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Introduction £

p Why study top quark properties?

>
O
S,

200

p heaviest quark in the standard model 150
p large coupling to Higgs 100

p probe for new theories above the electroweak scale
50

0
) top quark decays before hadronisation

) study properties of a “bare”’quark

QUARK MASSES

173

up
down | 2
strange °3
charm |©@
bottom (& =
top

p stringent test of the SM, with many possibilities for manifestation of new

physics
) tops could be produced from decay of new particles
) tops could decay into new particles

) important to understand top as a background for other measurements and

searches
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p | shall present results from the last year in the following
categories:

) top quark mass

) tt cross-section

p top charge asymmetry

P W helicity and anomalous Wtb couplings
p search for FCNC in tt decays
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EXPERIMENT

Top quark mass

p fundamental parameter of the SM
p large coupling to Higgs

s [
8 80.46 [ Not excluded at 95% C.L. by direct searches
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http://prd.aps.org/abstract/PRD/v86/i9/e092003
http://prd.aps.org/abstract/PRD/v86/i9/e092003

Top mass: CDF lepton+jets T+

PRL 109 152003

p CDF lepton+tjets channel until recently

. . m."¢<° distribution
most precise single measurement

400
, / CDF Il Preliminary
) latest result with 8.7 fb-! at .96 TeV, e/p 35" . Data (8.7 fb')
. 2300 aa (e,
+ >4 > . __| Signal+Bkgd
S250- R Em
. . 0 Y ] Bkgd only
p Jet energy scale (JES) leading systematic Efgg— All
c -
p reduce uncertainty by measuring JES Z100-
simultaneously with m¢ using mw constraint 50 /.~
B T &
) it system reconstructed using X? 0 150 ,ﬁf"’ (Ge\%,i‘?) 300 350
minimisation
AIog(L) contours from simultaneous fit
p Per-event likelihood for true m¢ and JES, L8 A M s oo i
based on measured m¢“° and mw"° 9% 0 T N RO BRSSO B
p from sum of signal and background _odf N
probability density functions (pdfs), from MC &
p Mass and JES simultaneously extracted S e N T
from 2D ﬁt to Combined |ike|ihood -02:_, ............... ............... ............... ...... 7,7 ............... ..... ______ —
_ECDFII§PreIim;inary8;.7fb'1; ]
b me=172.85 * 1.10 (total) GeV R R R T o R T T R R
Mtop(GeV/c)
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Tevatron top quark mass combinationct;

p Tevatron measurements combined using best
linear unbiased estimator (BLUE) method

p Compared to previous (201 |) combination,
uses updated Run Il CDF lepton+jets and
MET+jets measurements

p full 8.7 fb-! of data, and improved analysis
technique and jet energy resolution for
leptontijets

) me = 173.20 * 0.87 (total) GeV

p relative uncertainty of 0.50%

CDF-Il leptontjets

March 2013
05— Preliminary
04 weight of measurements
in combination

IWiI/E IWil in the Tevatron combination

Analysis

CDF Note 10976, D@ Note 6381

Mass of the Top Quark

March 2013 (* preliminary)
CDF-I dilepton ¢ 167.40 +11.41 (1030 = 4.90)
DO-| dilepton ¢ 168.40 +12.82 (+12.30 + 3.60)
CDF-II dilepton B | 170.56 £3.79 (:2.19 = 3.09)
D@-Il dilepton ! 174,00 +2.76 (:2.36= 1.44)
CDF-I lepton+jets ° 176.10+7.36 (+5.10= 5.30)
DO-| lepton+jets ° 180.10 +5.31 (+3.90= 3.60)
CDF-Il lepton+jets | 172.85+1.11 (x0.520.98)
DO-Il lepton+jets * 174.94 £1.49 (:0.83= 1.24)
CDF-| alljets 186..00 +11.51 (+10.00 = 5.70)
CDF-Il alljets B | 172.47 £2.07 (+1.43= 1.49)
CDF-Il track ¢ 166.90 +9.46 (+9.00 = 2.90)
CDF-Il MET+Jets * 1 B 173.05+1.85 (+1.352 1.26
Tevatron combination * ~ '* 173.20 £0.87 (0512 0.71)
(= stat = syst)

| | | | ledof|= 8.5/11 (GT%)

150 160 170 180 190 200
Myp (GEV/C?)
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Top mass: CMS lepton+jets

p 5fb~! 7TeV lepton+tjets data (e/u + =4j, =2 b-tags) m¢™ distribution

CMS, \s =7 TeV, l+jets
T T T T T T | T T T T | T T T T
B Z+jets

L [
- [__]tf unmatched

p Kinematic fit to reconstruct mass of top quarks in 1200f EBttwons s
each event’ mtﬁt 10003_ V) tt uncer tainty e Data(5.0fb") _f
p 2 possible parton to b-jet assighments per event, 800 -
weighted based on fit X? (and with high X? cut to 600 -
increase fraction of correct permutations and reject 400 -
background) 200[ .

