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1. Introduction

Because of its large mass and short lifetime, the top quark plays a spdeiah the stan-
dard model (SM) of particle physics. For this reason, measurements ofusx properties are
important to assess the consistency of the SM, and to look for deviatiamsitfrehich would be
hints of physics beyond the SM (BSM). The top quark decays befateoh&ing, so certain of
its properties, such as spin or polarization, pass to its decay producttdrizing the associated
Wtb vertex.

In this report, these properties "at decay” are measured using datapipocollisions at the
LHC collected by the CMS detectdr[1] in 2012 @& = 8 TeV, and corresponding to IBfb,
The properties discussed here refer to the W boson helicity, the investigd€temomalous cou-
plings in the Wtb vertex, and the search for very rare decays, namelydq and t— Hqg, which
are associated to flavor-changing neutral currents (FCNC). Reselt®@mpared with the SM pre-
dictions probing for physics BSM, and when deviations are not foutlision limits are set.

2. Measurement of the W héelicity fractions

The W boson from the top quark decay can be produced with a left-, rigHengitudinal
polarization, with the corresponding helicity fractioRs, Fr and Fy defined as the ratio of the
individual widths to the total widthy ro = ' ro/I". These helicity fractions are sensitive to the
Witb vertex structure, and in the SM assume the vakies 0.687+ 0.005,F = 0.3114+0.005
andFr = 0.00174-0.0001 [2], at next-to-next-to-leading order, for a top quark mass 2f8L7 1.3
GeV. These fractions are measured recurring to the distributions of tleityhangle 6* which is
defined as the angle between the charged lepton (or down-type qudrf)ereversed direction of
the top quark, both measured in the W boson rest frame.

This measurement is conducted omvents decaying to lepton + jets final statgs [3], and on
single top quark events with one electron or muon plus [éts [4]. The evkatiea in the t case
requires one isolated electron or muon, together with at least four jets,ftwhich identified as
coming from b quark fragmentation. For single top quark events, one isloddéetron or muon
is requested, along with exactly two jets, one of which associated to a b; quatk a selection is
intended to favor the so-calléechannel production of single top quarks. The @vslistributions
of the selected events are compared to those expected from Monte Cagleatdqevents weighted
as to reproduce different values for the helicity fractions, plus thase fsrackground events. The
W boson helicity fractions are measured maximising a binned Poisson likelihoudidn de-
rived from such distributions. Fot events, only the leptonic branch (i.e. the one including the
W boson which decays leptonically) is considered, because the hadnmamich (i.e. the one in-
cluding the W boson which decays into quarks) carries an ambiguity asstédathe inability to
distinguish up-type from down-type initiated jets. Different channels (witlkel@ctron or muon)
are first fit separately to obtain the helicity fractioRsandFy imposing the unitarity constraint
FL+ Fo+ Fr = 1, then the results are combined (using the BLUE methpd [5]) to accounbfer
relations. The results of the fits for the two channelskyre- 0.681+ 0.012(sta 4+ 0.023(sys,

F_ = 0.323+ 0.008(stap + 0.014(sysb, andFy = 0.720+ 0.039(stap +0.037(sysb, /. = 0.298+
0.028staf + 0.032(sys?, respectively. Figurg1-left shows the helicity measurements fortthe t
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channel as contour plots. A similar plot has been obtained for single taj guants. For both
channels the measured helicitiesandFy agree with SM expectations.

The structure of the Wtb vertex can be expressed with a Lagrangiatidonoontaining
anomalous vector-rightvg) and tensor couplinggg{ andgr), for which the SM expectation is
Vr = 0L = gr = 0. Values different from zero are then an indication of deviations freerSi¥l. By
fixing the two vector couplings to their SM expectatidf & 1, Vg = 0), limits are derived on the
tensor couplings, using the theoretical relations between the helicity fraciwhthe coupling$](6].
The values allowed for RgL) and Régr) are shown as contour plots in Fi. 1-right foevents.
A similar plot has been obtained for single top quark events. For both efatire measurements
are consistent with the SM predictign = gr = 0.
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Figure 1: Contour plots fortevents [B]. Left: helicity fractions in théFo, F) plane. Right: anomalous
couplings in theRe(g ), Re(gr)) plane.

