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lep @uark Preduchion & Deecay

+  Why is the top quark more + Very short lifetime 5x10* s

) : .
interesting than others * + Decays before hadronization

+ Heaviest quark +  Allows to observe a «bare» quark :

« Mass close to the EW symmetry direct measurements of its properties
breaking scale : may play a

special role in the EW + Charge
mechanism ? . Spin

+ Strongly coupled to massive « Mass
gauge bosons in many BSM _
models + Couplings

+ Hint of new physics in
anomalous production rates or
decay ratios

+ Mass involved in many precision
measurements

+ Branching Ratio ~100% : t - bW

Jessica [Levede HEP 2045 2



s
!
=]

lep @uark Pair Event
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CMS Experiment at LHC, CERN
Data recorded: Wed Aug 4 09:44:37 2010 PDT
Run/Event: 142305 / 15915819
Lumi section: 22

ot

riment at LHC, CERN
- Wed Aug 4 09:44:37 2010 PDT 0.2
142305/ 15915819

MS Experiment at LHC, CERN

ata recorded: Wed Aug 4 09:44:37 2010 PDT
un/Event: 142305 / 15915819

i section: 22

200

e” pr= 80 GeV/c, n= 0.5, p= -2.9

Dilepton mass 88 GeV/c?, pr=138 GeV/c

um

/AN

b-tagged jet

\ pr= 89 GeV/c, = 0.5, = -0.7 o 4
u* pr= 60 GeV/c, n= -o.7m'/'/ t - Wb — evb
\ t - Wb - pvb
—/——
\_ _/

1 b-tagged jet
E ™ ~50 GeV
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lop Quark Pail EVent

\ 4 t —~ Wb - evb
\\i —~ Wb~ pvb
/ \

2 b-tagged jets

E_ " ~ 30 GeV

»
|
// WATLAS

_Lﬁ/ EXPERIMENT
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Iep @uark Pairsi Selection

andi SV Backgrotna

+ Background reduction :

« One or two leptonic decay of W
« Large missing transverse energy
+ W transverse mass N
+ B-jet identification :
+ Displaced vertices
+ Large impact parameter tracks

M ele + jets
M di-lepton

all hadrons
¥ muon + jets

Mtau + jets

W+jets/Z+jets 50% 55%
Single Top 20% 15%
QCD (fake leptons) 25% 15%
Dibosons 1% 15%
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Derived from data
Derived from MC
Derived from data
Derived from MC



Magnets
Muons

EM Calorimeter
Hadronic Calorimeter

Tracking

Jessica [Levede

2T solenoid+toroid

0/p . =2%@50GeV
0/p,=10%@1TeV(ID+MS)

0/E=10%/VE+0.007 GeV
0/E=50%/VE+0.03 GeV

Silicon pixels & strips, TRT
o/p,=5.10"p_+0.01

HEP 2011

4T solenoid
0/p.=1%@50GeV
o/pT=5%@ 1TeV(ID+MS)
0/E=2-5%/VE+0.005 GeV
0/E=100%/VE+0.05 GeV

Silicon pixels & strips
o/p,=1.5.10"p_+0.005



D)eiicleiio)fs

PEGHMARCE

Untuned simulation & jet flavor fractions

3 E L B B B B
o = -1 ATLAS Preliminary
S 10°F _[ Ldt = 330pb Pythia Dijet MC : light jets
o - mmm Pythia Dijet MC : ¢ jets
s 10°E mmm Pythia Dijet MC : b jets
5 = e data 2011
G -
g 10° E- High-performance tagger: IP3D
Z =
10% =
10° E
102 =
10 .
120 10 0 10 20 30
IP3D weight
o 13 ' ' ‘ '
g 13N I, I
o 17 hd
S o4 '|'+++~M,.?""-ﬂ..,“..-.ﬁ, H.H++ i‘
S gt i L |
5 83 . . w - i ¢
220 10 0 10 20

30
IP3D weight

Jessica [Levede HEP 2045

L 4

Impressive achievement from
both experiments to
understand the performances
of the detector after only two
years of running !

