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LEPTONS

Motivation

= Top Quark is special e |
= Heaviest known particle L R K
= 7~5x10%s: decay before hadronization: "bare quark" 3 crom
= Maximum sensitivity to Higgs (EWK loops, gg — H) | A

= Search for New Physics
= New physics might preferentially couple / decay to top !
= Non-standard couplings ?

= Precision measurements of SM parameters 5 9088 e T
i i ial distributi 8 g5 ntets | s
= Total cross sections, differential distributions S F exciih,bm e (17512751 Gov | ff'
= Properties (mass, spin structure, asymmetries, Vi, ...) 4 E \ |
80.4 %o band for M WA _ - ) bt
= |s the top quark the particle as predicted in the 6033 ‘ onci. b, b d
Standard Model ? 803 |- o E
e f 3
Precise top quark measurements B2 o E
Pq | M | 3
agn m . Codddddbmds P L. | 8 IS SRR T N -
— sensitivity to QCD, EWK and New Physics ®1%0 s w0 170 0 190 200

m, [GeV]
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Top Quark Properties in Production and Decay

n couplings, Vi,
branching ratios, rare

./
Top Quark Pairs 4 decays, W-helicity,
V new particles

7l mass, mass
asymmetries — difference, charge,
spin correlations, b width, lifetime
color flow
P

= three presentations today:

cross sections, = Top Quark Production

kinematics, QCD

parameters, - * q = Charge Asymmetry
resonances, = Top Quark Properties
new particles
q
EWK Single-Top Production

s,t,tW channel production,
properties, couplings
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Top Quark Pair Production
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Beneke etal (TOPIXS), arXiv:1208.5578 [hep-ph], 29 Aug 2012

o 4[pb] Tevatron | LHC (7 TeV) | LHC (8 TeV)
NLO [ 668703507 [ 158.150370F | 22627305733
+0.21+0. F11.1+7. +16.5+9.
NNLO 7.00_8%%_8%(5) 160.9_161’75_76'37 229.8_19667_9980
+0.21+40. +6.7+7. +5.6+5.
NNLL | 7.157020F030 |6 4767573 | 23] g#0678
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LHC (77ev) Tevatron
g  ~80% ~15%
qq ~20% ~85%
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Top Quark Pair Production

= (Calculations

x=] )

Bamreuther, Czakon, Mitov 1204.5201 [hep-ph] = NLO (+NNLL)
2 U égg, E:g.g;g‘;; — ] = approx. NNLO (+NNLL)
) %/;%5/77%/ // e = full NNLO (available for qq)
),
g s o // i)l ” 0 - Event generators
N it = NLO+PS
T /f//,;/f//;/; /;/?///W/ o NNLO
4 tt+X (Tevatron) ' ’/’/’%//M//f/%/;/// /1/// /\NLO " MC@NLO
LO: NLO: NNLO; NNLO+NNLL &
MSTW2008(68c.1.) LO; NLO; NNLO = POWHEG
2 Independent u g p scale variation
164 166 168 170 172 174 176 178 180 182 = Tree-level (+ HO) matched PS
MyoplGeV] = MADGRAPH
Beneke etal (TOPIXS), arXiv:1208 5578 fhep-phl, 29 Aug 2012 * ALPGEN
= COMPHEP
o [pb] Tevatron LHC (7TeV) | LHC (8 TeV) = SHERPA
NNLO 7.00_8:31_8:%8 160.9_161:75_76:37 229.8_196:67_99%) = LOAcerMC
NNLL | 7.157)9,%>s 16247597 % 23187979
full NNLO now available for qq — tt
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Top Quark Cross Section and Mass

*
PLB 703 (2011) 422

PRD 84, 012008 (2011) _ . CMS TOP-11-008
PLR703(2011)422 O3 ATLAS-CONF-2011-054

L . -1 i -
'g_ 14— % DQ, L=5.3 fb CMS Preliminary, Vs=7 TeV, L=1.14 fb™ x S
“I o Top quark pole mass from cross section
O 1 2 - CMS (Prel., L=1.14 fb™') approx. NNLO ® MSTWO8NNLO value * theo ® exp + a (m,)
B ) Yy +6.2 +3.8
B Langenfeld et al 170.3 '5.3.4.0
< ] . 6.6 +3.7
i Kidonakis —+—e——+170.0 t5.8 T4.0
1 0 l,... Ahrens et al. +————e———+ 1676 +g? fgé"
L P WA
..... "“ \"* ATLAS (Prel., L=35 pb™') approx. NNLO ® MSTW0SNNLO
[~ S . e,
....... ——————— 7.8
8 - .l ~ S Langenfeld et al. 166.4 +_7_3
TR RN~ e i i —_— 7.8
S O e Kidonakis 166.2 +_7_4
L ° 8
.......... Ahrens et al. ° 162.2 t7.6
6 - NN, T DO (L=5.3 fb") approx. NNLO ® MSTWO8SNNLO
— —_ = . e — +5.2
[ —— 0.(pp_> tH+X — |+]ets+X) ‘..... S Langenfeld et al. 167.5 "5
| —— Exp. mass dependence N Kidonakis — 1667 32
4— — NNLO approx Kidonakis h.'u.,’ Ahrens et al. ———— 163 "‘32;
L NNLO approx MOCh and Uwer Tevatron direct measurement (July 2011) - 173.2 +gg
L NLO+NNLL Ahrens et al. :
2 - I - - l | I 1 ) l | I I 1 ‘ | | ‘ | | ‘ | | ‘ | | ‘ | |
150 160 170 180 190 140 150 160 170 180 190

Top Quark Mass (GeV) mP°"® (GeV)

= Most measured cross sections are quoted for a mass of 172.5 GeV
= Extract mass from cross section measurements

cross section depends on top quark mass (both in measurements and calculations)

e®.
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W+

tt Event Signatures Ve

electrontjets
muon+jets
tau+tjets

t
S
b | —
. . 'e S autjets
All experiments have measured tt in all decay channels (except 77°) S 68 muontiets
‘o electron+jets
“:(,5?’A e'lu|t|  ud cs
Signal:
/A dieptons %Jw fully hadronic
l v Jet
Backgrounds: ,
q g b Jet
q V4 —
b
g
jet
, q w . jet
Z+jets WHiets QCD multijets

