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et Introduction

The top quark is special:

Most massive elementary particle known to date. Special role in
many theories beyond the Standard Model.

Short-lived , so decays before hadronizing. Possible to study the
properties of a bare quark.

~2.3MeV ~48MeV ~95MeV ~1.3GeV ~ 4.2 GeV ~ 173 GeV

ite@

Precision tests of perturbative QCD.

Possible window to new physics.

Main background in many BSM searches.
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Top Quark Production

Top pair production  (through strong interaction):
92 t  swooor—t ¢ t
g & i oowooo—f @ t
85% at Tevatron

85% at LHC
7 pb @ Tevatron,

Single top production

q' q
q t
+
- w
B t
q' b
g b

t-channel s-channel

2 pb @ Tevatron 1 pb @ Tevatron
65 pb @ LHC 7TeV  5pb @ LHC 7TeV

(through electroweak interaction):

b w b
H i
t
g g t

170 pb @ LHC 7TeV.

W t-channel

0.3 pb @ Tevatron
16 pb @ LHC 7TeV
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Top Quark Decay

I, g
W v, Q'

dilepton
= e

C =
b 6%

The top quark decays almost
exclusively toa W boson and
a b quark.

The W boson in turn decays
hadronically (BR 70%) or
leptonically (BR 30%).

)

Top Pair Decay Channels

%)

té [N
o 2
c + .9
o|lCc| +
sS10| 5
2 2|2

U @ -+

IS ()

5 |

s &

O

“c \?,Q

Q

s O

tautjets

muon+jets
electron+jets

Ai}c@ e'lmit’
S

ud

CS

alljets
46%

lepton+jets
(=e€ )
34%

Alljets: Largest BR but also
large backgrounds.

Lepton+jets:

Large BR and

manageable backgrounds.

Dilepton:

backgrounds.

Small BR and small
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Top Pair Production Cross Section

1.96 TeV results:

Tevatron Run Il Preliminary “=prelimina ry
CDF dileptons * [ | 7.47+£050+£0.70pb 88fb™"
CDF ANN l+jets H—e—#  7.82+0.38+0.40pb 461"
CDF SVX l+jets e = 7.32+£0.36£0.61pb 467"

CDF all-jets ~ |—jr@ueejm—e]  7.21+0.50+1.08pb 29fb"
CDF combined * oo 7.71+0.31£0.40pb upto8.8fh |
D@ dilepton —_—— 7.36 + 0.85 pb 541
DJ I+jets =i 7.900.74 pb 5.6fb™
D@ combined —e— 7.56+0.20+0.56 pb 5.6

Tevatron combined * [ o8 2 | 7.65+0.20+0.36 pb upto8.8fh |

September 2012

for m =172.5 GeV
I 1 I

PP ® tfﬁcross7 secti%n (pl?)) at \s=1.96 TeV
Total uncertainty (Tevatron comb.): 5.4%

Cross sections consistent
both with theory and
across channels (%),

Systematics limited.

Generator modeling
uncertainties dominating.

Power to constrain theory.
(?)

CMS “+j: 228  9(stat) *%); (sys)

Total uncertainty (CMS " ): 6.3%

7 TeV results:
Preliminary LHC s ; combination, \'s = 7 TeV - September 2012
Ly =0.7 o - 1.1 b
_di-lepton (ee, em 1 HATHOR theory prediction + 16
AlLAs, driepion (ee em m - — 173+ 6 © 15
RIS e o 179+ 4+ 11
RIS aes - 167 + 18+ 78
ATLAS combined é—.—l 177+ 3 ° 1(1)
C\l\‘/‘lisl,"d”igjlepton (ee, em m) :I 170+ 4+ 18
S ———— 149+ 24+ 28
CMS, Iiets —.—t 164+ 3+ 14
cus, alljets ————— 136+ 20+ 41
CMS combined l—.:—l 165.8 + 2.2 +£13.2
LHC combined Ho— 173.3+2.3+938
. . for m=172.5 GeV _ . + (stat.) + (syst.)
50 100 150 200 250 300 350
S [pb]
-~ . . +5 :1 . ;
CMS "~ :161:9 2:5(stat) “;:;(sys)  3:6(lumi) pb
Total uncertainty (CMS " ): 4.2%
8 TeV results:
ATLAS +j: 232  2(stat) 31(sys) 9(lumi) pb
CMS " : 227 3(stat) 10(syst) 10(lumi) pb

10(lumi) pb

++ how available at full NNLO (Czakon, Fiedler, Mitov arXiv:13

03.6254)
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Cross section dependence on s and mP°¢ is used to constrain the

strong coupling constant and/or the top quark pole mass.
Pole mass determination complementary to direct top mass

measurements (different systematics and theoretically we Il de ned)
Vs = ?Te‘u’ mF"*'e ‘1732G9V {s =7 TeV:o(m } 0.1184
E [ T T T T T T I :' ¥ T | L J ] E .__..-' T T T T % , §| T T T T T T T T ]
a L —— CMS,L= 23fb‘ . o = ; = —— CMS,L= 23fb‘ .
o= 220 -4 - Tope+ 2.0, ABM11 ERRG S ™ = | = ---- Top++2.0,ABM11 ]
- - @- Top++2.0,CT10 ] [ N8, E | = - Top++20,CT10 ]
200 .9 Top++ 2.0, HERAPDF1.5 : e 2001, NS, = | = Top++ 2.0, HERAPDF1.5 —
- ---m- Top++ 2.0, MSTW2008 : M,,_....---;".",‘..._-_,-;f?c e t e Top++ 2.0, MSTW2008 |
180|— == Top++ 2.0, NNPDF2.3 | et 180|— e, ONQL.= B Top++2.0,NNPDF23
60—~ — : = 160\ —
140 [ : i . 140~ Bl -
T s GRS 7 B %% E 3
- - 58 : - FE g
1200 -7 =i BT 1200 ;0 BRS L e
0.108 0.1 0112 0.114 0116 0.118 012 0122 165 170 175 180 185 190
og(m,) mP°*® (GeV)
CMS: mP%® = 176:7"%8 Gev

m; eV (NNLO, arXiv:1303.6254) &

CMS: ¢(mz)=0 .1151+00 8823 (if mP"® xed to measured top quark mass)
arXiv:1307.1907 [hep-ex]

DO: mIOOIe = 167:5"'3 GeV (approximate NNLO, Phys. Rev. D 80 (2009) 054009)

|
ATLAS:mP°® = 166: 4+7 S GeV (approximate NNLO, Phys. Rev. D 80 (2009) 054009)
Phys. Lett, B 703, 422 (2011), ATLAS-CONF-2011-054
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Differential Cross Section

Enough data to

- CMS Preliminary, 12.1 fo'at ys =8 TeV

A I o O e
make a large g 1 Qa-zosw'  [TINOWERN] g o st e en
. . £ e MC@NLO | = 8F = MC@NLO
set of differential 5 1 g £ - POWHEG
- ? il IR & U hoeroc MNLO:
cross-section , i E
measurements. O 4 E
S i 3
Vs. kinematics of  § o0 mmmmm ] 1 E
. o
- {t system e 35 1 o6 I 5 3 %" 50100 150 200 ‘250 'ééc‘;t 350 400
= ) pt [GeV]
- top quark
2 CMS Preliminary, 12.1fo™at {5 = 8 TeV CMS Preliminary, 12.2 6" at /s = 8 TeV
-deCay prOdUCtS < 30?'1'0'”'”"H'."H"H"”"”"" s 0'6"‘!"“I“"I""I‘""I"."i""\"'_'l""l'“
% ; e/l + Jets Combined . that:G " b;z_ C Dilepton Combinsd & Dt ]
o 25 — Madbra - I — MadGraph
== £ s MC@NLO S 0.5 7
Good agreement g€ powHEG ] T® | Commee ]
\—|b - ] L
with generators o i o )
tested. o 1 " ;
0.2} ]
Most bins are 5 g < ]
) r ) 0.1 N
systematics 0266080 100 120 140 160 180 200 e T 5]
] ] pll' [GEV] - ' ’ .,rINLead.baJe(
limited.