) Per-event likelihood for m; and JES based on m™ _ 800 n \4;5)0

m" [Ge

and mw"<° (ldeogram method) log(L) vs m; and JES

CMS, 5.0 fb™', (s =7 TeV, l+jets

p includes sum of pdfs for tt with “correct” and

o 1.01 —~
“wrong” jet permutations, and also “unmatched” %.005 8
where the 4 jets do not correspond to the 4 partons s
1 Ee 0
p Mass and JES simultaneously extracted from N = 15
combined likelihood: N ") N\ O\ B \ 0
) me= 173.49  1.07 (total) GeV N N
0.985 EEEEEREEN——
p JES =0.994 £ 0.009 (total) JE

172 173 174 175

HEP 12 (2012) 105 most precise single measurement to date m, [GeV]
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http://dx.doi.org/10.1007/JHEP12(2012)105
http://dx.doi.org/10.1007/JHEP12(2012)105

3D template fit top mass analysis

4

New result from ATLAS seeks to reduce b-jet JES systematic
by adding an independent correction to the b-jet JES, bJSF, to
the simultaneous fit

Events / GeV

Template fit, using 3 variables from a kinematic fit of each event

600

500

400

300

m:"<° distribution

L D D N N N I O B I | [Trrrrrrrprrrrs [T+

I I I I
ATLAS Preliminary

~ f Ldt=4.7 fb"' }
L + +

T
° @:7 TeV data
------- Best Fit background —

Best Fit

Myyp = 172312 0.75 o1 ok anusk
JSF=1.0140.003
bJSF = 1.006 = 0.008

GeV

P m° templates as a function of input my, JES, and b|SF -
P mw' templates as a functionbof JES 100
bhad lep
reco,2b  _ Pr M Pr I D AN Nl i o 1orepeer Faraeper
4 templates of Ry, T Wiy Wi as a function of mc and bJSF 30 140 150 160 170 180 190 200 210 220
Pt T Migp” [GeV]
(and a similar quantity for events with | b-tag) |0 and 20 contours for mt vs JES |0 and 20 contours for JES vs bJSF
il 08 e PR
| 0 and 20 contours for m: vs b|SF 1020 b © 1o T v e
LL T rrrrjrrrrrrrryrrrrrrrrjprrrrprirr1rrog . 1;’52::::;2%:
dp) - 1o cont. 2b-tags ]| o 20 o, comb. it ] 1.021- ]
3 103: 47 fb-l 7TeV data 20 cont. 2b-tags 1-0155 el N
B o cont. 1b-tag - 1'01? B g N
1.02 :_ 26 cont. 1b-tag _: 1 005l ATLASPreliminary E o ATLASPreliminary
B 1o cont. comb. fit ] f Ldt=4.7 b ] 0.961- f Ldt=4716"
1.01 2 cont. comb. fit 19707471 172 178 174 475 176 177 7T H005 101 1015 1.02  1.025
B _ Mg, [GeV] JSF
1= E p Results from simultaneous fit to 3D likelihood
- . = +
0.981 ATLASPreliminary E P me=172.31 £ 1.55 (total) GeV
007 [Lat=4.7 16" E » Uncertainty reduced compared to result using
r[ | | I | | 1111 | 111 1 | 111 1 | 1111 | 1111 | 111 1 | | ; traditional 2D ﬁt (With bJSF Set = I ):
170 171 172 173 174 175 176 177
ATLAS-CONF-2013-046 my,, [GeV] } me = 172.8 £ 2.05 (total) GeV
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-046
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-046

top - antitop mass difference T+

p SMinvariance under CPT predicts equality of particle and antiparticle masses CMS PAS TOP-12-031

P test by measuring the mass difference between top and antitop, Am: = m¢ - Mepar

p 191! 8TeV lepton+jets data (e/u + =4j, = | b-tag)
p Kinematic fit to reconstruct mass of hadronically decaying top in each event, using Mw constraint
p Mass extracted from combined likelihood (Ildeogram method)

p per-event likelihood terms for signal with correct and incorrect jet combinations, and for background

p Event sample split in two based on lepton charge, and m. extracted from |ID fit to likelihood

CMS Prellmmary 19 fb ' at Vs = 8 TeV [ CMS Prellmlnary 19fb'at Vs =8 TeV [+

> 25000 ru. | !.1..1..|. | I..l..l..l..!,..I...I...I...I...!...l..l..J..l..!..l..l..l..I..!..l..l. -W+jetS > 25000 B | I T T T I T T [ r|-| i ] T 1-!-| T |--|--!--|--r- -W+]etS
8 A R |++]etS | Z+jets 8 S | Z+ets
o 20000:_ ........... .............. .............. .............. ______________ _______ B Single-Top o B Single-Top
q\| . QCD qV|
- ~ B
£ 15000 @0 15000
c C .
2 i Q -
l 100001 (1 100001

5000F 5000F

Q 1.4_ O 1.4:

= 1.2 = 1.2t

8 1 s I

s 0.8 c 0.8f

0O 0.6 0O 0.6

0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Fitted Top Mass (GeV) Fitted Top Mass (GeV)

