J’L:z.ﬂb’1
120 3 s
100+ g 1p
80 = =
60 ’; E
w0t w0 E
20 ’; 7 E
0 L 4 Il Il Il Il Il Il
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
M, [GeV/c?] Unfolded M, [GeV/c?]

> in-situ jet energy scale calibration (W — jj)
» no evidence for a discrepancy w.r.t. Standard Model

Main syst.: JES, background normalisation, generator, PDF
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Transverse momentum of tOp quarks mn D@
£ + jets channel (1.0 fb—1) arXiv:1001.1900 [hep-ex]

dO‘tf
dpr(t) I

— AN AR AR AR MRS a 29 AAAMRAAMAMALARAM ARt Aaaa npe
'0¢.16f DD e data, 1fo %) ® data, 1fo D@ ]
> = NLO pQCD g 18F NLO pQCD scale uncertainty ]
80.14 —— Approx. NNLO pQCD Qo —— Approx. NNLO pQCD ]
3 MC@NLO Q 16} --+--MC@NLO 3
2012 PYTHIA = -==PYTHIA 1
°-|_01 _____ ALPGEN e 1.4 ALPGEN
°
~0.08 812
S g
.06 o 10F

Qo b
0.04 S ogf
0.02 s
0.6
P B e P P
50 100 150 200 250 300 350 400 50700150 200" 250 300" 350" 400
top quark P, [GeV/c] top quark P, [GeV/c]

» shape properly described
» normalisation for LO generators off

Main syst.: JES, shape/modelling, luminosity
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Normalised differential tt cross sections in CMS
Dilepton and ¢ + jets channels (1.04 fb—1) CMS-PAS-TOP-11-013

1 dO‘tf
O dx

with X the pr, n/y, and My, of leptons, top quarks, tt pairs

CMS Preliminary, 1.14 fo at\'s=7 TeV CMS Preliminary, 1.14 fb™ at\s=7 Tev

— . BT tataa aaanaaas s e L
S e/ + Jets Combined e Data ﬂ; L Dilepton Combined e Data ]
8“" 107 — MadGraph o N t — MadGraph |

= —MC@NLO ] o\*:g_»— — MC@NLO

g8, I — POWHEG | o0t E — POWHEG
x £ 3
o [ ]
10° 3 [ 1

f \ ] 10° 3

[ B 1

o b b \\\\\\\\
0 50 100 150 200 250 300 35g 400 0 50 100 150 200 250 300 350 400 450 500

tandt [GE' i [GeV

o [C8Y] oi[%]

> Normalised to unity — shape measurement
» Reported in the visible phase space, ie: pr and 1 cuts on (b-)quarks and leptons
> Good agreement between data and predictions

Main syst.: b-tagging, radiation, fragmentation/hadronisation
Martijn Gosselink (Universtat Hamburg) Measurements of tt production cross sections April 11, 2012 22/35
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Normalised differential tt cross sections in CMS
Dilepton and ¢ + jets channels (1.04 fb—1) CMS-PAS-TOP-11-013

1 dO‘tf
O dx

with X the pr, n/y, and M, of leptons, top quarks, tt pairs

CMS Preliminary, 1.14 fo' at\'s=7 TeV CMS Preliminary, 1.14 fb' at\s=7 TeV

o= OB T T T T T T
:‘D‘D f e/ + Jets Combined o Data 1 ;\ [ Dilepton Combined * Data ]
07f — MadGraph “"” r — MadGraph |
06E S=MC@NLO ~MC@NLO 7

) § ~ POWHEG 4 —POWHEG 1
051 4 i
0.4f E E
0.3 E [ ]
0.2F - E
0.1 e f ]

o ST AN A I N P S| S I I .