Eur. Phys. J. C (2013) 73:2261, CMS-PAS-TOP-12-027, CMS-PA-TOP-12-028
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Top Pair Production in Association with Jets

Study additional
jets to test QCD
and MC generators.

Extensive list of
guantities probed.

ISR/FSR variations
reduced.

CMS Preliminary, 19.6 fb" at {s=8 TeV
N ——

O

W e -
‘6000 Dilepton Combined 3
68000 m
LE C ]
5000 -
o [ ]
5 C ]
Baooo- 3
g C o b o ]
C . ]
=3000[ ata 3
MadGraph+Pythia —
2000 -
—— POWHEG+Pythia .
1000 -+ MC@NLO+Herwig E
© | | il | | E
© qope -
) == 5
Q |
= i
1 05 0 05 1 15 2

1 additional jet

Eur.Phys.J. C (2013) 72:2043

CMS-PAS-TOP-12-041

—lo

Data/MC

Data/MC

10

CMS Preliminary, 19.6 f5'at s = 8 TeV

E I I I
F Dilepton Combined Pfl> 30 GeV
E —— MadGraph+Pythia -

I
¢ Data .

--- MC@NLO+Herwig 1
---- POWHEG+Pythia ]

CMS Preliminary, 19.6 f5'at s = 8 TeV

E I I I I

F Dilepton Combined Pfl> 100 GeV ]
r ¢ Data 1
E —— MadGraph+Pythia -
E --- MC@NLO+Herwig 1
---- POWHEG+Pythia ]

MC/data

o

MC/data

0.95

0.9

0.85

0.8

0.75

1.02
1.0

0.98

0.96

ATL-PHYS-PUB-2013-005

ATLAS-CONF-2012-155

Gap fraction vs. Qq for veto region: |y| < 0.8

T ‘\\ \\‘ T T \I‘ T T T \‘ DD S S

—e— ATLAS Data, EPJ Cy2 (2012) 2043
—— MC@NLO+Herwig, AUET2
—— POWHEG+PYTHIA, P2011C
—— Alpgen+Herwig, AUET2

——— Sherpa1.3.1

—— MadGraph+PYTHIA, Z2

07 } } ‘ L ‘ L
1.04

50 100 150 200 250 300

Qo [GeV]

Gap fraction vs. Q for veto region: 1.5 < |y| < 2.1

|\|\\ \‘\\I‘ \\\l\ I\‘\\ \‘I\\‘ \I\l\
+ +- —

+

ATLAS Data, EP] Cy2 (2012) 2043
—— MC@NLO+Herwig, AUET2
—— POWHEG+PYTHIA, P2011C
—— Alpgen+Herwig, AUET2

— —— Sherpa 1.3.1

—— MadGraph+PYTHIA, Z2

60 8o 120 140 180

4
(=]

SARA STRANDBERG STOCKHOLM UNIVERSITY

P8

EPSHEP 2013, 80CKHOLM, JuLY22, 2013



RS/

NE
N
s

N
=&

N O
1\0\/

E
EN)
O30

Top Pair Production in Association with

Z:\W and

Dilepton analysis ttV (V = W, Z)

Trilepton analysis ttZ

Phys. Rev. Lett. 110 (2013) 172002
ATLAS-CONF-2012-126

= at Vs = CMs L=50fb"at\s=7TeV —
w 22 cMSs L=50fb Iat \s=7TeV ” A I ‘ ‘ N\ / cMs L= 50f"at (s=7 TeV
g 1% =
¢ 20- @ Data ER s ® Data 4 =208
L 18:— W 3 C [ fi+z ] _5 - tiV (dilepton analysis) tiZ (trilepton analysis)
16; e F gg :Wt = é | 043 "I (stat) 0% (syst)pb  0.287017 (stat) "0 (syst.) pb
E = L jets E
= [ Non-prompt / MisID C Itz 20.6—
145 ] charge MisiD E S mmg 18 r
12 wz = C [ Diboson ] i .
C - C ® ] r Py 3-0
105 [ Rare SM 3 F 0.4+
8- £ - :
i - S 3.3
6 L
0.2~
NLO Calculations e
[ Cambell and Ellis, JHEP 07 (2012) 052
- Garzelli et al., JHEP 11 (2012) 056
(ee)e  (eeln  (uwe  (uun 0
]
c L BN B B LR LU IR BN ELELELE ELRLL B < B 7
2 50— (‘} dt=1.04 " etjets _ B b
o - ' —e— data - 2l — background only
i E ATLAS Preliminary [Ctig E B |
40k = non-tt bkg —
7 TeV bkg tig ] B B i
u [ electron fakes ] - p-value = 0.71 %
30 I hadron fakes — L
tt - : - 2.7 .
20 - L i
] L Q- dt=1041"
ATLAS'CONF'2011'153 10 - - ATLAS Preliminary 7
0 ol— [ B .. S R
0 2 4 6 8 10 12 14 16 18 20 0 50 100 150 200 250

pionezo [Ge\/]
0:7 (syst)
0:4 pb (LO +LO!

. number of observed events
0:08 (lumi) pb
NLO k-factor)

it (pr>8GeV)=2:0 O0:5 (stat)
SM prediction =2:1

SARA STRANDBERG STOCKHOLM UNIVERSITY P9 EPSHEP 2013, 80CKHOLM, JuLY22, 2013
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e Single Top Production
Direct probe of W tb coupling and of q g ‘i
Vip In CKM matrix. . b

Challenging, mainly due to
the background from W + jets. -

QI

W v

Need MVA techniques.
‘mn;— PoroeToe [Tweewe i (b)

s+ t-channel production E W e W
observed at CDF and DO in -l : a0
20009. oo}

400

t-channel observed both at o]
Tevatron and LHC.

Evidence for s-channel &
production at DO.