P Amy= —272+196 (stat.) £ 122 (syst.)MeV (I.20 from 0)

) by far the most precise measurement to date
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tt cross section

p good test of the SM (challenging to theory)

) sensitive to new physics
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tt cross section

p Similar event selections as for mass analyses

p Measurements typically using kinematic fits
to distinguish signal and background, with a
likelihood fit to estimate Netbar

p Measured cross-section in good agreement
with theory

p exact NNLO calculation recently completed:

arXiv:1303.6254 [hep-ph]

Theory (scales + pdf) —
Theory (scales)

300 CMS dilepton, 7TeV —v—

ATLAS and CMS, 7TeV ——
ATLAS, 7TeV —+—

CMS dilepton, 8TeV

AV)
-
S

PP — tt+X @ NNLO+NNLL
Miop=173.3 GeV 1

MSTW2008NNLO(68c)

6.5 7 /7.5 8 8.5
Vs [TeV]

150

o, [pb]

102

10

102

10

~ --NLO QCD (pp) "

I IIIIII|
o B
g O
o O

S

T | T T T T | T T T T | T T T T | T T T T | T
--NLO QCD (pp) ¢ Single Lepton (8 TeV) 241+ 32 pb =
¥ Single Lepton (7 TeV) 179+ 12 pb
— Approx. NNLO
PP (Pp) A Dilepton 173 *'7 pb

O All-hadronic 167 = 81 pb
—Approx. NNLO (pP) @ Combined 177 *ipb _—Z2%=

250

200

.
-,
-
-
2
.
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|
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/' ATLAS Preliminary

, : 5
1 /I’ | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1

2 3 4 5 6 7 8
top cross-section vs CM energy

CMS prelim. combined 8 TeV (2.8 fb')
LHC prelim. combined 7 TeV (0.7-1.1 fb")
CMS dilepton 7 TeV (2.3 fb’)

Tevatron prelim. combined (up to 8.8 fo")
CDF prelim. combined (up to 8.8 fb™

DO combined (5.4 fb™) =

O O < o @ o

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

IlI’IIIIII|IIII|IIII|IIII|IIII|IIII|IIII

—

2 3 4 5 6 7 8 9
Vs (TeV)
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http://arxiv.org/abs/1303.6254
http://arxiv.org/abs/1303.6254

Differential cross section £

CMS lepton+jets and dilepton channel results in 12 fb-! 8 TeV data

Measured distributions background-subtracted and unfolded to parton-level

VvV V VvV Vv

: : : : : : 1 do
Resulting differential cross-section normalised to total cross-section: g 4X
Results consistent with SM, but NNLO required to describe top pt dependence

differential cross-section wrt top-antitop mass differential cross-section wrt top pt
CMS Preliminary, 12.1 fo'at Vs = 8 TeV , CMS Preliminary, 12.2 fo'at \s= 8 TeV
10
|1_—| ]:l|||||||||II|III|III||||: l_'l__l 10:|||||IIII|IIII||||||||||||III|IIII|IIII_
> - e/u + Jets Combined e Data : % oF Dilepton Combined e Data
8 ol — MadGraph S - — MadGraph
J 10 - 3 @) *-'Q_'_ -
= s === MC@NLO - S 8  has MC@NLO
Y'E ----POWHEG - e E --- POWHEG
O . 4=
-l sl -~ Approx. NNLO
10 S 6 (arXiv:1210.7813)
; 55

104 \< E ab
? : o =
B \ .
10—6|_||||||||||||||||||||||.|_ | SR N W N FEEE N o bn am e =i
400 600 800 1000 1200 1400 1600 0 50 100 150 200 250 300 350 400

it pt [GeV]
CMS PAS TOP-12-027 m" [GeV] CMS PAS TOP-12-028 T
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https://cds.cern.ch/record/1523611
https://cds.cern.ch/record/1523611
https://cds.cern.ch/record/1523664
https://cds.cern.ch/record/1523664
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top charge
asymmetry

p focus on charge asymmetry of differential cross-section
) sensitive to new physics
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Top charge asymmetry 4

PRD: arXiv:1211.1003

p Great interest in the tension between the

Tevatron measurements and the SM 3
prediction for charge asymmetry SER
} Aoy — N(Ay>0)—N(Ay<O) -51.5
BT N(Ay > 0) + N(Ay < 0) 1
} A)’ = Yt-Ytbar 0.5
p The SM calculation has been improved S 02
2-0.2
p electroweak processes that contribute to g5
the asymmetry '
p progress on NNLO calculation @
< |
p studies of the choice of renormalisation 06
scale
p small increase in the expected asymmetry, 0a|-

but not enough to resolve the tension with
observation.

p Plots show latest CDF lepton+jets result
with 8.7 fb"! at 1.96 TeV (parton-level) 350

differential cross-section wrt Ay

—— CDF Data, 9.4 b
A = 0.164 = 0.047

— tt Prediction
A = 0.066 = 0.020

—

-

L L L | L
n P ; ———+———
) 4 b 4

0.5 1 1.5 2
Parton-Level Ay

N
-
a
1
-
o
a
o

AFB VS Mtt

0.2

- —— CDF Data, 9.4 fb™

| — ti Prediction /

oy = (15.5 + 4.8)x10™ (GeV/c?)"

