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CERN Large Hadron Collider

Tevatron: LHC:

@ Run 1: Vs = 1.8 TeV (1992-1996) @ Vs =7 TeV (2010-2011)
Top quark discovery in 1995 with 5.7 fb* delivered, on tape 5 fo
65pb-! (around 20 events each Around 1M tt pairs produced_ per exp.
experiment) @ Results in ~60k reconstructed tt events
@ Run 2: Vs = 1.96 TeV (2001-2011) in e/u+jets or in dilepton final state
12 fb1 delivered, on tape 10 fb?
8.7 fbl being analysed so far @ Vs = 8 TeV (2012 ongoing)

More than 1M tt pairs produced
2.8 b1 being analysed so far
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THE PARTICLE

*Mass (matter vs. anti-matter)
«Life-time / width

TOP PRODUCTION Charge TOP DECAY
*Cross sections *Radiation of Bosons Charged Higgs
*Spin-correlations W helicity

*Production asymmetries
*Resonances X—tt, Y—->tb, Z->tjet
*Fourth generation t’

*Anomalous couplings
*CKM matrix elements
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. . down strange  bottom
The top quark is very special: < L, | ——— —
E ‘VE .\, \Jf
° i = eulring p- Neulring, t- Neulring
Yukawa cogpllngs .close tol 2. eu
* Most massive particle known el re u T
*The only ,free” quark slecteondl ipon .l tau

» Appears as signal, background and | 11| Ini
| 11 111
maybe decay product of new states

The Generations of Matter
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TR4 - Top Quark Physics - Roo 216 (09:00-18:00)

time [id] title

09:00 [185] Inclusive top quark pair production cross - section (ATLAS)
09:15 [582] Top quark pair production cross section at CMS

09:30 [186] Differential top quark pair production (ATLAS)

09:45 [586] Differential cross sections in top pair events at CMS

10:00 [689] Cross section measurements of top quark production at CDF

10:15 [83] NRQCD matching coefficient at next-to-next-to-next-to-leading order
10:30 Refreshment Break

11:00 [534] Measurements of the inclusive cross section and of differential distributions in
top quark pair production (D0)

11:15 [187] Measurements of single top quark production (ATLAS)
11:30 [594] Single top production in CMS

11:45 [538] Measurements of single top quark production cross sections and [Vtb| in ppbar
collisions at sqrt(s)=1.96 TeV (D0 and CDF)

12:00 [189] Measurement of the top quark mass (ATLAS)

12:15 [588] Measurements of the top quark mass (CMS)

12:30 [590] Measurement of the top-antitop mass difference (CMS)

12:45 Lunch Break

14:00 [693] Top quark mass measurements at CDF

14:15 [543] Measurement of the top quark mass in ppbar collisions using events with two
leptons (D0)

14:30 [536] Tevatron and L. HC top mass combinations

14:45 [424] Top Precision Studies at Linear Colliders

15:00 [852] Spin correlation and W helicity in top quark events with ATLAS

15:15 [592] Spin correlations and W helicity in top events with CMS

15:30 Refreshment Break

16:00 [541] Spin correlation in ttbar production (D0)

16:15 [533] Measurement of top quark properties - electric charge and width (D0)
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16:30 [545] Combination of CDF and D0 measurements of the W boson helicity in top guark VARNES, Assoc. Prof. Erich

decays
16:45 [190] Other top quark properties in ATLAS
17:00 [601] Other top quark properties in CMS
17:15 [690] Top quark properties at CDF
17:30 [60] TTbar Spin Correlations at Hadron Colliders
17:47 [867].

Ward

Dr. LIMOSANI, Antonio
Ms. KUSSEL, Yvonne
Dr. OH, Youngdo

Dr. PARKE, Stephen

TR4 - Top Quark Physics and TR11 - Particle Astrophysics & Cosmology - Room 216 (09:00-18:00)

time
03:00
09:15

09:30
09:45

10:00
10:17

10:34
11:00
11:15

11:30
11:45
12:00
12:15

12:32
14:00

14:15
14:30
14:45

15:00
15:15

[id] title
[191] Charge asymmetry in top pairs at ATLAS

[587] Measurement of the charge asymmetry in top quark pair production in pp
collisions (CMS)

[684] Asymmetry measurements in t-thar at CDF

[532] Measurement of the forward-backward charge asymmetry in top quark pair
production (D0)

[474] Top quark forward-backward asymmetry from gauged flavor symmetry

[318] Dynamical Origin of the Correlation between the Top Quark Production
Asymmetries $A_{FB}*S and $A_{FB}"{\ell}$

Refreshment Break
[513] Diagnosing top-quark Forward-Backward Asymmetry
[188] Searches in s-channel single top quark production at ATLAS

[853] FCNC in top quark production and decay at ATLAS
[599] Search for FCNC in top pair events in pp collisions (CMS)
[52] CP violation in top-quark physics

[495] Search for a Narrow ttbar Resonance in ppbar Collisions at sqrt(s) = 1.96 TeV
(Combined D0, CDF)

Lunch Break

[585] Measurement of the top pair invariant mass distribution and search for New
Physics (CMS)

[192] Searches for tthar resonances (ATLAS)
[76] Z' signals in polarised top-antitop final states

[443] A charged Z' to explain the apparent disagreement in top-antitop asymmetires
between Tevatron and LHC

[46] Top Decays with Flavor Changing Neutral Higgs Interactions at the LHC

[540] Search for anomalous Wtb couplings in ppbar collisions at sqrt(s) = 1.96 TeV
(D0)
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TEV LHC proton - (anti)proton cross sections
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Top Pair Decay Channels
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Top Pair Branching Fractions

“alljets" 46%

TtHjets 15%

u+jets 15%

e+iets 15% )
"dileptons” "lepton+jets™

@ t->Wb

Events classified by W decay

@ “Lepton [e,u] + jets” (34%)
tt - blvbqq’