Analyses: dominant backgrounds determined from the data (using control regions)
- :Ez . | Andreas B. Meyer Top Quark Production Physics in Collision, 12 September 2012 7



Experimental Techniques

=1

CMS-DP-2012/012

CMS preliminary, L=1.6fb’ (s=8TeV
T T T T T TT ‘ T T T 1T ‘ ]

(2) - <13 o y+jet .
—1.04F - Zee+jet —
= |solated Leptons (e, p or tau) g = Zuptjet ]
. . . L []JEC extrapolation |
= isolation cuts against QCD backgrounds 0_1 02 l ]
c I
T
= Pile-up subtraction ©0.98F HEe | .
= *
= based on charged component 90.96|- ]
o]
<0.94F .
) . Data/MC = 0.983 + 0.004 (stat.)
= Jet (and E7™s9) 0.92L x?/NDF =17.8/20 E
L ! Lol ! Lol ]
= CMS: particle flow (track/calo combination) 20 100 200 1000
. . GeV)
= ATLAS: topological clusters (e/h weighting) P, (
+ track corrections. . e ATLAS'CONF2012'097 .
= optimal resolution and scale uncertainties, § 16— ATLAS  Preliminary . ((‘))’ -
= minimal flavour response differences 3 14E I Ldt= 4.7 o MV1 70% 7 s ) .
2 - s=7TeV .
i 1.2 I -
= b-tagging - e § # ; -
e : 1 i —
= combination of several techniques (vertex, - { ? % é 1 I ]
impact parameter, track distributions within - 0.8 i -
JetS) Primary I 0.6 :— l _:
Vertex e SeCondary r L N B B B H R
Q " Vertex 50 100 150 200 250 300
e Jetp, [GeV]
Top quarks require high precision calibration for leptons, jets and b-tagging
E: , | Andreas B. Meyer Top Quark Production Physics in Collision, 12 September 2012 8



Ot. e/ }J'l'jets \/ ¢ pros40120082011) 53t [EDEED

600 -

. (f) DO, L=5.3 fb ", I+>3 jets
= Signature 500 ] BDT .
—=— Data
' S . B
. 1|solateQeorp S o —E .
= jets, Ex™sS § —Hp
w

200 -

100

Three analyses

= Event topologies for 2, 3 and >3 jet categories
using Boosted Decision Trees

= 3 b-tag categories for 3 and >3 jets 0 01 o0z 03 04 05 06 07 08 085 1

RF discriminant

Ratio - 1
o

= Combination of BDT and b-tag 2000 y
DG, L=5.3 fb", I+>3 jets
1800
(7]
= Cross section ‘g, 1222
= Simultaneous fit to all categories .g 1200
= Systematics fitted as nuisance parameters - 1233
= W+jets heavy flavour scale factor fi (correction to § 600
ALPGEN prediction) also measured (f+= 1.55 400
i0.0gstat +0.17-0.1 gsyst) 200
0 0 1 >2
= Dominant Systematics Number of b-tagged jets
= Luminosity, signal modeling, jet identification, _
b_tagging Gtt - 7.78 +O.77'0.64Stat+sys pb ~9%

).
- 96.51 | Andreas B. Meyer Top Quark Production Physics in Collision, 12 September 2012 9



Ot e/ p+jets \/ 7 PRL105,012001(2010) 467 ‘

t

Signature
= 1isolatedeory
= jets, Egmss

=

= Two analyses combined . Ny >3  CDFll Preliminary 4.6 b
= Event topologies (neural net) 5 B data (7348 evts)
= b-tagging % ] ::P . C D F
—
= combination using best linear unbiased = — m:::
estimate (BLUE)

s .

Normalize to Z° cross section
= Trade luminosity uncertainty for Z° theory

uncertainty
= Measure Z° cross section using same trigger
and lepton-ID
. . . . . . . . . . 0.9 1
= Dominant Systematics NN output

= Jetenergy scale, signal modeling, Z° theory

ox=7/7.70 + 0-523tat+sys pb 7% (9% with luminosity unc.)

' :a | Andreas B. Meyer Top Quark Production Physics in Collision, 12 September 2012 10
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Ot. ee/ UU/ eu l\/ fe CDF-CONF-10878(2012) 910

) Candidates | CDF Run |l Preliminary (8.8 fb™)
r ; analysis e s
. isngblagging: = Nes i
= Signature corr g i3 B cen
160 I DY + HF
= 2eory o 3 .oy LF
140 w100 Fakes
= 2jets Cmb 4 pr(lepton) =
& m:_ / -T- 4u§—
= Cut-and-count analysis Fiais f”**“*_ilm*““*“*“**
£ s0[- PR S
" with b-tagging LEW%— I-i _ 1 2'.3I4 s|s+'} 8 9 10
= w/o b-tagging o[- Number of jets
N SEN— : Lo
B of . :
= Dominant Uncertainties N Tty ety *

= Statistics, lepton-ID, jet energy scale, 0720 R0 D100 T2 A0 S0 10200
background modeling / b-tagging !

Ox = 747 + O.50stat + 0.533ysti O.46|umi pb ~11%

PLB704(011)408 541" [N

= selectee, yu with 2 jets, ep with 1 or 2 jets, simultaneous fit to analySiS wio b'tagging:

b-tag NN discriminants, systematics as nuisance parameters
Gtt - 766 i 0.463tat i 0.66syst i 0.47|umi pb ~12%
O = 7.36 +0.90'0.795tat+syst pb ~11% I

' :E:“ , | Andreas B. Meyer Top Quark Production Physics in Collision, 12 September 2012 11



. Jwww-cdf fnal.gov/physics/new/top/201 _ r
O-tt. T+e/ IJ ttbar_taulep xsec 9invib/Publicpage.html CDF:9.21b
tau-channel: i 0.12'i -7, Tau Misidentification
i . ] CDF Run I Preliminary
sensitivity to possible H+ S o
] g o_oe: o Jets misidentified
n Signature Tau reconstruction - § . P
seed track _\ —— isolation = 0.06 : 3
= leorp = b
= 1 tau-candidate (narrow jet) Rhat Tl
= 2 ormore jets (at least 1 b-tag) 0, =100 002, "
n ETmiss chﬁlhatzflog;a;g%ate =30° 0 510 ’ 1& 1.';0 ) 2510
' Jet E, [GeV)
i select LR>0 . .
. . . H .. ’ “Likelnogs Fake son Aer b.T —+5%% Missing £, of Final Selection
= Log-likelihood ratio discriminant . - =S ,
COF Fun & Prefiesinang 9.0 16 . U Prelisinary, .0 16

