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1. Introduction

Top quark physics is one of the main physics programs bottedfdvatron collider at Fermilab
and at the Large Hadron Collider (LHC) at CERN. The Tevatsamproton-antiprotonp(p) collider
with a center-of-mass energy ofs=1.96 TeV. The LHC is colliding protons against protons with
a current center-of-mass energy\gé= 7 TeV. Two experiments, CDF and DO, are located around
the Tevatron, while the general purpose detectors, ATLAS@NS, are constructed around the
LHC. The Run Il of the Tevatron started in 2002 and terminatedSeptember 30, 2011 with a
delivered integrated luminosity of 11.9th The LHC run at,/s= 7 TeV started in 2009. At the
end of 2011, more than 518 are expected to be delivered.

The top quark was discovered in 1995 by the CDF and DO colédioms [1]. It is the heaviest
elementary particle known today and has a coupling to thg$limpson close to unity which may
indicate that it plays a special role in electroweak symynbteaking. Its lifetime is also shorter
than the typical hadronization time thus it is the only quidwkt decays before hadronizing. That's
why it offers an unique opportunity to study a bare quark. &bthese reasons, the top quark is a
special quark and top quark physics is very relevant to kefarmmew physics.

Direct search for physics beyond the Standard Model (SM)desn performed in the top
qguark sector by looking for specific new models that involwe quark signatures or for new par-
ticles that decay like top quarks. For instance searchet fesonance that could be produced by
the decay of a heavy Z’ or searches for new couplings like flalkanging neutral currents were
carried out. Direct searches in the top quark sector areitesdan [2].

It is also possible to search for new physics with top quarka imodel independent way
looking for deviations from the SM expectations. In thatecdss necessary to precisely measure
the top quark properties. New physics effects could be seer®a or anomalous couplings. For
example, a heavy Z’' exchange can be seen as a four fermiofiregpaplow energy. An anomalous
coupling between gluon and quarks would affect the prodagtirocessegq — tt andgg — tt,
while a four fermion operator would affect only the procggs— tt and an anomalous three gluon
coupling only the processgg — tt. A new coupling between th&/ boson and the quarks could
affect both single top production and top quark decays. Eelifterent top quark observables can
constrain different new physics effects and so it is usefuheasure as many top quark properties
as possible.

At hadron colliders the main top quark production occursairgvia the strong interaction
by quark-antiquark annihiliation or by gluon fusion. At tiievatron, the dominant process is the
quark-antiquark annihiliation (85% of thieproduction). The LHC is rather a gluon fusion machine
sincegg — tt represents 85% of tht& production at,/s = 7 TeV. The latest theoretical computa-
tions at an accuracy that approximates next-to-nextdadiey order (NNLO) in perturbative theory
gives: o(pp — tt) = 7.46" 322 pb at the Tevatron and(pp — tt) = 1646714 pb at the LHC at
\/S= 7 TeV [3] both form = 1725 GeV. Hence with 1 fb! at LHC, we expect around 4 times
morett events than at the Tevatron with 5fb

Top quarks can also be produced singly through the elecakeeraction. This production
mode was discovered by CDF and DO in 2009 [4]. It allows todiyemeasure th&, element
of the CKM matrix. It is however challenging to measure siitdeas a rather small production
cross section and its background has a very similar sigmatuthe single top signal. Single top
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in pb Otb Otgb Oiw
pp @ 1.96 TeV| 1.04+0.04 226+0.12 028+0.06
PRD 74, 114012 (2006)

pp @ 7 TeV 46+0.3 64633 157+ 1.4

PRD81, 054028 (2010)  PRD83, 091503 (2011)  PRD82, 0540180{2

Table 1: Summary of the latest single top cross section computatamg = 1725 GeV.

production at hadron colliders can be separated into thraerels. The Feynam diagrams for the
s-channeltp), the t-channeltib) and the Wt-channeWt) are shown in Figure 1.

q t q' q b w b w

’ by t ¢ 2 t
Figurel: Feynam diagrams for the production of single top at hadrdidess. From left to right: s-channel,
t-channel and Wt-channel.

The latest theoretical computations are presented in TablEhe t-channel is the dominant
mode both at the Tevatron and the LHC, while the s-channebidaminant at the Tevatron and the
Wit-channel subdominant at the LHC. It is interesting to rmeashese three processes separately
since new physics could show up differently in the differehfinnels. For instance a potential
four quark coupling would affect only the s and t-channeldleviin anomalous top-gluon coupling
would alter only the Wt-channel. Anomalous Wtb coupling Wbinfluence all three channels.
Due to its tiny cross section, measuring the Wt-channel ispossible at the Tevatron. For the
same reason, measuring the s-channel at LHC is challenging.