@ “Dilepton [e,u]” (6%)
tt - blvblv

@ “All jets” (46%)
tt - bgqg’'bqq’

@ “Tau + jets” (15%)
tt - btvbqq’
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Finding the top:

@ Triggering on lepton

@ High missing transverse energy (¥5)
@ High E; jets, central and spherical
@ Two b-jets (displaced vertex)

Background:

@ Dilepton: Z+Jets, Single Top (tW), QCD,

W+Jets

@ Lepton+Jets: W+Jets, Single Top
@ All Hadronic: QCD multi jet events

Determination of the cross section

o

. Nabs_Nbgd

‘o 8“--de:‘

muen in

CATLAS

A EXPERIMENT
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CDF Run 1i

Conf. Note 10878

Cacciari et al., arXiv:0804.2800 (2008)
Kidonakis and Vogt, arXiv:0805.3844 (2008)

Top Pair Production Cross Section at CDF

Assume M=172.5 GeV/c*

TN Moch and Uwer, arXiv:0807.2794 (2008) t (stat.) = (syst.) = (lum.)
Dilepton 7.40+0.58+0.63+0.45
. i1
Lepton + jets (topolog.) - 7.82+0.38+0.37+0.15
L=4.6fb ) ::::::
: e
Lepton + jets (b-agged): % 7.32+0.36+0.59+ 0.14
(L=43fb) 0,::;
All hadroni 728
Il hadronic 7.21+0.50 £ 1.10 + 0.42
e
MET + >3 jets 7.99+0.55+ 0.76 + 0.46
L=2.2fh) ::::::
MET + 213 jets 741+ 0.49 £ 0.96  0.43
h!h. [+] *122
Tau + Lepton i 27 {1 0.47
1 1 1 1 | 1 | 1 | 1 | ‘ 1 | 1 | | 1 1
4 6 8 1 12

o(pp — 1) [

New

pb]
Na

14

DO Run Il arXiv:1105.5834
lepton+jets + dileptons (PLB) 7.40 1019 +0.57 pb
535" Y -019 -050
lepton+jets (topo + b-tagged, PRD) He— 7.65+0.25 +0.75 pb
- Y025 -057
5.3 fb
dileptons (topo + b-tagged, PLB) +0.45 +0.76
p_1 He&H 7.27 545 —063 PP
531fb
lepton+track (b-tagged)* 5.0 :1.6 :o.g 03 pb
1.0 fb™" 40
tau+|e1pton (b-tagged)* 7.32 :12: j%g 045 pb
2.2 fb~ : '
tau+jets (b-tagged, PRD) H 6.30 i18§ :8%3 +0.40 pb
1.0 fb™" i ’
alljets (b-tagged, PRD) — 6.9 +1:35 +1_: 04 pb
1.0 b~ e
(stat) (syst) (lumi)
My = 175 GeV . M. C_acmarl.e I., JHEP 0809, 127 (2008)
CTEQE BM [ N. Kidonakis @nd R! Vogt, PRD 78, 074005 (2008)
’ S. Moch and P. Uwer, PRD 78, 034003 (2008)
J Ll I Ll { - L { I I |- ‘

Oprag = 7-47 £ 0.50,,,

+0.53,,, £ 0.46,,,; pb

Consitency amongst various channels

@ Limitation from systematic uncertainties

(JES, b-tab, W+jets)

@ Sensitive to NNLO predictions (Bernreuter,

Czakon, Mitov, arXiv:1204.5201)

Oyt [PD]

0 2 4 6 8
o (pp — tf + X) [pb]

* = preliminary
red = 2011 result
blue = 2010 results

10 12

CDF, L=4.6tp" ——

12 DO, L=5.4f1 ——
10 i / .
.""vi : : / /////
e Bt / /
8 "f.;f#:f%'ff"%‘,w@,. el " / [/ / i
A AL AR A K i i
s ™ W
/ PRIRIR AL ": - :
6 L L= LO
/ ; ULy O rr g
; : _ s ~NNLO
4 | X (Tevairon) I = NLO
LO; NLO; NNLO; NNLO+NNLL : !

MS TW2003$680;!. ) LO; NLO; NNLO

igtion

64 166 168 170

2 Independent u.c g scale vari:
1 172 174 176 178 18

182

MyoplGeV]

“MIT  Thomas Miller, Institut fiir Experimentelle Kemphysik, KT~ ICHEP 2012, Melbourne %
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ATLAS (ATLAS-CONFE-2012-024)

@ Combination done as product of the individual

likelihoods of each channel

Q|c =177 £ 3 (stat) £ 7 (syst.) £ 7 (lum.) pb

CMS Preliminary, \s=7 TeV

CMS e/utjets
TOP-11-003 (L=0.8-1.1/fb)

CMS ttjets
TOP-11-004 (L=3.9/fb)

156 £12 £33+ 3 pb

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

CMS dilepton (ee up,ep
TOP-11-005 final (L=2.3/b)

162+ 2+ 5+4pb

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

CMS dilepton (et,ut)
arxiv:1203.6810 (L=2.2/fb)

143+14 £22+3 pb

(val. £ stat.+ syst. + lumi.)

CMS all-hadronic
TOP-11-007 (L=1.1/fb)

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

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

CONLo QD ‘ ‘ ‘

0 50 100 150 200 250 300

o(t) (pb)

ATLAS Preliminary 15 May 2012

Data 2011

Channel & Lumi.

