o

ICHEP2012 o
Melbourne

T

Karlsruher Institut far Technologie

Thomas Muller, Institut fur Experimentelle Kernphysik, KIT

—y

_ Fermilab Tevatron =

B -

Tevatron:

@ Run 1: Vs = 1.8 TeV (1992-1996)
Top quark discovery in 1995 with

65pb-! (around 20 events each
experiment)

@ Run 2: Vs = 1.96 TeV (2001-2011)
12 fb-1 delivered, on tape 10 fb™'
8.7 fb-! being analysed so far
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“. CERN Large Hadron Collider

LHC:
@ Vs =7 TeV (2010-2011)
5.7 fb-! delivered, on tape 5 fb™*
Around 1M tt pairs produced per exp.
@ Results in ~60k reconstructed tt events
in e/p+jets or in dilepton final state

@ Vs = 8 TeV (2012 ongoing)
More than 1M tt pairs produced
2.8 fb-1 being analysed so far
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February 24" 1995: Simultaneous submission of Top Discovery
papers to PRL, by CDF and D@

50 pb* at D@
« m = 199+30 GeV

17 events -
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THE PARTICLE
*Mass (matter vs. anti-matter)

«Life-time / width

_ TOP DECAY
*Cross sections Radiation of Bosons Charged Higgs
*Top polarisation W helicity

*Spin-correlations

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

*Anomalous couplings
*CKM matrix elements
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maybe decay product of new states

CY
The top quark is very special: L ”@% -
* Yukawa couplings close to 1 ' ;
* Most massive particle known Q
*The Only ,,free“ quark o electron | muon
* Appears as signal, background and I I I

e Generations of Matter




Cross sections
Wb
_.[mt.o_p =173 GeV]

tW channel

‘Tevatron:

'D'Dbar@]_QGTe’V’ 1-046+[:)'I:JDE'—D.01+D'Oﬁ—0.i')56 2 08 +O‘OD—D.D4 +0.12 0.22 + 0.08 708 H:}"CH:}—L'J..‘-E.&il{"‘r—'f"t"fi

LHC:pp @7 TeV 4.58 + 0.07+0-18 ; ;- 85.9 **1 4,15 ;0 1586+0.4*10 ;,

LHC: pp @ 8 TeV 5.55+0.08+0.21 87 2i st st us 22.2+0.6x14 234 *10_,+ 12

N. Kidonakis
arxiv.org/pdf/1205.3453v1 (2012)
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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 LHC 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 tthar production (DO)

16:15 [533] Measurement of top quark properties - electric charge and width (D0)

presenter
Mr. DERUE, Frederic

Dr. RODRIGUEZ MARRERO,
Ana

Dr. CHILDERS, Taylor

Dr. ALDAYA MARTIN, Maria
Mr. CORBO, Matteo

Dr. MARQUARD, Peter

Prof. SCHWANENBERGER,
Christi

Mr. STURM, Philipp
Dr. BENELLI, Gabriele
Dr. PETERS, Yvonne

Dr. SALAMANNA, Giuseppe
Dr. STADIE, Hartmut
Mr. VAN ONSEM, Gerrit

Dr. LEE, Hyun Su
Dr. BRANDT, Oleg

Dr. DELIOT, Frederic

Dr. VOS, Marcel

Dr. JUNGST, Markus

Dr. SUMOWIDAGDO, Suharyo

Dr. PETERS, Yvonne

Prof. SCHWANENBERGER,
Christi

16:30 [545] Combination of CDF and D0 measurements of the W boson helicity in top quark 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].
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time
09:00
09:15

09:30
09:45

10:00
10:17
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11:00
11:15

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

12:32
14:00

14:15
14:30
14:45
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15:15

uark Physics and TR11 - Particle Astroph
[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-tbar 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 $A_{FB}t$ 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)

ics & Cosmolo
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Top Pair Decay Channels

w
S |3 2
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S|

5|85
> 2|28
IS | o
("B o7 | tau+jets
'S | muon+jets
'v . electron+jets
\\‘\ N |+ g =
bgo‘b e|n|t ud cS

Top Pair Branching Fractions

"alljets™ 46%

T+jets 15%

u+jets 15%

e+jets 15% g
"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 - bqq'bqq’

@ “Tau + jets” (15%)
tt - btvbqq’




el 12 Tact

Finding the top:

@ Triggering on lepton

@ High missing transverse energy (F;)

@ High E; jets, central and spherical

@ Two b-jets (displaced vertex)
Background:

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

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

CATLAS
JLEXPERIMENT

electron

Determination of the cross section

_ Nobs _Nbgd
“ gu—"[Ldt

o)

muon insite jet -
f .