Within the SM, the top quark decays almost 100% of the time &YW boson and b quark.
This branching ratio can be modified by the presence of newiptyTop pair signatures are then
classified according to the decays of the W bosons. If both ¥éh® from the top quarks decay
hadronically, the channel is called the alljets final stithas a large rate but is also contaminated
by a large background from multijet events that is estimétwa data. On the contrary, the dilepton
channel occurs when both W bosons decay leptonically inteannor an electron. It has a small
branching ratio but also a small background contaminafidre main background in this channel
comes from Drell-Yan production (with fake missing transecenergy in the dielectron or dimuon
channels). The golden channel is the lepton+jets channehwhe W boson from the top quark
decays leptonically and the other one hadronically. It hgea rate with reasonable background
from W+jets production and multijet events. In this charthel W+jets background normalization
is usually estimated from data while its shape is taken fro@. Ms top quark decays always
produceb quarks,b quark identification is often used to enhance the purity & gblected data
samples.

In the following, | will describe first the latest results ooptquark production then | will
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CDF (4.6 florl, PRL 105, 012001 (2019)| o(pp —tt) = 7.7040.52 (stat+- systi-theory) pb

(
DO (5.6 fol, PRD 84, 012008 (201)) | o(pp—tt) = 7.78'3LF (stat+ syst+ lumi) pb
(

Atlas (35 pb1) o(pp—tt)= 186+ 10(sta fgé(sysb +6(lumi) pb

CMS (36 pb'l, EPJ. C71, 1721 (201)) | o(pp—tt) = 150+ 9(stap + 17(sysh + 6(lumi) pb

Table 2: Summary of the latest cross section measurements in the lepton+jets channal ferl 725 GeV.

present the measurements of the top quark properties. dRets for the preliminary results pre-
sented here can be found on the collaboration public websgj&ag8].

2. Top Quark Production

Studying top quark production mainly consists of measutirgtop quark production cross
sections. These measurements also allow to handle wellrklata samples that can be further
used to scrutinize the other top quark properties.

2.1 tt Production Cross Section

The most precise results on ttiecross section are measured in the lepton+jets channel. Such
measurements could be based on purely topological infosmat could be using identification
of jets fromb-quarks b-tagging requirements). As the main background in this ntbhnomes
from WH+jets events, the rate of which is difficult to predicetretically, the normalization of this
background is usually fit together with the numbettagvents. It is also valuable especially in this
channel to use the data to constrain systematic unceesiintiorder to reduce them.

The most precise measurements of theross section in this channel are summarized in
Table 2 both at the Tevatron and at the LHC. All these measemé&srare limited by systematic
uncertainties where the largest sources come from the taintgr on jet energy scale (JES) cal-
ibration, jet identificationp-tagging requirement and from the fraction of W events poeduin
association with heavy flavor quarks.

It is also interesting to measure thigroduction rate in other channels since new physics could
affect the top quark decay channels differently. It is thapartant to perform the measurements
in different signal/background environment and to seeéfieasurements in all decay channels
agree with each other. Measurements are now evaluable iostlal possible top quark decay
channels. In particular, ATLAS has provided a new measunerimethe dilepton channel using
0.70 fo1, while CMS measured for the first time thiecross section in the alljets andr decay
channels using 1.10 f3. The measurements in all the different channels are in ggoebanent.

Cross section measurements can also be used as a tool ta#tedproperties. For instance,
DO recently fit, together with thet cross section, the branching fraction rafe= gg:wg; where
g represents any type of quarks. This ratio which is preditddok 1 in the SM can be expressed
in term of elements of the CKM matrix and can then be used tcnores;, assuming the unitarity
of the CKM matrix. Using 5.4 fb! in both the lepton+jets and dilepton channel, DO measures:
[Vip| = 0.95+0.02 [9].
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CDF (up to 4.6 fb't) o(pp—tt)= 7.540.31(stap + 0.34(sysb + 0.15(theory) pb
DO (5.6 fbrl, PLB 704, 403, (2019) | o(pp—tt) = 7.56"383 (stat+ syst+ lumi) pb

Atlas (up to 0.7 fb't) o(pp—tt) = 176+ 5(stah 13(sysh + 7(lumi) pb

CMS (36 pb'1) o(pp—tt) = 158+ 10(uncor) + 15(cor.) & 6(lumi) pb

Table 3: Summary of the latest combinéidcross section measurementsiigr= 1725 GeV.