Theory (approx. NNLQ)
for m = 172.5 GeV

— stat. uncertainty
—— total uncertainty

0, stat) £(syst) (umi)

Single lepton  0.70 fb” it 179+ 4+ 9+ 7pb
Diepton ~ 0.70f" | e 173+ 6 "}t "7 pb
All'hadronic 167+18+78+ 6pb
1.021"

Combination aes 177+3 5+ 7pb

New measurements
T tjels 167

T+ lepton 2,05 b
All hadronic

———————— 200+ 19+ 42+ 7 pb
—— 186+13+20+ 7pb
168+12 "2+ 6pb

ap

\
50 100 150 200 250 300 350

CMS (CMS-PAS-TOP-11-024)

@ Combination done using a binned maximum likelihood

fit

o, [ob]

@ |c =165.8 £ 2.2(stat) £ 10.6(syst.) £ 7.8(lum.)pb

Results are compatible with NNLO calculations




CMS (CMS-PAS-TOP-12-006/7)

@ New measurement at 8 TeV !

@ Lepton + jets and di-lepton channals combined: 160

CMS Preliminary

350

® CMS combined 7 TeV (1.1 f5™)

a(tt) (pb)

300 .
® CMS combined 8 TeV (2.8 6

250

200

NLO QCD I

|6 =227 £ 3 (stat) + 11 (syst.) + 10 (lum.) pb g .

CMS Preliminary, \s=8 TeV

!

q

CMS I+jets (e/u+jets)
TOP-12-006 (L=2.8/fb)

CMS dilepton (eepup.eu)
TOP-12-007 (L=2 4/fb)

CMS combined

el

29
228+ 9+, +10pb

(val. & stat. sysl.+ lumi)

227+ 3x11£10pb

(val. & stat.+ syst. lumi)

227+ 3+11+10pb

(val.  stal.+ syst.+ lumi)

EEEE Approx. NNLO QCD, Kidonakis, arXiv:1205.3453 (2012)

[ Approx. NNLO QCD, Cacciari et al., arXiv:1111.5869 (2011)

[ Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)
[0 Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)

0 100 200

300 400
a(tt) (pb

O
o

=

=
©

102

10

o CDF
o DO

Approx. NNLO QCD (pp)
Scale uncertainty
[ Scale ® PDF uncertainty
——————— Approx. NNLO QCD (pp)
Scale uncertainty
I Scale ® PDF uncertainty

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 NNLO PDF, 90% C.L. uncertainty

IIII|IIII|IIII|IIII|IIII|IIII|IIII

Approx. NNLGQCD
‘ Scale uncertainty
I Scale ® PDF fncertainty
. “ITNSTW:?OOB(I;J}N:_O::DI" %%‘CLI umel:talmyl .
3 ‘55" s 1 65 9
\ . \'s (TeV)
. |
- 0 ATLAS combined 7 TeV (0.7 - 1.1fb%) | I
- ® CMS combined 7 TeV (1.1 f 1) .
= CMS combined 8 TeV (2.8 fb'') \ :

2 3 4 5 6 7 8

CMS | o(8TeV)/o(7TeV) = 1.41 £ 0.11; no correlation assumed |

9

Vs (TeV)

“MIT  Thomas Miller, Institut fiir Experimentelle Kemphysik, KT~ ICHEP 2012, Melbourne %



@ Measure differential cross sections in the lepton+jet channel
@ Important test of QCD

@ Event selections similar to the cross section analyses

@ Bin-to-bin unfolding to parton level at CMS

<+ T T T T > T T T > T T
S ATLAS Preliminary & 0 ATLAS Preliminary & ATLAS Preliminary
@ ILdt=2.osm“\s=7Tev = _[Ldl:2.05m"\s:7TeV o _I‘Ldl=2.05!b"\s=7TeV
s 2 10 &
2 a
> E _5
m E 10° 2
3]
i] 4
10° it
10
1
g 13 2
g //%//,W%WW = ATLAS
a a .
: 4 Paper in Prep.
25 2-15-1-05005 115225 500 1000 1500 2000 2500 D D
@ m, [GeV]
CMS Preliminary, 1.14 f6" at\'s=7 TeV CMS Preliminary, 1.14 f6' at\'s=7 TeV CMS F’rellrnlnary 1.14 f6' at\s=7 TeV
e SRR RN e e o N R R R — R R A R AR R — e S
o [ e/u + Jets Combined e Data ] f [ e/u + Jets Combined e Data ] - Dllspton Comhlnad * Data
8“’ ¥ —MadGraph | &° f — MadGraph 1 3"5 ~— MadGraph |
= “=MC@NLO | = “=MC@NLO =102} = E
8‘_{ - 8% - ol e | 7MC@NLO ]
88102 powHec | 8l B2 Powies 4 8§ | POWHEG |
| : 107 ]
10 E 10° - E i ]
\T ] F ] 104
i - : i CMS
B I P P T O U P N | I I T SN T S PP | —— PAS'TOP'11'013
40 60 80 100 120 140 160 180 200 0 50 100 150 200 250 300 0

oo et

In conclusion, tt production is well described by SM calculations




NLO QCD: interference of higher order diagrams leads to asymmetry for tt E)roduced
through qQ annihilation:

@ Top quark is emitted preferentially in direction of the incoming quark
@ Antitop quark opposite
@ Production through new processes may lead to different asymmetries

—— 4 t
q { q g q g t N q
B g + B 7 t B g B g £
q t q — £ t q t 9 {
@ At Tevatron: define forward-backward asymmetry . ,
4= NAy>0)-N(Ay<0)
N(Ay>0)+N(Ay<0)

A
events

—top

= antitop

@ At LHC: define asymmetry in the widths of rapidity distributions of t, t
_N(Aly[>0)-N(Alyl<0)

Ae

T N(A=0)+ N(Alyl<0) AWM=l




CDF Run Il Preliminary L = 8.7 fb CDF Run Il Preliminary L = 8.7 fb’
o - =
S - R 0053 + 0.014 Exactly 0 B-Taga oS 1000 Aot 068 + 0.02
- i ~ [
1500 EL:L(&%% + EW) ti + Bkg 2 - - EL:L(ESIZ:’; EW) tf + Bkg
S [ m=m Bkg © 800f pam BKY
® [ A, =0.016 o - A, = -0.0066
w [ (L [
1000 600 [
- 400
500 | -
L 200
0 o 1 2 3 0= 1 o0 1 2 3
Sample with no b-tagged jets  AY, Sample with one b-tagged jet Ay,