-1 0.5 0 0.5 1 0 200 400 600 800 1000 1200 1400
i m[J}
y
» Normalised to unity — shape measurement
» Reported in the visible phase space, ie: pr and 1 cuts on (b-)quarks and leptons
> Good agreement between data and predictions

Main syst.: b-tagging, radiation, fragmentation/hadronisation
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Jet multiplicity in ATLAS
£ + jets channel (0.70 fb—1) ATLAS-CONF-2011-142

event yield ¢ + jets selection, jet pr > 25 GeV background subtracted, jet pr > 25 GeV

S e T T T @ T T
5 10 E ouets ATLAS Preliminary ® Data 2011 € ATLAS Preliminary JLdl: 070"
> = ILdt: 070" <25 Ona 2
) £ it Wjets & esets
S = P¥'>25 Gev [ other bkgd.
3 10° W aco rakes 10° <25
pr'>25 GeV
2 —4- Data 2011
10 S8 MC@NLO N &
IC@NLO+(AcerMC ISR up) &Q&\&\\ﬁi\&\&\t\\\‘
(C@NLO*{AcerMC ISR down) A llhn
S 14 S 14 R
% 12 @12 s
E ¢}
o 0.81 el 7/ 0 %081 N
06 506
4 5 >6 1 5 >6
Reconstructed jet multiplicity Reconstructed Jet Multiplicity
» background subtraction, no detector unfolding (yet)
» relative ISR uncertainty AcerMC — MC@NLO — can not exclude ISR model yet J

> PARP(67) =4,6 (1), 1({) ~ factor maximum ISR scale
PARP(64) = 1, 0.25(1), 4({) ~ «s evolution scale factor

Main syst: jet energy scale, b-tagging, W -+ jets normalisation

Martijn Gosselink (Universtat Hamburg) Measurements of tt production cross sections April 11, 2012 23/35



Introduction Inclusive

(oo} 00000000

Differential
[e]e]e] o}

Properties
00000

Discussion Backup
(e]e)

Jet multiplicity in ATLAS

£ + jets channel (0.70 fb—1)
background subtracted, jet pr > 40 GeV

ATLAS-CONF-2011-142

background subtracted, jet pr > 60 GeV

. T
ATLAS Preliminary JLdl: 070"

nj2s

P60 Gev

—4- Data 2011
¥ MC@NLO

MC@NLO+(AcerMC ISR uj
MCZNLO+EA rMC ISR dpvlun) w\\
Ace! ° AR

%) 2 '
‘g . ATLAS Prehmmary ‘[Ldt 070" g
10
o M\\\-\\ NN i
L b I l<25 r
L p'>40 Gev \‘\‘W‘ N
A
—4- Data 2011 SN
8 MC@NLO
MC@NLO+(AcerMC ISR up) AN F
r C@NLO+(ACerMC ISR down)  NANNTRARY L
RN -
) AN
o o
1. =
2 =
&1 g
§ g
50 3
5o s

4 5 >
Reconstructed Jet Multiplicity

X ;
\;\m\\s\\\\

» background subtraction, no detector unfolding (yet)
» relative ISR uncertainty AcerMC — MC@NLO

> PARP(67) = 4,6

(1), 1(J) ~ factor maximum ISR scale

PARP(64) = 1, 0.25(1), 4({) ~ o evolution scale factor

Main syst: jet energy scale, b-tagging, W -+ jets normalisation

Martijn Gosselink (Universtat Hamburg)

Measurements of tt production cross sections
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Reconstructed Jet Multiplicity

— can not exclude ISR model yet J
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tt production with jet veto in ATLAS
Dilepont channel (2.05 fb—1) arXiv:1203.5015 [hep-ex]
n(Qo)
N

with n(Qo) as # events that have no jet pr > Qo

Gap fraction: f =

[N T ; a T
@ e © |- =
o) = = |- 4

“- 08 E o 1

0 E 09 E

ATLAS 3 C ATLAS J

0.8 Ldt=205" 3 osi Ldt=205"

0. veto region: [yl <21 = E veto region: Jy| < 2.1 ]

0.7 — MC@NLO E| 0.7 3

0 o Datasstat, T~ PowestHews 3 o Datarsa,  cMOromnal 4

oest T ... [ 0.6 — Increased ISR~

06 Systestat g 3 Systastal iR 1

0.55 o Ascsbewe 05 =

© B | | | | 3 © Lot | | | | 7

= 1050 } } } } 3 s } } } } 1
a ] a

B - B E

o ] o |

(7] ] [ ]

= ] = |

F0.95 B = ]

L Il Il Il L1 1 0.8 Il Il Il Il L1
50 100 150 200 250 300 ©7 50 100 150 200 250 300
Q, [GeV] Q, [GeV]