CMS Preliminary
L | L

-
o
W

|1'51 pbl1 Jet Trllggeredl Data -
Jetp!® > 400 (200) Gev -
= Before Cleaning
—After Cleaning

Bl simulation
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o
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Events /| GeV
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"ottt _
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LISt eff presented results

« Top quark charge

« tt spin correlation

+ W polarization from top quark decay

+ Flavor changing neutral current in top quark decay
- Probing EW coupling in tty

+ Top quark mass measurement

+ Mass difference between top and anti-top quarks

+ Not covered In this talk :

+ tt asymmetry (See talk from T.J Kim)
« Search for m(tt) resonances (See talk from T. Orimoto)

Jessica [Levede HEP 2045 8



lep @uark Change

ATIL-CONE-2041-1441

+ Top quark charge : g wonf
+ SM: t(+2/3) N b(-1/3) W(+1) . b(-1/3) ARV E 7000F-
W 6000F
+  Exotic : tt*3 _, pt3) WD _, p3) gy -
4000F-
- Event selection : 000
2000E
. tt - Wb jjb -€"vbijjb “’025
0
+ At least one jet b-tagged with secondary
vertex N
N 35
+ Method 1: QCOMB = Qb-jet : QB % 30
o 25
+ Estimate the b-jet charge using weighted 2
sum of the 10 most energetic tracks .
+ Requires a second jet with secondary 10
vertex tagging .
« Find the correct lepton/b-jet assignement using oF-

iInvariant mass constraint m(¢,b) < M o
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9000F-

—— the same top quark

—— different top quark

ATLAS
Preliminary
Simulation

| | [—— ! |

gAIIII‘HII|IHI‘IIII|\HI|IIH|\III|HH‘II\IlII‘
o

50 100 150 200 250 300 350 400 450

m(lepton,bjet) [GeV]

f Ldt=0.70 o |

A=

T ‘ T T T T ‘ T T T T | T T T T I T
. e Data 2011
p+jets [ Jibar
[ Single top
1 [ Z+jets
[ W+jets (DD)
Y722, uncertainty

. ATLAS
i Preliminary

0.5 0 0.5 1



lep @uark Change

ATIL-CONE-2041-1441

. — £ 200F 3

. Me'thOd 2. QCOMB - Qsoftp ] QE §180:— ATll.AS | u+jet|‘s F_O__.Dalta_ E
T - Preliminary Eif?’“’"c i

. . = -1 Single top —|

. Use semi-leptonic B hadron decays 100 [ra-orow’  Spmes
140 Zuets

+ Requires one jet tagged with a soft 1208 22 2 amcortainty.
muon P ¥ >4 GeV 1001 _ T

80:— ______________ / 5 E

. BR(b-uvX)~11% (same sign) 0 =

. . 401 =

+ BR(b-c- pvX)~10% (opposite sign) sof- E

- C — ]

. Suppressed with P_" cut > 800 MeV Oy 2

. S Qomb

+ Correct for remaining contaminatior . —

. .. . . . S o' =

- Lepton/b-jet pairing using Kinematic g Jra-oron”
. . . . 2 10%g E
Likelihood Fitter (full event reconstruction) 3 = F suwpauar/ g Exotic quark -

o 10°F I =

* Result: Cob B -
. Both methods lead to measured Q__ _ 10k = .
more than 50 away from the expected valu g E
in the exotic model assumption 0302 of 0 oi 02 03

<Q__ >
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it SpinlCoerrelation

ATIL-CONE-2011-117

+  Motivation : P — S —— -
g 500 * data Dllepton channelf

.. . = B — |

+ Top quark pair is unpolarized but YR gy ATLASPreliminary
their spins are correlated aoof M singletop [ 41— 0701

» Test of QCD prediction & BSM Soof_-;’gggfggmns ="‘%‘“: .

production modes (t—- H'b)

+ V-A coupling fixes the angular
distributions of the decay products
according to the top polarization

+  Spin measured through angular o e S —

. . . 0 0.5 1 1.5 2 2.5 3
distributions of decay products Ad
+ Difference in azimuthal angle __
sensitive to spin correlation ee 0.89 +/- 0.40
+ Event selection : tt - £'vb £vb ey 0.67 +/- 0.37
»  Binned Likelihood fit by 1.46 +/- 0.33

+ Assuming M+ fU =1 Combination 1.06 +/- 0.21

Jessica [Levede HEP 2045 il



W Poelanzation

ANIL-CONE-2011-122

« Motivation : constraint on 1 +1
anomalous contributions to the Wtb Moo 1W+ ‘Iw*
vertex 1T 1t Tt

_ ST b S 12 | Tho 12 | Lb
+ In SM : almost no right-handed W AP 10 1h
¢ Fo =0.687 +/- 0.005 Longitudinal W  Left-handed W Right -handed W
F F F

. F =0.311 +/- 0.005 ° : R
L =07
. F_=0.0017 +/- 0.0001 8 ost
= F

+ Cos 0* = angle between charged 05
lepton and top direction in W rest- 0af"
frame r ook

o.2§—
b < e -
01
O-fL lI-[)Iﬁllrl:‘lf:‘nlllt}l4I I I-{l|.2I | I-(l)I I I02][2I | IO.I;I‘.;.;{;.[I;r-md.hm -