CDFE-Note 10807

CDF Run Il Preliminary L = 8.7 fb”' CDF Run Il Preliminary L = 8.7 fb"
— - [aa] =
-g_ | —— |+Jets Data <“- | —— |+Jets Data
S b Am=0162:004 o6 ay =(15.6+5.0x10" /
o ';? - NLG_(QCD+EM tt - (Correlated Uncertainties)
s12 Agg = 0.066 05 = ]
T i p— - — NLO (QCD+EW) tt
15 - Oy, = 3.3x10™"
i —+— 0.4
1B + 03|
B : oz
051~ : ;_Z‘
[ ¢ o1f
= - d-—-_—-—
u||||||||||||||||||||||||||||||||||||||| FA I A [V SN AN S NN TR SR S RSN ST U NSNS T R SN S S RS S
-2 -1.5 -1 -0.5 0 0.5 1 15 350 400 450 500 550 600 650 700 750
Parton Level Ay Parton Level M- (GeVic?)

Arg = 0.162 + 0.041(stat) + 0.022 (syst)
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€ 50 T D@, 5.4 fb™!
(] .
& ] Wejets
200~ [ Multijet
e Data

150

100

[2)]
o

wIIIIIIIII|IIlI|IIII|IIIIlII

-2 -1 0 1 2 3
Ay

Ay in the lepton-jets channel

Measured asymmetry on detector
level after bkg subtraction:

Arg det = 0.092 £ 0.037 (stat+syst)

MC@NLO: A det = 0.024 + 0.007

Measured asymmetry on parton level:

Arg = 0.196 + 0.065 (stat+syst) ‘

DO results in the di-lepton channel:

| Ag = 0.118 + 0.032 |

Summary:

A, of the Top Quark
] V. Ahrens et. al,, July 2011
arXiv:1106.6051v1 (2011)
(** submitted to a journal)
1 W. Hollik and D. Pagani, o
arXiv:1107.2606 (2011) (* preliminary)
CDF LJ —— 0.158 £ 0.074 (:0.072+0.017)
(537
CDF DIL* e
0.420 £ 0.158 (x0.150+ 0.050)
(6517
CDF combined* —0—  0.201+ 0.067 (:0.065+0.018)
(+ stat + syst)
DO LJ* —e— 0196 0.060 e
(5.41")
| | | |
04 -0.2 0.2 04 0.6 0.8
At

Both CDF and DO see significant asymmetry
in tt production in all channels with strong
dependence on my, in conflict with the SM




Lo FTT T T [T T T T[T T T T[T T T T[T T TTTT1q fan enfm T T
; 2000 imi 2011 Data 7] > - CMS —— Datz
Qui B ATLAS Preliminary Iilﬁ D ] = L 5.0 at Vs=7 TeV _EL:) edon
g 1800__ eu -I Ldt= 47fbﬁ1 -sing\emp ] P- B AC= 0.004 +0.010
c C - m: ] £ 06 l4jets -
L 1600? I:Idibosons i —p_ :
1400 T 04l -
1200 - I
1000 = 02l _
800 -
°00; E 05 3 o i 2
400F - Aly|
200F -
ot 1 CMS PAPER TOP-11-030
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VARVA
ATLAS-CONFE-2012-057
@ ATLAS: Ac = 0.029 +- 0.018 (stat.) +- 0.014 (syst.)

@ CMS: Corrected: Ac =0.004 +- 0.010 (stat.) +- 0.011 (syst.)

@ Theory (Kuhn, Rodrigo):

A, = 0.0115 +- 0.0006
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Asymmetry measured in pT, y or invariant mass of the top pair system

Measured asymmetries are compared to
* SM prediction at NLO [1]
* SM simulation at NLO (POWHEG)

« BSM prediction with an effective axial-vector coupling of the gluon at the one-
loop level (EAG) [2]; can explain the strong dependence of AFB on m(tt) as seen

by CDF

[1] Kihn, Rodrigo - arXiv:1109.6830 [2] Gabrielli, Racioppi, Raidal - PRD 85 (2012) 074021, arXiv:1112.5885; arXiv:1203.1488

At LHC data are compatible with SM and with BSM prediction.
Tevatron results display much larger asymmetry than SM

An LHC run at low
energies would be
helpful (once we
explored the energy
frontier.




@  13searchifordResonances  Df

CDE: | epton+jets selection, no D@ | 'epton+iets selection, at
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Observation of single top production: s-channel t-channel Wit-channel
@ cross section o V2

@ study top-polarization and EWK top ¢ t ’ i H
interaction - : '
=, X

2 |

Test of non-SM phenomena: )

@ 4th generation

@ FCNC couplings

oW, H* Main backgrounds:

@ anomalous W, couplings e s-channel: Top pair, W + (HF) jets, QCD
e t-channel: Top pair, W + (HF) jets, QCD
o Wit-channel: Top pair, £ + (HF) jets, QCD

S

(=]

Signal — background discrimination:

@ Tevatron: multivariate methods (neural networks, boosted
decision trees, matrix element method)
@ LHC: cut-based or multivariate method