CDF Runll Conf. Note 10878 DO Run arXiv:1105.5834
Top Pair Production Cross Section at CDF lepton+jets + dileptons (PLE) 7.404019 087 op
1 y -0.19 -0.50
Cacciari et al., arXiv:0804.2800 (2008) = 2 A
Kidonakis and Vogt, arXiv:0805.3844 (2008) Assumo M‘ 1725 GeVie lepton+jets (topo + b-tagged, PRD) +0.25 +0.75
MM Moch and Uwer, arXiv:0807.2794 (2008) t (stat.) + (syst.)* (lum.) S HeH 76575 557 Pb
Dilepto e : - dileptons + b 5 +0.45 +0.76
Tepton i 7.40+0.58 £ 0.63+ 0.45 oo ey Fe RN R w
4
Lepton + jets (topolog.) ¢ 7.82+0.38+0.37+0.15 leptonstrack (>-tagoed” 50 1% 92 o5 pb
L=d6f) :::::: - - - 1.0 fo-t 44 -08 ==
i
Lepton + jets (b-tagged) <! 7.32+0.36+059+0.14 tautlepton (b-tagged)” 73241344120 . 45 pb
(L=4.3fb ') * - " - " - " 22 o' e A24 006 7
All hadronlc 7.21+£0.50+1.10 £ 0.42 ta:::f?‘ts (b-tagged. PRO) H 6.30 7} 1302 z040pb
MET 4 3 jets 7.99+0.55+0.76 + 0.46 aljjots fotagud, Pu0) — 6.9 *13 1% 104 pb
i 1.0 fo™ o
MET + 213 jets 7.11+0.49+0.960.43 ettty
(=870 ) ey = 175 GeV B M. Cacciari efal., JHEP 0809, 127 (2008)
Tau + Lepton i : +1.22 Z [ N. Kidonakis 8nd R| Vogt, PRD 78, 074005 (2008)
(L=s.ulr!»“1p | fitliitdid i .I £2.27 -1.l|17 +0.47 CIECs.oN S. Mach and r, PRD 78, 034003 (2008)
‘ L1 L1 — ! E— s 93] =g 56l G g vl s o oo opdl
6 ] 1 12 14
G(pp - ﬁ) [pb] * = preliminary 0 2 4 6 8 10 12
red = 2011 it - z
N ew Bloe = 2090 kit O (pp = tt + X) [pb]

CDF, L'=4.6f6'; —

0.53,,, 0.46,,,pb | 2| DO, =547 ——

10 ///// -
:"44{1¢ heh Wi T o
¥
%

stat =

Opag = 7-47 £0.50,,, *

@ Consitency amongst various channels

Oyt [PD]
®

@ Limitation from systematic uncertainties 6 [l ":I?ql_o
JES, b-tab, W+jets 3 o ,
( ; , W+jets) AR SIECeC o B . W NLO

@ Sensitive to NNLO predictions (Bernreuter,
Czakon, Mitov, arXiv:1204.5201)

MSTWZOCB;GBC..’.) LO; NLO; NNLO
Independent ur g scale variation : ;

2
164 166 168 170

172 174 176 178 180 182
MyoplGeV]
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ATLAS (ATLAS-CONF-2012-024)

ATLAS Preliminary o LNy 202
. . . T ory (approx. NNLO)
@ Combination done as product of the individual form = 1725 GV
likelihoods of each channel peta20n! v
Channel & Lumi. o Hstat] +{syst) +(lumi)
— Single lepton  0.70 b - 179+ 4+ 9+ 7pb
@|o =177 £ 3 (stat) £ 7 (syst.) £ 7 (lum.) pbl . )
ilepton 0.70 b —— 173+ 6 7, " ;pb
All hadronic 167+18+78+ 6pb
CMS Prelimi 's=7 TeV 1o
reliminary, \s= e
> Combination ——— 17743 0+ 7pb
?o":iiiifﬂfﬁ.im, 163_“ x ,ﬁ.f",yﬁ 3 7: pb New measurements
Tatiets  167f" e 20019442+ 7pb
. otlepon 20507 e 186+ 13420+ 7 pb
e 195, 12633 3 b o .
TOP-11-004 (L=3.9/fb) { ¥ ) All ha_gironlc 16812 "5+ 6pb
- R I
CMS dilepton (eeup,eu) 162+ 2+ 5+4pb 50 100 150 200 250 300 350
TOP-11-005 final (L=2.3/fb) {val. + stat + syst + lumi)
o, [pb]
CMS dilept ;
o o ooty 133145223 pb CMS (CMS-PAS-TOP-11-024)
CMS all-hadronié 136.£20+40+ 8 pb @ Combination done using a binned maximum
TOP-11-007 (L=1.1/fb) {val + stat. = syst. + lumi) Iikelihood fit
[ Approx. NMLO QCD, Aliev et al., Compul.Phys.Commun. 182 {2011) 1034
=R R
e | | | | —
o w W w m m @ @[0=165.81%2.2(stat) + 10.6(syst) + 7.8(lum.)pb |

o(t) (pb)

Results are compatible with NNLO calculations
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CMS Preliminary

@
3

® CMS combined 7 TeV (1.1 ")

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

[
o
o

AL LA UL LR R R

aitt) (pb)

= CMS combined 8 TeV (2.8 fb™)

@ New measurement at 8 TeV ! 250

200

@ Lepton + jets and di-lepton channals combined: 150

Approx. NNLG QCD

= =
|

Scale uncertainty

G = 227 + 3 (stat) £ 11 (syst.) £ 10 (lum.) pb N Ko -

MSTW 2008 (NJNLO PDF, 8g% C.L. uncertainty

TT T 71

....I....I.‘...I....L. PRI B T W
% 6.5 7. 75 q 85 9
CMS Preliminary, \s=8 TeV \ I ¥s{Tev)
= -8_ — O ATLAS combined 7 TeV (0.7 — 1.1 fb") \ |
= — ® CMS combined 7 TeV (1.1 fb':) " :
) ) —a— 2 = ® CMS combined 8 TeV (2.8 fb') \
CMS HHjets (efu+jets) 228+ 9+5 +10pb "6’ ~ o CDF
TOP-12-006 (L=2 8/fb) {val. + stat. £ syst. + lumi} o DO
10% =
5 2 ~
CMS dilepton (eeup,eu) 227+ 3+11+10pb B
TOP-12-007 (L=2 4/fb) {val. £ slal.+ sysd. + lumi} B
@ ~ Approx. NNLO QCD (pp)
CMS combined - 227+ 3+11+10pb Scale uncertainty
s — 10 [ Scale ® PDF uncertainty
- a4 e Approx. NNLO QCD (pp)
e 000 Ko oo, - BN Scale uncertainty
% ﬁg:mtg gg:.un;:'r;u%:?:g :eousig_wlioe:sﬁhepw_umum; ~ B Scale ® PDF uncertainty
' ' . " Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
| | | | - MSTW 2008 NNLO PDF, 90% C.L. uncertainty
0 100 200 300 40_0 llllIIIIIIIII|IIIIIII||||III|IIIIIIl|I
o(tt) (pb) 1 2 3 4 5 6 7 8 9