Events
O
W)
M
i)
c
=]
—

1
N
o
=
U-I
M
—
Events

1000 —

Observation of Wt-channel &
production at CMS. 2

1 08 06 04 02 0 02 04 06 0.8 01 02 03 04 05 06 07 08 09 1

(Evidence by both ATLAS and CMS 2012/2013.)
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t-channel Production
CMS-PAS-TOP-12-011 ATLAS-CONF-2012-056, ATLAS-CONF-2012-132
t-channel single top quark production = — T T T T T T T T T T T T T T T
= L e e e =3 ~ATLAS Preliminary _ .
- .- - v ) top+antito
o o CMS preliminary, 5.0 fb 8TeV — 80 13 pb J 0 t-channel single top p p
o " ®  CMS, 1.171.56 fb" t 8TeV .
10°F Y D0,54f" - = t =95 18 pb
B A CDR75f' ]
i ] 10°
10 e e NLO QCD (5 flavour scheme) E i antitop
- theory uncertainty (scale @ PDF) ]
I Campbel, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042 | |
i il =Theory (approx. NNLO)
1s NLO+NNLL QCD ) 11.04 fotarXiv:1205.3130 A
E e theory uncertainty (scale ® PDF) ] $4.7 b ATLAS-CONF-2012-056
B | I I I rj(ldanakls, Phl_.rs_Re\.r.EiJ 83 (2011) 091503 | y ! 58 fb-l ATLAS-CONF-2012-132 -
1 I 1 I 1 I 1 I 1 I 1
0 2 4 6 8 10 5 6 7 8 9 10 11 12 13 14
DO update (9.7fb 1) s [TeV] CM energy [TeV]
& _ 5 .n~+0 :54
= (d D@ 9.7fbt 8 6000 ATLAS Preliminary ol dt=581b" {s=5 Tev- CMS Preliminary, 5.0 o', {5 = 8 TeV
o 60 ' o 2 jets SR o data 1 7o =
) ® Data — v [ t-channel r ]
Q [ tgb 1% I f,Wt,s-channel 160 |- 3 Wt-channel
") th o [ W +heavy flavour E 3 [Js-channel
+= I WHjets ) O W +light jets - 140 - _
c Z+jets/Diboson > £ Z+jets, diboson E 1 Dtw-channel
(O] 40 B [} Il QCD multijet ] 120 - s
> = Multijets QCD + MC stat unc. | E 40+
L 100 - q Bzsiets
o 80 E_ _E Pw+jets
D 20 60 E_ _E Boitoson
> © f— —f [Jaco
E ¥ F =
0 ° N e T e B BT rreeet TR S AR 20 F E
0.7 0.8 0.9 1 E ' : - : %00 300 350
_ H H H 0 0.2 0.4 0.6 0.8 1 My, [GeVic?)
Ranked t-channel discriminant NN output

arXiv:1307.0731 [hep-ex]
submitted to Phys. Lett. B
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e t-channel by Charge

Ratio R; = (= Is sensitive to u=d content of proton.

u d
Z+
W' ATLAS-CONF-2012-056
t V
b b CMS-PAS-TOP-12-038
g b
CMS Preliminary, 12.2 o' \s = 8 TeV
T l IIlIlIlIIIIIIlIIIIl:IlIlIIlI
CMS Preliminary,
LN LB LB L L LN LN LI LB LN N LN NN L | L AL | TOP-12-038 1.76+ 0.15 (stat) + 0.22 (syst)
ATLAS Preliminary QL dt= 4 7 bt Vs=7 TeV creon
6l
ATLAS result
: CT10
ABKMO09 : —— '
. .MRSTOS 1
NNPDF 2.1 P —— !
MSTW2008 ———i . MSTWO08 NLO 90GL N.=4 i—
GJRO8 E . HERAPDF 1.5 NLO E-
CT10 (+ DO W asym.) ——ri N i
CT10 § —— . e -
llllllllllllllllllllllllllllllllllllllll L 'l L I L 1 L I Il L 'l I il L L I L Il L I L L Il I 'l L l: I L L L I L Il L
1.2 13 14 15 16 17 18 19 2 21 22 04 06 08 1 1.2 14 16 1.8 2 2.2
R Ratio = o(t)/o()
t
7 TeV 8 TeV

R =1:81 Ol(stat) 0:21(syst) R;=1:76 0:14(stat) 0:21(sys)
Both measurements agree with SM prediction.

SARA STRANDBERG STOCKHOLM UNIVERSITY P12 EPSHEP 2013, 80CKHOLM, JuLY22, 2013
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' Evidence for s-channel Production

%
Yo is

First evidence of s-channel production by DO. &

(pp! th+ X)=1:10"%33 pb

_ L -1
| 3:7 signicance. = 5@ D@ 9.7 b
= T 1 SD
o
50 = " 2 SD
T | (b) D@ 9.7fb" 3 A 3 SD
o ® Data @ - =
o 40 th % L
B i W tgb o 3~ ®
— o W+jets 3 B
GCJ 30 Z+jets/Diboson P - Y
> -}\E et S - e A @® Measurement
= 20 e 2r M s™m
o - {) Four generations
) i O Top-flavor
S 10 1- A\ Top pion
- [J FCNC
O ‘ _I 11 1 | | I | | 11 11 | | I | | 1 11 1 | 11
07 08 09 1 Oy~ e e
Ranked s-channel discriminant th cross section [pb]

arXiv:1307.0731 [hep-ex], submitted to Phys. Lett. B
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Observation of Wt Production

First observation of W't
production by CMS.

R e e AR
- CMS Preliminary, /s = 8 Tev| * Data

600—12.2 fb™ ep/up/ee channels
jit

B Z/y*+jets
Bl Other

T
—t

500 Syst
o ,
€ 400
o
>
LU 300

; ‘ . |
®l], 1.5
R/ 1%/ W»/%v/mmww“ywy/é
0= 5

¥z 02 01 0 01 02 03

BDT Discriminant

4 = 23:4"% pb

6:0 signi cance
CMS-PAS-TOP-12-040

Evidence by ATLAS.

|—\
o
o

Events / 0.03
(0]
o

60

40

20

0

=16:8 2:9(stat)

-1

ATLAS

O-dt=2.05f"

's=7TeV
Dilepton 1 jet

08 -0.6

T I T T T I T T T I T
-6- Data

JES uncertainty
B wt

Ctt
CJww/zz/wz

3 Z(ee/ m)+jets
D Z¢ t)+jets

@l Fake dileptons

0 0.2 0.4
BDT output

4:9(syst) pb

3:3 signi cance
Phys. Lett. B 716, 142 (2012)
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Top Quark Mass

Mass of the Top Quark
March 2013 (* preliminary)
. . CDF-I dilepton 167.40+11.41 (1030 4.90)
Tevatron still provides the best mass
] ; D@l dilepton 168.40 +12.82 (+12.30+ 3.60)
measurement, with an uncertainty of 0.5%. CoRNaon T osasre caesm
. DIl dilepton T 174004276 Godes e
Best single LHC measurement (from CMS) e TR
re aC h eS O 6% D@-| lepton+jets '—.TS(‘).101r5.31 290+ 360)
CDF-Il lepton+jets W 1728541 11 052+ 0.98)
Updated LHC mass combination in progress
CDF-l alljets 186.00+11.51 (£10.00% 5.70)
| Harmonise systematic treatment e.g
CDF-ll track ¢ 166.90£9.46 (:9.00+2.90)
generator modeling.
Tevatron combination *  "®' 173.0040.87 (0512 0.71)
- (+ stat + syst)
arXiv:1305.3929 [h?p-ex‘] | | s o
150 160 170 180 190 200
My, (GeV/c?)
— - ‘ e ATLAS m,,, summary - July 2013, L =2.05fb*- 4.7 fo™* (*Preliminary)
CMS 2010, dilepton * 17580 £ 4.60 + 4.52 GeV ?le_piizigjlﬁmillzj:stzz ? 11749 + 2.1 + 38
JHEP 07 (2011) 049, L=36 pb’ (value * stat + syst)
CMS 2011, dilepton y 172.50 £ 0.43 + 1.48 GeV e 1S & e 172.31£0.23+0.27£0.67£1.35
EPJC 72 (2012) 2202, L=5.0 fb" (value + stat + syst) "
. —a— ATLAS 2011, dilepton, n]b* &
LT TRd93027:1.00 eV e o
CMS 2011 aII-jets == 173.49+ 0.69+ 1.21 GeV CMS Average September 2012 av— ot uncenainy
Submitted to EJPC, L=3.54 fb & (value + stat + syst) 173.36 £ 0.385 + 0.9Ly5p 45y stat, A JSF A bJSF uncertainty
I l.l 1 — total taint
CMS combination 173.54 £ 0.33+£ 0.96 GeV Tevatron Average May 2013 HOH e
Submitted to EJPC, up to L=5.0 fb™! (value £ stat + syst) 173.20 £ 051, £ 0.70 ¢ p 0
Il Il 1 ‘ L L L L ‘ L L | 1 L L ‘ L L L 1 | 1 1 ) ATLAS Prellmlnary
165 170 175 180 185 1 l l ! ! l l l l
r'nl [GeV] 155 160 165 170 175 180 185 190 ey [Glé)\?]
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e New 3D Fit by ATLAS