Collider s-channel: o, t-channel: o, Wt-channel: o,

LHC: pp (7 TeV) 4.6 pb 66 pb 15.7 pb
AT




CDF Note 10878 PLB 705, 313 (2011)
_ W+Jets, NN Discriminant CDF Il Preliminary 7.5 fb™ %l_ DO 5.4 fb > 5, A
T I ® CDF Data = o = :_(b) Dg, 5.4 fb
o | o= 68% C.L. e 4
= 1 I 68.3% CL =] = 90% C.L. S v |>079
S 4 [ 95.5% CL S 4 == 95% C.L. T 3 Vl>E
o} 99.7% CL @ 2 , @95%C.L.
ot Il SM(NNNLO) @ g 2
2 ¥ 8 3 1
g8 | o a
L []] = L 1 PR |
8 g %0204 06 08 1
e . S @® Measurement vV P
[ - () m tb
© [ o [1] PRD 74: 114012, 2006 B sm 121
S T [2] EPJ C49: 791, 2007 < Four genel;gtions
< HEmEeI O Topmror
[ 0 FCNC
C 1 1 1 1 i i i I g . i |
0 1 2 3 4 5 % 2 a
s-channel Cross Section [ph] s-channel cross section [pb]

o, = 1.81+063 . pb o, = 0.98 + 0.63 pb
o, = 1.49047 . pb o, = 2.90 + 0.59 pb

V,>0.78 @ 95% C.L. Vi >0.79 @ 95% C.L.

= No assumption about number of generations

Omeas

|‘/1‘,b,'nrr,ea,3|2 - : |‘/tb,.S'M|2

oSM = Assumption: [V _|*+|V_|* << |V_]|?




cross-section [pb]

| ATLAS: © = 83 + 4 (stat.) + 20-19(syst.) pb | ATLAS-CONF-1205.3130

‘ CMS: s =70.2 £ 5.2 (stat.) £ 10.4(syst.) £ 3.4(lumi.) pb ‘ CMS-PAS-TOP-11-021

o
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associated production
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Summary

t-channel single top quark production

L] L] T ] L} T T l L L) L} l T Ll L) I
®  CMS preliminary, 1.14/1.51 fo' i

v DO, 5.4 fb'
CDF, 7.6fb"

(@) ATLAS preliminary, 1.1 fb;
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....... NLO QCD (5 flavour scheme)

= theory uncertainty (scale @ PDF)
Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042

1 IIllIIII

1 P11l

| NLO+NNLL QCD |
= theory uncertainty (scale & PDF) E
E Kidonakis, Phys.Rev.D 83 (2011) 091503 E
L | " — | M f | PR P L L L
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b

Final state: 2 isolated leptons, 1 b-tagged jet and MET (as dilepton top pair but with 1 b jet less)
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ATLAS (arXiv:1205.5764)

@lsolated lepton p> 25 GeV/c
OF; > 50 GeV
@No b tagging requirement

@MVA (BDT) based analysis

Events

CMS (CMS-PAS-TOP-11-022)

@lsolated lepton p;>20 GeV/c

O >30GeV

@2nd b-jet veto is applied for signal region
@Cut based analysis

2000y ' ' ' ' eDaa | 1200 CMS F;relimihary,\!E =7TeV [» data
- ATLAS 777} JES uncertainty | L 2.1 b7, eelen/un w
L 4 Ewt - | I
1 500_ I Ldt=2.051b Ot 1000_— Wz +ets
L COWW/ZZ/WZ L [ other
| \s=7TeV [ Z(ee/up)+ets . L
L O Z(tT)+jets i 2800
@8 Fake dileptons | -
1000 _ - g
i First measurement ! £
>
Q
500+ —
i . . - o _
0 0 1 2 3 4 5 >6 1jet 1 tag 2 jet 1 tag 2 jet 2 tag
Niels
ATLAS: o = 16.8 + 2.9 (stat.) + 4.9 (syst.) pb




@ Right-handed W, with SM-like couplings chosen as benchmark model

@ Similar signature as single top s-channel (1 lepton, MET, 2 jets and at

least 1 b tag)

CMS-PAS-EXO-12-001

@ BDT used to
discriminate signal
from background

T

50fh'at Vs =7 TaV

50fb'at{s=7 TeV

CMS Preliminary

50" atvs = 7 TeV

—
—— Boos et. al., PLB 655 (2007) 245-250]
—— 95% C.L. observed ]

R

Evenls
o(pp—~W' —tb) [pb]

elptfets N =1

http://arxiv.org/abs/1205.1016
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@ Invariant mass of tb
system used as
discriminating variable

1-tag and 2-tag - Expected 1o

Events

i\sS= 7 TeV [l single top
——— 95% CL Observed limit

iy
o
T T T FTTIT

s Wo (M= 1 TeV) x 10
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W', Theory

Observed limits (ATLAS, CMS): m,»,> 1.13/1.85 TeV




Three possible helicities: o 1 — T oTeom
L [ ® Pythia
| 4 Herwig
0.8}
Suppressed [
gn osf 1
W b I
0_4-7 M IR ISP B S R
Left handed Longltudlnal Right-handed 150 160 170 180 190
W E Wy——; W F; m, [GeV]
Fo = gt Distribution of Angle 6* between
w T

charged lepton in W system and W-
Boson in Top-Quark system:

th -1 3 SM:
——=— ~ =(l-cos0”)’ | F.=0.31
d(coso”) 8
fimm wml om mm dN ~
\ > —— ~ 2(1 cos’0”) | F,=0.69
d(coso™) 4
Motion of W in dN, _,, 3 . B
@ Top rest system d(cose’) g(1+c0s07) F, =0.001

A. Czarnecki, J. G. Kérner, J. H. Piclum, Phys. Rev. D 81, 111503 (2010)
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With three helicity fractions, there are two independent Ze | gt
quantities to measure (3rd fraction is fixed since =f = 1) 300 =
» We choose to measure f, and f, 04¢
 Can either measure both fractions simultaneously (2D fit) 02k /1
» or fix one fraction to its SM value and measure the other (1D fit) oL
cos 6
N CDF + D@ combination
B 5 L=27-541b"
N —SJ— ----SM value ® Combined result
= () CDF l+jets m * SM value
. - cor et N\ oexhee,
i A\ DO A D@
r . @ Combined result
B 68% and 95%
? —.i— C.L. contours
0.; o5 o 0‘7 B T T R ; T 02 s
fo f+
= o Tevatron Combo | 2D: f, =0.722+0.062 +0.052
- = f,=-0.033£0.034 £0.031
_ 1ID: f, =0.682+0.035+0.046
- f,=-0.015+0.018 £0.030
n &
R PRDSS5, 071106 (2012)
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LN S S B | L L AL AL R