8 1
cost
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W Poelanzation

ANIL-CONE-2011-122

single lepton channels
T T

- F =057 +/- 0.07 (stat) +/- 0.09 (syst)

. . o N I EL L B B L AL B BN B

+  Measurement performed in {+jets i ATLAS Preliminary - gata -
channel from template fit : w o J.Ldt=0.70fb'1 - Sexp. )
800~ " uncertainty best fit

. F =0.35 +/- 0.04 (stat) +/- 0.04 (syst) - o uncerainly Best 7
600— —

. F =0.09 +-0.04 (stat) +/- 0.08 (syst) 400

+  Combined all £+jets and dilepton 2001~ -
channels (assuming F = 0) —'Tm T
0-1I I ‘-0.8‘ I I-0.6I | I-0.4I I L0.2I I IO‘ I ‘0.2I I I0.4I I I0.('3I I I0.8I I 1
. F =0.25 +/- 0.08 (stat+syst) cos &°
+ F,=0.75+/-0.08 (stat+syst) - Statistical and systematic errors already

comparable with TeVatron results

+ More data needed to start testing the
SM

Jessica [Levede HEP 2045 13



Elaver Chanaing

NeutralfCurent
AlL-CONE-2041-154

+  FCNC forbidden in SM at tree level very
small at loop level

q.
+ BR(t-cz)=1.10" 7’
+ Limit from TeVatron : BR(t - gZ) < 3.2% N
. ; > L L L LN L LI IR B
BR enhanced in SUSY & Topcolour 8 45° ATLAS Preliminary - date E
assisted Technicolour models “ 40f — 11> bWaZ signal ]
_ ) 2 :f L dt =0.70 fb ' M i (sm) .
+ Event selection : tt — Wq Zg- fvj £'€j 2 35 -Zi_';g'e top (SM)
30__ Ibosons ]
miss : - I Zjets ]
. 3leptons, E™ and 2 jets (no btag) sl Z ncertainty
+ 2 leptons with same flavour, opposite 202— 7 e
sign, within Z mass window +/- 15 GeV 15F %% =
+ kinematic fit of the 2 top quarks masses 1o§— J( g j% =
) L. . Sf— -
+ X minimization of m,m,m m_ 4 %;LL//I///, _/im,&mﬂ# E
+  Limit: BR(t - Zq) < 1.1% @ 95 % CL 75> 80 85 90 95 100 105
m,., [GeV]

Jessica [Levede HEP 2045 14



ity Cross-Section

Vieastrement

AlL-CONE-2011-158

+ Investigate EW couplings of the top
guark

J- Ldt=1.041" e+jets

—e— data
ATLAS Preliminary Oty
1 non-tt bkg
B bkg tiy
[ electron fakes
B hadron fakes

50

#v/bin

+ Processes: 40

+ Radiative top quark production (top 30
decay without photon radiation)

+ Radiative top quark decay (photon 20

from on-shell top quark or from its 10
decay products)

8 10 12 14 16 18 20

pE:roneZO [GEV]

Cross-section measured from
+ Main background from electrons and template fit :
hadrons faking photons

» smallirreducible background from gz = 2.0 £0.5(stat.) £ 0.7 (syst.) + 0.08 (lumi.) pb
hard photon radiation

+ SM cross-section: o=2.1 +/- 0.4 pb
« Event selection : tty — fvb jjb y (b-tag)

Jessica [Levede HEP 2045 115



lep @uark VIEss

Vieastrement

+ The top quark mass is one of the most
important inputs to the global electroweak

MtOIO =173.2 +/- 0.9 GeV/c?

fit :
) . 805 July2011I : : |
+ Provides constraints on the SM — LEP2 and Tevatron
« Indirect limits on the Higgs mass -+ LEP1 and SLD

68% CL
+ Methods used to measure the top quark

mass : -
. Template Fit 5 80.4-
ATLAS 0.7 fb* I_Ig
. Kinematic Fit and Matrix Weighting £
Method Ny J
. CMS 36 pb* |
+ Cross-section 80.3- ”1‘H4
. ATLAS 35 pb* e
CMS 1.14 fb*
+ ldeogram
. CMS 36 pb*