oy = (3.4 = 1.2)x10™ (GeV/c?)’ e

400 450 500 550 600 650 700 750
Parton-Level M_ (GeV/c?)
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Characterisation of do/dcos0O;
P Ars(Qy) = AFB(COSet) ( equal when pr(t)=0 )

Legendre polynomials

1.0
» Angular dependence of qq — tt scattering —— 1=0
completely characterised by sum of o5t :j |
Legendre polynomials (in CM frame) Vo
0.0 Sy
p contributing polynomials determined by DG :z‘s‘
angular momentum | of intermediate states o8/ 7
p LO SM: contributions only from £ =0,2 / | |
~1.97 Z05 0.0 0.5 1.0
p Non-zero Ars from odd moments cos0

» Results from fit to cosO. in data, background
subtracted and corrected to parton level Measured Legendre moments £ (parton level)

_ CDF Run Il Preliminary f£=9.4/fb tt—¢v+ jets
p Observed Ars all comes from £ =1 term 0l
contribution to Ars from first vs other moments ~ o6l 1
N . +
0.20 CDF Run Il Preliminary £ =9.4/fb tt—¢v + jets 8
+ Data -IE 0.4}
—n 015 % NLO SM (PRD 86 034026 (2012)) | o
A E €
[ 0.10f @)
-g T .05 e 0.2
© 2 v
& 0.00 ©
% § c 0.0
O £ —0.05 s 1
NV E g 10l 9 0.5l | — NLOSM (PRD 86 034026) - LO t-channel (Z’ 200 Gev/c?) ||
<E ol "||--- LO SM (Pythia) | Data (stat+syst error)
' =-=- LO s-channel (Octet A) ¢ Data (statistical error only)
~0-400 005 010 015 020 025 030 035 040 —0.4t 1 5 3 4

Agg from linear term
CDF Conf. Note 10974 J =|
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http://www-cdf.fnal.gov/physics/new/top/2013/TopAngularXS/cdf10974_PubTopCosTheta.pdf
http://www-cdf.fnal.gov/physics/new/top/2013/TopAngularXS/cdf10974_PubTopCosTheta.pdf

Charge asymmetry at the LHC (I) 5

p Ars variable not useful at LHC
because initial state is forward-
backward symmetric (pp)

p If top quark preferentially emitted
along the direction of g, expect
tops to be more forward than

antitops, i.e. |ye|>|ytbar|

p because g have higher average
momentum fraction than g since
there are no “valance” antiquarks

_ N(lyt| > |vz|]) — N(lyt| < |vzl)
p Ac=
N(lyt| > |yzl) + N(lye| < |yzl)

p LHC measurements consistent
with SM (Ac = 0.006):

Ac = 0.004 + 0.015 (CMS I+jets
) j

b Ac =0.029 + 0.023 (ATLAS, I+j and
dilepton Combined) ATLAS-CONF-2012-057

Comparison of expected rapidity distributions

Tevatron LHC
tbar t tbar
t
Y Y

1/c do/d(Alyl)

differential cross-section wrt Aly|

T T T T | T T T T | T T T T | T
- CMS .
—— Dat

- 5.0fb"at Vs =7 TeV -
A = 0.004+0.010 — NLO prediction ]
0.6 L+jets —
0.4 —
0.2 |
B & ) ]

O_ | | | ]
-2 1 0 1 2

>
=<

Phys. Lett. B717 (2012) 129
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http://www.sciencedirect.com/science/article/pii/S0370269312009756
http://www.sciencedirect.com/science/article/pii/S0370269312009756
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-057/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-057/

Charge asymmetry at the LHC (Il) 3

p Certain NP models allow

smaller discrepancy in
LHC variable than in
Tevatron variable

p Plot shows Ac vs Ars
parameter space

) areas favoured by

experiment are shaded

p allowed areas in different
theories marked by dots

p Newer LHC

measurements (previous

slide) favour higher Ac

the plot

23/05/13

than the older results in

key:

W’ (t-channel) ()

As (LI IC variable)
&

O
—h

-0.05

Z’ (t-channel)

Ac vs Ars parameter space

ATLAS

L4

0.1 0.2 0.3 0.4 0.5

Acg (Tevatron variable)

Eur.Phys.J. C72 (2012) 2039

charge 4/3, scalar, colour sextet (u-channel)
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http://www.springerlink.com/content/61x5lq055240w477/
http://www.springerlink.com/content/61x5lq055240w477/

st
W helicity and

anomalous Wtb
couplings

) good test of the SM
) sensitive to new physics




W helicity fractions in top decays (LHC combination) %

P Measure W helicity fractions (Fr, FL, and Fo) using 0% distribution in tt events
1 dI