» corrected for detector effects
» different rapidity intervals — constrain radiation uncertainty J

> also for Qsym: transverse momentum sum of all jets
Main syst.: unfolding, JES/JER
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tt production with jet veto in ATLAS
Dilepont channel (2.05 fb—1) arXiv:1203.5015 [hep-ex]
n(Qo)
N

with n(Qo) as # events that have no jet pr > Qo

Gap fraction: f =

a T T o T T R T
g 1 A g
« 4 >
1 0.98
0.95 ATLAS
Lat=2.05f" il 09 Ldt=2.05m"
0.9 veto region: [yl <08 0.94 4 veto region: 1.5< |y <21
0.85 — MC@NLO ] 0.9 — MC@NLO =
o Datassta,  — Powdea+Heaws ] ) o Datassta,  — Powrea+Heaws
os . Powsea+Pyn | F@ e POWHEG +PYTHIA B
Syststal g ] 0.88 Systestat g E
0.75 --- Alpcen+HerwiG i 0.86 - == ApGeN+HERWIG -
© 1.04E— 1 1 1 e B e
E 1.045 ] g 1020 E
= £ E = 1|
S 1 o
o) il o)
F 098 E F
0 96 Il L L L 3 L L L L L L L L L
- 50 100 150 200 250 40 60 80 100 120 140 160 180
Q, [GeV] Q, [GeV]

» corrected for detector effects
» different rapidity intervals — constrain radiation uncertainty J
> also for Qsym: transverse momentum sum of all jets

Main syst.: unfolding, JES/JER
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Summary

» Top times!

> Good agreement theory <+ experiment

v

Differential cross sections: entering next level of precision

» Constraining model uncertanties using tt data possible

v

Ag, results remain remarkable
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My three questions...

1. Which obervable on the theorists’ wish list is missing?

2. How should measured observables be reported?

> Full vs visible phase space
> Parton vs particle level

3. Do we need a ‘top quark at particle level’ definition?
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Additional material
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Forward-backward asymmetry at D@

£ + jets channel (5.4 fb—1) arXiv:1107.4995v2 [hep-ex]

N N
Ap = Niﬁ with Ny (Np) for Ay > 0 (Ay < 0) J

Ay =yt — ¥i = q(Yt,lep — Yt,had)

Tevatron top

anti-top
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Forward-backward asymmetry at D@

£ + jets channel (5.4 fb—1) arXiv:1107.4995v2 [hep-ex]

N N
Ap = Niﬁ with Ny (Np) for Ay > 0 (Ay < 0) J

Ay =yt — ¥i = q(Yt,lep — Yt,had)

[2] {2}
Eosof MIT DG, 5.4 fb" £ ma D@, 5.4 fb!
a [0 W+jets a2 140 [ Wajets
200 [ Multijet [ Multijet
e Data ® Data

Ay ay,
A AL
reconstruction  production  reconstruction  production
Data 92437 19.6£6.5 142+3.8 15.2£4.0
MC@NLO 2.44+0.7 5.0+0.1 0.8+ 0.6 21+0.1

— 2.40 (1.90) difference at production (reconstruction) level

Main syst.: jet systematics, signal modelling, unfolding
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Forward-backward asymmetry at D@

£ + jets channel (5.4 fb—1) arXiv:1107.4995v2 [hep-ex]

Agp

N —Np .
= ——— with Ng (Np) for Ay > 0 (Ay < 0)
Nr + Np F (Np y y J

Ay =yt — ¥i = q(Yt,lep — Yt,had)

@
ek

D@, 5.4 fo! [ tT MC@NLO < osfs —— MC@NLO 3.4
+ (a 0 Wajets 02), e PYTHIA 6.425 S0A-Pro
[ Muttijet 04E- N == PYTHIA 6.425 D6-Pro
« Data E
02F
03F T
B TN ivce
10 20 30 40 50 60 70 80 90
10 20 30 40 50 60 70 80 90 100 T transverse momentum [GeV]
Reconstructed tf transverse momentum [GeV]
A AL
reconstruction  production  reconstruction  production
Data 92437 19.6+6.5 142438 152440
MC@NLO 2.44+0.7 5.0+0.1 0.8£0.6 21+0.1

