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Introduction

Why studying top properties?

 Test Standard Model (SM) predictions
« Search for new Physics

Special properties:

 Yukawa Coupling ~ 1

 Decay before hadronization

« Dominant decay in SM t=> Wb

. Heaviest SM patrticle Mo ™ 173 GeV

Top pair decay channels:
e Dilepton

Top Pair Decay Channels
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Outline

MEASUREMENTS OF TOP QUARK PROPERTIES

Top production:

Top properties:

 TOop mass

Cross section

Spin correlation
Resonances

Top polarization

Top charge asymmetry
ttX (X=y,Z,W,H)

Top charge

Top decays:
« W polarization
« FCNC

**red — topics not included

20.05.2013 Top quark properties at the LHC, Pavol Federic

S



Top mass results

Lepton + jets Vs=7TeV, [ Ldt=4.7fb"" Vs=7Tev, [ Ldt=5.0fb""
New result: ATLAS uses a 3D ATLAS Preliminary May 2013
template technique which 1 fol l+jets (2d) F——Fo+4——174.53 + 0.61+ 0.43 +2.27
determines the top quark mass
together with a g|oba| jet energy 4.7 o7 l+jets (3d) prel. F—=—iot —i 172.31+£0.23 £ 0.27 £ 0.67 + 1.35
scale factor (JSF),and a relative b-
jet to |ight_jet energy scale factor CMS 5.0 fb ' I+jets —lei— 173.49 £ 0.27 £ 0.33 +0.98
(bJSF).
DO 3.6 fb ' l+jets —e—— 174.94 +0.83 + 0.53 +1.12
This measurement supersedes the
previous ATLAS result - the total CDF 8.7 fb I+jets o+ 172.85 + 0.52 + 0.49 +0.85
systematic uncertainty has been
reduced by about 40%. The Sing|e Tevatron Comb. 2013 F-o-id 173.20 £ 0.51+£0.36 +0.61
largest systematic uncertainty - the stat syst
residual relative b-jet to light jet | | | |
energy scale, has been significantly 165 170 1;5 180 185
reduced.
Migp [GeV]
mygp = 17231 +£0.75 (stat + JSF + bJSF) + 1.35 (syst) GeV

ATLAS-CONF-2013-046

CMS-PAS-TOP-11-015
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Top - anti-top mass difference

Vs=8TeV, [ Ldt=18.9fb""

Lepton + jets

« The data are splitinto ¢ and ¢’ S 25000 0 0 2 s-8Tev . jets
samples § b | Tsets | [mzies

« Kinematic fit - reconstruct the mass of o 20000F b ddo b L I Single-Top
the hadronically decaying top quark by N -y ued
varying the momenta of the two jets @ 15000f R T I R — - + Data ....... =
that are assigned to the W boson, & C ]
using m = 80.4 GeV as a constraint 210000k e ]

and keeping the E/p of each jet fixed
« Ideogram method - an event-by-event
likelihood is used to measure the mass

of the top quark m_or anti-top quark m.

Data/MC

Amt = Mt — mg n"'iuzirﬁ"zun' |3IIIIIIII4IIIIIIIIEIIEIEJIIEI'[EJEI-“T:'IZEI-EI-”BDDIIEII'IIiIIEI”'IICI{JEI-
Fitted Top Mass (GeV)
Amy = —272 + 196 (stat.) + 122 (syst.) MeV,

The measured value is in agreement with CPT
invariance, which requires no mass difference
between the top and antitop quarks. CMS-PAS-TOP-12-031
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Top charge i

Js=7TeV, [ Ldt=0.7f""| | Vs=7Tev,[ Ldt=4.6fb""

Two scenarios:

CMS Preliminary \/s=7 TeV L=4.6 fb’
L DL L A L L L B

* Standard model: 235 p7 134yt O R
. =43, —1/3, -1 5 T
« Exotic Model: t 2>b + W £ o ]
Methods: 0.05
* Charge of W boson - from its leptonic decay. LA
« Charge of b-jet: T
- The effective b-jet charge - found through
b-jet tracks charges: : 10'1_—$TL|4‘S_ o ILdt;wofb.r;
> 102 é_ reliminary _%
Z ql|]l_51|K Q _Q Q <0: SM '(:; 1073: SM top quark % Exotic quark;
ijet: i — comb™ “bjet ~<I >0: XM il 'g _E
Z |j- Bl o 8 ]
- Soft lepton technique (Semi-leptonic b-decay) b E
* A correct pairing of lepton and b-jet -SSR | NSV | PRI | ' |

Exotic model excluded at > 50
ATLAS-CONF-2011-141 CMS-PAS-TOP-11-031
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Top charge asymmetry (1/2) .