3 3 3
> Flood = 3 (1 + cos§*)* Fg + 3 (1-cos6*) Fp + 1 (1 —COSZQ*) Fo

p O*:angle of lepton in W rest frame, measured wrt the W momentum in top rest frame

p ATLAS measurements using template fitting method, and also acceptance-corrected
angular asymmetries

p CMS result based on reweighting MC in likelihood | 0 confidence interval for F. and Fo
i : , : - L A N B B AN A BN
technique to find fractions F; preferred in data 05 FL ATLAS and OIS preliminary |
p CMS and ATLAS results combined using BLUE : Lin=35pb” - 2.2 b7 -
0.45 - \s=7TeV
Measured and predicted W boson helicity fractions 04 .
I I | I I I I | I I I I I I T I | T I I I | : :
ATLAS and CMS preliminary 0.35 |- * -
\s=7TeV,L =35pb"-22fb" | Fpg F, F, - ]
" 03 - > Data _
— gNLg_ Q(t?D © mE NNLO QCD
ompination B o
~ — Unitarity boundar ]
o=+ Data (F_/F /Fy) 0.25 ¢ o yl | Y e
ATLAS 2010 (single lepton) R R 05 055 06 065 0.7 0.75
ATLAS 2011 (single lepton) - AL Fo
ATLAS 2011 (dilepton) N T
CMS 2011 (single muon) L. B Fo = 0.626 + 0.034 (stat.) + 0.048 (syst.)
ILFIIC |col|nbllnlatllon| | | | | | | IIH-'I | |-|I-A_|-I | | | FL = 0.359 i 0.02 I (Stat.) i 0.028 (SySt.)
ATLAS-CONF-2013-033 0 0.5 1 FR = 0.015 £ 0.034 (assuming unitarity)
CMS PAS TOP-12-025 W boson helicity fractions
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-033
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-033
https://cds.cern.ch/record/1528567
https://cds.cern.ch/record/1528567

Limits on anomalous couplings 42

The combined helicity fractions are in agreement with NNLO QCD
predictions and can be used to set limits on new physics contributing to the

Wtb vertex.

Start with most general Wtb vertex:

left and right handed vector couplings left and rlght handed tensor couplings
g T — lO_ QV _
Ly = —$by“ (VoP +(VRlPrR) 1W,, — —b "L HGRPR) W, + hec.
SM part,VL =V anomalous coupllngs (zero in SM)

Assuming V=] and Vr = 0, set limits on real parts of g and gr

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

~ 1
[
€ o
8 S . . . .
- region highly disfavoured by single top
0.6 LHC combination preliminary V=1,V = cross-section measurements
- \s=7TeV, L =35pb'-2.2fb"
0.4 " B se cL
02 | Jo5% cL

p Also assuming g =0:

S, Re(gg) = —0.10 + 0.06 (stat.) T

0,08 (syst.)
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-033
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-033
https://cds.cern.ch/record/1528567
https://cds.cern.ch/record/1528567

Search for CP violation in single top quark events 55

p  Helicity fractions measured using 0* not sensitive to all anomalous couplings ATLAS-CONF-2013-032
p limits apply to real parts of couplings, not complex phases that would imply a CP-violating component

p Single-top quarks produced in the t channel predicted to
be highly polarised (P~0.9) in direction of spectator quark

™~

spectator quark

p allows measurement of On: similar to 0%, but angle measured
wrt normal to W direction and top spin direction

p forward-backward asymmetry in the normal direction, ANgg,
sensitive to imaginary part of gr:

b Ay = 0.64 PI(gR)
p cosOn distribution bkg-subtracted and unfolded to parton level for comparison with theory

cosON distribution (reco level) constraints in P vs Im(gr) space

CL‘\)'I B I T T I T T I T T T I T T [ T T I I T T I T T I ] Q 1 _I T T T I T T T T I T T T T I T T T T I I T T T T I T T T T I T T T I_
! - ATLAS Preliminary L ey WTLAS data . _ . _
= . +HF jet ] - —
e framaen 0 =RER 1 ANgg =0.03 + 0.07  oss| ]
. Z+jets, Dil n — —
3 200 “s=7Tev P - C f L dt = 4.66 fb! ]
(O] = ' ////////, MC stat. + multijet unc. — - |
g : : 0 9 I~ \/g = 7 TeV ]
2 150 - 9 —
'O — — p—
C m - -
S I (gR) = ['0.20, o°3o] -~ e SM prediction (LO) -
100 — Observed N
at 95 % CL (P—0.9) @ =10 (68% CL) ]
B +20 (95% CL) ]
~ A} =0.03 = 0.07 (stat. @ s) -
0.8 ]
S — first experimental - -
S 15F = = -
o = 4 E : . 0.75— —
| NI oo limits on | m(gR) . -
8 0.5F = - ]
E EI 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 IE : :
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Ratio B(t @ Wbh)/B(t > Wq)

. . CMS PAS TOP-12-
p Measurement in dilepton final state with 16.7 fb-! 8 TeV data MS PAS TOP-12:035