The latest cross section measurements at the Tevatron a@ditdsummarized in Table 3 and
in Figure 2. The precision of the measurements is around &t5fe Tevatron and as low as 8% at
the LHC. The results agree with the Quantum Chromodynan@€)) predictions. In the future,
precise differential measurements will also be carried out

July 2011
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Figure2: Summary of the latest cross section measurements at the Tevatron ad LHC as adnmdtine
center-of-mass energy.

2.2 Single Top Production Cross Section

As discussed above, the dominant mechanism for electrotggmkiuark production is the
t-channel production where the top quark is produced incaton with a light and & quark.
To measure the t-channel cross section, the analysisgstratmsists of isolating this particular
topology from the other single top processes and from th&gsaands (mainly W+jets antt).
Due to the small production rate and the large backgroundtjivaiate methods like neural net-
works (NN) or boosted decision trees (BDT) have to be depl@tahe Tevatron. At the LHC both
cut-based or multivariate approaches are used.

The latest DO measurement [10] uses a combination of thrdvariate discriminants to
extract the t-channel single top cross section and reachelserved significance of%o for this
measurement. ATLAS uses both a cut based and a NN which alkmm@ observe the signal at
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CDF (3.2 b} 0.8+0.4

DO (5.4 fbt, PLB 705, 313 (2011) 2.90+0.59 550
CMS (36 pb?, PRL 107, 091802 (201))| 83.6+ 29.8(stat+ sysh +3.3(lumi) 3.70
Atlas (0.7 fo) 90'32 7.60

Table 4: Summary of the t-channel cross section measurements ferl725 GeV (in pb).

the level of 76 g. CMS uses a 2 dimension fit of the cosine of the angle betwextegion and
the light jet and the pseudorapidity of the light jet [11]. GMlso measures the t-channel cross
section using a BDT [11]. Table 4 summarizes the latest twablcross section measurements at
the Tevatron and the LHC.

Measurements of the other single top cross sections havedise performed. DO performed
a measurement of the inclusive cross section using both saménnels as signal using 5.4 o
of data, leading to: 23373 pb for m = 1725 GeV [12]. This allows to extract a limit ovk,
of: [Mip| > 0.79 at 95 % confidence level (CL). More statistics is needecdetednsitive to the s-
channel. ATLAS also performed a search for the Wt-channéhéndilepton channel using a cut
based analysis. In this channel, the main background corestf production. A limit at 95 %
CL of gyt < 39.1 pb is achieved.

3. Top Quark Properties

Many top quark properties have been measured already. Woatis here only on some of
the most recent developments.

3.1 Top Quark Mass

It is important to precisely measure the top quark mass sinisea free parameter of the
SM and because together with the mass of the W boson it allowsedict the mass of the yet
unobserved Higgs boson. If the Higgs boson is discoveradpuld allow to test the consistency
of the SM.

There are mainly three different methods to measure dir¢led top quark mass. First the
template method which relies on the comparison of an obkkrva data (often the reconstructed
top quark mass itself) with the prediction for this obsefgdibom MC samples generated at dif-
ferent masses. The main advantage of this method is itsisitgplThe second method called the
matrix element method leads to the most precise deterramafithe top quark mass. It consists
of building an event by event probability based on the Legu@nder (LO)tt matrix element using
the full kinematics of the event. The third method called itteogram method can be seen as an
approximation of the matrix element method. It uses an dilaxithood computed as a convolution
of a Gaussian resolution function with a Breit-Wigner fog tignal. Independently of the method,
for the channels with a least one W boson decaying hadrdyidzk possible to calibrate the JES
constraining the invariant mass of the two light jets frora W decays to the world average W
mass. This allows to greatly decrease the input of the usogytfrom JES. In order to correct for
any potential biases due to the method assumptions it is aarycto calibrate the measurements.
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The results for some of the latest measurements of the talx quass are given below. CDF
measured the mass requiring missing transverse energgadniated with jets. It allows to recover
acceptance for misidentified leptons from the lepton+jetmaoel. It extracts the signal using a NN.
The top quark mass is determined using a template methodthwvigk jet invariant masses as ob-
servable for the top quark mass and dijet invariant massealitirate in-situ the JES. This method
leads tomep = 1723+ 2.4 (stat+- JES + 1.0 (sysh GeV. DO measured the top quark mass using
the matrix element method in the lepton+jets channel. Thitated measurement benefits from
a new flavor-dependent jet response correction that alloveslditionnally reduce the JES uncer-
tainty. Combining the 2.6 fb' new result with the previous published 1fbmeasurement leads
to: Myp = 17494+ 0.83 (stap +-0.78 (JES £ 0.96 (sysh GeV [13]. This measurement is lim-
ited by systematic uncertainties from signal modeling anthfthe residual JES uncertainty. CMS
used an ideogram method in the lepton+jets channel usindgy36gnd extracted a top quark mass
of: Mmep = 1731+2.1 (stah ™32 (sysh GeV. This result is also limited by systematic uncertagtie
mainly from JES.