Lepton + jets Vs=7TeV, [ Ldt=1.04fb | | s=7TeV,| Ldt=5.0fb""
4 _ NAlyl > 0) = N(Aly| < 0)
LHC 4 top Charge asymmetry: A = N(AlYl > 0) + N(Aly < 0)
anti-top
2% amas | ieedietslibtag > pous o ]
/ \ 20'35:_.[ Lot=1.04 85" S MoeNLO — % sl ri?e?so_ommom - MO predeton b
- . S ;
L ]
TevatronA top 0: 1 : 0,2:_ N ]
anti-top o i i :
0.05- 1 3 I ]
ﬂx O "
;" SM: 0.006 £ 0.002 (MC@NLO) Alyl = ly:l — lysl
Ti - f d- . tt __
b sorametry | ATLAS: A =—0.019 £ 0.028(stat.) = 0.024(syst.)
deviates more than 2o
from SM prediction CMS: Ac =0.004 £+ 0.010 (stat.) = 0.011 (syst.)
Both experiments results consistent with SM predictions.
Eur. Phys. J. C (2012) 72:2039 CMS-PAS-TOP-11-030
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Top charge asymmetry (2/2)

00.15F , - Consistent with (R —
< i J-Ldt=1.04 ib ATLAS ] ;- -
. _—+ Unfolded data ] .
i %MD@NLD ] dISfaVOI'Ed.
0.05F - 0.05
0 : — 0
_ ] <T
-0.05 . - o
-0.1F -
. : 0,05 phdaedelededodnl -
0.15 L | i o
< 450 = 450 PN TN T T T T N Y Y T T A A
mﬁ [GeV] 0 0.1 0.2 A 0.3 0.4 0.5
FB

E ATLAS Preliminary

Entries/0.5
o
o
T
—

Dilepton Vs=7 TeV,f Ldt=4.7fb"" s0r eo-fuomare

ATLAS: AL = 0.057 +0.024 (stat.) + 0.015 (syst.)
Lepton+jet and dilepton combined:

A% =0.029 + 0.018 (stat.) + 0.014 (syst.) | ATLAS-CONF-2012-057
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W polarization = V!

it it

—1
SM prediction - 3 helicity states: t! T l ‘\f 7 TeV f Ldt=35pb~'—2.2fb

b b

F, =03 F,=0. F.=0

Observable: cos (0*) - 6* angle between the dlrectlon of the charged lepton and the

reversed direction of the top quark. The differential decay rate: ‘({ &
1 dr 3 \ 3 2 3 5 b <— &L
T 8(1+c056‘ )? PR+§(1—mse ) FL+1(1—-:{;~5 6*) Fy V!’/W+
Helicity fractions measured by: ATLAS and CMS pretiminary | | |
« helicity fractions (template fit) No=7TeV Ly =35pb 22 Fr | R
« angular assymmetries (count events) > acD
ATLAS+CMS combination is performed using the ;T':;SZE::TR./FL:FT) o
Best Linear Unbiased Estimator (BLUE) method: ATLAS 2011 (single lopton) |
ATLAS 2011 (dilepton) s o a
Fo = 0.626 = 0.034 (stat.) &= 0.048 (syst.) CMS 2011 (single muon) T
LHC combination - o
F; = 0.359 = 0.021 (stat.) = 0.028 (syst.) e
FR p— 1 _ Pﬂ _ FL =S FR — UD].S :|: 0-034 (Stat.+Syst.) W boson helicity fractions

Agreement with

predictions NNLO

ATLAS-CONF-2013-033 CMS-PAS-TOP-12-025 QCD
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Anomalous Wtb

Exclusion limits on anomalous Wtb couplings are derived from W polarization results.