— 2.40 (1.90) difference at production (reconstruction) level
Main syst.: jet systematics, signal modelling, unfolding
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Forward-backward asymmetry at the Tevatron
A, of the Top Quark

[ V. Ahrens et. al., July 2011
arXiv:1106.6051v1 (2011)

(** submitted to a journal)
3 W. Hollik and D. Pagani,

arXiv:1107.2606 (2011) (* preliminary)

CDF LJ — 0.158 + 0.074 (0.072+0017)
(53"

CDF DIL*
0.420+ 0.158 (+0.150+ 0.050)
(511"

CDF combined* —@—  0.201%0.067 (:0.065:0.018)

(& stat + syst)

DO LJ* —@—  0.196+0.060 *$512

(5411")
\ \ \ \ \
-0.4 -0.2 -0 0.2 0.4 0.6 0.8
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Forward-backward asymmetry differentially in CDF
£ + jets channel (8.7 fb—1) CDF Note 10807
Nr — N

Afq, = ——— with Ng (Np) for Ay > 0 (Ay < 0)
fb Nr + Ng F (NB y y J

CDF Run Il Preliminary L =8.7 fb™

MC@NLO POWHEG MCFM g e I+Jets Data - Bkg
[}
O] —— POWHEG+Pythia
inclusive 0.067 0.066 0.073 5 — MC@NLO*Herwig
T(g —— Pythia, CDF Tune A
Ay <1 0.047 0.043 0.049 S — Pythia, No ISR
Ay >1 0.130 0.139 0.150 @
Mg < 450 0.054 0.047 0.050 . —
M > 450 0.089 0.100 0.110 Q""16"26 30 "0 50 60 70 80 90 100
tt P; (GeV/c)
Note I:

NLO value used in denominator of Ag,

Note II:
CDF DO
reconstruction level <+ raw data
background subtracted <>  reconstructed level
parton level <>  production level
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Forward-backward asymmetry differentially in CDF

£ + jets channel (8.7 fb—1) CDF Note 10807

Background subtracted distributions

CDF Run Il Preliminary L = 8.7 fb* CDF Run Il Preliminary L = 8.7 fb*
[is 06F — I+Jets Data - Bkg £ 0.5F —— I+Jets Data- Bkg
< 5O ay, = (11£2.9)x 10* < E 0, = 20+ 5.9) x 102
| NLO (QCD + EW) tf E NLO (QCD + EW) t
[ a,, =3x10° 04r 0y, = 6.7 % 107
0.4 E
- 0.3
02+ 0.2 :—
[ 0.1
L F | {
I I I I I I I I 0 P S I I I I I I I
350 400 450 500 550 600 650 700 750 800 0 020406 08 1 12 14 16 18 2
M, Gevic? Ay,

Background subtracted slopes:
> p-value 0.00646 for Mz
> p-value 0.00892 for Ay

Fully corrected Ag, = 0.162 + 0.047 )

Main syst.: jet systematics, ISR/FSR
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Forward-backward asymmetry differentially in CDF

£ + jets channel (8.7 fb—1) CDF Note 10807

Parton level distributions

CDF Run Il Preliminary L = 8.7 fb™ CDF Run Il Preliminary L = 8.7 fb™
m F o F
<“- I —— I+Jets Data <“— | —— I+Jets Data
o6 @y, =(15.6% 5.0)x10" L 0, = (30.6 + 8.6)x10°
F (Correlated Uncertainties) 0.6~ (Correlated Uncertainties)
O°F — NLO (QCD+EW) [ — NLO (QCD+EW) tt
F ay, =3.3x10* [ a,, = 10.3x10?
0.4 T Y
F 0.4
03
02|
F 02
0.1
0 | | | | | | of L | | L L
350 400 450 500 550 600 650 700 750 02 04 06 08 1 12 14 16 18
Parton Level M. (GeV/c?) Parton Level Ay

Background subtracted slopes:
> p-value 0.00646 for Mz
» p-value 0.00892 for Ay

Fully corrected Ag, = 0.162 £ 0.047 J

Main syst.: jet systematics, ISR/FSR
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Charge asymmetry in ATLAS
£ + jets channel (1.04 fb—1) arXiv:1203.4211 [hep-ex]