CDF and DO have updated the combination of their top quarksmresasurements in all the
different top quark decay channels [14]. All channels lea@dnsistent results and for the first
time, the combined value has an uncertainty below 1 GeV adeaseen in Figure 3. Work is
still in progress to further reduce the systematic uncatitgs. | made an attempt to add the LHC
measurements in the combination taking correlations intm@ant. The result is also shown in
Figure 3.

Using this new Tevatron top quark mass combination, eleetak fits constraint the Higgs
boson mass to beny < 161 GeV at 95 % CL with a most probable valuewf = 923‘; GeV [15].

3.2 W Boson Hdlicity in Top Decays

Measuring the helicity of the W boson in top quark decays ksatp test the SM at the
electroweak scale. New physics could affect the helicitpulgh the coupling of the W boson to
the top and bottom quarks. The SM predicts that the W bosomagbe right-handed.

The measurement is performed either using a template fiting @asmatrix element method.
For the template method, the often chosen observable io#ieecof the angle between the lepton
from the W boson decay and the top quark direction in the W thosst frame (co8*). Combin-
ing the latest Tevatron measurements in the dilepton aridrefets channels taken into account
correlations leads tofo = 0.732+ 0.063 (stay + 0.052 (sysbh and f, = —0.039+ 0.034 (staph +
0.030 (sysy when both the left-handed{) and right-handedf(.) W fractions are allowed to vary.
This measurement agrees with the SM prediction$yef 0.70 andf, = 0. The input measure-
ments as well as the combined result are shown in Figure 4.

Altas also measured the left-handed and longitudifa) YV fractions in the lepton+jets chan-
nel using 35 pbland finds:fo = 0.59-+0.10 (stah - 0.07 (sysh whenf, andf_ are fixed to their
SM values and_ = 0.41+0.10 (stah + 0.07 (sysh whenfy and f,. are fixed.

3.3 Top Pair Spin Correlations

Even if at the Tevatron and LHC, the top quarks are producedlarized, in the SM, the spin
of the top and of the antitop quarks are correlated. Sinceofhguark decays before hadronizing,
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Mass of the Top Quark

July 2011 (* preliminary)

CDF-I dilepton ¢ 167.4 +11.4 (+10.3+ 49)
D@-1 dilepton ° 168.4 +12.8 (+12.3+ 3.6)
CDF-lI dilepton DR | 170.6+ 3.8 (£2.2+3.1)
D@-II dilepton i B 174.0+ 3.1 (+18%25)
CDF-I lepton+ijets I 176.1+ 7.4 (+5.1%53)
D@-I lepton+jets __.__180.11- 53 (£3.9+36)
CDF-Il lepton-+jets [ | 173,04 12 (06 10
D@-II lepton+jets - 174.9+ 1.5 (: 08+ 12)
CDF-I alljets 86,0 2115 G100+ 57
CDF-I alljets * B | 17254 2.1 (514519
CDF-II track ¢ 166.9 + 9.5 (+ 9.0+ 2.9)
CDF-Il MET+Jets*  ~ 17234 2.6 (£ 185 1)
Tevatron combination * | 173.2+ 0.9 (0.6 0.)
(£stat + syst)

x2/dof = 8.3/11 (68.5%)

Atlas lepton+jets * 169.3+ 6.3 (4.0 4.9)
CMS lepton+jets/dilepton e 1734+ 3.3 (1927
My Tev-LHC combination * ] 173.3+ 0.9 (+0.6+0.7)
(£stat + syst)

| | | | ledof‘: 9.3/13 (75%)

150 160 170 180 190 200
My, (GeV/c?)