The polarization of the W bosons in top quark decays is sensitive to the W tb vertex. New
physics parametrised as effective Lagrangian:

r{j 1 Wi r il y b
Lww = ——=b" (VLPL + VRPR)t W, — —=b——(9LPL + grPr)t W, +h.c.
V2 V2 My
V.., g, g.: dimensionless constants =3
(relat_ed to couplings and scale of new T g "
physics)
0.6

LHC combination preliminary V=1,V _=0

Assumming V_=0, V =1 \ls=7 TeV, L _=35pb"-2.2fb"

—~derived limitson g, g, > “-“;— s cL
0.2 DHE% CcL
o
If assumming V_=g =0, V =1: .
0.2
Re(gg) = —0.10 +0.06 (stat.) T'o: (syst. :
(SR) ( }—t},ﬂ&‘. ( y :] R R R I R X I P "n.lalnleéghjq
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CP violation In single top

Helicity fractions derived with 8* are not sensitive to all

anomalous couplings, especially to their complex phases
that would imply that the top quark decay has a CP-violating q
component.

Angular asymmetries are defined as ., LB
Noyi(cost > z) — N, (cosf < 7)

A. =
o Neyi(cosl > z) + Neyi(cos 8 < 7) T
If z = 0 the asymmetry is called the forward-backward (A_) & i
t-channel - top quarks are predicted to be highly polarised - _» N = 5 X §
predicted degree of polarisation of P ~ 0.9 3 . .
= E? x 1"'\'r

Assumming V_=g =0, V =1:A [;IB = 0.64 P l(gr)
Measurement is consistent with CP

Forward-backward asymmetry measured is: invariance in top quark decays (AFBN = 0).

ﬂ}_‘- = 0.031 + 0.065 (stat.) *0-02? (syst.) Assuming P = 0.9, seta first experimental
FB 0.031 limit of [-0.20, 0.30] on I(g_ ) at 95% CL. -

consistent with SM LO predictions and
ATLAS-CONF-2013-032 including one loop electroweak corrections.
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FCNC Top pair

 highly suppressed in SM
« SM predicted branching fraction

of B(t — Zq) is O(10™)

Selection:
e 3leptons (2 from Z)
e use b-tagging
 large missing energy

Major systematics:
 the parton distribution function

« the generator parameters of the signal MC simulation

Js=8TeV, [ Ldt=19.5f""

Topology: tt — Wb + Zq — £vb + £4q

Selection data-driven estimation | SM MC prediction
t — Zq (B = 0.1%) — 6.36 = 0.08 £ 1.27
WZ 0.87 £0.10+ 0.62
Z7Z 1.544+012+0.74 0.07 £0.01 £ 0.05
Drell-Yan 0.00 £0.03 +£0.02
tt 0.74 £ 0.704+ 052
Ztt 1.09 1+ 013+ 0.77
Wit 1.60+496+044 | 694 0.05+ 006
thZ 0.33 £0.021+023
Total backgrou_nd 314 +497+1.17 319 +£0.72 1+ 2.26

Observed events

1

Expected limit
Observed limit

B(t — Zq) < 0.10%
B(t — Zq) < 0.07%

CMS: B(t - Zq) <0.07% |at95% C.L.

ATLAS-CONF-2011-154

20.05.2013

CMS-PAS-TOP-11-028
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FCNC Ssingle top @

Vs=7TeV, [ Ldt=2.05fb

u

gg =t = W(—- {v)b

CI:{U»C} Z 0455 T TTTTTTTTTITTT T T
] g 2 é_ ATLAS JLdt=2.05 i _é
Selection: g % e ;
« 1 lepton S 035 E

* use b-tagging % 0.3F Observed limit E
 large missing energy o 025 5<39pb®95%CL ]
Major systematics: 0-2F E
 jet energy scale 0158 E

* ISR/FSR 0.1F E

* b-tagging efficiencies and mis-tag rates. 0.05E =
B2 AT e 0 12 e

Llimits set on the coupling constant' o [pb]