[
= tau(Elp), tau(lso), 3rd-jet Er, Exiss i
Mr(W) :

=  Dominant Uncertainties

= Statistics, jet energy scale, b-tagging,
luminosity

for LR>0

°ozo«uwoomnouomcw:oo
Missing E, [GeV)

Oy = 82 + 2.3stat +1.2-1 .1systi O.5Iumi pb

0.
- 'DE.S; | Andreas B. Meyer Top Quark Production
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http://www-cdf.fnal.gov/physics/new/top/2012/ttbar_taulep_xsec_9invfb/Publicpage.html
http://www-cdf.fnal.gov/physics/new/top/2012/ttbar_taulep_xsec_9invfb/Publicpage.html
http://www-cdf.fnal.gov/physics/new/top/2012/ttbar_taulep_xsec_9invfb/Publicpage.html
http://www-cdf.fnal.gov/physics/new/top/2012/ttbar_taulep_xsec_9invfb/Publicpage.html
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ATLAS CONF 2011121 0.70 fo” \X N

Ott. e/u+jets

- 1 - - T T T T 1T - T T 1T T =

ATLAS Preliminary -e Data 2011, \Vs=7TeV

[Ldt=0.70 fo W it B QCD Multijet
O W+Jets W Other EW

Signature
= 1isolated e or
= 3jets, Ermss

U + Jets e + Jets

3 Jets

U 4 Jets >5 Jets

Analysis l

= Likelihood discriminant from n(lepton), i
pr(jet), aplanarity, Hr;3p =

= no b-tag I +

= \W+jets background shape from ALPGEN, S 1.0k '*w*w’-++++*a***&*+-**++**++1++*+++ﬁ++*;++;+f+ﬂ+*~*”“w*c‘¢++#;*+*+**u—+*%*++* }H; i
normalization fitted with constraint from % 05t . . . . .
W-charge asymmetry o 0 20 40 60 80 100

= |n-situ fit of systematics Likelihood Discriminant

Ow = 1790 + 3.9stat + 9.0syst + 6.6|umi pb l 65%

Dominant Systematics
= signal modeiing (MC@NLO vs POWHEG), S ——

| -1 |
jet energy scale, lepton-ID CMSTOP-11-003 1.1t
= Luminosity (not yet using final number) ~ = fitto 2ndary vertex mass in bins of jet and b-tag ) |
~ multiplicity, in-situ fit of systematics
| 0v=164.4 £ 28¢at % 1.9t 74umipb | 9%
Ancreas B. Meyer Top Quirk Prod G ———G—G— Physcs n Calion, 12 Sepe e 200 14



Ot ee/up/ey

B 2200
= 2000

: c
Signature LL] 1800
1600
= 2eory 1400
= 2jets, b-tag 1200
. 1000
Analysis 500

CMS arXiv:12082671 231 \
Ya

CMS 2.3 fb'at\'s =7 TeV

[ [
, eu

LSS S
L

[
ee, up

[ non-prompt lepton

- tt signal

Entries/7 GeV

= High purity, high statistics 600 . N
o . | Mzz HE—
= Profile-likelihood fit to N-jets and N-bjets. 233 ,,,,,,,,
Dominant Systematics T e e
an 1.2
= |epton efficiency, jet energy ‘éo_;
oo. I I i I
CMS 2.3 fb"at\'s =7 TeV > (2,0 1) @2 @G0 (61 I (32 (33 I(24,0) r(24,1)'(24,2)
350F T T T TS (Njets’ b_jets)
- eu e Data ]

300F [ ]by (b)

2505_ ] tw E 0:=161.9 % 2.5stat + 5.1systi 3.6Iumi pb 4.2%
= ] w 1 R

200¢ BN nor-prompt lepton most precise measurement so far

150 B signal —3
100F E P

ok ; ATLASJHEP 1205(2012)059  0.70f" ")
_ 25 . = combination of cross sections from samples A
) SN SRS O 1L i ’ S|
%;E “”"-"""‘-""’“*w”*s% it iil; with anciveltaes
S om0 200 250 300 350 | Ou = 176 % Bstat +14-11syst £ 8lumi pb 8%
AIUIGED L. WISy T M [Gﬁ:ﬁwark Production— Physicsin uoms‘lon',"lzseptemoer"ZU‘rf“1f';
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ATLAS CONF-2012031 471 Y

_I_IIII|IIII|IIII|IIII|IIII|IIII_

N r«p»

ot all jets

N
(&)
o

ATLAS Preliminary 1

Events/10 GeV
N
(@]
=

et B K _[L dt=4.7 fo"
: g’ -

. . 150~ -

= Signature %J‘" : —— Data
= 6ormorejets, 2btagged /¢ 100: ] tisignal ]
- | Multijet background -
= Analysis I :
50 .

= kinematic fit (x% < 30) to reconstruct top quark mass
= Cross section from unbinned likelihood fit to top quark

mass qOO 200 300 400 500 600 700
= Background shape from b-untagged data passing event m, [GeV]
selection

Oy = 168 + 123tat + 60'57syst + 6|umi pb 33%

= Dominant uncertainties
= Jet energy scale, b-tagging, ISR/FSR

CMSTOP-11007 141! S
L= §

O: =136 * 20stat + 40syst + 8lumi pb 33%

g ——

ol .
{ DESY | Andreas B. Meyer Top Quark Productiony ey Physics inCollision;, 12 September 201216
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CMSTOP-11004  39%" \
Ya

Ot. THjets

CMS Prellmlnary 3.9 fb \/s—7 TeV.