- ATLAS dilepton channels

r de[=1.04fb1 & Data
r ---- SM exp. ]
500 - Bkg bestfit —
i Unc. best fit |

Events
g

- tibar

T T T T - Wets
- Single Top
- OY+ets

Qco

-oa 06 04 02 0

Combine
|+jets and
dilepton

CMS: I+jets

L L L L B T T T
ATLAS J.Lcit=1.04fb'1 Fg Fo Fo
I NNLO QCD

Combination

o=+ Data (FH.’FL.’FU)
Template (single leptons) . L
Template (dileptons) [ Sl ke
Asymmetries (single leptons) e« - ke
Asymmetries (dileptons) e — A
Overall combination - T —a

P I R MR S L

0 0.5 1

W boson helicity fractions

F, = 0.67 + 0.03 (stat.) + 0.06 (syst.),
Fi, = 0.32 +0.02 (stat.) +£0.03 (syst.),
Fr = 0.01 £0.01 (stat.) & 0.04 (syst.).

CMS preliminary

Re(g,)
@

-0.6

Poevco
[ Jes%cL

V=1,V =0

s b Py b byw s by w by v w by by g g byas
-1 08 06 04 02 0 02 04 06 0.3 1
e(g,)

= 0.567 & 0.074(stat.) % 0.047(syst.)
= 0.393 - 0.045(stat.) & 0.029(syst.),




AT

Karbrsher At for Tedwistonle




Measurement of the top quark mass:

@Template method:
fit MC generated distributions assuming
different Mtop to data
@ Matrix element method:
probability based on LO tt matrix element
using full kinematics of the event
@ Ideogram method
event likelihood computed as a convolution of a

=0.18

0.08f
5
¥
0.06|

0.04}-

- tf m temp = 2tags (AJES = 0.0)

3 -

0.16|
ﬁo.u R
@
So.12f

0.1

0.02|

. M- 160
B M, = 170

M= 180

M, = 190
—_— F(m:“l MM.AJES)

Gaussian resolution function with a Breit-Wigner (signal)

@ Calibration curve method
di-lepton channel using mt2
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Sources of uncertainties
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Source of uncertainty

Statistics
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Modeling background ™
Modeling signal &

Jet energy scale W
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kJES

AJES (Gc)
o
(2]

_ e W ] 1.05
L === Alog(L) = 2.0 i

0al pnee T vy L Alog(L)-4.5 1.04
coy R ]

0.2 S o '~ 1.03

1.02

-0.2 1.01

-0.4

N : :
. 5 H
"y ot z
T T 5

[ CDF Il Preljiminary 8.7 to"" ] E

170 172 174 176 ;,,T:(Gev,cz) O- 70 172 174 176 178 180 182

m, GeV

i3

§ : } 3§
L] IIIIIIIIlllIIlllllllllllllllllll‘llll

3

[

)

3

N

3

[

L

4

[

)

[

P-a

[
1111

CMS preliminary, 4.7 fb™', \s=7 TeV

1.02-l\-|l-ll|\l-lll----ll|\--l|l\--|--l\

JSF

—1o ATLAS W4 03

1.01
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— Tevatron combination and perspectives

Leptontjets Runll CDF »L 173.00 £ 0.65 = 1.06 GeV
Leptontjets Runll D@ HoH 17494 * 083 * 1.24 GeV
Leptontjets Runl CDF o +— 1761 = 51 £ 53 GeV
Leptontjets Runl D@ i 1801 % 3.6 39 GeV
Alljets Runll CDF H-0orH 17247 £ 143 £ 1.40 GeV
Alljets Runl CDF 186.0 *10.0 % 57 GeV
Dileptons Runll CDF 1 170.28 £+ 195 * 3.13 GeV
Dileptons Runll D@ H—o—i 174.00 £ 236 * 1.44 GeV
Dileptons Runl CDF o H 1674 £103 %49 GeVv
Dileptons Runl D@ 0 H 1684 123 %36 GeV
$T+jets Runll CDF o+ 17232 £ 1.80 = 1.82 GeV
Decay length Runll CDF 166.90 * 9.00  2.82 GeV
Tevatron Combination 2012 HeH 173.18 £ 0.56 £ 0.75 GeV
X’ I dof=8.3/11
160 170 180 190

Mass of the Top Quark [GeV]

— LHC combination and perspectives

Expect to reach precision of 0.7-0.8 GeV

Total Top Quark Mass Uncertainty (GeV/c?)

7
« Tevatron Top Quark Mass Uncertainty
6 '_\ + Combined CDF measurement
C A Combined D@ t
5 B 4 Tevatron combination
K Projected future uncertainty range
a,
3
2
1 3
" | Run1 AM<1GeVic ,
- T1o b
N 1 1 1 1041 l 1 1 1 L1 111 1
T
10 10

1
Integrated Luminosity (fb™)

comb

TeV:

= 173.18 £ 0.56 (stat) = 0.75 (syst) GeV

= 173.18 £ 0.94 GeV

LHC: top

= 173.3 £ 0.5 (stat) + 1.3 (syst) GeV
=173.3+1.4 GeV

LHC m,_ combination - June 2012, L, =35pb -4.91b"

ATLAS 2010, l+jets ' - 169.3+ 4.0+ 4.9
r\_T_nizc-n. +jets o 1745+ 0.6+ 2.3
ATLAS 2011, all jets o 1749+ 21+ 3.9
CMS 2010, dHeptan @t 175.5+ 4.6+ 4.6
CMS 2010, lvjets —— it 1731421427
CMS 2011, di-lepton —— 173.3+1.2+27
CMS 2011, j+jets —e— 172.6+ 0.4+ 1.5
LHC June 2012 g 173.3£05+1.3
Tevatron July 2011 il 173.2+ 0608

| | | | - - 1!ITL:|; [systL)