T T T T L B
ATLAS Preliminary 7

F  ATLAS Preliminary 0.05

—
[ ATLAS Preliminary

T
I:IbJSF=O.95

> E > =
% 0-03:_ Simulation, Vs= 7 Tev [ mep = 2675 Gev E % 0.04F T Simulation, Vs= 7 TeV 3 % [ Simulation, Vs= 7 TeV
@ r m,, =1725GeV a E =L E C bJSF = 1.00 ]
= 0.035F g 004 = 3
g 0.025¢ [ -imscer ] g o e 3 : [Joose - 105
E 0'02; % E o.ost ‘ % 0'03;
E 0.015F = E 0.02F % o
8 F ] s E S 002F |,
< ool 3 S 0.015f E
p 3 0.01F 0.01E1
0.005 E 0.0055
O: 1 I i | OE;‘ll.Hl..ul.u.t.”.x.‘.f ol 3 R
140 160 180 200 220 60 70 80 90 100 110 0.5 1 15 2 25 3
meee [GeV] misee [GeV] he
reco reco reco
3D tto mis,, my° and Ry™. S —
b 8 ATLAS Preliminary e {s=7TeV data
ta g .
R reco;1b _ p_l_ 9 2 5001 c\)-dt:4-7 ot . Best Fit background |
Ib — Wiet1 Wiet2 2 Best Fit
( pT + pT ) _2 400~ Mygp = 172.31£ 0.75 (o1 sepmase GeVl
b Iep JSF=1014+0.003
had bJSF = 1.006 + 0.008 __,
Rreco;2b R |oT 300 :
= Y
Ib pT Jet1+ pT Jet2 200
1 ! 1 100
In-situ calibration of JES and bJES. ™

30 140 150 160 170

Systematic uncertainties reduced by
40% w.r.t. previous measurement.

Mip = 172:31  0:23(stat) 0:27(JSH  0:67(bISP

180 190 200 210 220
TECO [Gev]

1:35(sys) GeV
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Lifetime-based technique, using

I — . m
‘;;ZZfi Ly = bee 04 -8 8.
L

S First used at CDF.
7 Phys. Rev. D75, 071102 (2007)
— ™ Py

- - do .

Y Linear mass dependence,
CMS Prelimi
bk Ly =GeV=25 30 m
.E.O.?G—
~ [ CMS Simulation .
o074 — owchannel Complementary systematics to
—s— pntjets-channel o

ool ctietschannel traditional measurements,

o7 e.g. minimal dependence on

- jet energy scale.

066 In each event, select secondary

064f vertex with largest Ly .

OO s o4 o6 188 170 173 474 76 78 180 183 Median, Qxy, IS used to extract Mygyp.

Myop [GEV]

Mip = 173:5 1:5(stat) 1:3(sys) 2:6(pr(t)) GeV &
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Further Mass Measurements
Differential mass measurements, to probe e.g. color
reconnections and initial/ nal state radiation.
CMS prehmlnary \s 7TeV Ieptonﬂets CMS preliminary, \s =7 TeV, lepton+jets CMSprehmlnary \s 7Tev Iepton+|ets
L T 3 3= = T e S g ; —
8 "o i 8 o e 38 - ;‘;'“ie,
= L ythiaP11 ] A L . ] = ;
o - ot MG, Pythia P11noCR+ o 4— — - Powheg, Pythia Z2 — a O
e 5 --- MC@NLO, Herwig | e C --- MC@NLO, Herwig | e 10r
vV = v C | v -
QI : QI QI :
T E T of T s
5 e — g ; ]
s R i}
* F > 6 > ]
S b it s 4 i A S R R R S £ S, | |
m 57 | 1 LN R '{' LN | N ‘—T m :" m I LI | | —
G ocd 3 O o S oFe s $ }
= 1 = 1 ] = I ]
s e 5 3 S SRR 8 B R R TR g R R '20'0‘ 250
2 ARy © Pri [GeV] 2 Prphad [GeV]

Top-antitop mass difference, to test CPT theorem:

m; =

272

196(stat)

CMS-PAS-TOP-12-029

122 (syst) MeV

CMS-PAS-TOP-12-031
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Top Forward-Backward and Charge Asymmetries
New physics in top sector can alter angular distributions.
Study forward-backward and charge asymmetries.
a = NCY>0) NCY<O  tevatronh top LHC A top
N( y>0+ N( y<O0) anti-top anti-top
with  y =yt Vv
Att = N( jyj>0) N( Jyj<0)
CcC — A A
N( jyi> 0)+ N( jyj< 0) I -
with — jyj = jytj | ij " n
g | —— CDF Data, 9.4 fb” ‘g :CMSI_1‘ L‘ o ‘.D‘ata‘ ': £ [T T
5| b,
1.5; T lj: - .Z+je}s E 0-1; é
1 ;7 S i [IMuttijet g E
c D-Si_ 1 . . . . :bLI= 5000; ] oi — é
§ozf ———t——t i ] oot | E
suEr—+— i | @ E
°'°‘6_2_+_.1'_5 — s % -2 0 2 4 O 06500500400 500606706 800600
Parton-Level Ay Alyl m, [GeV]
Phys. Rev. D 87 092002 (2013) Phys. Lett. B 717, 129 (2012) ATLAS-CONF-2013-078

Tevatron AY; measurements in tension with SM at 2:5 .
LHC AY measurements consistent with SM.
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Atz measurement requires full reconstruction of  tt system.

Alternative method based on y of .~ POWHEG 4 crjetsData  — Fit Ay,
_ Uncertainties: [] *1o(stat. +sys.) @l +1o(stat.)
lepton from leptonic W decay.

N(gy >0) N(ay <0
N(gy > 0)+ N(qy < 0) <

Acz 05 Al, if no t polarization.

