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Top Quark Properties Outline

The top physics results in ATLAS and CMS presented in this talk:
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. : CMS-PAS-TOP-11-015
Top Quark MaSS Iept0n+JetS ATLAS: arXiv.1203.57|}>/I5,si@mi-::[edptol}EPJC

ATLAS Templates methods have been used to determine m
1D template: 2D template:

Based on the variable R32 —mmp/mW Determine my,, and a global jet energy scale factor (JSF) simultaneously
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CMS Kinematic fit + Ideogram method is used to determine m,, in p+jets
Kinematic fit exploits the compatlblllty with tt hypothesis
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Top Quark Mass: dilepton CMS-PAS-TOP-11-016
KINb method (kinematic equation describing tt system): 2.3 fb1

Solved many times per event, for all lepton+jets combination
jet pr, Ef™ss and p,t are varied independently according to their resolutions
Most probable combination is chosen

Unbined likelihood fit of the m,, using templates at different masses
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Top Quark Mass: full hadronic

> My, extracted with a template method
> Jet assignment done by a minimal 2 finding
= More than 6 jets involved in the analysis (2 b-tagged jets)

= Lower y? is kept (¢?°<8)

ATLAS-CONF-2011-030

» Main background: Multi-jet sample, estimated by data-driven method
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Top Quark Mass: Combination

LLHC combination is ongoing ...

ATLAS (Dite: Fabruary 23, 2012) CMS Preliminary,\s=7 TeV
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. CMS-PAS-TOP-11-008
Top Quark Mass from Cross Section A O P s

> Extraction of the m? . from the measurement of oy

> Different theoretical approaches to calculate oz with higher NLO corrections

L(m;) = /fexp(a:rfﬂmf)ﬁh{ammf)dc:rﬁ. —> mtOppo|e (well defined top mass independent of MC)
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Top Quark Mass difference oMS: arXiv.1204.2507

Submitted to JHEP
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++""

(@] 1.4-E E :
< Final measurement from ideogram method: s + ........ corsttinyttyh +++++ Wm .
Likelihood for I I separately T jggrs:n;fg N
CMS, 4.96 fb"' at\'s = 7 TeV 5“7
>0 ”'; RN MR A Wl
[5] u . *_["
Am,, = (-0.44 £ 0.464,,+0.27,,,)GeV | & {Hets Bore o
o~ C ultije:
;4000; —+ Data _
Many of the main systematic uncertainties 3000F
for m,,, are cancelled in this analysis *2000F _
1000
In agreement with ,,,,,,,,,,,, crrssesnpgt " A JM
the Consequence Of CPT |nvar|ance ° 0'66” |(|Jé"2'c|}6"éclné”fitl}6' 206600 700' 800 900 1000

Fitted top quark mass (GeV)

8



CMS-PAS-TOP-11-031

TO p Qu ar k Ch arg € ATLAS-CONF-2011-141

< Top quark charge Q = +2/3 by SM prediction and Q = -4/3 in Exotic scenario
< The measurement of top quark charge is based on its decay products:

W : Charge determined with lepton charge
Tracks charge weighting technique

b-jet : Charge is not directly measured: Semi-leptonic b hadron decay
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Events

Data/Expected

Measurement of R, = Br(t>wb)/Br(t>wq) CMS-PASTOP-11-029

« Standard model predicts nearly all tops decay to Wb as V,=0.999.

« Can also measure this by measuring rate of tagged b jets in ttbar events
- Measure rate of 2,3 jet events with 0,1,2,3 tagged b-jets
- Fit model with R, as free parameter to data
- Understanding of b-tagging efficiency leading source of systematlc uncertainty
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R,=0.98 £+ 0.04 (stat.+syst)=> R,>85% at 95% C.L. (if R, <1)

Consistent with SM prediction
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FCNC I N Sl N g I e TO p ATLAS: PLB 712 (2012) 351-369

Standard model prohibits flavor changing neutral currents.
Test this by looking for processes with tug and tcg couplings in single top
Use 10 variable Neural Network discriminant

Variable Significance (o) s 4000 T
p}ljr’ 57 =) 35003_;4”-/43 ILdt:2.05 b is=7TeV 3
) - / _
. b~ - 4
AR(b-jet,lep) 28 S 3 g e data
Lepton charge 29 2 3000E 7 - ECNC (o=100 pb) 21 fbl
25001 B singl =
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Mb-jet 15 2000 Wijets ]
- 12 - B wbb,Wce,We .
M- jet - Bl muttijet 3
Ap(W b-jet) 11 1 500: /%, uncertainty B
Py 12 10004 E
pi—_let 6.5 i y E
cos 6* 5.7 Attt ) E
AR(W b-jet) 3.0 01°08-06-04-02 0 0.2 04 06 08 1

NN output

BR(t © ug) < 5.7x10®
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- CMS-PAS-TOP-11-028
FCNC In tt ATLAS : arXiv:1206.0257, submitted to JHEP

« look for FCNC coupling tqZ in tt decays

» One t-->wb and another t-->Zq
» Three lepton final state with small background (mainly diboson)

o I e
16F W vwinzizz - J Ldt=2.1fb" ez ]
1ab 4.6 T I BT S e com .