CMS | o(8TeV)/o(7TeV) = 1.41 + 0.11; no correlation assumed B8l
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AT

[ -

@ 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
ATLAS Praliminary
jm =205 \8=7 ToV

T T T
ATLAS Preliminary
Ldt=205m"\s=7TeV

e
ATLAS Preliminary e+ jels

JLm-z.nsm"\s-?Te\.r

Events /0.4
Events / 30 GeV
Events / 200 GeV

i o

o 15 ]
= p = g
S E s
% | / D RR ALY, o -
(=] e =] ]
0.5E—= Q
25-2-15-1-05005 115 2 25
Yi m; [GeV]
CMS Preliminary, 1.14 f5' aty/s=7 TeV CMS Preliminary, 1.14 f&' al\s=7 TeV CMS Preliminary, 1.14 i’ at\'s=7 TeV
o A R L RN A AR AR RERE RRRF c A R SR N SR R s S L (A B B LA B LR b
= [ elp + Jets Combined e Data ] o [ e/u + Jets Combined e Data ] ’;“ [ Dilepton Combined * Data
i —Madcraph | &° | —Madaraph | B | —MadGraph |
— —MC@NLO e ’ —MC@NLO | =—=10?- ~MC@NLO =
= = L] -
88,02 —POWHEG | 8| 802 —powHee 1 HE | — POWHEG |
~le E —le E -5 [ b
- . 0% i |
107 i
E 10";—
BT B v e e 10" I / | PR EPEENS ETRPET e PAS-TOP-11-013
40 60 80 100 120 140 160 180 200 ] 200 400 600 800 1000 1200 1400

# (%Y

1]
m
M| 2

In conclusion, ft production is well described by SM calculations

s



NLO QCD: interference of higher order diagrams leads to asymmetry for tt produced

| 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

—— T —— t
q t =15 N
g T N 1t .

E a 4 TNy

dor/dy

Tevratron

@ At Tevatron: define forward-backward asymmetry .
. N(Ay>0)—N(Ay<0) : &

Afl‘=
N(Ay>0)+N(Ay<0)

events

@ At LHC: define asymmetry in the widths of rapidity distributions of t, t Y
antitop

N(Aly[>0)—N(Alyl<0)
Aly| = |yl — |yl

A=
© N(Aly[>0)+N(Alyl<0)

AT

[ETp -

Y



CDF Run Il Preliminary L = 8.7 fb™' CDF Run Il Preliminary L = 8.7 fb
0 T— ol [ ——
= - 0057 + 0.014 Exactly 0 B-Tags S 1000F - Rlel0ee - 0.02
% 1500k == NLO (QCD + EW) tf + Bkg 7 F e NLO,(QCD + EW) ti + Bkg
I " e BRY S 800 wumBKY
4 i A, =0.016 g X A, = -0.0066
w [ [ [
1000} 600 [
i 400
500 f -
L 200
=2 4 o0 1 2 3 == 1 o0 1 2 3
Sample with no b-tagged jets AV, Sample with one b-tagged jet Ay,

CDF-Note 10807

CDF Run Il Preliminary L = 8.7 fb” CDF Run Il Preliminary L = 8.7 fb”!
S [—1Jespaa £ | —1iJets Data
t—"-‘ 5 o AFE=01621004—T < 0.6 :_ OtMt[ - (15.6 + 5.0))(10-4 /
% 5’: E —g::}ztggggEm L t o5 ; (Correlated Unceftainties) e
- B — - — NLO (QCD+EW) tt
15 a k o, = 3.3x107
N Background-subtracted
1B
- acceptance corrected
: 0.2 —
05— B ‘7_3—4
e $ o1f
n = —T
IJ""I" l M l ] ' B R A N BRI 0 —_— P I R P P R
-2 -1.5 1 -0.5 0 0.5 1 15 2 350 400 450 500 550 600 650 700 750
Parton Level Ay Parton Level MtE (GeV/cd)

Az = 0.162 + 0.041(stat) + 0.022 (syst)
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A, of the Top Quark

4 b  Ahrens et al. July 2011
DD Summary: = :r;::11l}6.;05I1v1 (2011) i . _
(** submitted to a journal)
2[:.0:_ B Multijet I:I:\:.Ii—\?llikandD. Pagani, i o
C e Data Xiv:1107.2606 (2011) (* preliminary)
150
100 :_ CDF LJ e 0.158 £ 0.074 (+0.072+0.017)
. (537
o PRD 83, 112003 (2011)
3 -2 <1 0 1 2 3 CDF DIL* -
. . Ay 0.420 £ 0.158 (+0.150+ 0.050)
Ay in the lepton-jets channel (5117
Measured asymmetry on detector CDF combined®
] combined —@— 0.201+ 0.067 (0.065+0.018)
level after bkg subtraction: (sstat = syst)
Arg det = 0.092 + 0.037 (stat+syst)
DO LJ* —e—  0.196+0.060 0070
(547
. - +
MC@NLO: Arg det = 0.024 + 0.007 PRD 84. 112005 (2011
i | | | | |
Measured asymmetry on parton level: 04 02 o0 o2 o4 o5  os

Ag

Az = 0.196 = 0.065 (stat+syst)

Both CDF and DO see significant asymmetry
in tt production in all channels with strong
dependence on my, in conflict with the SM
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L{). ;I\I\l\lII‘I\I\l\II\lI\I\l\II: :

92000; ATLAS Preliminary Iilzmata %"

()] L i —

g 1800? QH-J-Ldt=4.7 fb1 -sing\etop - %

LICJ 1600‘_ Ejibosons ] \t?_

1400; -fake \.epluns -
12001
1000~
800
600
400F
200F
%

v, -1y
ATLAS-CONF-2012-057

0.6

0.4

0.2

[ cvis.
- 5.0fb"at Vs =7 TeV
B AC =0.004 +0.010
— |+jets

—— Data
—— NLO prediction

CMS PAPER TOP-11-030

@ ATLAS:

Ac = 0.029 +- 0.018 (stat.) +- 0.014 (syst.)