Probability model as a function of R

p Construct probability model for expected b-tag multiplicities G prefiminary, 5=8 Tel, [L=16.7

vs R where 'R = B(t — Wb)/B(t — Wq) Z ]
p done separately for different event categories based on § 0'9; E
channel (ee, ey, py) and jet multiplicity £ 088
p Likelihood fit for R using observed b-tag multiplicity 078
distribution 058
0.5
log likelihood for the 3 channels :
 CMS preliminary, /s=8 TeV, [ L=16.7 fb" O4E .
< CET\W T ';'0;88';;;.1;)58' E b-tag multiplicity 0.3 :?g::gz E
Q 451 - B distribution 0.2 HE =2 b-tags =
- ] : . - =3 b-tags -
4f- = (inclusive) 0.1 [ =4 b-tags =
351 e, E Oo:' oz o4 06 o8 1 '1:.2
3:_ “b-tag multiplicity _: R=B(t%Wb)/B(t%WC])
- combined . 0.036
258 ee — — —+0.
3 e R = 1.0237 3, (stat+syst)
21— — ]
- eu .
E R >0.945 at 95% CL
1= A
F E Vip| >0.972 at 95% CL (using R = [Vip|*)
gl '0_5'95'\7*'"-' L feuefidet most precise measurement to date
Measured R
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Search for FCNC in top decays

p Flavour changing neutral currents highly suppressed in SM ~ CMSPASTOP-12:037 U, €
b Search for tt events with a FCNC decay, t = Zq

» tt — Wb+ 2Zg — lvb—+ llg t 2y L7
P Require two opposite-sign, isolated leptons (e or M) consistent with -

Z-boson decay and an extra charged lepton consistent with VW-boson decay
) Perform counting experiment in signal region: B(t — Zq) < 0.07% (95% CL)

mz; distribution (before mw; requwement) Mwb VS ij distribution

IIIIIIIIIIIIIIIIII A350 I I I I I I I I I I I I I I I I I I I I

g - CMS Prellmlnary +Data| ] % i CMSPrellmlnary ,l |
N o[- 19.5fb"at Vs =8 TeV Teze _| G | 195f"at\Vsz8TeV .
o | ] 800 .

T B E; - .

L?>j 8 B wit, zt | . *
.th 250_ ° o . ° ]
200:— "' . —
i : o ]
150+ . .
I/I | | | | | | | | | | | | | | | | | |

10050~ /150 200 250 300 350

| event in top mass window Mz (G¢V)
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Conclusions and prospects for 13 TeV 5

p LHC top mass measurements matching precision of Tevatron

p Tevatron was built as a top factory, but LHC now has far more statistics

p Abundance of tops at LHC allows for more detailed studies of top quark
properties compared to Tevatron

p differential cross-section compared to theory at NNLO

) top, antitop mass difference and limits on Vi and FCNC far exceed Tevatron precision

p Tevatron Arg result still the only hint at new physics (good agreement with SM
elsewhere)

) Many exciting results for full 2012 LHC dataset (~20 fb-! at 8 TeV) still to come!

) tt cross section increases by factor of ~3 from 8 TeV to 13 TeV

) statistical precision of 7 and 8 TeV datasets will be quickly eclipsed

D higher precision test of the SM, with increased chance of observing new physics!
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Public results %

p https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

p http://www-cdf.fnal.gov/physics/new/top/top.html
p https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults TOP

p http://www-dO.fnal.gov/Run2Physics/top/
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Mass combination at the LHC s

LHC m,,, combination - June 2012, L =35pb" - 4.9 fo”
ATLA MS Prelimi =7 TeV
} June 20 I 2 ATLAS 2010, I+jets S+ CMS Pre |m|nary,\@ ©
Combination Lint=35pb-1’ (® CR, U.Esyst_) ' - . ' J 1693 + 40 + 49
’ ATEAS 2011, Trets ——i 1745+ 0.6 + 2.3
. BLUE ATLAS 2011, all jets
using oo ————i 1749+ 2.1+ 3.9
L=2fb", (® CR, UE syst.)
. CMS 2010, di-lepton ] . .
p Leptontjets channel | v o o + 1755+ 4.6 = 4.6
e CMS 2010, I+jets N N
best SenS|t|V|t)’ CLK‘AE,?’Z”;A(@S-RFVS” ——— 173121+ 2.7
' M PO drepton — -1 1733+12+27
smallest syst. unc. CMS 2011, u+jets
} y L =491, (®CR, UE syst) —o— 172604 +1.5
LHC June 2012 @~ 173.3+0.5+1.3
CMS PAS TOP-12-001
Tevatron 2013  ATLAS-CONF-2012-095 o 173.2+05+0.7
| | | | * (stalt.) + (syst.)

150 160 170 180 190 GoV
p CMS results updated I . Mep [GEV]
since combination cus 2010 pinets

1725+ 04+1.5

CMS 2011 dilepton
(val. = stat. = syst.)

arXiv:1209.2393 (L=5.0/fb)

p CMS combination: cpsze sperge

@
—O—
N 1735+ 0.4 1.0
CMS 2011 all-jets S W 1735+ 0.7+ 1.3
—a@—
—=—t

(val. = stat. = syst.)