- i L L I z4jets ]
12: : B 8; 2_1 fb'l , dibosons N
10: : C bkg. uncertainty ]
8f 1 - 1
4

2.
‘PCJO 150 200 250 300 350

M, [GeV/c?]
At 95% C.L.
BR(t>Zq) < 0.34% BR(t>Zq) < 0.73%
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W boson polarization

ATLAS: arXiv:1205.2484, submitted JHEP
CMS-PAS-TOP-11-020

Investigate V-A structure of Wtb vertex by examining polarization of W

from top decay

Polarization of W by NNLO calculation of SM :
F, = (68.5+0.5)%, F, = (31.1+0.5)%, Fy = (0.17+0.01)%
Measure opening angle cos(0*) between | and b in W rest-frame

1 do 3 3

odcos@* 4

1 L] T
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cos(d )
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Y
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I NNLO QCD
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-+#x Data (FR/FL/FD)

Template (single leptons) e

Template (dileptons) [ -

Asymmetries (single leptons) -e-
Asymmetries (dileptons) -
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A
rr g
M SR N I

0

0.5

W boson helicity fractions

F
I:L
FR

0.567 £ 0.074(stat.) =0.047(syst.)
0.393+0.045(stat.) == 0.029(syst.)
0.040 + 0.035(stat.) +0.044(syst.)

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

Good agreement with SM prediction
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W boson polarization : Anomalous WTB

Constraints on possible new physics
New physics can be parameterized in terms of an effective Lagrangian

Re(g

Loy = —%Ew“ (VLPL + VePr)t W, —

9 jie"a,
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(gPL +grPr)t W; + h.c.

Allowed region in g vs g, (assuming V, =1 and Vz=0)
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Vo ddiy|

/o do/d(ly,|-ly )

. . ATLAS: arXiv:1203.4211, submitted EJPC
Charge Asymmetry : |+]ets CMS: CMS-PAS-TOP-11-030

* Expect small asymmetry between top and anti-top in SM

“-‘*E arcas | Wezaprseioag 3 Tevatrond top CLHC A top
oasf | Lat=10am MCENLO E anti-top anti-top
nz— 4 : m - /\ B
n-.15§— —g n n
“’“?I”T,.“.,”.,,,,,,,,,,,,T,,,E  Observable :Aly| = |y:| — vz
s 8 ‘ ° am * Subtract background and apply unfolding
- CMS Prolidinary —— 1 procedure to obtain truth-level distribution
a7 'atNs=7Tev P o —
: Il-\ffe;:tg-004i0-010 POWHEG Simulation : o N(ﬂ |_j,r'| - Gl:] B N(ﬂ|_}-"| < 0)
: 4.7 ot | 7 N(Aly| > 0) + N(Aly| < 0)
03~ J—L 1 cms A =0.004+0.010(stat.) +0.012(syst.)
I ' ' | ATLAS A =-0.018+0.028(stat.) + 0.023(syst.)
0- | | L | 1 1 1 |

Consistent with SM prediction

2
ly -y
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Differential Charge Asymmetry : I+jets
* Investigate Tevatron (CDF) excess for M; > 450 GeV

-0.15 T o T P
=< j Ldt=1.04f" ATLAS . << r cMs Prehmmary —e— Data 7
0_1—_._u ........ ta A 0147 at s =7 TeV - 7
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I 772 mcano : r *
0.05 . L _
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_0.05L T = 0= —
-0-11 0fbl BE - .
[ -0‘05 - ]
-0.15LC | IR, L m
= 450 > 450 e T R R TR ERRR
300 400 500 600 700 800

Mg [GeV] m_ [GeV/c?]

no S|gn|f|cant dependence on the tt invariant mass (rapldlty and Pt see backup)

1' 1:] T T T I T T I.: Iﬁ T I L I T I ||||||||
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CMS
New
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A

L i . L L PRI L I T i i i S Fiairir PR

0 u.l .2 0.3 0.4 0.5 0 0.1 02 03 l:l 4 1.5 (.46
: o

A AL (m_ > 450 GeV)

B

Disfavor models with flavor changing Z" and W'
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Events /0.5

Entries/0.5

Charge Asymmetry dilepton ATLAS-CONF-2012-057

I I I
ATLAS Prehmlnary o1

- The charge asymmetry from t t is transmitted
to the leptons

250; ee - J-Ldt 4.7 fo

« ltis possible to also measure a purely
leptonic based asymmetry

 Rapidity difference between I* and |-
SM (MC@NLO)
Ag = 0.004 + 0.001 and A%, = 0.006 £ 0.002

wI\\I‘\I\\l\\\\l\l\\l\\\\‘\\\

m.t-m!  Measurement :

ssof Ajs m E AL =0.023 £0.012 (stat.) + 0.008 (syst.)
B -2 N

200 E = 0.057 + 0.024 (stat.) £ 0.015 (syst.)

150f | Combined ATLAS dilepton and I+jets :

it 1 AL =0.029 + 0.018 (stat.) + 0.014 (syst.)

v, Consistent with SM prediction
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Spin Correlations

< Spins of t and t are predicted to be correlated in SM.