_ N(Aly| > 0) = N(Aly| < 0)
N(aly| > 0) + N(alyl < o>J

Ac

Aly| = |ye| — lyil

LHC top
anti-top
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Charge asymmetry in ATLAS

£ + jets channel (1.04 fb—1) arXiv:1203.4211 [hep-ex]

A - NAYI > 0) ~N(Aly| <0)
N(A[y| > 0) +N(Aly| < 0)
Aly| = [yt| — lyil

Q2000 "I T T T T Ty I AR A R AR AR
= [ ATLAS n+24jets (2 1btag) 5 ] [ ATLAS w+>4jets (> 1btag) ]
218001 E s F ]
Eﬂmg Ldt=1.0415" it 1 T o035 | Ldt=1.0415" AT
2 1600F . El = F El
w £ Wijets Rl 0af B
- B Z+jets E .3 E
1400 Diboson ] E E
- Bl Singletop 0.25 =
1200 B Multiets ] £ E
10001~ 177 Uncertainty | 02f E
800 E 015 El
600 E E El
£ 3 0.1 3
400F- E £ 1
200F E 0.05- E
L B N I I I B |

9% 2 1 0 1 2 9
Aly| Alyl

Measured:

Ac = —0.018 £ 0.028 (stat) + 0.023 (syst))

MC@NLO prediction: Ac = —0.006 + 0.002
Main syst.: generator, fragmentation, ISR/FSR, JES
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Charge asymmetry in ATLAS

£ + jets channel (1.04 fb—1) arXiv:1203.4211 [hep-ex]

A = Nalyl > 0) — N(4y| < 0)
N(A[y| > 0) +N(Aly| < 0)
Aly| = [yt] — lyil
©0.15¢ ‘ . ST T T T
< 3 ILdt=1.04 o' ATLAS | [ ATLAS £
0 1}+ Unfolded data { o1l ]
E%MC@NLO E “h 1
0.05F 3 [ ]
: ] 0.05 §
L S — B — < ]
_0.05; c —f for M[f > 450 GeV 0:7 7:
F 1 -0.05} 7 a
-0.15' IR IR AR W 14 17 0 e vz
<450 > 450 0 .1 02 03 04 05 06 07
m, [GeV] A
Measured:

Ac = —0.018 £ 0.028 (stat) + 0.023 (syst)J

MC@NLO prediction: Ac = —0.006 + 0.002
Main syst.: generator, fragmentation, ISR/FSR, JES
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Charge asymmetry differentially in CMS

£+ jets channel (4.7 fb—1) CMS-PAS-TOP-11-030
_NMﬂ>®NwM<OU

Ac =
N(Aly| > 0) + N(Aly| < 0)

Alyl = [yel = lye

CMS Simulation

>, g 1
= =8
N 03 £ o
- 0w BT
L 12 0 H 0.1
S 1 £ 16
E -2 12
5 10 0.2 © 8
s £ i
o 8 o 1
1< 7 _8 1
s e = g 0.05
0.1 8
c 5 — 12
a 4 g H
3 2 16
2 o 2
1 4

0

123456781234567812345678

bins of A|y|gen in 3 bins of m_.

1, gen

4_ 5 6 7 8
bin of generated |yt|-|yi|
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Charge asymmetry differentially in CMS
£+ jets channel (4.7 fb—1) CMS-PAS-TOP-11-030

_ N(Aly| > 0) - N(Aly| <0)
N(Aly| > 0) + N(AJy| < O)J

Alyl = [yt — Iyl

-~ ———— ——— %) 7 T =

- [ CMS Preliminary 7 < CMS Preliminary
) —_— 1 -
T g4a7tatNs=7Tev pata - Ol 7t at Vs = 7 Tev o b ]
% L AC=0'004 +0.010 POWHEG Simulation r I+jets POWHEG Simulation —
ks I+jets r 1
5 L 4 L 4
L il 0.05— —
o L ]
- L i N I 4

of- !
-0.05— —
1 | 1 = | |
0»2 -1 0 0 50

2 0 G V/l}:O
Iy -1y, p, , [Gevic]