Figure 3: Summary of the latest Tevatron top quark mass measurentahtee@r combined value [14]. My
attempt to add the LHC measurements in the combinationassaigwn.

this correlation is preserved in the decay products. Hemeetiark is a unique tool to study this
property. These correlations can be affected by new physWsasuring the correlations allow
also to verify that the top quark is a spin 1/2 particle. Inrge@ntiquark annihilation, the top pair
is produced in &S; state while it is produced in & state via gluon fusion. That's why this
correlation is different at the Tevatron and at the LHC.

It is possible to measure the top spin correlation using @kat® or a matrix element method.
As the differentiakt cross sectiom can be written:

1 d’o 1
o dcosBdcoss, 41 CC0sACostl),

the template method relies on a fit of the 8psos6, distribution whered is the angle between the
down-type fermion with respect to the chosen spin basisdridp or antitop quark rest frame and
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Figure4: Summary of the latest Tevatron W helicity measurementslagid tombination.

allows to measure the correlation stren@thCDF measured the spin correlation when choosing
the helicity basis as quantization axis using 4.3ln the lepton+jets channel and fou@=
0.60+0.50 (stap +0.16 (sysh [16]. The SM predict€ = 0.40. DO has developped a new method
by measuring the fraction of events with spin correlatioimgis template fit of the variable

whereP(H = c) is the probability that the signal has spin correlation &tHl = u) the prob-
ability that the signal has no spin correlation. The prolitids are computed using the L®
matrix element with or without spin correlation. Using 564 ¥ of dilepton events, DO measured
f =0.74"249 (stat+ sysy which can be translated using the NLO predictiorCoin the SM to
C =0.57+0.31 (stat+ sysh [17]. Even if these measurements are still statisticaltyitied, their
sensitivity to exclude the case of no correlation is nowelms3o.

3.4 Top-Antitop Charge Asymmetry

At Next-to-Leading Order (NLO), perturbative QCD prediats asymmetry fott events pro-
duced via quark-antiquark annihilation. Indeed, top gaate predicted to be emitted preferably
in the direction of the incoming quarks. The exchange of nawigles like a Z' or an axigluon
could modify it. This asymmetry comes from the interferentthe gq — tt tree and box diagrams
and leads to a positive asymmetry and the interference bettre ISR and FSBQ — ttg dia-
grams which produces a smaller negative asymmetry. At thatian which is a proton-antiproton
collider, this asymmetry translates into a forward-baakdvasymmetry. It can be measured with
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At l+jets l+jets My > 450 GeV)  dilepton
unfolded data 0.158+0.074 Q475+0.114 Q42+0.16
SM prediction (MCFM [19])| 0.058-0.009 0088+ 0.013 006+ 0.01

Table 5: Summary of CDF top charge asymmetry measurements with thpr8tictions.

the observable:
At - N(By>0) —N(ay <0)

~ N(Ay > 0) + N(Ay < 0)
wherelAy = y; — yris the difference between the top and antitop quark rapilitht the LHC which
is a proton-proton collider, since the antitop quarks amiog from the sea, they carry on average
less momentum than the incoming quarks. As the produceduagks are emitted preferably in
the direction of the incoming quarks due to the boost, th@eapmore central than antitop quarks.
Hence at the LHC, the asymmetry can be observed as a caminalrfl-backward asymmetry. A
possible asymmetry observable is then:

_ Ny > 0)=N(a)yi <0
N(@yi > 0)+N()y| <)

whereAly| = |yt| — |yt]. However, because at LHC the mairproduction process occurs via gluon
fusion, this asymmetry is small.

CDF measured\ in the lepton+jets and dilepton channels. After correcfmgacceptance
and reconstruction effects, the measurement from CDF itefhten+jets channel shows a result
3.4 o0 higher than the SM prediction fofi > 450 GeV [18]. CDF measurements are summarized
in Table 5.

DO also measured the asymmetry using 54'fim the lepton+jets channel. After correction
for detector effects, DO foundtt = 0.1964 0.065 [20] with agrees at the level of 2at with the
prediction from MC@NLO [21]. No significant discrepancy walsserved with the predictions
at largeM;r at the reconstruction level. Using lepton+jets events, 30 measured the leptonic
asymmetry:

Ac

| _ N(ay >0)—N(ay <0)
%5 = Nay >0 +Nay <0
whereq, andy, are the lepton charge and rapidity. After correction foredtir effects, it gives:
AL = 0.15240.04 [20] while the MC@NLO prediction leads to02140.001. This corresponds
to a difference of more than 8. DO also noticed that the measured asymmetry depends signifi
cantly on the modeling of ther of thett system which is not perfectly described by MC@NLO
at DO [20].
At the LHC, ATLAS and CMS used slightly different observabte measure:

~ N(A>0)-N(A<0)

" N(A>0)+N@LA<0)
ATLAS utilized: A = |y;| — |yt] while CMS used bothA = || — |ng (wheren, ; are the pseudo-
rapidity of the top and antitop quarks) aAd= (y: — Y;)(\t + ;). The LHC results are summarized

in Table 6. No significant discrepancies from the SM are oleskso far. CMS asymmetry distri-
bution as functionVii at the reconstruction level does not show any excess foz Myg

10
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unfolded data SM prediction
Altas: AL (0.7 fo-T) | —0.024-+0.016 (sta +0.023(sys)  0.006 (MC@NLO)
CMS:AL (1.1fb %) | —0.016+0.030(stah 9019 (sysh  0.0130+0.001 [22]

Table 6: Summary of the Atlas and CMS top charge asymmetry measutemwith the corresponding SM
predictions.

4. Summary and conclusion

Numerous top quark properties have been already measloedng to better understand this
unique quark and to test the SM at the electroweak scale. eTimesisurements are summarized
in Table 7. With the exception of the puzzling top charge asgtny, no deviations from the SM
predictions have been observed. However only half of theaffem dataset has been analyzed
so far. With limited statistics, the LHC experiments haveadly delivered impressive top quark
measurements but a lot more precise measurements areezkpdwtn analyzing severalth. We
are then looking forward for hopefully exciting discoveri@ the top quark sector in the future.
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Property M easur ement SM L (fb~1)
Ot pp—tt CDF: 75+ 0.31(stay + 0.34(sys} +0.15(th) pb | 7.46'2a5pb | upto 4.6
(for M; = 1725 GeV) DO: 7.56" 583 (stat+ syst+ lumi) pb 5.6
pp—tt Atlas: 180+ 9(stah & 15(sysb & 6(lumi) pb 1646129 pb | upto 0.7
CMS: 158+ 10(uncor) + 15(cor.) & 6(lumi) pb 0.036
Oibg pp —tt CDF:08+0.4 pb (M = 175 GeV) 2.26+0.12pb| 3.2
(for My = 1725 GeV) DO: 290+ 0.59 pb 54
pp—tt Atlas: 9032 pb 64.6"33 pb 0.7
CMS: 836+ 29.8(stat+ sys + 3.3(lumi) pb 0.035
Oib pp—tt CDF: 182! pb (M; = 175 GeV) 1.04+0.04pb| 3.2
(for M; = 1725 GeV) DO: 0.68"932 pb 5:4
Owt pp—tt Atlas: < 39.1 pb 157+1.4 pb 0.7
(for My = 1725 GeV)
Vip| CDF: |Vip| = 0.91+ 0.11(stat+ sys) & 0.07(th) 1 3.2
DO: |Vip| = 1.02°319 5.4
B CDF: > 0.61 @ 95% CL 1 0.2
DO: 0.90+0.04 54
zo pp—tt CDF: 007215 0.18 1
M; Tev: 1732+ 0.9 GeV - upto 5.8
Atlas: 1693+ 6.3 GeV - 0.035
CMS: 17344+ 3.3 GeV - 0.036
M — M¢ CDF: —3.3+ 1.4(staf) +1.0(syst GeV 0 5.6
DO: 0.8+ 1.8(stap +0.5(systh GeV 3.6
W helicity Tev: fop = 0.732+ 0.063(staf + 0.052(sys? 0.7 upto5.4
fraction Atlas: fo = 0.59+ 0.10(staf + 0.07(sysb 0.7 0.035
Charge CDF: -4/3 excluded @ 95% CL 2/3 5.6
DO: 4/3 excluded @ 92% CL 0.37
It CDF:< 7.6 GeV @ 95% CL 1.26 GeV 4.3
DO: 199582 GeV upto 2.3
spin correlation | Cheam  CDF: 072+ 0.64(stap + 0.26(sysb 0.777°3027 5.3
DO: 0.57+ 0.31(stat+ sys) 54
Charge pp—tt CDF: 0158+ 0.074 0.06 5.3
asymmetry DO: 0.196+ 0.065 54
pp—tt Atlas: AL = —0.024-+ 0.016(stay +0.023(sys} 0.006 0.7
CMS: Al = —0.016+ 0.030(stah 3 019(sys 0.013 1.1

Table 7: Summary of the main top quark properties
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