150 160 170 180 1

ATLAS-CONF-2012-095

CMS PAS TOP-12-001




@ CPT theorem predicts masses of particles and antiparticles to be equal

» Top-quark only particle with color charge to test this invariance

@ Analysis Principle: It L eptonic branch:

v Using lepton charge to tag
top- or antitop-quark

Hadronic branch:
Reconstruct top-quark @
to determine mass

@ Analysis of pt+jets events
# 1lisolated muon, 4 high-p;jets
~ Kinematic event reconstruction of 12 permutations

» Measurement of top- and antitop-quark masses with ldeogram method

*  Taking b-tagging information into account to reduce background events (mainly W+jets)




Test CPT invariance in the top sector

AM, =

Reconstruction of the hadronic side:
compare £++jets and ¢-+jets events
Use kinematic fit, and event-per-event %
likelihood for €- and ¢+ separately 8

Mton

Miop

CMS, 4.96 fb ' at\s = 7 TeV W
}Eﬂun:llll TTTT TTTT TTTT TTTT I-III TTTT III-W_,h.
St UHets | [mzy—T
o S onge e
-~ -+-Data
‘94{][]['.'

c

83{][][)

L
2000

Amy = =044 £ 046 (stat.) £ 0.27 (syst.) GeV

ZB000F— g —
& F 1 jetzs
Most systematic effects cancel out ! QP00
— the measurement is stat. limited #4000
c o
World’s best so far

Consistent with SM,

Consistent between e and n

GMS 496fh at\.'_ ?TEV

0 II1IIIII|T|]|I 200 300 400 500 600 700 800 G00 1000
Fitted top quark mass (GeV)

B it

[ W—h

B Ziy* =TT
[ Single top
] Multijet
—+-Data

CMS-TOP-11-019

0100306 500" 400 500606706800 900 1000
Fitted top quark mass (GeV)




o(pp — tqgb + X) = 2.90 &+ 0.59 pb [ R= 0.90+0.04 (stat+syst)]
m =172.5 GeV

W
t t v
q r -1
> 1.2:— D@, 5.4 fb b
O 1 Expected I,
%’o.af— = 1.39 ) GeV
Saab Observed T
399 = 2.00 % GeV Moo \ 3
90.4- 04 T o< w
= r top M
§ 0.2 : X top
& gl 1500 ST Ttop A~ 4.7-1072°s

05115225335445

Phys. Rev. D84 012008 (2011) [ [GeV]

T, =2.000947 Gev| |m = (3.297033) x 1072 5

—> most precise determination
Phys. Rev. D 85, 091104(2012)

Karbrsher At for Tedwistonle




Events / (2 GeV)

Trilepton channel: (17 Z — I+ jets + (Z —11)) |

w+
Same-sign dilepton channel: o (17 V — [+ jets + (W —1v) or (Z—11)
with /=¢ or u t
5
B Selection: ® Background estimation from data: 7 L b

=> 3 leptons: 2 opposite-charge and => {t : cross-flavor dilepton events

same-flavor leptons (Z°") = Z+jets and diboson: trilepton,

> 3 jets (2 b tagged), H_> 120 GeV no b tag events

CMS Preliminary L =498 at\s -7 Tev CMS Preliminary L=4981 at\s=7Tev
35;_ . DﬁmaiI | | | | _; "UE, i I | . | l i
o mnE Z#jetsand | g 4 o Triepton ; |
pof EZeis diboson | 1o Mlisw E First measurement of ttV:

- Wl estimation - [ ElZets ® |

- 7] Diboson 1 8—_ T I b
20F E [ [ piboson 1 ..
b E ol 4™ Result combining all 7 channels:

3 E 7 _ | - 0.15 0.04
] \lg(er) = 0.51",3(stat.) ", o, (syst.) pb
5 = '

} =» Significance of 4.67 ¢

60 70 80 90 100 110 120 130
Dilepton Invariant Mass [GeV]

CMS-TOP-12-014

*“lee)e (el (e (wuu Total




CONCLUSIONS

Seventeen years after its discovery, top quark physics is ever
Increasing in fascination.

The Tevatron will leave a legacy in precision measurements, analysis
methods and searches at the energy frontier.

The LHC has had a phantastic start and has been taking over from
the Tevatron. The LHC has become a top factory.

Theory has been accompanying us in this exciting programme, being
a match in terms of precision and paving the way in predicting new
phenomena.

So far, agreement with SM predicitions is astounding except for one
mystery which seems to solidify. We need to get hold of the
asymmetry in all possible ways.

Exciting times are awaiting us !

Supported by the State of Baden-Wirttemberg, HGF, the DFG and the BMBF —

nnnnnnnnnn
......
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In BSM possibility of top polarisation, for instance through D. Krohn, T. Liu, J. Shelton et al.,
axi-gluon or W* couplings. Phys.Rev. D84 (2011) 074034

Angular distribution of charged leptons sensitive to polarisation:

1 dI’ 1
—— == nki €os 0y,
T dcostr, 2( +2Pn ki cos 0; 1)

n direction of the top in the tt rest frame
k; = 1 for leptons

\\l\\\l\\\l\\\l\\\l\\\l\\\l\\\\\\\\\7
[ CMS Preliminary, 5.0 fb” at \s=7 TeV B

—%— ( Data - BG ) Unfolded

Syst. Uncertainty

—— Powheg parton level S M

e CMS PAS TOP-12-016
-1 -0.8-06-04-02 0 020406 0.8

|P, = —0.009 & 0.029 & 0.041 |  Consistent with Standard Model




¥  RaoR=o/

Events / 0.05

@ R, is sensitive to the u/d PDFs; naive expectation R, = 2
@ Measurement of o, using binned max. likelihood fit to NN output in 2-jets
and 3-jets data split according to charge of lepton