Measured:
Ac = —0.004 + 0.010 (stat) + 0.012 (syst)J

SM prediction: Ac = —0.0115 4+ 0.0006
Main syst.: unfolding, W + jets, lepton ID
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Charge asymmetry differentially in CMS

£+ jets channel (4.7 fb—1) CMS-PAS-TOP-11-030
_ N(Aly| > 0) — N(AJy| < O)J

~ N(AJy| > 0) +N(Aly| < 0)

Alyl = [yt — Iyl

< Fomsedimnay T o T < [ cowspreliminary T T ]
0147 atNs=7Tev EFT ] r47flatVs=7Tev FT b
[ MHets — NLO prediction | [ Hets — NLO prediction |
L ] 0.05/— -
0,05~ -~ L ]
oE ! 3 L i
L ] oF _
0051 ] H i
: L L L L : E L L |

300 400 500 600 700 800 0 0.5 1 15
m; [GeVic?] Iyl

Measured:

Ac = —0.004 £ 0.010 (stat) £+ 0.012 (syst)J

SM prediction: Ac = —0.0115 4+ 0.0006
Main syst.: unfolding, W + jets, lepton ID
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W boson helicity fractions

Tevatron combination (2.7-5.4 fb—1) arXiv:1202.5272 [hep-ex]
CDF £+ jets matrix element method mep = 175.0 GeV 2.7 1!
CDF dilepton cos 0* template fit mip = 175.0 GeV 5.1 b1
D@  dilepton & ¢ + jets cos 6* template fit mip = 172.5GeV 5.4 b1

-
b
go12- pg — Lefthanded
= o0 | - - Longitudinal
o C .
% 0.08 T Right-handed Lo 3 )
x o ‘ = = —(1 — cos” 0%)fi
& 0'065 (c) I' d cos 0% 4( o
0.04:* 3 2
0.02- —g(l — cos 0%)“f_
0’ 1 | 1 3 2
-1 -0.5 0 0.5 1 +=(1 4 cos0*)“fy
coso* 8
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W boson helicity fractions

Tevatron combination (2.7-5.4 fb—1) arXiv:1202.5272 [hep-ex]
CDF £+ jets matrix element method mep = 175.0 GeV 2.7 1!
CDF dilepton cos 0* template fit mip = 175.0 GeV 5.1 b1
D@  dilepton & ¢ + jets cos 6* template fit mip = 172.5GeV 5.4 b1

agpmemeneson]
b
o n
s D@, L=4.3fb"  (c)
k] L —— DJ data
-‘é 150: — Signal + bkg.
wi [ I B O S SM Signal + bkg. 1 dr 3
1001 [ Bkg. - = 2(1 — cos? 0%)f,
r g dcos6* 4 ( o
r 3
S0F —=(1—cos0*)%f_
L 8
0 -0.5 0 0.5 1 +3(1 4 cos07 )2,
coso* 8

—}ﬁtfo andf+ Withf0+f++f7 =1
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W boson helicity fractions

Tevatron combination (2.7-5.4 fb—1) arXiv:1202.5272 [hep-ex]
CDF £+ jets matrix element method mep = 175.0 GeV 2.7 1!
CDF dilepton cos 0* template fit mip = 175.0 GeV 5.1 b1
D@  dilepton & ¢ + jets cos 6* template fit mip = 172.5GeV 5.4 b1

aﬁtfoandf+mrithf0+f++f_:1

CDF + D@ combination Measul‘ed:
L=27-541b"
® Combined result fo = +0.722 £ 0.081 + 0.062 (stat.) + 0.052 (syst.)

* SM value

O ODF ljets fi = —0.033 £ 0.046 + 0.034 (stat.) + 0.031 (syst.)

O CDF dilepton
A D@

N SM predictions (NNLO):
68% and 95%
C.L. contours.

R I R I B R f0:0688 +0.004 (stat.)

-0.2 -0.1 0 0.1 0.2 03

f. f4=0.001740.0001 (stat.)
f_=0.310 +£0.004 (stat.)

0.

©

0.

@

e
3

0.