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

@ Theory (Kihn, Rodrigo):

“WIT homas M, nstut i Experimentelle Kermphysi, KIT — GKSemnar06082012 &)

A, = 0.0115 +- 0.0006

I 2
Aly|



& e —— & I — o T3
< 0-1_CMS » —=— Data —1 < 0‘1_CMS ” —e— Data = < - CMS 4 —=— Data
H E.Flfb at\s=7TeV — EAG - : 5.F)fb at\s=7TeV —rOWHERSEE 0‘1_5.’(Jfb at\Vs=7TeV  EAG N
| +ets — NLOpredicion | - l+jets g - l+jets — NLO prediction
0.051 - 0.05|- - 0.05- N _
R - ] oF g
) = - .
il - 1 0.05F -
i -0.05|— — 5
-0.05 = | | — £ 1 | - L | L. | | ]
0 0.5 1.5 0 50 100 - 150 300 400 500 600 700 00
Iyl pi [GeVic] m, [GeV/c

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] Kuhn, Rodrigo - arXiv:1109.6830 [2] Gabrielli, Racioppi, Raidal - PRD 85 (2012) 074021, arXiv:1112.5885; arXiv:1203.1488
An LHC run at low

At LHC data are compatible with SM and with BSM prediction. energies would be

_ helpful (once we
Tevatron results display much larger asymmetry than SM explored the energy

frontier.
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New physics in the t-channel

[Jung, Murayama, Pierce, Wells / Cheung, Keung,Yuan / Cao, Heng,Wu,Yang / Barger, Keung, Yu / Cao, McKeen, Rosner,
Saughnessy, Wagner / Berger, Cao, Chen, Li, Zhang / Bhattacherjee, Biswal, Ghosh/ Zhou, Wang, Zhu / Aguilar-Saavedra,
Perez-Victoria/ Buckley, Hooper, Kopp, Neil / Rajaraman, Surujon, Tait/ Duraisamy, Rashed, Datta, ...]

[Shu,Tait,Wang / Cao,Heng,Wu,Yang / Dorsner, Faifer, Kamenik, Kosnik / Jung,Ko,Lee,Nam. Aguilar-Saavedra, Perez-Victoria /
Patel, Sharma / Ligeti, Marques Tavares, Schmalz, ...]

m Because of color algebra a

u,d t u t Z (SM Z) in the s-channel do
not interfere with the LO QCD
AR } ¢ amplitude
u,d Foou t m (coloured) scalars do not
- o generate an asymmetry in the
s-channel

m A sizeable charge asymmetry requires large flavour violating
couplings [Jung,Murayama,Pierce,Wells]

m Relatively light Z" and/or W: O(200-700 GeV), or O(1TeV)
colored scalars

m like sign tt + tt, very constrained at Tevatron, and the LHC




In BSM possibility of top polarisation, for instance through D. Krohn, T. Liu, J. Shelton et

axi-gluon or W* couplings. al., Phys.Rev. D84 (2011) 074034

Angular distribution of charged leptons sensitive to polarisation:

1 dr 1
P deosd, = 5 (1 12Punicosfin)

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

oy | R R A AN R LA AR R RER=
+$_ CMS Preliminary, 5.0 fb™ at /s=7 TeV l
8 —%— ( Data - BG ) Unfolded ]
O 08 =
:g Syst. Uncertainty -
'8 - = Powheq parton lavel SM
o 0.6
= .
-— - > 2 7
" 4 ‘::::!:..."‘:".:
0.4F -
0.2 =
o) PR AP S AP VRN A ARSI U O CMS PAS TOP-12-016
-1 -0.8-06-04-02 0 020406 08 1

cos(8))
|Pn — —0.009 +=0.029 4+ 0.041 | Consistent with Standard Model
ST Thomas Maler, sttt i Experimentalle Kemphysii, KIT —— GKSeminar06082012 &




@ = t4searchfortiResonances D

probability density/(20 GeV/c?)

lepton+jets selection, no
b-tagging requirements

102 3 = standard model tt :
10 -
)
10"
107
103
400 600 800 1000 1200
m, [GeVic?]
Phys. Rev. D 84, 072004 (2011)
2¢ ~ [ 1'95% CLinterval
18} \\ [ 68% CL interval
16 sz feptophobic Z'
1.4] \\ -------- expected limit
12§ \ observed fimit—
‘.
0.8
06}
0.4
0.2} -
0200600 800 1000 1200 1400 1600
m, [GeV/c?]

M,>900 GeV @95% C.L.

Ql

o
§

Events/25 GeV

102

<

T T IIH[II

lepton+jets selection, at

least one b-tagged jet

—=—data
[]M,=950 GeV

[T
[T W/Z+jets
[ multijets

D@, 5.3 fb™!

arXiv:111.1271v1

1000
me G

1200
eV]

DQ, 5.3 fb™

— Topcolor Z

— 95% C.L. observe
= 95% C.L. expected

400 600 800 1000 1200
resonance mass [GeV]

M,>835 GeV @95% C.L.
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Events / 50 GeV/c?