P NN discriminant e

- Signature 102; * ‘e, ... . -.tfback]:rzund é

= 1 tau-jet - E

= 4jets, atleast 1 b-tag

= Analysis ;T E
= tau-identification using HPS algorithm I S ST PR S l

= Kinematic fit to identify hadronic top °Z§ """ I NS SO S S v |

= Neural network to separate signal from background: e NNOutput

HT, aplanarity, Qr, Er™s, Ag(Er™=1), M(jets,T), x4(kin) & «EM3 for NN>0.5 -,

= Template fit to NN output 3 " oes 3

= Dominant Uncertainties 3 E

= Statistics, jet energy scale, tau-identification 12: E

~ 52 ettt 1

( ‘\‘/I\ g 0; AL I A }"ﬁ R I8 }:

ATLAS CONF-2012-032 1.7 \ﬁi«, D PO U

Gtt 200 + 193’[8’[ + 43syst pb 23% Oy = 156 + 123tat + 33syst + 3|umi pb 22%

-{-'E.S;' Andreas B. I\/Ieyer Top Quark Production Physics in Collision, 12 September 2012 17



ot. LHC (7 TeV)

.
! DESY |
...

ATLAS CONF-2012-024

=  ATLAS combination
" 0x=177x3+8-7 £7 pb (6.2%)

= CMS dilepton

CMS arXiv:1208.2671

" 0.=1624225+4pb (4.2%)

MCFM (NLO QCD)
Kidonakis

Aliev et al (HATHOR1.2)
Ahrens et al.

Beneke et al.

Cacciari et al (TOP++)
Moch et al (HATHOR1.3)

o(tt) (7 TeV) + scale £ PDF
160 +20-21 +8-9 pb

163 +7-5 %9 pb

164 +5-9 9 pb

155 +8-9 +8-9 pb

163 +7-8 +15-14 pb

159 +12-14 +4 pb
175 +10-13 £5 pb

A
tt Cross Section at LHC ({s=7 TeV) \ Y‘A

(* preliminary)

CMS e/u+jets *
TOP-11-003 (L=0.8-1.1/fb)

(value = stat. + syst. = lum.)

164+ 3+£12+7 pb

ATLAS e/u+jets *

1
ATLAS-CONF-2011-121 (L=0.7/fb) 179+ 4+ 97 pb

CMS dilepton (ee,uu,e
1208.2671 (IF.)=2.3/f$)) o) 162+ 2+ 54 pb

ATLAS dilepton (ee,uu,eu) |

JHEP 1205 (2012) 059 (L=0.7/fb) 176 + 521" +8pb

1 -
CMS all-hadroni

TOP-11-007 (L=1.1/fb) 13620+ 40+ 8 pb

ATLAS all-hadronic **

ATLAS-CONF-2011-031 (L=4.7/fb) 168 + 12+ 54+ 7 pb

CMS dilepton (et,ut)

arXiv:1203.6810 (L=2.2/fb) 143+ 1422+ 3 pb

ATLAS dilepton (u-t)

arXiv:1205.2067 (L=2.1/fb) 186+13+20=7 pb

CMS t+jets *
TOP-11-004 (L=3.9/fb)

ATLAS t+jets *
ATLAS-CONF-2012-032 (L=1.7/fb) -

156+ 12+ 33+ 3 pb

200+ 19+ 43 =7 pb

3 Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
EEEE Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030

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

[ Approx. NNLO QCD, Cacciari et al., arXiv:1111.5869

T NLO QD

50 100 150 200 250 300
o(tt) (pb)

All measurements compatible within errors — some tension emerging between ATLAS and CMS (?)

Andreas B. Meyer
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ot. LHC (8 TeV) CMSTOP-2006, TOP-12007  2428%" Sy

CcMS Prellmlnary 2.8fb" at Vs =8 TeV

SERRARRRRIRN

V
-
S
IS

N R R R L R R RER RS RERC

= CMS Preliminary, Vs=8 TeV

—— Data

[22]

[=3

[=)
T

= elutjets
= Template fit to M
=  QCD multijet shape from data

B
- Background

Fit y2indf=0.19 —

M(lepton-bjet)

Events/10 Ge
3
(=]
I

IS
(=
S
T

300F CMS I+jets (e/u+ets) 228+ 92 +10pb

= Dominant systematics: b-tagging, 200" TOP12:006 (=281 st )
jet-energy scale 1000
. di'lepton: O(; 50 100 150 200 250 300 350 400 450 5;0 GMS dilopton (e upon) 227+ 3=11=10pb
e TOP-12-007 (L=2.4/fb) (val.  stat. = syst. = lumi.)

ub

= Cut-and-count

. . 2 "'CMS preliminary, 2410 pb" e A;@ R
= Dominant systematics: lepton-ID, 3 o ohanne B 24— T g
. s=gle mw 1 CMS combined , 227+ 3=11=10pb
jet energy scale . o wziepone ] comne - D
N (bJ et) g ] Hl
iz B Approx. NNLO QCD, Kidon: k arXiv:1205.3453 (2012)
] 3 spprox NNLO OCD. ot l K 11118060 2011+ est © PDF uncrainy)
Author ()'tt (8 TeV)iscaleiPDF [0 Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)
\ \ \ |
Kidonakis 234 +10-7 *12pb 0 100 200 300 4(?8 ob)
o p
Ahrensetal. 225 #12  +11-12 pb 0 1 2 -3

b-tagged jet multiplicity

Benekeetal. 1231 ¥10  *10pb » 1 6.6¥%
Ox = 227 * 3gtat £ + 101umi pb 6%
Cacciarietal | 229 +18-20 %6 pb - stat = Hloyst = 1olumi P -

Mochetal 250 +14-18 6 pb 0.(8 TeV)
o7(7 TeV)
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Inclusive tt Cross Section o Y @ % DD

@) L
= L« CMS combined 8 TeV (2.8 ft)
= = ATLAS combined (0.7-1.1 fb™)
o i e CMS dilepton 7 TeV (2.3 fb'1) ~'
o CDF combined (4.6 fb™) _
102— O DOcombined (5.3fb") =2
— Approx. NNLO QCD (pp)
Scale uncertainty
10 — [ Scale ® PDF uncertainty
— 4 W/ @ Approx. NNLO QCD (pp)
B / Scale uncertainty
B B Scale ® PDF uncertainty
Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
— MSTW 2008 NNLO PDF, 90% C.L. uncertainty
I'IIIIII|IIII|IIII|IIII|IIII|IIII|IIII