PAS-TOP-11-017 (L=3.54/fb) (val. = stat. + syst.)

P m:= 173.41£0.410.9 GeV

Tevatron 2013 combination

CMS PAS TOP-11-018

p Consistent with Tevatron R T

160 165 170 175 180 185
my,, [GeV]

173.4+0.4+0.9
(val. = stat. = syst.)

173.2+ 05+ 0.7
(val. = stat. + syst.)
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top mass systematics

JHEP 12 (2012) 105

CMS lepton+jets
(slide 7)

ptjets e+jets l+jets

O, (GeV) g |05, (GeV)  85pg |0y, (GeV) g
Fit calibration 0.08 0.001 0.09 0.001 0.06 0.001
b-JES 0.60 0.000 0.62 0.000 0.61 0.000
pr- and n-dependent JES 0.30 0.001 0.28 0.001 0.28 0.001
Lepton energy scale 0.03 0.000 0.04 0.000 0.02 0.000
Missing transverse momentum 0.05 0.000 0.07 0.000 0.06 0.000
Jet energy resolution 0.22 0.004 0.24 0.004 0.23 0.004
b tagging 0.11 0.001 0.15 0.001 0.12 0.001
Pileup 0.07 0.002 0.08 0.001 0.07 0.001
Non-tt background 0.10 0.001 0.16 0.000 0.13 0.001
Parton distribution functions 0.07 0.001 0.07 0.001 0.07 0.001
Renormalization and 023  0.004| 041  0005| 024  0.004
factorization scales
ME-PS matching threshold 0.17 0.000 0.15 0.001 0.18 0.001
Underlying event 0.26 0.002 0.24 0.001 0.15 0.002
Color reconnection effects 0.66 0.004 0.39 0.003 0.54 0.004
Total 1.06 0.008 1.00 0.007 0.98 0.008

Table 1: List of systematic uncertainties for the muon+-jets and electron+jets final states,

and for the combined fit to the entire data set.

23/05/13

ATLAS lepton+jets

(slide 8)

ATLAS-CONF-2013-046

2d-analysis 3d-analysis

Myop [GeV] JSF || myop [GeV] JSF | bJSF

Measured value 172.80 | 1.014 172.31 | 1.014 | 1.006
Data statistics 0.23 | 0.003 0.23 | 0.003 | 0.008
Jet energy scale factor (stat. comp.) 0.27 n/a 0.27 n/a n/a
bJet energy scale factor (stat. comp.) n/a n/a 0.67 n/a n/a
Method calibration 0.13 | 0.002 0.13 | 0.002 | 0.003
Signal MC generator 0.36 | 0.005 0.19 | 0.005 | 0.002

|l Hadronisation 1.30 | 0.008 0.27 | 0.008 | 0.013
Underlying event 0.02 | 0.001 0.12 | 0.001 | 0.002
Colour reconnection 0.03 | 0.001 0.32 | 0.001 | 0.004
ISR and FSR (signal only) 0.96 | 0.017 0.45 | 0.017 | 0.006
Proton PDF 0.09 | 0.000 0.17 | 0.000 | 0.001
single top normalisation 0.00 | 0.000 0.00 | 0.000 | 0.000
W+jets background 0.02 | 0.000 0.03 | 0.000 | 0.000
QCD multijet background 0.04 | 0.000 0.10 | 0.000 | 0.001
Jet energy scale 0.60 | 0.005 0.79 | 0.004 | 0.007

| b-jet energy scale 0.92 | 0.000 0.08 | 0.000 | 0.002
Jet energy resolution 0.22 | 0.006 0.22 | 0.006 | 0.000
Jet reconstruction efficiency 0.03 | 0.000 0.05 | 0.000 | 0.000

| b-taggeing efficiency and mistag rate 0.17 | 0.001 0.81 | 0.001 | 0.011
Lepton energy scale 0.03 | 0.000 0.04 | 0.000 | 0.000
Missing transverse momentum 0.01 | 0.000 0.03 | 0.000 | 0.000
Pile-up 0.03 | 0.000 0.03 | 0.000 | 0.001
Total systematic uncertainty 2.02 | 0.021 1.35 | 0.021 | 0.020
Total uncertainty 2.05 | 0.021 1.55 | 0.021 | 0.022

Table 2: The measured values of my,, and the contributions of various sources to the uncertainty of the
2d-analysis and 3d-analysis.The corresponding uncertainties on the measured values of the JSF and for
the 3d-analysis also the bJSF are also shown. The Signal MC generator systematic uncertainty is ob-
tained from pairs of independent Monte Carlo samples. The statistical precision on myp, of all Monte
Carlo samples in the 3d-analysis (2d-analysis) is about 0.15 GeV (0.07 GeV). The corresponding val-
ues for the JSF and bJSF are 0.0017 and 0.0006, respectively. Consequently, for the uncertainty source
Signal MC generator the statistical uncertainty of the evaluation of the systematic uncertainty on m, is
0.21 GeV for the 3d-analysis and 0.10 GeV for the 2d-analysis. For the sources Hadronisation, Under-
lying event, Colour reconnection, ISR and FSR the same hard scattering events before hadronisation are
used, albeit with respective different further processing for the source under study. For these sources the
samples are not independent, and the statistical uncertainty of the evaluation of the systematic uncertainty
is correspondingly smaller.
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Search for FCNC single top production 3