Events / GeV

CMS TOP-11-009/010, EXO-11-006/093

— =Y
g8 8 8
[=] [=] Q

T I T T T T | T T T T '| T
- CMS Preliminary

—4.7 b at\s = 7 TeV

W, =4 jets, = 2 b-tags

1000

arXiv:1205.5371

T T T [ T T T T

IIlIIJJlllI]lllIIJJlllll]ll

—&— Data
| I
B single-Top
I 2111 ((+ light jets)
[ vbbex
[ Vele)+x
[ W—slv (+ light jets)
[Jaco
—— T 0.75TeV
s 201 TV
Z1.25TeV

2000
m [GeV/c?]

ATLAS
_[Ldr:z.os ' \s=7TaV

1500

500 1000 2000

data
g
Wajets_|
Single top
Mutijer

Z' (800 GeV)
By 11300 GeV}

2500
tt mass [GeV]

2500

o x BR(Z'— tf) [pb]

Upper Limit 6, x BR(Z' — tt) [pb]

Topcolor Z'

REAE
- CMS Preliminary
4.7 b at\s =7 TeV

—es— CLs Observed (95% CL)

2

2

T

—— CLs Expected (95% CL)

+ 1o Expected

[ = 20 Expected
—+— Topeolor Z' (I'/m,=1.2%)

e
o

10

L3 E

8 [0l = S EEFIFS [PEPR B i Bl N e IS

040608 1 121416 18 2 »

m,. [TeV/c?]
L LT B EENLEIT BRI LI LS SRR B »
B ww=7TeV Lepton + jet g
r ;'.‘,dr=2,05fb" Obs. 95% CL upper limit

ATLAS ==se=ce- Exp, 95% CL upper limit

B Exp. 16 uncertainty
Exp. 2 & uncertainty

B L=ptophobic 2

FEEWEATTT BRI

i

PRI W (BRSNS (M SRR U PEFEE R
600 800 1000 1200 1400 1600 1800 2000
Z' mass [GeV]

o X BFG(gKK — ) [pb]

Upper Limit Oy X BR(g' — tt) [pb]

—_
(=]
il

—_
(=]

LELRELLLL |

10"

Extra-dimensions

-k
o
[

My
= CMS Preliminary

F4.7 b at\s = 7 TeV
I —+— CLs Observed (95% CL)

el

1071 —— ClsExpected (95% CL)

+ 1o Expected
- + 20 Expected

10 3 —+— 1stKK gluon (Agashe etal) 1

e 3

1 12 14 16 18 2 \

mKK gluon [TeV.-"c ]

Frrrr T rr 11 " T "1 '""'H

o Dilepton E

Obs. 85% CL upper limit
-=e==== Exp. 95% CL upper limit
I Exp. 1o uncertainty

Exp. 26 uncertainty
B Kaluza-Klein gluon

v=T7 TeV
[Ldi=2051"
ATLAS

LERERLLL |
sl

=S IS ST N T [N T TS TN B S ~

600 800 1000 1200 1400 1600
g, Mass [GeV]

So far data compatible with SM up to 1...1.6 TeV

1800

ICHER 11
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Observation of single top production: s-channel t-channel Wt-channel
@ cross section o V2

@ study top-polarization and EWK top  « t d H
interaction >,‘WN,< 9 '

t b w

4N X

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
e Wit-channel: Top pair, Z + (HF) jets, QCD

> <

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
ST Thomas Miler, Insttt ir Experimentelle Kemphysik, KIT — GKSeminar06.082012 &)



q b ... by UA1 at CERN SppS

e+/M+ T T T g T T T T T T T T
/ UA 1
Ve/n - BT -
_ _ ! le3 L _
q b -
= o
: o2 L o % )
% = L ]
on-shell W boson 23
s L | i
& ™~
L 1 1 = 1 1 1 1 1 1 1 1
6 b 2 T T T T T T T
EVENTS/SGeV/c? =~ ¢l -
> 6 EVENTS
o of " i
. o€« 2 jets E mwz_:gti!ie\'/c’
« excess in M, vs. M,,,,, scatter plot o ko2 efs = 2 : §
. el | ] 1 1 1 |
. compatible with m; = 40 + 10 GeV 0 20 40 60 B0 100 120 10 160 180

m (v ) J,) Gev/d

* later improved background estimate
Phys. Lett. B 147, 493 (1984)

it st i s



CDF Note 10878 PLB 705, 313 (2011)
~WsJets, NN Discriminant_CDF Il Preliminary 7.5 fb" ) DO 5.4 fb 5¢ :
2 vl ® CDF Data % ooy E' 4;_(") D, 5.4 fb™
= [ I 68.3% CL o Bm 90°% C.L. o
.é 4 [ 95.5% CL "g == 95% C.L. O 5 IV,,| >0.79
R | 99.7% CL a 2 o @95%C.L.
o} Il SM(NNNLO) @ 3 2
o 3 o 2 &+
3 | S £
© o 2 % 0204 06 08 1
c : = @ Measurement \' Iz
& ! Q@ _ | sm" tb
s T e 12 Epy cas: 791 3007 O Four generations®]
< CIPRD S OIE 0 O Top-flavor'®
C- ] ] ] ] . ) . | ) Ell FICNCI
0 1 2 3 4 5 % 2 2
s-channel Cross Section [pb] s-channel cross section [pb]
— +0.63 —
o, =1.81%063 . pb o, = 0.98 + 0.63 pb
— +0.47 —
o, = 1.49+047_ . ph 6, = 2.90 + 0.59 pb
)
V, >0.78 @ 95% C.L. Vi, >0.79 @ 95% C.L.
v, 2 Omeas - E = No assumption about number of generations
tbmeas| — * | Vtb,SM .
oSM = Assumption: |V _[*+]|V |? << |V,_|°
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| ATLAS: G =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
I'I'I| T

cross-section [pb]

—
o
no
llllq_l-l-l1

Kidonakis

= {-channel

=— 5-channel

associated production 3

AT

[ETp -

.5.