1 2 3 4 5 6 7 8 9
Vs (TeV)
Tevatron: 6.4%-8% LHC: 4.2%-6.2%
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Differential tt Cross Sections

= Measure top quark kinematic distributions

= Cross section analysis

= Kinematic reconstruction

= Unfolding

.
\ %/ Andreas B. Meyer

-
-

-

_[GeV]

Tt

Generated p

100

i T TSR g

Test theory predictions and models

Ensure that acceptances, efficiencies are correct
Enhance sensitivity to new physics

Extract / use for PDF-fits (future)

= Main analysis ingredients:

,,,,,
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-
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.
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wW,* b-Jet
FaTras ' ar
[ Simulation e +jets ]
L 0.04 0.63
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Reconstructed Pl [Gev] ¢ Production

Kidonakis, arXiv:1009.4935 [hep-ph]

- 12
pp>tt at LHC S "=7TeV m=173 GeV
r T T
12 ,/:;:Sr\\ —— NLO p=m ]
r ,/j/_w ((((( NLO p=m/2,2m 1
1+ ,2," X — —— NNLO approx p=m .
§ i ,ﬁ' N \\\ -—~-- NNLO approx u=m/2,2m| ]
L 3 4 . Y
g osp ‘?,”,' O\ .
N “ - - -
& [ \ Kidonakis, !
[—0.6'_ ;’I' ° \ 1 . ~]
%. : b ) \.\' .\‘ aerV. 1
B M N 1009.4935 -
~ 0'4._ ?»I,' \‘\‘\‘\' .
L SNy
0.2- -\'\_'\ _-.
ol v v by b b e 1 T
0 50 100 150 200 250 300 350
D (GeV)
r T T T
60 - 7/7:’/-::\\\\§ . . E
: Vs S Kidonakis, ]
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Tevatron

< F Il Preliminary

O

 PRL 102, 222003 (2009) 2.7 o ‘

do/dM [fb/GeVic?]
I

10" E

P IR

| R

—— SM Expectation PYTI"I IA

- SM Uncertainties
o CDFII Data,fL=2.7fb'1

m(tt)

L 1

0 200

400

600 800 1000 1200 1400

Unfolded M [GeV/c?]

Ahrens, Ferrogia, Neubert, Pecjak, Yang
arXiv:1006.4682 [hep-ph]

100 =
10
=
Q
(]
\
ﬁ 1 [
=
= l
=
=
0.1
0'010 200 400

~}— CDF data

B ~N1o+NNLL

V5 =1.96 TeV

m(tt)

600 800 1000 1200
M [GeV]

NLO+NNLL: improved description of shape

9.
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Top Quark Production

PLB693,515(2010) 10

— B T T T T

& 1 —_
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S M S [ I i,

-~ - 3
Background a Background

£ [ Backg 1 8 [ sackg

> h z

= ] -]

Mtop

] 2|
100 150 200 250 300 350 400 100 50 100 150 200 250 300 350 400

m, [GeV/c?] top quark p_[GeVic]
_l TIrT I TrIrTrT | LI | LI | LU | T lll T | LU | LI I_
= 0.16F DD ® data, 1fb E
ST NLO pQCD .
80_14:— —— Approx. NNLO pQCD]
= F - MC@NLO ]
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= B .
o N = ALPGEN I
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0008y | -
-8 ) _t_ ]
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0.06:-.-.'? pPT (tOp) ]
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Need NLO to describe normalization
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LHC: Top Quark Distributions cusToP 10t 114

10° CMS Preliminary, 1.14 fo" at\/s=7 TeV CMS Preliminary, 1.14 fb' at\'s=7 TeV

"I__| 8X ||III|IIII|IIII|IIII|IIII|IIII_ .; 0.6_||||||||||||||||||||||||||||||||II|IIII|IIII|IIII_
%To Dilepton Combined e Data i i §> - e/u + Jets Combined e Data .
QL — MadGraph *-loU 05 — MadGraph
= ~— MC@NLO 1 - ~— MC@NLO 1
8| — POWHEG [ — POWHEG ]
© ] 0.4 —
—Io . N ]
pT (tOp ) . B )
3 0.3F -
ERT S -
¢ - [ Y (tOp ) ]
. 0.1 ]
| \f | :
O_IIII|IIII|IIII|IIII|IIII|IIII|IIIII : _ ||||||||||||||||||||||||II|IIII|IIII|IIII ]

0 50 100 150 200 250 300 350 40 25 -2 15 -1 -05 0 05 1 15 2 25
pt andi [GeV] yt andt

T C

= CMS (I+jets, dileptons)
= 'visible phase space' (region with maximum acceptance)

= Comparisons: MADGRAPH, POWHEG(PYTHIA),
MC@NLO(HERWIG)
Good agreement between data and all predictions
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LHC: Top Quark Pair Distributions: p7(tt)

arXiv 1207.5644  2.05 " \X ¢ CMSTOP-11-013 114" \
S CMS Preliminary, 1.14 fb™ at\e=/ Te
;l 102§||| T T L R B T T T T T ||§ |‘I_ 1 _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
g - data ] %’F) . Dilepton Combined e Data _
e eezezarzezerse qeasasasa I NLO (MCFM) - al _ — MadGraph -
g0 NG 3 ?ﬁi ~ MC@NLO
S e e Vo — POWHEG -
o- T | - 1
© 1 ATLAS E : :
< - det=2.05 i PT (ti) - - prT (tf) ]
107 eeeeereneenereen s I |
- .-.-.-.-.-.-.-.-.-.-.-'-.-.-.-.-:
= ] 1073 = =
10-2 | . L . ol C ]
% 1 . 5 .......... T oo ] '....4.......4..'.!4!.!.!.!4!.!.!.!.E.e.!.!.!4!.!.!.5.!.!4!.!.!.!.-_: - i
o T | et Ttk e T ] B () N
= 1; L e t : - \ .
5 05'_ .......... e S s ..._' TR T T T T
2 710 20 100 200 1000 0 50 100 150 200 250 300 350 400 450 500
- s CoV (e
= ATLAS (l+jets): ’
= Full phase space
= Comparisons: NLO(MCFM), NLO+NNLL,
ALPGEN, MC@NLO p (tt): sensitivity to QCD radiation
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1/0.do./dm.