: ATLAS Preliminary [Lat=47f0" \s=7TeV -  ATLASPrelminary [Ldt= 471" \s7TeV
3000'._ Jets tagge éﬂzthaannel (top) 4 gt = 532 Zl: 108 pb ATLAS result ;
L = ;;:hac;te' (top) -
: [ Wfli:l,eavy flavour : ABKMo9
2000} B 2o dison - =29 5174 pp NNPDF 2.
- . et i Ot = ~_7.5 p MSTW2008
GJRO08
7 CT10 (+ DO W asym.)
1000 : _ +0.23
Re=1.817,%, cT1o
213 1415 16 1.7 1.8 1.9 2 21 22
R
00 0.2 0.4 0.6 0.8 1
NN output ATLAS-CONF-2012-056

Correlations between the individual cross section measurements
are taken into account, leading to a reduction of the uncertainty

The measurement is in agreement with the predictions based on
various global PDF sets that range from 1.86 to 2.07.




{{]  FCNC, B(t—Zq)=5%

g
e
-
g 30
-
q w >
v B 20
10
7 ¢
4
i 0
>
S
8
g
2
L% - Other backgrounds
: )
% 600 800 1000
H; (GeV)

3 leptons + 0 jets

Events per 100 GeV

[T & FONC, B(1—Zq)=5%
—=— Data

Events per 100 GeV

- Other backgrounds

(b)

200 400 660 360 1000
H; (GeV)

3 leptons + 1 jet

D@, 4.1 fb’! [T & FONC, B(t—Zq)=5%

—=— Data

Wz

- Other backgrounds

0 200 400 600 800 1000

3 leptons + 22 jets




excluded at 95% C.L.

m, = 175 GeV,c . = 6.90 pb
atuZ = vth — ath = chy =0

DO, L = 4.1 fb™

world's best
o limit

0.1 0.2 0.3

ner-p»

arXiv:1206.0257

Christian Schwanenberger




@ Spins of t and t are predicted to be correlated in SM

— Top decay before hadronization allows to measure top spin from its decay
products

— At LHC at low m(tt) ttbar production dominated by like-helicity gluon pairs -
like-helicity ttbar pairs.

— In dilepton final states this results in correlations between the leptons in the
azimuthal angle Ag in the lab frame (Mahlon & Parke)
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= Complementary between Tevatron and LHC

q t g :
q 1 g t
Dominant Dominant
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CMS Preliminary, 5.0t at Vs = 7 TeV
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_[ Ldt=2.11fb" ATLAS
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en L e 1.4040.17°0%
: Phys. Rev. Lett. 108
combination e+ 1.3040.14 52 212001 (2012)
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f=1.06 £ 0.21 (stat.) + 0.40 - 0.27 (syst.)
A=0.34 £ 0.07 (stat.)+ 0.13 - 0.09 (syst.)

SM: f=1.0,A=0.31

f=0.74 £ 0.08 (stat) = 0.24 (syst),
A=0.24 £ 0.02 (stat) £ 0.08 (syst)

CMS-PAS-TOP-12-004




tt spin correlations C
beam

CDF, 5.1fb™ P 0.04+0.56
(dilepton template)
D, 5.4fb™ —— 0.50+0.45
(dilepton template)
DY, 5.4fb™ =1 0.57+0.33
(dilepton ME)
CDF, 5.3fb" ———0.72:0.69
(I+jets template)
D@, 5.3fb™ F* 0.89+0.33
(I+jets ME)
D@ combination, 5.4fb"™ A 0.66+0.23
(dilepton + I+jets ME) W.Bernreuther et. al

Nucl. Phys. B 690, 81
I -|4 I I I -é I I I 6 I I I é I I I 4 I

Correlation values in agreement with SM assumptions




Cross sections

(pb)
[mtop =173 GeV]

s-channel tW channel

Tevatron:

bar@l 968TeV 1.046%0-002_, 45,1008 oes | 208 "t O 12 0.22 +0.08 7.08 +0.00_ ,,+0.36_, o
pp ;

LHC: pp @ ? TeV 4.56 + 0.07+018 1, 85.9 21 415, , 15.8 +0.4 410,

LHC: pp @ 8 TeV 5.556+0.08 £0.21 8728 gl oo 22.2+*0.6x1.4 234 10, + 12

N. Kidonakis
arxiv.org/pdf/1205.3453v1 (2012)




W=Jets, NN Discriminant CDF Il Preliminary 7.5 fb™'

(5]

2 2/(b) DO, 5.4fb™ g oot
g 4‘_ 8 [ IV, |>0.78 (95% C.L)
® 2 0008
© o IV I > 0.79 = -
i : tb § 0.006 |-
S | @95%C.L. S [
S 2_ o B
9 § 0.004_—
s 1 2
a § 0.002f
02 04 06 08 1 03704 05 06 07 08 09 i
A Ve
o |[Vtb| = 0.92 +0.10-0.08 (stat.+sys.) = 0.05(theory)
Other single top studies:
FCNC Smgle top quark production
"._,: mﬂn ?mim T T 1 .I_
SearCh for .‘??r. :: LLTFT:'H'MM E i e —!;L.?T:‘.r!'h
gg =t — W(— év)b 14 Excluded region o 1
- E o Exeluded region

8 015
8 o140
ap
mT+ETmiss>60 GeV : i e - L
Require only 1 jet (b- tagged) 2 ev T aen e aos ook oee o
o(qg — t)- B(t =+ Wb) < 3.9 pb (95% CL) | B(t — ug) <5.7-107° B(t = cg) < 2.7-107"*

CMS-TOP-11-028 is 0.34%,