7

10

14

centre-of-mass enerqy [TeV]

o [pb]

10?

10

Summary

t-channel single top quark production

l T T T 'I T T T I T T T I
CMS preliminary, 1.14/1.51 fb'

DO, 5.4 b
CDF,7.6fb"

ATLAS preliminary, 1.1 fb-1

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

ws  theory uncertainty (scale @ PDF)
Campbell, Frederix, Maltoni, Tramontano, JHEP 1

NLO+NNLL QCD
theory uncertainty (scale ® PDF)

Kidonakis, Phys.Rev.D 83 (2011) 091503
l L 1 L ] 1 1 1 I L L L l

1 1 IIII]II

0 (2009) 042

o

2 4 6 8




@ 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

m FT™F" T *¢" 7% 17 *. . . T r.~.... T v~ T T T T T T T rrrrr
g - Iﬂ"g—ﬁf frf-"im(jnafy JLdt=47" \s=7 TeV - ATLAS Preliminary j Ldt=4.7 " \s7 TeV
-_— 3000-— IR0 ég::;nnal {top) - I 0'1‘ = 53-2 :I: 108 pb I ATLAS result
E L = :I;:ar;a&ﬂtel (tep) -
2 2000 St reiogd
it} 2000_— =i:i;itjse.idiboson = | of = 29. 5+ pb | MSTWzaé)a
i ] GJR08
" CT10 (+ DO W asym.)
1000 _ 40.23
: |Rf il 022| o e it
213 14 1516 1.7 18 1.9 2 21 22
02 04 06 08 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.
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Final state: 2 isolated leptons, 1 b-tagged jet and MET (as dilepton top pair but with 1 b jet less)

ATLAS (arXiv:1205.5764) CMS (CMS-PAS-TOP-11-022)
@lsolated lepton p> 25 GeV/c @|solated lepton p>20 GeV/c
oF; > 50 GeV oK >30GeV
@No b tagging requirement @2nd b-jet veto is applied for signal region
@MVA (BDT) based analysis @Cut based analysis
02000 T T T T T F A s=7Te - dota i
5 | ams 2958 ey S —Te ]
u>.| . de1=2‘05 fo! E?‘ N 1000~ -lzlf'Y"‘lels i
1 500 COWW/ZZ/WZ N I other
- \s=7TeV CdZ(ee/pp)+jets |
A Z(tt)+jets 2800 _

@ Fake dileptons |

1000~ _ - S o
Z First measurement ! £
s 0li»(illl
500}
i 200
o

1jet 1 tag 2 jet1 tag 2 jet 2 tag

iets

ATLAS: 0 = 16.8 £ 2.9 (stat.) £+ 4.9 (syst.) pb

AT

prem—— oo

s



” t

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

o
@ Similar signature as single top s-channel (1 lepton, MET, 2 jets and at )
least 1 b tag) q b
I S0th'at ia=7 TaV o
IR s oot S oL O o pOMSPrimney  somlatfe=TTev
CMS-PAS-EXO-12-001 T e ML 2 A
107 % 1 N. mm =
*% 107 % E
@ BDT used to @ 10 gl A
discriminate signal g
from background 1
L;i 1021 BDT Analysis _
i E elp+|etsth21 E
P e g e 800 1000 1200 1400 1600 jslob 2000 2200
BDT Discriminant W'a Mass [GeV]
http://arxiv.org/abs/1205.1016 % ﬁﬁﬁgtag ' 5 :,; g g
Lﬁ [Lat=1.041" Ew-ms e ? ].t:: a"df(:?b_‘ I Expectedt 1o ~
Diboson, Z+jets = = - t=1.
'“' \s=7TeV =Smg|e'.nn : %‘ i 152 7 TeV Expecied 2o
- Multijets 4 —— 85% CL Observed limit -
@ Invariant mass of b ol ik s £ i W, Thoory 5
# JES Uncertainty
system used as g
discriminating variable . e
1000 1500 2000 2;00 05508 1 1z 14 16 18 2
my [TeV]

my, [GeV]

Observed limits (ATLAS, CMS): mg> 1.13/ 1.85 TeV
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Three possible helicities: 0 1 —10 theory
I ® Pythia
K A Herwig
0.8
Suppressed [
U Jlﬂ 0.6F i
W b I
0-4-r Ml PP PP B R
Left handed Longltudlnal Right-handed 150 160 170 180 190
B e o W F; W, m.. [GeV]
m?2 . . . *
Fy = ST, 7 Distribution of Angle 6* between

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

th -1 3 SM:
——— ~ =(l-cos0’) | F_.=0.31
d(coso”) 8
\Vimm mml mm -b. th " 3
— =~ Z(1-cos’0’ F.=0.69
d(cos@”) 4( ) 0
Motion of W in dN, _, 3 - _
@ Top rest system dlcose’) §(1 +cos0”) F, =0.001

A. Czarnecki, J. G. Korner, J. H. Piclum, Phys. Rev. D 81, 111503 (2010)
“WIT  Thomas Miler, Institut fir Experimentelle Kemphysik, KT~ GK-Seminar06.082012 &%




With three helicity fractions, there are two independent
quantities to measure (3rd fraction is fixed since f = 1)

« We choose to measure f; and f,

» Can either measure both fractions simultaneously (2D fit)
» or fix one fraction to its SM value and measure the other (1D fit)