LHC: Top Quark Pair Distributions: m(¢2)

tt tt

it

Theory/Data

arXiv 1207.5644 2,05 for! \ﬁ N

1 O E T 3 ".'
- data = ;“
[ INLO(MCFM) ] Bl
= e ALPGEN < g2
E MC@NLO § fg=
B ki ad i Olo
107 ATLAS 4 °
" [Ldt=2.051" . 3
B f m (t{) ] 10
1 0-2 E_ O T e .'.'T'.'. mmEmEEE .'-:
T — ' | 10"
1 ] 4 SO "
O . 8 o ‘ .................... =
. ' 3 -5
300 1000 2000 10
m, [GeV]

CMSTOP-11-013 144 |
CMS Preliminary, 1.14 fb' at\'s=7 TeV

[ T T T | T T T | T T T | T T T | T T T | T T T ]
. e/u + Jets Combined e Data i
i — MadGraph ]
- ~~MC@NLO -
- — POWHEG ]
E m(tt):
i l i
|
1 1 1 | l | 1 1 1 | 1 1 1 | 1 1 1 | | | |
0 200 400 600 800 1000 1200

GeV
tt c2

sensitivity to (resonant or non-resonant) new physics
High my: increasing theory uncertainties due to PDF
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DataMC@NLO

{t+jets

ATLAS-CONF-2011-142 0.70 fb"
background subtracted event yields

w
[ = ATLAS Preliminary J’ Lote 0.70 &
2 1¢0° : ,
uJ .
AN .,
- ml<2? 5 -
-$= Data 2011

NN MC@NLO

Bl MC@NLO+(AcerMC ISR up)
Bl MC@NLO+(AcerMC ISR down)

W

—- .

g;;: 0 \\\\\\\\\\\X\\§

1 2 3

5 26

Reconstructed Jet Multiplicity

= Additional jets due to QCD radiation
= {t+>1 jet: test of NLO+PS event generation

Improve choice of model and scales for
future measurements (properties and searches)

Andreas B. Meyer

Top Quark Production

EPJ, C72(2012) 2043 ATLAS 205"

Gap fraction
o
[{n]
o

Ot

Ne»r-<>»

9ap fraction as fct of Qo-pr(jet) threshold

ATLAS
j Ldt=205"

veto region: |y| = 0.8

—— MC@NLO

e Data + stat. — PowHec+HERWIG
""" PowHeG+PyTHIA

Syst. + stat.
Y === SHERPA

=== A PGEN+HERWIG

III|__II|E.l_‘_ll||llll|llll|IIII|IIII|

550500~
Q, [GeV]

ATLAS-CONF-2012-083 4.7 b
Ott+jets
IS — (0.54 + 0.01(stat.) 503 (syst.)
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Single Top Production

2 k= = - edata
QCJ 'IO4 (a) 10 L%) 90 E " Wt-channel
Lﬁ 80F - [Jtw-channel
" 70 E 4 [Js-channel
" " 5 E ngi .
= Test of EW interactions E e
=7 0.8 0.9 1 S0F E BW+cc

= Probe for new physics “° el
= measure Vib

5 [Jacp

" 4th generation complex muIti\?éjl?ieartgiZICr;Z{I'i)?sa,igt s.;im-ple. kiﬁematib a-nal-ysi;w‘
= FCNC
W
= sensitivity to b-PDF and u/d-PDF ,
= tand Wt channel » ]
= Main backgrounds q t ¢ J
= \W+ets background w w+ . .
= top pair production b t ;
= QCD multijet production ¢ _ q' b
b | g
Predictions t-channel (Otgp) s-channel (Otp) tW-channel
Tevatron 2.26 pb 1.04 pb 0.28 pb
LHC (7 TeV) 64.6 pb 4.6 pb 15.7 pb

LHC: much more gluons, leading to very different relative contributions

0. e
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Single Top Event Signatures

st >4 ><
Signal: t-channel (tob) s-channel (tb) tW-channel

v [ v I v
1\1 \/ bie \/ be

b-jet

p P p P p P
1+1b+H1jet Jet 1+2b 21+1b
b-jet
Backgrounds:
. W+jgets i - u . . ev )
:@b .
q t C , l
I q w
q w v g v v
WHjets top quark pairs Diboson and Z+jets
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PRD 84, 112001 (2011) 54 b

Tevatron v

l\l b-jet
t+s channel K >1500(qg) . DO, 5.4fb"
LS O I $ e Data
? b 0 I M t-channel
t-channel jet i s-channel -2 1000 - s\-ﬁ?eatgnel
b-jet Qo I i )
. Signature I.I>J i M Multijets
= e/uand Erms - 500
= 2,30r4 jets with 1 or 2 b-tags f i

= Hr>120,140,160 GeV 0

140 160 180 200 220
Top Quark Mass [GeV]
= Analysis — 10° S
= Combination of three MVA, separately fort, sand t+s & (e) D@, 5.4 fb
- e 10° * Data
= Boosted Decision Tree ) = t-channel
I= s-channe
= Bayesian Neural Network (BNN) § 10?2 o Wjts
= Neuro-evolution of augmented topologies (NEAT) L, m Multijets
T
2
>=

= Dominant systematics

. it it tanAl -1
Luminosity, jet-energy scale, b-tagging 10 02 04 06 08 1

Ranked B, ,,,, discriminant
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Tevatron v

l\l bejet
t+s channel

I v

Ne )4
}\‘
t-channel i

Jet

s-channel

b-jet

PRD 84, 112001 (2011)  54f"

2 0.65 (c) D@, 5.4 fb "
7)) C -

d=) 05:_ 0-expected
S04 =3.493%77 pb
o - 0-observed

= 0.3¢ +0.73

[T} - =3.43.,7, pb
G 02 074

a 0.1

G273 45 6 78

tb+tgb cross section [pb]

Os+t = 3 43 +0 73 0 74stat+syst pb

Andreas B. Meyer

~21%

—

Top Quark Production

Posterior Probability Density

0.0

0.005

CDF-CONF-10793 75f

W + Jets, = 1 b-Tag CDF Il Preliminary 7.5 b
-+ C_DF Data

[ Z+Jets
Il Diboson
,@aQcbp

0 0.5 1

NN Discriminant
W+Jets, NN Discriminant CDF Il Preliminary 7.5 fb!