CDF Run Il Preliminary f£ =9.4/fb

0.2

Arg =

0.1r

lep
FB

0.0 e M

L -0 CDF Note 10975
Can also use events with jets out e
. . -0. : ‘ : ‘ ‘ ‘
of acceptance (3-jet bin). g wa e wA 112
CDF: A;:B -0 :094+0058% Forward-Backward Lepton Asymmetry, %
. T DD preliminar_y, 9.7 fb*
DO: A_g =0:047 0:023(stat)*%,: 017 (Sysb) Jes b Production Level
) f——e——
3 jets, 32 b tags
CDF result approximately 2 e 10y
above SM prediction. & s4'ets, 32 tags
. . ° CZ/N.P.F.Z 8.2/3
DO measurement consistent with e and B appey MEUSVE (S
“]HE‘P O(?, 02‘9 (2‘002)‘

SM (and CDF) within errors. R T T
DO note 6394-CONF
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Spins of top and anti-top are correlated in SM.

Short top quark lifetime (
carried on to decay products.

[7)] L L L L L i
S 900F « data ATLAS
= FOtE (SM) E
800t (uncorrelated) O-dt =21
- Misingle top -
700F g 7/ g*+ijets -
- diboson ]
600F mgfake leptons E
500;— _;
4001 E
300F, [ :
200F-- E
OE_ ———
0 0.5 1 1.5 2 2.5 3
Df

5 10 2° s) means spin information is

Measure fraction of SM-like
events, f>M  usingtemplate t

to (") distribution.
- fSM =01 no correlations.
- fSM =11 correlations (SM).

atLas:f SM =1:30 0:14°9% ! 51
Phys. Rev. Lett. 108, 212001 (2012)
cvs: fSM =0:74 0:08(stat) 0:24(sys)
CMS-TOP-12-004
po: f5M =0:85 0:29! 3:1
Phys. Rev. Lett. 108, 032004 (2012)
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Top quarks in tt events have negligible polarization in SM.

Can occur in BSM scenarios S T T P g
. %2500-_ Preliminary SRt~ G0 o —Fit aP=+0.3
(e.9. models with large FB & ‘swewon  Vs=7TeViL  paga  -ap--03 |
asymmetry). ' il "N
Polar angle of decay product it

500F 1 q
| distributed as: . 7. 7
1 -1 -0.8-0.6-0.4-02 0 (3;2 040608 11 -08-06-04 {éésﬂe fO_.2 04 06 08 1

W(cos )= 5(1+ {Pcos ) os8() “
P = degree of polarization, S wof ATLAS  fyar_asem || | DA aP=0
..g [ Preliminar = aP=+03
i = spin-analyzing power. 2 S00F diepion VeVl age. ap--05

B

o

o
T

At tree level, charged leptons
and down-type quarks from
W-boson decays have =1,

100

01°0.8-0.6-0.4.02 0 0.20.4 0608 11 -08-06-04-02 0 0.2 0.4 06 0.8 1
cos 8(£7) cosB(£7)

\Pcpc = 0:035 0:014 0:037
\Pcpy =0:020 0:016"%:0:5

Fit cos - distributions for
eand toextract -P. &
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W Helicity Fractions in Top Quark Decays

Probes (V-A) structure of W tb vertex.

¢ =W momentum in top restframe
A

1\
ex\\'\) Negative Longitudinal
helicity helicity
= f.F =03 fy Fy = 0.7
p T, e " la o "o
¢ 1e 1
; W

N =8 & with s; =top polarizatior:ldrirection
Extract helicity fractions from:
- 7 in tt events (unpolarized).
- e.g. "N insingle top events
(polarized).
Not yet in LHC combination:

- latest single lepton and
dilepton measurements
& (CMS-TOP-11-020, CMS-PAS-TOP-12-015)
- rst measurement in single top
t-channel (cMms-pPas-TOP-12-020)

0.9F—F
Positive L
helicity 0.8
f+, FP\ =0 -

1

CDF + Dé combination
L=27-54f"

0.7 H—
- A
0.6

® Combined result

% SM value
O CDF |+jets

[0 CDF dilepton

A Dé

68% and 95%
C.L. contours

L ol
-0.3 -0.2 -0.1

0

0.1

0.2

0.3

Phys. Rev. D 85, 071106 (2012) f,

ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025

| L T
ATLAS and CMS preliminary
\s=7TeV,L =35pb*-2.2fb"
I NNLO QCD

Combination
=4 Data (F_/F /Fy)

ATLAS 2010 (single lepton) e

ATLAS 2011 (single lepton) e~

ATLAS 2011 (dilepton) o
+@+
o

CMS 2011 (single muon)

LHC combination
1 I 1 1 1 1 I 1 1 1 1

Fr

H—

—HEHH

Fo

0

0.5

1

W boson helicity fractions
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Effective lagrangian for W tb vertex: VR 9. » gr anomalous couplings
_ g g
Lwin = P—zb (VL PL+ VR PRr)W P—b (QL L+0rPR)IW +h.c.
Interpret Fgr;F_;Fo in terms of CP violation if Im(gr) 6 0.
anomalous couplings. AN, in single top t-channel
Assume V| =1, Vg =0. (top 90% pNoIarized). X
i . N — N(os ">0) N(cos " <0)
Derive limits on g_ and gr. AFE = N(cos V5 0)7 N(cos V<0
T 17 o o T L L I 0 ) L 0 L L BB
% I E ATLAS Preliminary E
© o8- S (sf  2iets Lbet combined E
- [ O-dt=466M" ]
0.6/~ LHC combination preliminary V=1,V =0 0.9:_ Vs=7Tev E
[ \s=7TeV, L =35pb™*-22fb* - . ]
0.4l S e int p .68% cL 085:_ ;gl\t:lsgl;sglccj:tlon (LO) _:
L R +1s (68% CL N
0'2? D95% CL 085— A,E‘Biz-z(?.((ggi%()).((:)l;)(stat.ﬁ\ syst.) _E
ol * SM i -
- A 0.75F .
-O.Zj E E
gl "hETEEITEE 0L 0 o1 02 03 04 0s
-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 O'3Re(g?)'4
ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025 ATLAS-CONF-2013-032
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Flavour Changing Neutral Currents

N "10°
| | | — " = 0.22F T T T 1 T m
qg. t. Wb- b (q u1C) 3 N 0 L .
® 0.20at=142t ™ Vs=8Tev ATLAS Preliminary
2 R R A B o & o 0.18F SRR SRR SO —— 3
o 100001 () dt=14.21" Ns=8Tev ATLAS Prelimi 7 S SR S S N L
S O..t . s e reliminary ] 0.16\ o Observed -
= signal region o data 4 0.14E > OO OSSOSO SOOI SOOI O .
: = SN —-Expected -
o =tfg .P ) 012;_ ,,,,,, N ................................ _;
i ] 0.10F >
Z+jets, diboson i -
B mulijets 4 008 N
7/, multijets norm. + E = :
MC stat. uncert. 0.06 :_ .........
r ~N ; ]
0045_ .......................................... NG \ ............. ................................ _E
0.02:_ ......... BSOSO USRS SO S N N = .
OOO_\ co b b b by \‘\N\ 1l Ll \_, 10-
—0 5 10 15 20 25 30
o 1.2¢ ‘ ‘ ‘ ‘ ‘ ‘ ‘ E
g 11 , - B(t® ug)
L s
L E E
0.8: ) ) ) ) ) ) ) - o [ T T T T T T I' T '\ I IIIIIIIII | T
S 08503 04 05 06 07 08 09 1 o [ CMS Preliminary ~ Data
a NN output N 10 19.5 fo'at Vs = 8 TeV Moz
ATLAS-CONF-2013-063 g T
o 8 o —
> Wit, Ztt
3 i

tt! Wb+ Zq! b+ “q W zto

[ ww, wz, zz ]

ATLASBR (t ! Zg) < 0:73% @ 95% C.L. (7 TeV)

CMS:BR (t! Zg) < 0:07% @ 95% C.L. (8 TeV)

JHEP 1209 (2012) 139
CMS-PAS-TOP-12-037

H|||

300
my; (GeV)

1 1 | El 1 Il 1 | 1 1
200

o
o
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Baryon Number Violating Decays

b-jet

Baryon number violation possible
in several BSM scenarios.