St ----SM value

(O CDF l+jets
[] CDF dilepton

|

:l:lll‘l\llll\l\l\l\lll

/\ DO

@ Combined result

i

N\I\l\\l‘llll\\lll\ll

-0.15

%(!I — =

CDF + D@ combination

L=27-541"
0.9 @ Combined result
r % SM value
B O CDF l+jets
0.8 O CDF dilepton

A D@

0.7

68% and 95%

0.6f

— |eft-handed
— longitudinal

cos 0

N C.L. contours
o.sf....!..1.I....I....I;...I..1.
-0.3 -0.2 -0.1 0 01 0.2 0.3
A
Tevatron Combo | 2D: f,

1D: f,
f+ =

=0.722+0.062 +0.052
f.=-0.033+0.034 +0.031
=0.682+0.035+0.046

-0015+0.018+0.030

PRD85, 071106 (2012)




Events

---------

N det:I.mfb‘

5001

T T T '| T T T ™7
dilepton channels |
® Dala ]
— Best fit
.- S exp. ]
- Bkg best fit |
Unc. best fil |

Combine
I+jets and
dilepton

0 05 1
cos 6”
[
CI';|5 prl;limlnﬂlry ' ' I ' .wﬂm
- Single Top

D aco

- Ov+eats

CMS: I+jets

| I i i T

ATLAS ILdt=1.D4 fo" Fa | FL Fo

Bl NNLO QCD

Combination

-+#+ Data {FH)’FLIFO]

Template (single leptons) e Lk

Template (dileptons) S e,

Asymmetries (single leptons) e« - oAb

Asymmetries (dileptons) e E ]

Overall combination o T- e

P IR I : PR PRETI |
0 0.5 1

W boson helicity fractions

Fy = 0.67 & 0.03 (stat.) & 0.06 (syst.),
F1, = 0.32 £ 0.02 (stat.) £0.03 (syst.),
Fr = 0.01 £0.01 (stat.) +0.04 (syst.).

CMS preliminary
}o.s_
g r | S
0.4
C Ejss%m.
025 V=1, V=0
y: A
0.4 1.5
.an_-..l..<|....I...!...I...I...I.-.T...I...
1 08 06 -04 02 0 02 04 06 o8 o
(g,

0.567 = 0.074(stat.) + 0.047(syst.)
0.393 = 0.045(stat.) = 0.029(syst.),




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

an

£ (o) D@, 5.4 fb " £ oo
5 4— i 0.008:— IV, |>0.78 (95% C.L)
o 3 V. |>0.79 5 :
s - o T 0.006
o - (@ 95% C.L. o i
o 2 ng 0.004
9 4 5
g : § 0.002_—
02 04 06 0.8 1 B3 0a 05 06 07 08 09 i
vV P v, f

|[Vtb| = 0.92 +0.10-0.08 (stat.+sys.) £ 0.05(theory)
Other single top studies:

FCNC smgle top quark productlon

3 ? | ATLAS | |.e:||-z.|:|:w|:|'l_E
Search for: e gy “’;TT““ g !s.nw :
W= =7 Te 028 E
ge =t = W(— {v)b 14 Excluded region
:E 3 o Excludad region

8- [iN]-]
8 o140
af
mT+ETmiss>60 GeV n L e - |
Require only 1 jet (b- tagged) 2 v oo e as e o
(g — t) - B(t —» Wh) < 3.9 pb (95% CL) | B(t — ug) < 5.7-1075%, B(t — cg) < 2.7-10~*

CMS-TOP-11-028 is 0.34%,
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la]
)
Q
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K v H
g b
£
i 0
=
S
g = Data
g L [ wz
g [ 2z
3 10‘ -Other backgrounds
3 @
% 600

800 1000
H, (GeV)

3 leptons + 0 jets

[rm————

(%)
o
T

0f

Events per 100 GeV

({1{] 1 FCNC, B(t—>Zq)=5%

1

l Iljet

[l f FCNC, B(t—Zq)=5% E
—=—Data §
Cwz g
2z 2
- Other backgrounds l;%
...... (b)
00 800 1000 0

3 leptons + 1 jet

Ewz

M zz

[l Other backgrounds

m

il .

()
e il
200 400 600 800 1000

Hy (GeV)

3 leptons + 22 jets

s



excluded at 95% C.L.

m, = 175 GeV, 0= 6.90 pb
atl.lZ = vth = atd::Z = chy =0

DO, L = 4.1 fb™

arXiv:1206. 0257

nNer-<p

world's best
o limit

Christian Schwanenberger

s
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Measurement of the top quark mass:

@Template method: $°
fit MC generated distributions assuming Eﬁ:?

[ tf m™ templates, = 2 tags events (AJES = 0.0)

- = 15

Bl M= 170

M, = 180
M, = 190
—— PO M AJES)

different Mtop to data
@ Matrix element method:

probability based on LO tt matrix element =l
using full kinematics of the event ot 0 N |
@ Ideogram method oo T Ferely

event likelihood computed as a convolution of a

Gaussian resolution function with a Breit-Wigner (signal)
@ Calibration curve method

di-lepton channel using mt2

100%
90%
80%
70%
60%
50%
40%
30% -
20% -
10% -+
0%

Sources of uncertainties
at Tevatron

Source of uncertainty

Statistics

Method of mass extraction l
Modeling background
Modeling signal @

Jet energy scale B

% of the Total Uncertainty
of the Top Quark Mass

COl e &
i@- v}‘\\é& 6\00 2’? €§ (@Q‘é\
) o

Channels
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oF : ,/ .‘x' 1
-0.2f : ]
-0.4: . f
:
- CDF Il Preliminary 870" . i T
170 172 174 176 178
M, (GeVic?)
w 1.021 T L L L e
E), L i
- —1o ATLAS |
1.01_— 26 -]
r JSF = 0,986 £ 0.006 5
1-_ Mo, =1750109,, 5 GeV
0.99)- : -
0.98 -
C u + jets ]
DB?"_J'L dt=1.041" N
:...‘|..‘.J....|....=....H...‘|..‘.|.‘.:
171 172 173 174 175 176 177 178 179
Mo [GeV]