Physics L etters B 712 (2012) 351-369

upper limit on Kugd/\ and Keg/ A

p Classify events with leptonic single top- - s e
quark signature into signal and i 16;: ATHAS fW =200
background using a neural network taf T — region_g

p No signal observed, so set 95 % CL 12:  Opserved :
upper limits on G(qg = t) x B(t = Wb) ¢ N\ -

) O(qg — t) x B(t = Whb) < 3.9 pb

b Kug/A < 6.9 x 103 TeV-! (95 % CL) A
upper limit on B(t— ug) and B(t— ¢

b Keg/A < 1.6 x 102TeV-! (95 % CL) PP T T

b B(t — ug) < 5.7 x 10 (95 % CL) o T fra-zon -

} B(t — Cg) <27x 104 (95 % CL) 0.20?\ E

Excluded region

p Also search in ttbar decays " -
0.10 I ]
(2.1 fb"! 7 TeV data): - —Observed .
0.05E .. Expected B
p 5(t — Zq) <0.73% (95% CL) 06" 61016105008 004~ 605 006
JHEP09(2012)139 B(t—ug)
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Top polarisation s

Atlas: Iepton+jets, template fit ATLAS-CONF-2012-133 CMS PAS TOP-12-016

CMS: dilepton, unfolded to parton level
Distribution of angle of lepton in top CM (helicity basis) oc 1 + «;p COS 0;

Ipha=1 in SM at LO
RS 1 N(cosf; > 0)— N(cosf; <0)
fraction of + polarised tops: f==+

2  N(cosf; >0)+ N(cosb; <0)

vV vV vV vV V9

Reco level Parton level
g :H‘\H‘\H‘\H‘\\\‘\\\‘\\\\_.\_\\Dét\a”\\\ 825007\\\‘\\\‘\H‘H\‘H\‘\H‘\\M—.‘_‘[‘)‘ait‘a. “““ -'-2_ 1__|||||||||||||||||||||||||II|IIIIIIIll__
5 4000F  ATLAS Preliminary > ATLAS Preliminary  _ gy £ [ CMSPreliminary 501 at a7 TeV
-%J 3500; fL dt = 4.66 fo' - ap=0 '..GEJ 2000k f,_ dt = 4.66 b e op=0 1 8 0.8 B —»— ( Data - BG ) Unfolded 7
L - s=7 TeV — op=+1 UCJ B s=7 TeV — ap=+1 5 s Syst. Uncertainty
3000? —Otp=-1 '8 : —— Powheg parton level
2500 15001 L 06 _
2000 T e
10001 - —
g z 5007 n 0.2 .
:\ 1| ‘ 11| ‘ 11| ‘ 11| ‘ 11| ‘ 11| ‘ 111 ‘ 111 ‘ 111 ‘ L1 \: : _ : -
0_1_08_06_04_0200 040608 1 O\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\ O ol b b b b b b b b
-1 -0.8-0.6-0.4-0.2 0 0.20406 0.8 1 -1 -0.8-0.6-0.4-0.2 0 0.204 0.6 0.8 1
cos(6)) cos(6) COS(9|+)
I
+0.023
— - _
f =0.470 £ 0.009(stat) g 35 (syst) f = 0.491+0.029+0.041

23/05/13 FPCP 2013 - Top quark properties - Jacob Linacre


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-133/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-133/
http://cdsweb.cern.ch/record/1460102?ln=en
http://cdsweb.cern.ch/record/1460102?ln=en

Lepton charge asymmetry 4

CDF Conf. Note 10975

p lepton inherits some of the asymmetry of its parent top

p also sensitive to the polarization of the ttbar

POWHEG <4 /+]ets (Data - Backgrounds) —— POWHEG +4 ¢+]ets Data — Fit A@y,)
CDF Run Il Preliminary [£ =9.4/fb 0.3 TS
2000 Measured AP = +0.070 £0.022 (stat) A Uncertainties: [ +1o(stat. +sys.) M +1o(stat.)
Predicted A" = +0.023 _+_ _+‘+_—+— CDF Run Il Preliminary f£ =9.4/fb
_+_ + 0.2} :
_ 1500} '
S +T + . 4
3 41 +
Z 1000} —+—
500L__, ——
S —0.5 0.0 0.5 1.0
ay,
—060 0.2 0.4 0.6 0.8 1.0 1.2
1aY,|
CDF Run II Preliminary [ £ =9.4/fb
Correction Level CDF Data POWHEG
Data Only 0.067+0.016 0.032
Backgrounds Subtracted 0.07040.019 + 0.011 0.023
Fully Extrapolated 0.094+0.0241)0%2 0.027
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