Search for tt events in which one top

P
decays through t! bc " ort! bue'.
N R R N s \
%? 500 CMS Preliminary ] \
L%’ det =196 1fb", \s =8 TeV ; Data ] 4
channel t 1 _1 ‘ .
400 u —py ! b-jet k jet
[ Single top 1
[l Dibosons B
—3: i et
300 . e Signal (BR = 0.005) ] o ]
\ - Systematetne No signi cant excess over
=0 E expected background.
100 _:
BR(t! bc *)< 0:0016 @ 95% C.L.
L BR(t! bue*)< 0:0017 @ 95% C.L.
x2
CMS-PAS-B2G-12-023 4
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Further New Physics Searches

Resonances in my (e.g. Z°%or KK gluon). 7’

Mass limits O(2 TeV). VaAVAV,

More details in plenary talk by Fabienne Ledroit
Excited states ( t*; b?). ?%% 0
Mass limits O(800 GeV). t/ " "

Heavy vector bosons ( W9).
Mass limits O(1-2 TeV).

More details in plenary talk by Fabienne Ledroit

Vector-like quarks ( T! Zt, T! Wb T! Ht,B! Zb).
Mass limits O(700 GeV).

More details in plenary talk by Freya Blekman

And many more...
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Very rich top physics program at LHC and Tevatron experiment S.

Most analyses are systematics limited.

Top production

— Pair production cross section with  O(4-6%) uncertainty.

— Single top t-channel cross section with O(20%) uncertainty.

— s- and Wt-channel production observed at 3:7 and 6 level.

— Associated production ( ttV;tt ;t tj ), differential cross section.

Top properties

— Top mass uncertainty is currently 0.5% (0.87 GeV).

— Polarization, asymmetry and coupling measurements all
consistent with SM (some tension in FB asymmetry).

— Spin correlations observed.

— Limits on FCNC and baryon number violation decays.

Searches

— Wide range of searches for new phenomena.
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Differential cross sections for top-pair and single-top pr oduction , KIDONAKIS, Nikolaos
Search for Single-Top Production in ep Collisions at HERA , ANTONELLI, Stefano

Top quark mass measurements at and above threshold in e+e- co llisions at Linear Colliders , ROLOFF, Philipp

A precise determination of top quark electroweak couplings at the ILC operating at 500 GeV , POESCHL, Roman

Measurement of the single top quark production cross sectio n in pp collisions with the ATLAS detector , KRASZNAHORKAY, Attila
Measurement of differential cross sections in top pair prod uction in pp collisions with the ATLAS detector , GARBERSON, Ford
Measurement of intrinsic top quark properties (top mass, ch arge, top and W polarisation, and search for FCNC in top decay S)
with the ATLAS detector , MASETTI, Lucia

Top quark pair properties (spin correlations, charge asymm etry and complex nal states) with the ATLAS detector , MIJOVIC, Liza
t tbar b bbar production at NLO accuracy matched with parton s hower , TROCSANYI, Zoltan Laszlo

Measurement of the charge asymmetry in top quark pair produc tion at the Tevatron , DEMINA, Regina

Inclusive and differential top quark production at the Teva tron, SORIN, Maria Veronica

Single top quark production cross section at the Tevatron , GARCIA-BELLIDO ALVAREZ DE MIRANDA, Aran

Measurement of the top quark mass at the Tevatron , PETERS, Reinhild

Top quark properties studies at the Tevatron , LEONE, Sandra

Measurement of the inclusive top quark pair cross section in pp collisions at 7 and 8 TeV with the CMS detector , MAES, Michael
Measurement of differential cross sections in top pair prod uction in pp collisions with the CMS detector , SYMONDS, Philip Hugh
Measurements of the production properties of top quark pair s in pp collisions (includes charge asymmetry and spin corre lations)
with the CMS detector , DORLAND, Tyler Mc Millan

Measurement of the properties of top quarks in decays (top qu ark and W polarization, top quark charge and couplings) with the

CMS detector , SENGHI SOARES, Mara
CMS Measurements of the Top Quark Mass , STADIE, Hartmut

New approaches in determining the mass of the top quark: alte rnative techniques and differential measurements , BLYWEERT, Stijn
Measurement of t-channel single top quark production in pp ¢ ollisions with the CMS detector , IORIO, Alberto Orso Maria
Measurement of single top production in the tW-channel in pp collisions and search for FCNC with the CMS detector , BENELLI,
Gabriele

Top Decays with Flavor Changing Neutral Higgs Interactions at the LHC , KAO, Chung

Probing forthet ! ch decay atthe LHC , HOU, George Wei-Shu

Four-loop on-shell integrals: MSbar — on-shell relation an  d g-2, MARQUARD, Peter

NNLO top quark pair production , FIEDLER, Paul

NLO merging in tt+jets , SCHOENHERR, Marek

Top-quark Pair Production in a Running Mass Scheme , DOWLING, Matthew

Measurement of the inclusive top quark pair cross section in pp collisions at 7 and 8 TeV with the ATLAS detector , HENRICHS, Anna
Top quark mass measurements in ATLAS , COMPOSTELLA, Gabriele

TOPLHCWG: combinations of top measurements at the LHC , CRISTINZIANI, Markus
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Search for ttbar resonances below 1 TeV in the semileptonic nal state , BROCHET, Sebastien

Search for Top Quark Flavour-changing Neutral-current Dec ays at 8 TeV, CHAO, Yuan

Single top cross section measurements in the t-channel at CM S IORIO, Alberto

Measurement of differential top-quark-pair production cr 0ss sections in the lepton+jets channel with CMS |, LANGE, Joern
First measurement of single top production in the tW-channe l'in pp collisions , BENELLI, Gabriele

Measurement of differential top-quark pair production cro ss sections in the dilepton nal state at 8 TeV ~ , DORLAND, Tyler
A search of new charged heavy gauge W' bosons with the ATLAS de tector at the LHC. , GEOFFREY, Gilles

Measurement of jets in ttbar events with ATLAS. , GRAHN, Karl-Johan
Probing QCD with top-quark pairs at CMS | LIPKA, Katarina
Measurement of ttbar production with additional jet activi ty, MARTIN, Maria
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1<New Top Mass Measurement in Dilepton Channel by ATLAS

normalised events / 5 GeV

Select events with exactly 2 charged leptons ( e, ), EMss and
exactly 2 btagged jets.

Background < 3%.

Template method with m-, as estimator for mygy.