Jessica [Levede HEP 2045 16



AlIL-CONE-2011-120

l Top Vass, fiom lemplate

« 2D template analysis in lepton+jets channels = S00F T 7 T TR
O ~  ATLAS Preliminary lil‘tf;_"ie:’?io;é:\fta ]
: : : . © - 0.70 fb™ V\:’+T;ts (DD; .
+ Fit templates to determine simultaneously : 3 400 e -
-.GC_)' i =singletop 7
) TN aosons ]
TOp Ma.SS Ll 300_— “ bt (LjJ:certainty ]
« Jet Energy Scale - ' -
200 ]
- Background level . ]
100} .
ATLAS Preliminary (Date: August 15, 2011) i ]
2010 data e+jets prel. o 173.816.7% 4.8 R ¥ » -
2010 data p+jets prel. mm—— e 166.7+ 5.0+ 5.0 0 100 150 200 250 300 350 400
2010 data Wjets prel, e 169.31 4.0+ 4.9 M5 [GeV]
2011 data ejets prel. —— 17394 1.2+ 3.1 - Combination with 2010 data :
2011 data p+jets prel. —_—— 175.9+1.0x 2.7
201042011 data I+jets prel. —_—— Mto =175.9 GeV +/- 0.9 (Stat) +/- 2.7 (SySt)
_ ATLAS Be; F
Run-I best (DO I+jets) 80.1£3.6+ 3.9
R best (CDF et | 173.040.7+ 1.1 -+ Statistical error comparable to TeVatron
Tevatron July 2011 ’ . . .
| Wor]d Best | + Systematics limited (JES)
160 180 200
top [GeV]
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lop Massifiemldeogam

CMVS PASHIOP-10-009

+ Select lepton + jets events, with b-tagging

+ Extract best fitted hadronic top mass for
each event (m_) and each jets combination

+ Compute a probability for each event to
measure m_ assuming m.

+ Leading systematics from Jet Energy Scale

Ideogram of event 168946447 run 148822 lumi 157 |

0.01 CMS 2010 Prelimig

0.008

Relative likelihood

0.006

0.004

Superposition of
all jets combinations

0.002

300 350
Top mass [GeV]

CMS Preliminary, L = 36 pb’

—4-— Data

M

m wolv
Single-Top

B Zy-IT
Qcb

80

60

L + jets channel

Number of Events / 20 GeV

20

oO

100 200 300 400 500 600
Fitted Top Mass [GeV]

Main CMS top mass result, combining
the electron+jets and muon+jets
channels

my = 173.1 + 2.1(stat) 23 (syst) GeV.

Combination with the CMS measurement
in the di-lepton channel

my = 173.4 = 1.9(stat) £ 2.7 (syst) GeV.

Jessica [Levede HCP 2015 18




lep Massifiem DIepiens

CVIS PAS IORP-11-002

* Combination of Matrix Weighting g ee o wiam 1 8 0 Shuow &fe
Technique and full kinematic A B =HraE
reconstruction method O vzodeion] ez

[Z7] Bekg. uncertainty ] . 7

+ Use dilepton events separated in
samples :

- Lepton ﬂavor (ee’““,e”) Number of jets Number;‘j‘ets
+  Number of b-tagged jets R DORASARACR AN e
. . Lﬁ o5 :_eefew 1 events % .
+ Leading systematics from Jet S L o
Energy Scale 20f AV
15f -

Method Measured 1o, (in GeV/c?) 10
AMWT  175.8 £ 4.9 (stat.) = 4.5 (syst.) [
45 ;

KINb 174.8 + 5.5 (stat.) T (syst.)

. 00
CDIIlblIlEd 175.5 :|: 4.6 (St-at.) :|: 4.6 (Syﬂt.) Reconstructed mass [GeV,{{;z]
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Hiep VIass: fiiem’ Cross-Section

CVS BPAS IORP-11-005

- The result is not competitive in precision,
but : =2

|

bﬁ

CMS Preliminary, Vs=7 TeV, L=1.14 fb™

+ provides the top quark mass value in
an exact definition of the mass-pole

approX. NNLO x MSTWO8SNNLO:
I Langenfeld et al.

400 Z == Kidonakis
+ Important cross-check, [0 Anrensetal.
complementary to direct top mass X
measurements

+ Likelihood Fit on the mass dependence so0 |-

+ Uncertainty of the theory includes : -

Measured cross section

¢ Variation Of the renorm alization, | . Cross section corrected for m""Ie (Langenield al )
faCtOI’iza’[ion ScaleS |—| Measured cross section dependence on m
0 L | L | L | L | L
+ Error due to experimental 140 150 160 70 ‘Bgole 190
uncertainties in the PDFs m,— (GeV)
- Variation of the strong coupling Approx. NNLO x MSTWOSNNLO | " / GEV S / GeV
constant in the PDF Langenfeld etal. [7] 170-3?7 163.177
Kidonakis [8] 170.0°70 -
Ahrens et al. [9] 167675 | 159.877%
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lTop Mas