+0.57
Oy =3.04 53 pb
Assumingm, __=172.5 GeV/c?

% 2 4 6 8
Single Top Quark Cross Sectiono,,,[pb]

Os+t

=3.04 +O.57'0.53stat+syst pb ~18%

————
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t and s-channel

PLB 705, 313 (2011) 54 B X CDF-CONF-10793 751" ‘
o 3 . 5W+Jets, NN Discriminant CDF Il Preliminary 7.5 fb™
2 DO 5.4 fb o f ® CDF Data
c 68% C.L. 'E' i B 68.3% CL
._g I 90% C.L. o 4} 95.5% CL

) = i
§ 4 I 95% C.L. 8 i 99.7% CL
n 0p) Bl SM(NNNLO)
4 o 3
o » [
T o i
© @) -
£ 2 R
P i o Mea[1s]urement = .
® [1] PRD 74: 114012, 2006 W sum © 1-_
= - [2] EPJ C49: 791, 2007 { Four gener[z;l]tionslzl 'S -
BmsmeE O ropmmr 2
| DFCNC|[] O-||||
% 2 3 0 1 2 3 4 5
s-channel cross section [pb] s-channel Cross Section [pb]
Os = 098 + 0-63stat+syst pb Os = 181 +0.63'O.58stat+syst pb ~35%
0:=290 % 0.595tat+syst pb 5.50 o:=1.49 +0.47'0.423tat+syst pb ~30%
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DESY
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LHC t-channel ,\i’

= Signature p

= leorp
= 20r3jets
= mr(W)>40 GeV (u) or E7™5>35 GeV ()

= Analysis

Jjet

= Cross section from template fit to [Net| of 2jets+1b-tag

sample

= Background from control samples:
= 2jet+ 0 b-tag (W+jets)
= Jjet + 2 b-tag (tt-enriched)

= Left-handed top production: cosB8” (angle between lepton

and non-b jet in top rest frame) for |ned >2.8

= Dominant uncertainties
= Statistics, W+hq, jet energy scale, b-tagging

Andreas B. Meyer

CMS TOP-11-021 1.1(4)15(e) o h

CMS preliminary, 1.14 fb", Muons,\/s = 7 TeV

_f’E) IIII""I""I"''I"''I""I'"'I""I""I""E o data
5350 . 2 t +,| b—ta "1 Wt-channel
300 Mt (Zfets 9) 3 Miistwss
1 MEwK
250 5 [Jaco

0 05 1 15 2 25 3 35 4 45 5
T]j,

CMS preliminary, 1.14/1.51 fb", Muons/Electrons,\'s = 7 TeV

-+data
90 Bt-channel
* tW-ch |
80E  cosB" for et > 2.8 LJtw-channe
70 [ Js-channel
O
60 [ W+light
50 BwW+bb
+ BW+cc
40 B zZ+Jets
30 BEDiboson

(Jacb

O-1 -0.8 -06 -04 -02 0 02 04 06 08 1

coso

Os = 702 + 5.2stati 10.4syst + 3.4|umi pb ""’17%

Top Quark Production
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LHC t-channel ’\l

b-jet

el

= Analysis
= Neural Network

= Also determine Ot(top) and Ot(antitop) and Jet
their ratio Ry
)
ATLAS-CONF-2012-056  ATLAS 4.7 fi” “ﬁ;
LI I R LI IULELS UL UL ARARALRARE T .
ATLAS Preliminary j Ldt=47f6" \5=7 TeV
ATLAS result i t - t
ABKMO09 ——i
NNPDF 2.1 Po—
MSTW2008 P ———i
GJRO8 P ——
CT10 (+ DO W asym.) ——i
CT10 P —e—
I B S NN W A BN NI B R R
Rt
Ri=1.81 % 0.10stat + 0.21-0.20syst | ~17%
[ :E:S Y| AndreasB. Meyer Top Quark Production

Events / 0.07

Events / 20 GeV

arXIV 1205 3130 ATLAS 1 04 1’0 i

ATLAS
- 2 jets 1 b-tag

NP r«p»

det 104fb 1
\s=7TeV

® Data
[ Single-top t- channel
B ti, Other top
(| W+heavy flavour
[ WH+light jets
[ Z+Jets, Diboson
Il Multijets

2000

02 04 06 08 1

NN output
LA AL L ELE BL L L | -
ATLAS det 104fb‘ .
2 jets 1 b-tag Ns=7TeV

® Data
[ single-top t-channel
[ ¢, other top
[ W-+heavy flavour
E] Wilight jets
[ z+iets, Diboson

B Muttijets

150

100

50

100

200 300 400 500

m(lvb) [GeV]
O: = 83 £ 4gtat +20'193yst pb

~22%

-
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AA

Y
\Va ATLASCONF011-118 0700 N

¢ b

LHC s-channel

W+ p P 0.70 fb' @ 7 TeV
2 = ATLAS Preliminary
S [ 2 jets electron pretag sample @
~ Lﬁ Il tor =
q’ b A 210000I— [ Wadets :Z.
N Signature Kl 8 i Ei::teijtest,sdlboson g
= 1eory, 2b-tagged jets, Eymiss g . data 8
. . n . €
= Cut-based selection optimized on signal MC O 5000 &
O
@ 30< Mygp j2 <247 GeV/c? ! =
® pr(ji,j2) <189 GeVic % 50 100
@ mr(top)<111 GeV ET'* [GeV]
@ 0.43< AR(b — jet;, b — jet;) <3.6 ® -
c | ATLAS Preliminary 0.70fb'@7 TeV]
@ 123< Myep j1 <788 GeV/c? S [ 2jets2ag
, i H 60~ :iTIL‘I\:tgat:channel
@ 0.74< AR(b — jety, lepton) <4.68 o i . o
. L. % 40- [ ] single-.top t-channel
= Determine upper limit: 2 i - oppis
o [ P W+light jets
20 Dit_):s;on
0:< 26.5 pb observed (< 20.5 pb expected) [ - e
. % 200 400 600
SM prediction: 4.6 pb Moy ot [GEVIC]

' ?g:, , | Andreas B. Meyer Top Quark Production Physics in Collision, 12 September 2012 34



! DESY

LHC tW-channel '/ 2

Event Signature

= 2 leptons, 1jet (no b-tag)
- ETmiss

Analysis

= NLO (>1 jet) interference terms with tt production: take
difference between LO and NLO as model uncertainty

= BDT with 22 variables (prsys: vect. pT-sum of leading
leptons, ET™SS, prsys/Sqrt(Hrgeptonsy*sSum(Er)), ...)