> T I T T T | T T T | T T T | T T T | T T T | T T T I T
T I T T T T T T T T I . .
0.12FATLAS  Simulation Miop S 400 * gzgfé?oat?d ATLAS Preliminary
_ Preliminary — 165.0 GeV f """ 0 bac ur
0.1 1725 GeV 2 — best fit: m_ =173.09 + 0.64 GeV
—180.0 GeV S '
0.08 3 300

0.06
200

0.04

0.02 100

Mip = 173:09 0:64(stat) 1:50(sys) GeV

Dominant uncertainties: JES and bJES

L
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¥4 New Top Mass Measurement in Alljets Channel by CMS

Select events with exactly 6 jets (at least two b-tagged).

Kinematic t: 2 2untagged jets ( m;; = 80:4 GeV). Combine
with two  b-jets (mjj, = mj; p).

CMS,L=3.54fb", \s=7TeV CMS,L=354fb", \s=7TeV e
8 2501~ Combined tf and multijet % e =
i — — tt component = .
--l?. S Multijet background 1.01 20 g
) 200__ Uncertainty on f, J
> e ; 15
LLl 150_—
: oool A\AUEARY
1001 jio
- 0.98
50— 5
- 0.97
s R *
L '-II T N SRR B -l|-“|__|__| T T 4 B i i D
'POO 150 200 250 300 350 173 174 176 178
fit
mit [GeV] m, [GeV]
Mip = 173:54 0:33(stat) 0:96(sys) GeV &

Dominant uncertainties: JES and bJES
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Branching Ratio BR(t! WDb=BR(t! Wq)

Branchingratio t! Whbis 1in SM.

Measure R= BR(t! WDh=BR(t! Waq) by tting number of bjets
In tt events.

T TT T
CMS preliminary, {5=8.0 TeV, | L=16.7 fb" Il: 1.023%)% CMS-PAS-TOP-12-035 (2013)
QBUOOJ|||||| ||||||||||||||||||| TTJ 1T T T T T TTTITa T 11 i
5 ee L , e 3 [j w —_—
i 7000 2iew = L+j: 0.94°) 1" CDF Note 10887 (2012)
3 . Multijets W v Phys. Rev. D 87, 111101(R) (2013)
6000 Wl ote- I1: 0981°00% CMS-PAS-TOP-11-029 (2012)
5000 = DW lj: 0.95°0
E ; : ‘ ; : i : ; i : 007 D@ PRL 107, 121802 (2011)
4000 — . Single top : : ; £ JI 1I: UBﬁ_‘:.":E
2jets 3jets = : ; 3 3 ; : i :
3000 ] .r? : i - P 3 B b 1j: 097010 D@ PRL100. 192003 (2008)
2jete = D 751 i _L ; : : i
2000 ) = # i 3 : 3 3 b F i i 419 5
3jets — : : ! e ig— : i ; Ij: LO3Y"" D@ PLB 639, 616 (2006)
3jets 4jels 7] e data 3 . : : 3 : : : g ||| R
1000 5 —
4 jets i = £ ; 3 3 : : i : 4131
= i 7 —_—— : i i 10200 .
012340123401234012340123401234012340123401234 1 ; i ; : 3 H u=141*““9 CDF PRL 95, 102002 (2005)
b-tag multiplicity : : I o - e
g_ 1) = S P P AP A PR R I Y I A U AP A R P P P P Y P S O P I R A A A
it} 1j+110.94*2' CDF PRL 86, 3233 (2001
E 1 *4* +‘;o~+ .+++. +..,.-++-I—.; ++H+’+-s ..... .f‘._-.*...*._.._‘.-_.,i T : ; : i ; * 04 ! { )
o} - i B rEr e e e
0.5 _‘-I"l lﬂ} "\|2+3‘440‘1i'|3 I\‘ : '4F0‘|L2|3*4‘]0*|{"3I4 0‘1"‘ ‘4‘ ’Ii "d"ﬂ‘o*‘llz*;‘T 0 02 04 DB D 1 12 14 16 18 2 22

Iii=B(t—> Wb)/B(t— Wa) 95% CL
Extract |Vi] by assuming a unitary, three-generation CKM matrix.

Complementary to single top measurements.

CMS-PAS-TOP-12-035
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Top Forward-Backward Asymmetry at the Tevatron

A, of the Top Quark

[ V. Ahrens et. al., July 2011
arXiv:1106.6051v1 (2011)
(** submitted to a journal) @
] W. Hollik and D. Pagani, o L - —e— CDF Data, 9.4 fb™
arxiv:1107.2606 (2011) (* preliminary) < N 0y = (15.5+4.8)x10* (GeV/c?)"
1
081" — {f Prediction /
I oy, = (3.4 + 1.2)x10* (GeV/c?)’ P
CDF LJ —— 0.158 + 0.074 (+0.072+0.017) 0.4 B
(5.3fh% L
0.2
CDF DIL* P - ?lz-ii
0.420 + 0.158 (0.150+ 0.050) = _______‘}___,_.1'_
(5110") | | | . | | |
g50 400 450 500 550 600 650 700 750
| Parton-Level M, (GeV/c?)
CDF combined* —@— 0.201+ 0.067 (:0.065 + 0.018)
(£ stat = syst)
Updated measurement from
DO LJ** —@— 0196+ 0.060 *39%8 CDF In +jets.
(5.4
Measured Agg deviate most
| | | | | from SM at large My;.
0.4 -0.2 -0 0.2 0.4 0.6 0.8

CDF Note 10975
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Legendre Polynomials
Fit cos  distribution with 1.0 1
. — [=D
Legendre polynomials. o foN =]
wavr-"1
Discrepancy with SM predic- —Al=3
_ _ 0.0 NV,
tion only for the linear term =5
(consistent with s-channel : :
new physics). L9505 00 05 L0
cos0
300! CDF Run Il Preliminary [£=9.4/fb  tt—rv+ jets | CDF Run Il Preliminary J£ =9.4/fb tt—7v + jets
0.8} 1
250} —
o A S g
200 |
s g I _________
42 150 I g 0.2¢ .»"l h""a. 1
g —— Legendre Series (20 terms) w =" e ~ !
- 100 —— | egendre Series (8 terms) |- i 0.0 By, ————
NLO SM tt (Powheg) :_,'J‘ = —
. . & ol — NLOSM (PRD 86 034026) -~ LO t-channel (Z' 200 Gev/c?) |
B Backgroun - LO SM (Pythia) T Data (stat+syst error)
4 Data -+ LO s-channel (Octet A) 4 Data (statistical error only) _
. o M 3 5 T
€osb, Legendre degree (¢)

CDF Note 10974
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“1< W Helicity Fractions in Single Lepton Events from CMS
F, F, Fq
T R G L Pk I LAk LERS ALY LA [kl HRELY BT S0 BB nd R AR L T e
i mu+jets; leptonic trmﬂ1| [ 1 i i v ' E [(Eml]
i e+jets: leptonic branch ] 1 E i 1 1] E P
E combined {e mul+jets: leptonic branch [ 1 i E ] ] E =
45 CMS Preliminary 7 TeV, 5 b E i E
| TR, RN L R, oW | K S
3 *F Muon an sloviron cnannot, combimed |
= 0.3 CMS Preliminary 7 TeV, 51b" Pecec. |
02 [MoswcL -
0.1%— * SM —
of A w1 Fp=0:682 0:030(stat)  0:033(sysY
: 1 FL =0:310 0:022(stat) 0:022(sys)
osf 3 Fr =0:008 0:012(stat) 0:014(syst)
04 '0‘3‘ - ‘»0‘.2' — '(lJ' . '0.‘1‘ . ‘0‘.2' . 'ofs‘ - ';.4