S oM Cross-Section

AlIL-CONE-2011-054

Top quark mass from cross-section S. 500 -

imi =35 ob" e Y o ]

® +7.8 6:: E .:"-".
ATLAS, approx NNLO (Langenfeld, Moch, Uwer) 166.4 -, 400 ) —— o(pp — t1+X = l+jets+X)

® - — 8 .':. —— Measured dependence of
ATLAS, approx NNLO (Kidonakis) 166.2 +74 350 ;,—’ . "::. — NNLO approx. Kidonakis

o ' E ol ‘:\‘ —— NNLO approx. Langenfeld et al.
ATLAS, NLO+NNLO (Ahens et al) 162277 300N\ "+ %\, — NLO+NNLL Ahrens et al.
. ::.Q -~ ::. -~ :‘:::.*
DO, approx NNLO (Moch, Uwer) 169.1 +5529 250: %“’%. *;3."’:: .
.59 200— = el A4 ~ ¥ N R
. , . R T ‘Y, B ]l "ttyrea..
DO, approx NNLO (Kidonakis, Vogt) 168.2 ¢, = : ) e
® 55 150 : t”"?..: ----------------
D0, NLO+NLL (Cacciari et al.) 167.5 +56 - iee, .
100— gt
T di Jul | 1733 M - T
evatron direct measurements (July 2010) Sy 50— Ty
o 1 I 1 L 1 I 1 1 1 l 1 1 1 I 1 1
I | | |
140 160 180 200
150 160 170 180 190
m,, [GeV] Top quark mass [GeV]
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lep @uark Poele VIass

rem Cress-Section

CMS Preliminary, vJs=7 TeV, L=1.14 fb!
Top quark pole mass from cross section
CMS (Prel., L=1.14 fb™") approx. NNLO ® MSTW0sNNLO value = theo ® exp * a,(m,)
Langenfeld et al. f ® — 170.3 tgia' 1::-08
Kidonakis 4 » — 170.0 ‘tgg :4307
Ahrens et al. : - + 167.6 ‘::?I’ 1-3?63
ATLAS (Prel., L=35 pb™") approx. NNLO ® MSTW08NNLO
Langenfeld et al. ® 166.4 -:;g
Kidonakis - 166.2 _;.-i
Ahrens et al. - 162.2 t?rs
Do (L=5.3 fb™') approx. NNLO ® MSTW08NNLO
Langenfeld et al. > 167.5 _i.;
Kidonakis » 166.7 _i.;
Ahrens et al. - 163 ti-_;
Tevatron direct measurement (July 2011) = 173.2 _2-_3
I T AN IS SO S TN (NN TN NN SN SN NN SN ST ST T N ST N
140 150 160 170 180 190

mP°" (GeV)
t
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tt\Vass, Difference

CVIS BASIOR-11-019

+ Motivation : direct measurement of CPT
violation

+ Select events with a muon and multi-jets in
the final state

+ One of the two top quarks decays
hadronically [t - bW - bqq]

+ The other top quark decays in the muon
channel [t -~ bW - bpvu]

+  The muon charge allows to split the data
sample in two sub-samples, where top or
antitop quarks decay hadronically.

+ ldeogram method is used to measure the
mass of the top quarks. Many systematics
cancel with the substraction

Nr. of events / 0.5 GeV

CMS Prellmlnary 1.091b" at\Vs =7 TeV C_I5

\Werld hestresuli

%J IIIII E L } L | L B B I T ‘-W—)IV
0] C - ; — Faiecy)
o 20F | ; T mmsingle-Top
o N ~+Data _
@ 200 .
- - + .1 .
s f u+ets J
& 150 -
5 ¢
Z 100 ]
50(

30 40 50 60
Fitted Top Mass Sigma (GeV)

CMS Prellmmary 1.091b" atNs = 7 TeV [ I
T T T T T Wy
r 5 3 Wz T

250 - I Single-Top
- +Data

200} ]
: W jets

150_ ...........

100: ...........

50—

% 10 20 40

Fltted Top Mass Slgma (GeV)

Ammeasured — 1 50 4 1.21 (stat) 4= 0.47 (syst) GeV

Jessica [Levede HEP 2045
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SUmMmany.

« ATLAS and CMS have already (within only 2 years !)
performed a complete first survey of the phase space of the
top quark mass and properties.

+ The results are

*

Very competitive with TeVatron in precision
Better than TeVatron for limits

*

*

Systematics limited in e.g. in the mass determination
Unfortunately in agreement with Standard Model expectations

*

« 5 times more data to be analyzed

Jessica [Levede HEP 2045 24
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