B(t — ug) < 5.7 107 assuming Bt — cg) =
Bt — cg) < 2.7-107* assuming B(t — ug) = ﬂ O et X B(t = Wh) < 3.9 pb

Physics Letters B 712 (2012) 351-369 at 95% C.L.
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Top polarization

Lepton + jets

Vs=7TeV, [ Ldt=4.7fb""

A template fit to the distribution of lepton polar angles 0 in the parent top quark's rest frame is
used to extract the fraction of positively polarised top quarks. Spin of the top quark is
conserved -> extract it from the decay products of the W boson:

Wicos@;)oc 1 + a;pcos 8, S 2500F T T T T e
where p is degree of polarisation, a_is the spin % - "}T’;fi:j"minary — Fit 0
analysing power (charged leptons = 1) = 2000; Vs=7 TeV _§E;+1

1 N(cos8 > 0)— N(cos8; < 0) I —op=-1
f==+ 1500+
2 N(cost>0)+ N(costh <) C

agp=2f-1 1000} |
Major systematics: ;

« jet energy scale 500 E

* the effect of the top quark mass - .

on the signal modelling 0% 05060402 0 02040608 1
- .. . cos(6)
The result, fraction of positively polarised top quarks: |
0.023 = 0.5
ATLAS-CONF-2012-133 | f = 0.470 + 0.009(stat) 53, (syst) Jsm
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tt spin correlation

t

p

Lifetime ~5x10*°s, spin don't have time to flip
Correlation between top and anti-top spin is
defined by coefficient:

Ao NUD+ N - N - NUT
N+ N+ N+ NI

Measure in dilepton topology:
* two opositively-charged leptons
« fraction of SM-like events ( f*")
* Binned likelihood fit to two templates

Basis helicity: Ameasured = ASM §SM ASM=( 31

M - 1.30 £ 0.14 (stat) T937 (syst)
Ahelicity = 0.40 £+ 0.04 {Etﬂt}l tgg? {S}rst}

Phys. Rev. Lett. 108 (2012) 212001

20.05.2013

x
helicity basis
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t/ Vs=7TeV, [ Ldt=2.1fb""

E :I T T T I T T T T I T T T T I T T T T I T T T IA T T T T I 1_—
5 9‘3’35—&' %EFEM) TLAS E
" 800F1" #f (uncorrelated) J Ldt = 2.1 fb =
- Il single top 3
700 - Zy*+jets -
u diboson . -
EDD:_- fake leptons - L'?
500F =
400 E
300E E
200F--- _f
100F : =3
Dﬂ 0.5 1 1.5 2 2.5 3
AO

f*™ =0 -> no correlation
SM =1 -> correlation -> SM prediction

First observation of
spin correlation: 5.1 ¢

16



Summary

 Since the beginning of LHC era many precision
measurements of top quark properties have been done,

most of them constrain the phase-space of new physics.

e More results are coming with data collected in 2012 at
8 TeV, as well as the results at 7 TeV.

Top quark results can be found at

ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
CMS: nhttps://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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Thank you!



Backup slides



ATLAS

ATLAS is one of two general-purpose detectors at the LHC.
A wide range of physics to be studied:
e precision test of Standard model, including search for the Higgs boson
* look for a new physics as e.g. SUSY effects, extra dimensions, particles that

could make up dark matter etc.
ATLAS detector:

Muon D\etectors EIecttomagnetic Calorimeters A S i Ze: 4 6 m IO f] g , 2 5 m h | g h an d 2 5 m
b | wide.

End Cap Toroid Inner Detector:
o/ p, =0.05% xp.(GeV) [ 0.1%

Tracking range |n|< 2.5
« EM Calorimetry:

0/E =10%/\/E(GeV) 0 1%

Fine granularity up to |l7| <25
 Hadronic Calorimetry:

0/E =50%)/\JE(GeV) O 3%

Range: |l]| <4.9

Muon System:

Forward Calorimeters

Solenoid

i Inner Detector ieldi
e el Hadronic Calorimeters g

o/p, =2-7%, range: ||<2.7
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