= Cross section from template fit to BDT output
Dominant uncertainties:
= Statistics, jet energy scale, hadronization (pythia/herwig)

First measurement: signal established 3.30

CMSTOP-1022 21 .\

0= 22 +9-Taeystpb | 270

——

| IL\I idreas B: 'IVICyC[ .......................................................................... [Upuuark Productlon

» ~

AA

arXiv:1205.5764  ATLAS 2.05fb” \X N

92000 [ \ \ \ \ \ \ ]
c L —-Data i
o L ATLAS vZZ}JES uncertainty |
Lﬁ L -1 Ewt
15000 det=2.05fb O
L CIwWw/zz/Wz
[ Vs=7TeV E3Z(ee/up)+ets
3 Z(tr)+jets 1
L @ Fake dileptons |
1000 .
500

Njets
m ‘ ‘ T T T T T ‘ T T T ‘ T T T I T
© 1001 - Data ]
o - ATLAS 77) JES uncertainty |
S~ | -
@ 8ok det=2.05fb1 E:’t\/t N
T L O WW/ZZ/WZ
) Vs =7 TeV [ Z(ee/uu)+ets
u>J D Z(vr)+jets

60; Dilepton 1 jet @ Fake dileptons -

40

20 .
- U
07 e _._"'EEL—!-E w=E=——_ SN ]
-1 -08 -06 -04 -0.2 0 02 04

BDT output

0s = 16.8 £ 2.9tat = 4.9syst pb
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t-channel single top quark production x . a
T T T I T T T I T T T I T T T I T T T i

S u m m a ry E._ i ®  CMS Preliminary, 1.17/1.56 ft' ]
X e o L ATLAS, 1.04 fb —
- 10 = v 0, 5.4 fo' E
single-top - ;
= All experiments: t-channel measurements 10 /... NLO QGD (5 flavour scheme) E
*  LHC s-channel: upper limit : o e o o 10 209 4
= tW channel: - .
= |naccessible at the Tevatron 1F oo e POF) =
= F".St measurement at the LHC E | I | | | }I(idonakis, Phys.Rev.I? 83 (I2011)IOQ15:03 | I I I E
0 2 4 6 8 10
Vs [TeV]
t-channel (Otgp) [pb] s-channel (Ow) [pb] tW-channel [pb]
expected 1.96TeV 2.26 1.04 0.28
CDF 1.49 +0.47-0.425tat+sys 1.81 +0.63-0.58stat+sys
DO 29 io.sgstaﬁsys 098 10.63stat+sys
expected 7Tev 64.6 4.6 15.7
ATLAS 83 i4stat +20'195yst < 26 Obs. (22 eXp.) 16.8 iz.gstat i4.9sys
CMS 702 i5.25tat i10.4syst i3.4|um = 22 +9'7stat+sys
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Conclusions

Top Quark Production: Key to QCD, Electro-Weak and New Physics
Tevatron: measurements based on full ~10 fb-! are coming out now

LHC: complementary, entering < 5%-regime of precision — challenging / constraining theory

Recent first LHC measurements: o(8TeV), dow/dX(7TeV), single top in tW-channel, ttW/Z
All results so far in good agreement with SM predictions
Many more measurements with improved precision underway (TOP2012 workshop next week)

Statistics — systematics: expect another leap in precision with 2012 data
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Outline of this Talk

proton - (anti)proton cross sections
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Tevatron: Top Discovery

= Birthplace of the top quark
= 1995: top quark pairs

=

I
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> 4 s
3 3 3 . -
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1 -1 .‘ :
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= 2009: single top

= Unique pp collider . S
* TS TeV, 44x10% e ks
= 1-2tt/h — 70,000 top pairs per experiment b . T

12 b delivered

= A wealth of precision measurements of
top quark production, decay and
properties
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Tevatron data taking stopped 30 September 2011
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LHC: Top Factory

= Datataking started March 30, 2010

= pp collider
= 7..8..upto14TeV
= max. inst. lum.: 8 x 1033 cm2s™!
= ~150 tt/ hour
= > 12 fb' delivered in 2012 alone

= 3,000,000 top pairs per experiment g 18! ATLAS Online Lur.mno'sity‘
_.E‘ 16 - 201099\_5- 7 TeV
= Precision measurements of top quark E :: T

production, decay and properties in ® 0

full swing § 8

= ATLAS+CMS: > 30 journal publications on 6

top quarks alone since 2010 4t

of S|m|Iar for CMS)
yat och

Month in Year

LHC: built to exceed Tevatron precision and reach
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LHC: Top Quark Pair Distributions: 3 (¢t)
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tt+W and tt+Z

CMS TOP-12-014

L=4.98f"at \s=7TeV

= 3-Lepton Analysis 2 o om
= 3eorp(pt>20,20,10) jof Eliow
. L Z+jets
= 2 opposite-charge same-flavour s Ml
5 [ Diboson

= 3jets, 2 b-tags
= H>120 GeV

= 2-Lepton Analysis
= 2 same-charge e or
= Jjets, 1 b-tag
= Hr>100 GeV

= First measurement: signal established 4.70

CMS Preliminary
r \ \

*lee)e (el (un)e

o(ttV) = 0.51 + 0.15-0.13tat + 0.05-0.0dsyst pb

ATLAS CONF-2012-126 4.7 o

= Harder selection: 3 e (pr> 25) or
U (pr>20), 4 jets, Er™>30 GeV

Limit: o(ttZ) < 0.71 pb (0.74 pb exp.)

.
' 96.51 | Andreas B. Meyer Top Quark Production
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