0.5

o
P R R R R R

)
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W boson polarisation
Dilepton & £ + jets channel (0.70 fb—1) ATLAS-CONF-2011-122

single lepton channels
T T T

T T T T
ATLAS Preliminary

o E
E 1000 — —e— data ]
> C " —— best fit ]
w L [Ldt=0700" e SM exp. ]
800— —— bkg best fit. Bl
L =2 uncertainty best fit _|
C P B T ]
600— —
00— m

200

C |
-1 08 -06 -04 02 0 02 04 06 08
cos 6"

Measured in /¢ + jets:
Fo= 0.57 £ 0.07 (stat.) & 0.09 (syst.)

FL= 0.35 £ 0.04 (stat.) &= 0.04 (syst.)
Fr= 0.09 + 0.04 (stat.) + 0.08 (syst.)

Combined with dilepton channel (fixed Fgr):

Fo= 0.75 £ 0.08 (stat. + syst.) J

Main syst.: b-tagging, calorimeter readout, signal modelling, ISR/FSR
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W boson polarisation

Dilepton & £ + jets channel (0.70 fb—1)

single lepton channels
T T T

o F T T T T T 3
S 1000— ATLAS Preliminary —e— data -
> C \ — best fit ]
w L Ldt=070fb e M exp. 4
800— —— bkg best fit. _

N 222 uncertainty best fit |

r P B T ]

600— —
00— m

200

N(cos 0* >z) —N(cos 0* <z)

Angular asymmetries: Ay =

Measured:

Ay = 40.54 + 0.02 (stat.) 4= 0.04 (syst.)
A_= —0.85 =+ 0.01 (stat.) + 0.02 (syst.)

Main syst.: JES, signal modelling, ISR/FSR

Martijn Gosselink (Universtat Hamburg)

N(cos 6* >z)+N(cos 0* <z)

Diff
(oo}

erential
(e]e]e}

Discussion
(e]e]

Backup

ATLAS-CONF-2011-122

SM prediction:

1.5 T T T 1
[ ATLAS Preliminary mes%CL 7
L 95%CL ]
L -1 i
L _I.Ld‘=0-7°f° - allowed regions
0.5 =
s
osE B
r TopFit V=1, VR=0 T

coe b by coe b by

0.6 0.6

Re(g))

withz = F(22/3 — 1)

A= 40.537 £ 0.004
A_= —0.841 £+ 0.006

Measurements of tt production cross sections
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Dilepton & £ + jets channel (0.70 fb—1)

single lepton channels
T T T

Diff
(oo}

erential
(e]e]e}

W boson polarisation

Discussion
(e]e]

Backup

ATLAS-CONF-2011-122

17} E T T T T T E “~5 T T T
 1000(— ATLAS Preliminary — = L o ]
2 i 1 & [ ATLAS Preliminary megnll ]
w L JLdI=0.7be' ----- Stexp. ] C 95%CL ]
800/— —— bkgbestfit. F - ! 1
L . 23 uncertainty best fit | L Ldt=070fo e allowed regions
600~ - 0.5 .
40077 ..... 7 0: — :
2001— A n ]
L ] 0.5~ y =
E— = F TopFit Vi=1,V,=0 ]
L L L | L L L L L Y Y R P R R
1 0.8 0.6 0.4 0.2 o 0.2 04 0.6 08 e: -0.6 6
cos

Re(g))

N(cos 0* >z) —N(cos 0* <z)
N(cos 6* >z)+N(cos 0* <z)

Angular asymmetries: Ay = with z = 1(22/ 3-1)

Derived from the angular asymmetries:
Measured:

Fo= +0.71 4+ 0.10 (stat. + syst.)
FL= +0.31 4+ 0.07 (stat. + syst.)
Fr= —0.01 4+ 0.04 (stat. + syst.)

Ay = 40.54 + 0.02 (stat.) 4= 0.04 (syst.)
A_= —0.85 =+ 0.01 (stat.) + 0.02 (syst.)

Main syst.: JES, signal modelling, ISR/FSR
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Measured in ¢ + jets:

Fo= 0.567 £ 0.074 (stat.) + 0.047 (syst.)
Fr.= 0.393 4 0.045 (stat.) &= 0.029 (syst.)
Fr= 0.040 4 0.035 (stat.) = 0.044 (syst.)

Main syst.: background normalisation, JES, radiation
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