0
’0

%

m T T T T T T T T
£900 . gata ATLAS =
T anob Dt (SM) E
H 800 g7 (uncorrelated) Ldt = 2.1 fo '
F -smg e top ]
700: mZ/y*+jets aahi=
- diboson ;
600 gy fake leptons t -
500F- L :
400} PEa=as e
3000, [t E
i ] ]
200+ 2.1fb?t E
100} =3
00 0.5 1 1.5 2.5 3

A

ATLAS: PRL. 108,212001(2012)

Top decay before hadronization allows to measure top spin from its decay products.
% By dilepton channel, Ag between 2 leptons in the lab frame.

fSM |:SM spmcorr(A¢) + (1 fSM) no—spmcorr(A¢)

III‘II\IlI\\IlI\\I‘

j Ldt=2.1fb" ATLAS
ee ® 1.47 £0.40 975
m —— 0.84 +0.32 0as
en -—'—.—'—- 1.40+0.17 "33
combination H—.*—- 1.30+0.14 027
'SM
JIII‘II\IIIL\III\JIII\II'I\IL‘III\JIII\JIII\IIIIL
-1 -05 0 05 1 15 2 25 3 35 4

fSM

Zero spin correlation hypothesis excluded at 5.10

Fit result recast as asymmetry

A =

N + NHEL)

— N(1)

— NHET)

N + N + N + NI

hellczly
A SM

helicity

=0.31

008

=0.40+0.04(stat.) £, (syst.)
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Summary
LHC is working really well as a top factory!
-- thousands of top quarks have been produced

Rich program of top properties measurements now underway.
Already several LHC measurement now worlds best.

-- Observation of spin correlations, W polarization...
All measurements are consistent with SM (so far).

Systematic uncertainties dominate most measurements now.
-- Will improve with better understanding of detector and top modeling
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Thank you very much!



Top quark Physics with ATLAS & CMS
Top quark decays take place almost exclusively: t = W+Db

u >

All Hadronic Single lepton Dilepton
(quark:45%) | (I=e or u > ~30%) (ee,up,ep >~4.5%)
Channel (Thad:12.3) (I= 1'*P >6%) (eT'ep,urlep tleptler 5-1.9%)
6 jets |+EMiss+4jets 2|+EMiss+2jet
Products H !
I=(e,u) I=(e,u,T)
Background ® © ©

Single . >~W<
AR

o b

Channel t-channel W1 production s-channel

Products |+E{Miss+2jets 21+EMss+1jets | I+EMss+2jet

Background .




Top Quark Mass : systematic uncertainties

ATLAS: arXiv.1203.5755
Submitted to EPJC

CMS-PAS-TOP-11-015

1.0 fb! REET T-analyss TS 5mf (Ge\]) O]ES
Ve v T TR ST |
Moasred value of myg I7d. Tooa | 174.0) | 174 I7dsh | 1745 Tk
T — e T ey Calibration 015 0.001
Jot energy scale Gctor & na | 059 0K m | [43 . '
Muthod calibration OO | <005 040 [ <008 f <008 OO llj taggmg 017 0002
signal MU gemerator WAL D& | 038 LR L] L - . .
Hadroniation 04| DR 030 | 006( O43| 048 ] E5 066 0000
Piliup 006 | w008 | <008 | 008 [ <008 | <00 nr- and q-dependent JES 023 0.003
Underlying event 06| 0I0| 042| 0% ) 08| D% :
Caloar ramamaction oer| ow| nm| i we| om|  Jetenergy resolution 021 0.003
I3R and FSR (signal only) 146 140 1D4| o085 142) 104
Proton PDF om| om| o) ow| es| po|  Missing transverseenergy 008 0.001
W ets baniground normalsation wie | | U] o&d| CL18) [ o
W 4 ts background shaps oii| ns| wor| am| nw| ow|  Factorization scale 076 0007
QCT) multijet background normafisation | Q0% | <005 | 03| 0B || <00 | DX i :
Q0 malkipt: huckgrune shapo ae| wo| o] aw| Tow| x| MEPSmatchingthreshold 025 0.007
Jot energy scale 1 125 | OB ] LA R H
b.jet. anargy scalo || 12| 161 1B 146| 158 Non-ft bﬂCkgI’OUﬂd 009 0.001
h-tagging officincy and mistag rate 0| QDiF| 03| 03X 04| 03 1le-
Jat energy resclution 0| 03| 00| Q0| 03| 0w Pﬂe Up 038 0005
Jut recomstroction offlconcy 008 01 ) 006 [ <006 010 [ 008 PDF 0.05 0.001
Mizsing tramsverse momantum Q06 | D05 | 042 | CI6 (| <005 | D43
Total systamatic uncertamty 24h ) RE| L] Lh | AN M
Total uncortaimty ' 986 | 0| 24| e aeE| 2m Tota 118 0012
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Differential Charge Asymmetry :
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