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One of the six quarks & heaviest among all fundamental particles
discovered so far
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The particle was discovered in 1995 by CDF and DO collaborations at
Tevatran (pp collider, v/s = 1.8 TeV).



Top quark in the Standard Model

Mass is generated via the mechanism of EWSB.
Lyukawa 2 Yt c_QL[I')’-L,‘? +he. = me (fLtg + trt)
=L ~
where, m; = ﬁytv =yt~ 1.

Thus, the top-quark has the most natural mass among all fermions. It couples with
the Higgs very strongly.

Has very short life time, decays before hadronization
Thad ~ 1/AQCD ~ 10724 sec, Tt~ 10725 sec
= no top-flavoured hadrons.

Plays important role in Higgs production and decay modes.



Top quark couplings
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Top Quark Decay

Due to my > myy, t —» b+ W is allowed. At NLO QCD and assuming |Vp| = 1,
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The phase space for decay is large and top decays before it can hadronise.

me ~ 173 GeV = Ty =~ 1.3 GeV corresponding to a lifetime of 0.5 x 1072% s
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Top Quark Decay

W polarization: Due to the large decay width the spin information is carried by its

decay products. SM predicts that in top decay, W is mostly longitudinal. In the SM,
neglecting the b-quark mass
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where,

For the finite b-quark mass, calculations at NNLO predict,
Fo =0.687 +0.005; F; =0.311 +0.005; Fr =0.0017 +0.0001

Any modification in tbW vertex would change this prediction. The information on
W polarization can be obtained using angular distribution,
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0* is angle between reverse momentum of decaying top and charged lepton
momentum in W rest frame.



tt Production

Dominated by QCD processes at hadron colliders.

AtLO,
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Tgg—tt =

g
T99t = 768705

where 8 = /1 - 4m§/s.

The hadronic cross section is dominated by the gg channel (~ 90% of the coss section
at the LHC).
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tt Production

Higher order calculations are avaialble at NNLO+NNLL and at 13 TeV LHC
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A very good agreement between theory and experiments.
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tt Production

Importance of NLO QCD corrections in differential distributions.
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The corrections reach ~ 40% in certain bins.



tt Production

Further higher order corrections are required to reduce the scale uncerainty in the
boosted regime.
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tt Production

Charge asymmetries (like forward-backward asymmetries at Tevatron) are important
probe of BSM at the LHC.

_ N(Ay>0) - N(Ay<0) 4. N(Aly| > 0) = N(Aly| < 0)
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where, Aly| = |yt| — |yz|. Arg works when intial states are not symmetric and a
forward-backward direction can be defined. For Tevatron, A?__l\é[ = 7.241'(1):2‘7‘ at
NNLO QCD.

In gG — tt at the LHC, the tops being correlated with g (valence quark), tend to be
produced at larger rapidities than antitops. Since the cross section is dominated by gg
channel, A is very small at the LHC. The data is consistent with the SM prediction
(NLO QCD + NLO EW): A- = 0.0123 + 0.0005.




tt Production

Top polarization and Spin correlation: Top quark polarization can be studied via the
angular distribution of its decay products. This is possible because top quark decays
before hadronization. The spins of top and antitop are correlated in tt production and
this correlation is reflected in the angular correlation of decay products of top and
antitop.
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A is the measure of spin correlation between top and antitop, ASM = 0.031 = 1%.

4 NAN+ANAD =N = N(T)
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This quantity can also be used to probe BSM physics in the production mechanism,
for example, models with colored scalars.



Single Top Production

Production is governed by electroweak processes: s-channel, t-channel and associated
production with W

t-channel mediated by VW boson has largest cross section (~ 1/3 of the pair
production).

Directly sesitive to | Vp|. It is also sensitive to W/’ boson in BSM models.



Single Top Production

The inclusive cross section
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In the s-channel, the NLO corrections are ~ 35%; NNLO corrections ~ 7%; scale
uncertainties are also reduced.

The meaurement of inclusive cross section at LHC =
[Vipl = 1.05 £ 0.07(exp) = 0.02(th).



Single Top Production

The NNLO corrections (in the s-channel) reach up to 10% in kinematic distributions.
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Associated Production: tt + X

Many of them have already been observed.

ttH: information on |y |

tty: em coupling of top quark

ttZ: coupling of Z with top

ttW: coupling of W with top (Edited: No you don’t probe coupling of top with W.
Why ?7)

tHj: sign of |y¢|

CMS 5.0 fb'at Vs = 7 TeV
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NLO Calculations =
Cambell and Ellis, JHEP 07 (2012) 052
Garzelli et al, JHEP 11 (2012) 056




Top Quark Mass (my)

A precise measurement of top-quark mass is requird. It affects effective Higgs
potential via quantum corrections.
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Top Quark Mass (my)

Testing the consistency of the SM via W-mass.
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At the collider we can measure m; very precisely through invariant mass of the top
decay products. From a theoretical point-of-view, this mass is closer to the pole mass
(mass defined in on-shell scheme). Pole mass for quarks can never be determined
with accuracy better than Agcp. The other pssibility is to use MS scheme and

m¢ — m#(pR) (running mass).