AT

[ -

kJES

1.06 ..b..l‘.._l._..i .-..1.
1.05 .9; 2-6 fb‘ -
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1.03

0
!
o
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IIIIIIIllIIIIIIIIIIIIIIIIIIIIIIII.II

0.99
o PRI PP TP PP SRR SR
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CMS preliminary, 4.7 fb™1, \s=7 TeV
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— Tevatron combination and perspectives

Leptontjets Runll CDF )L 173.00 £ 0.65 £ 1.06 GeV
Leptontjets Runll D@ 17494 £ 0.83 £ 1.24 GeV
Lepton+jets Runl| CDF ————— 1761 £ 51 %53 GeV
Lepton+jets Runl D@ e 1801 = 36 £ 3.9 GeV
Alljets Runll CDF H-oFH 17247 £ 1.43 £ 1.40 GeV
Alljets Runl CDF o 1 1860 100 % 57 GeV
Dileptons Runll CDF 170.28 £ 1.95 £ 3.13 GeV
Dileptons Runll D@ H_.:I—I 174.00 £ 2.36 £ 1.44 GeV
Dileptons Runl CDF . H 1674 £103 £ 49 GeV
Dileptons Runl D@ o 1684 £123 % 3.6 GeV
$T+]ets Runll CDF H—orH 17232 £ 1.80 £ 1.82 GeV
Decay length Run Il CDF — 166.90 £+ 0.00 £ 2.82 GeV
Tevatron Combination 2012 HoH 17318 £ 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

Total Top Quark Mass Uncertainty (GeV/c?)

7

5., Tevatron Top Quark Mass Uncertainty
6 __ 4 Combined COF measurement

- '\__ Combined D@ measurement
5 - \ Tevatron combination

Projected future uncertainty range

4,
3
2

g lA MIM<1%
1__ e

E AM<1GeVic

. Ttu o
u 1 1 1 111 III 1 1 1 111 11 1
10" 1 10

Integrated Luminosity (fb™)

Expect to reach precision of 0.7-0.8 GeV

ATLAS :Dll..l +jets

LHC m,__ combination - June 2012, L =35pb" - 4.910"

mf":'mb

TeV:

173.18 + 0.56 (stat) =
—173.18 £0.94 GeV

0.75 (syst) GeV

LHC: Mop =

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

_— = 169.3+4.0+49

ATLAS. 2011, lajets —— 1745+ 06+23
hT Ab .:EI_1 all jets —_— == 1749+211£ 39
CMS 2010, ﬁ__e_ptvn ————y 1755+ 46146
_— = 173121227

S 2011, dHepk: —_—— 173.3+1.2+2.7
C‘d\‘if'f_l_‘i‘i 1+ °.|_-“ —— 1726+x04£1.5
LHC June 2012 il 173.3£05+1.3
Tevatron July 2011 v 1732+ 06+ 0.8
[ | * (stal) = (syst)

1?0 180 190
m,. [GeV]

ATLAS-CONF-2012-095
CMS PAS TOP-12-001




Measurement uncertainty on M+ has improved since 1994,
but mass value has not changed much

Mip= 173.2 + 0.9 GeV/c?

240 S S First measurement
- T : 7 events (1.4 background)

) ) CDF, PRD 50, 2966 (1994)
il IHHHI #} A

I[T¥ standard decay modes

120 180 1™ s 1
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@ C(PT theorem predicts masses of particles and antiparticles to be equal

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

@ Analysis Principle: It | eptonic branch:

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

Hadronic branch:
Reconstruct top-quark @
to determine mass

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

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

*  Taking b-tagging information into account to reduce background events (mainly W+jets)
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Test CPT invariance in the top sector

« Reconstruction of the hadronic side:
compare ¢++jets and €-+jets events
* Use kinematic fit, and event-per-event
likelihood for €- and £+ separately
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_d] | . ial d idth:

o(pp — tgb+ X) = 2.90 £ 0.59 pb
m_=172.5 GeV

[R= 0.90+0.04 (stat+syst)]
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Events / (2 GeV)

Trilepton channel: o (177 — [+ jets + (Z —11)) ‘

W+

Same-sign dilepton channel: o (77 V — [+ jets + (W —1v) or (Z—11)

with /=e or pu t

~
B Selection: ® Background estimation from data: 7 . b
- ~
=> 3 leptons: 2 opposite-charge and = tt : 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
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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 !
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@ 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 A@ in the lab frame (Mahlon & Parke)

= Complementary between Tevatron and LHC
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» Use the angles between decay products and s

analysing N Ccharged lepton

beam axis to analyse spin basis 'y
'
= Dilepton: Angle of (anti)lepton wrt, 7

)
beam axis in (anti)top rest-frame b .
= Spin analysing power of charged lepton ’ &e""‘""
and down-type quark is 1 (in LO)

m Differential cross section:

intop quark rest frame

] d2 o 1, ~ D@0 ot —No s;l)inlcolrr.l ]
— =—(1-Ccos0,cos0,) 04 T S tin o,
o dcos6,dcos6, 4 o f ]

= C: spin correlation strength TE " ]
= NLO SM: C~0.78 (beam axis) 2 of — -




@  spincomelatonsattheTevaton  DfJ

tt spin correlations C

beam

CDF, 5.1fb"! — 0.04+0.56
(dilepton template)
D@, 5.4fb™ —— 0.50+0.45
(dilepton template)
D@, 5.4fb™ = 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™ i 0.6610.23
(dilepton + I+jets ME) W.Bernreuther et. al

Nucl. Phys. B 690, 81
1 | 1 1 1 1 1 1 1 1 1 1 1 1 1

-4 -2 0 2 4

Correlation values in agreement with SM assumptions
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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)