Re(g)

CMS-PAS-TOP-11-020

L
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e Top Quark Charge

eim(+1)
Ambiguity when pairing W boson to bjet. Q&/Mg’.\ %
\%\ 3_\'3\
Exotic models with jg = 4e=3 instead of «
jg = 2e=3 exist.
arXiv:1307.4568 [hep-eX] CMS-PAS-TOP-11-031
~ A e I CMS Preliminary \'s=7 TeV L=4.6 fb’
S electron/muon + Jets ATLAS j 2 |
S 10 _EOdt=2.05 fo* L~ Simulation = G ¢ data 7
) S 3 > W tt u+jets(signal)
i Vs=7TeV A g U tt err+jets
o E_ 3 _E' kS U tt dileptonic |
10°F SM "‘-: XM . % :ngleetstop
= : 3 » B Z+jets
102:5 E ©
- ; ] o)
& 1025 5: E 'g
o ; 7 2
TN | DRI T . TR 5

-0.25 -0.2 -0.15 01 005 0 005 0.1 0.15 02 0.25

Q

Gop = 0:64 0:02(stat) 0:08(syst)

_
0 12036 413 e

Exotic model excludedat > 8 . 99 9% C.L. exclusion. Ay
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AR More details in plenary talk by Fabienne Ledroit Resonances In My;
Top pair production can be enhanced by new particles
. . . 0
decaying into tt pairs (e.g. Z"or KK gluon).
Search for narrow and broad resonances in tt invariant mass.
l+jets dilepton alljets
ATLAS-CONF-2013-052 . ATLAS-CONF-2011-123 JHEPO01(2013)116
L N L I L B | - rerTrr T T g
o 10°EATLAS Preliminary <baa -5 z(15Ten) 3 8 Lt-2.05 1'\5=7TeV [ = 3 ERmma
Z wE Qa-uzn O 5" g, (20TeV) 3 2 ATLAS 0 2 <+ Data 2011
6 i-j + 1 ther Backgrounds 1| 1
% 185 5 Egtl:::;r](::ckg::djsets E L%, » - Encziaimi:s E DZ' (1TeV)o =1.3 pb -
= E (s=8Tev 7 g, f1100GeY) th ]
w  10'E = 3 A
S [OMuttijet 1
10°F E ]
102;: 3 ATLAS 3
10 I Ldt=4.71fb"
1 nllnannllannallnnaalas nnnnllnnanall 3
2 15 T 7 5 Vs=7TeV
[a) s W : 1
g I i Y ’ 800 1000 1200 HEPTopTagger
a 0 05 1 15 2 25 3 35 H+EM™ [GeV] E
meee [TeV] ]
%50007(3"\/'3' ‘ T T T T ‘ T T T T ‘ ] 0 N | 4 g l M ‘—
E 55.0 folat VS = 7 Tev ; Eata E 500 1000 1500 2000_ 2500 3000
i el 4 4000 Cew) B oy . tt Mass [GeV]
- reliminary, 19.6 fb", Vs = 8 Tev i [ Other SMBkg. 1 CMS Preliminary. (s =8 TeV, 19680
o 10°F — r 7' 750 GeV (x10) ] 10° - e Data
;‘ g - ;ST(;STeVIc’ o 3000 N —— 7' 1250 GeV (x100] B E Nont-{Top Multijet
2 10°E s BT i [ —— Z'1500 GeV (x2001 e e eV Rs KK gluon
o el 0 1 M, T S Tov e ko tion
10k 5.;“ L+ets, Nh_ug 21 i
E . 10
1 E
1075 1000 2000 3000 4000 5000 500 1000 1500 5 1000 1500 2000 2500 3000
Mﬁ [GeV/cT] M(it) [GeV] tt Invariant Mass (GeV/c?)

CMS-PAS-B2G-12-006 CERN-PH-EP-2012-324 CMS-PAS-B2G-12-005
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5
+
W,
/;)

CMS-PAS-B2G-12-005 CMS-PAS-B2G-12-006
= CMS Proliminary, /s =8 TeV, 19607 CMS, L =19.6 fb™, /s =8 TeV KK Gluon
a B ] a -

—t 10% Width 2' - —E 9, CL
= 10 E=. sssssas Expected Limit — 2 102 Epecied (95% CL)
1 E "~ Observed Limit E m E e Observed (95% CL)
i e e + 1o . 2 =
.. C+2c . - — = KK Gluon
T Sz - === Topcolor 2'x 1.3, 10% Width - & 10k
a A v (Harris, et. al.) n o - ~ | | | Expected+ 1 sd.
T g 3 = -
g : : = C j. \\ [ Expected + 2 s.d.
= i i 3 15
5 L 5 F
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3¢ - - = = g
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[=2] ~a -
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N 2 Exp. 2 s uncertainty « . ]
E{ 10 hobic 2 | ~ 5 Exp. 2 s uncertainty
©«s E /T Leptop _Ob_lc Z'(Lox13) 3 023 0 s Kaluza-Klein gluon (LO) T
C 1o ATLAS Preliminary o ATLAS Preliminary :
N 3 .
n = ¥ 3
- wc) E
-! -
10*
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ATLAS-CONF-2013-052
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Other New Physics Searches

CMS Preliminary 2012 19.6 fb™ Vs=8TeV
N o e B BB e

Excited states ( t?; b’). Mass limits around 800 GeV.

Il Multijet

> L - "
[} = Fitting function B
ATLAS
t 9 ° D'ata & 10° [Fitting uncertainty _
0o 107 Lepton + jets channel ----b' (800 GeV) 5 E
= 1 Wt o F . Obs_erved data E
g b : (- dt=4.7 o EEOther top g [ WY Signal (M, =750 GeV)
u I W+jets HF & (muon channel)
> 10 {5 = 7 Tev OW+ight jets o 16 E =
[ Z+jets 5
b W = [T Diboson g
€
o
=z

—
o

T T T 1117
|
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Phys. Lett. B 721 (2013) 171-189 = i3 3

400 800 1200 1600 2000 C ]
0 200 400 600 800 1000 1200 1400

CMS-PAS-B2G-12-014 reconstructed mass [GeV] Mass(top + gluon)

Heavy vector bosons ( W9). Mass limits O(1-2 TeV).
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> 10* §_ HHE ™ -x:f:’:ﬁ;gﬂv_? 5 2 jets 2 b-tags ] Z+jets, dibosons
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More details in plenary talk by Fabienne Ledroit BDT Output
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73« More details in plenary talk by Freya Blekman Other New PhySiCS Searches

Vector-like quarks. Mass limits O(700 GeV).
(T! Zt, T! Wb T! Ht,B! Zb)

.9’
Z H W*

CMS-PAS-B2G-12-015

And many more... ATLAS-CONF-2013-018, ATLAS-CONF-2013-051
ATLAS-CONF-2013-056, ATLAS-CONF-2013-060
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ATLAS-CMS Comparison of Top Mass Uncertainties
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