3. Search for anomalous couplings

While the V-A structure of the charged current involving light quarks ifl established, the
structure of the Wtb vertex is less constrained. Furthermore, FCNC itiarac@ssociated to tcg
and tug vertices are predicted to be very small in the SM, but can be stremig@nced in extensions
of the SM.

Anomalous couplings in the Wtb vertex and FCNC interactions regarding uitcgrvertices,
have been searched for by CMS in single top quark events with one musfefs}], including
also data collected ay's = 7 and corresponding to.Gfb~1. The selection requires one isolated
muon, one jet in the forward region, one b-tagged jet and an additioftal $vjet, and aims at
selecting events in the so—calledhannel single top quark production.

To distinguish theé-channel single top quark production processes from multijet backdrou
and other SM processes, two Bayesian neural networks (BNNspamedrand utilized. Then, three
additional Wtb BNNs are used to separate separate the individual cdignswf right-handed
vector (%), left-handed ft) and right-handedfR) tensor couplings from the left-handed vector
coupling (f) as expected in the SM. In addition, the tcg and tug contribution are distinguishe
from SM processes with the help of two BNNs trained specifically for thigppse. From the
simultaneous fit of the distributions for the SM BNN and for the additional Bldd&ociated to the
anomalous couplings, exclusion limits are set as two-dimensional contaigrf-IEft shows the
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distribution of the Wtb BNN discriminant for the scenafi@};, f). No f+ contribution is seen,
and exclusion limits are set, as shown in the two-dimensional contour plot gd-Fight. Similar
plots and limits are obtained for the other possible scendfipsf?) and(f\;, fR).
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Figure 2: Single top quark eventﬂ[?]. Left: distribution of the Wtbdisninant. Right: exclusion limits in
the (15, |fE|) plane.

Deviations from the SM expectations can be associated to FCNC procebsse production
cross section depends on the strengths of these strong interactiorggj.&.andkw,g//\, A\ being
the scale of new physicé\(=~ 1 TeV). New BNNs are trained to discriminate each FCNC process
from SM events. Individual 95% confidence level (CL) observegéeted) exclusion limits on
Kiug//\ are obtained by integrating oveigy/A, and vice versa, yieldinkiug| /A < 4.1 (4.8) x 103
TeV~1 and |kicg| /A < 1.8 (1.5) x 10-2 TeV~1. From these individual limits, upper limits on the
branching fractions?(t — ug) and %(t — cg) are derived, that i8(t — ug) < 2.0 (2.8) x 10>
and%(t — cg) < 4.1(2.8) x 104

4. Search for rare decays

The FCNC decay of a top quark is forbidden at tree level in SM and diy@uppressed by
the GIM mechanism at higher orders. For this reason the branchintipfraaf the decays of a top
quark to a Z boson or a Higgs boson plus an up-type quark is expectedaoly—1° +— 10-14).
However, in BSM models these fractions can become as highi(a8° + 103) and become
within reach.

The rare decays-t Zq or t— Zc are searched for irt final states with three leptons (e or
), as described in Ref][8]. These events need to be disentangledSkbproduction and the
FCNC production of tZ events. The separation of the three classesmtasgerformed recurring
to boosted decision tree (BDT) discriminants specifically trained. Distributibtizese three dis-
criminants are fitted to the data. In the case of the tZ-FCNC discriminant, the dihgstent with
the SM-only hypothesis, and limits are derived on the branching fractiéfis— Zu) < 0.022%
and%(t — Zc) < 0.049%, as shown in Fif] 3-left.

The rare decays-t> Hu or t— Hc are searched int t- WbHq events[J9], where the W bo-
son can decay either leptonically or hadronically, while the Higgs bosodeeay to two photons
(very clean signal but with low yield), or to two W/Z bosons, or even ) froducing different
final states. Three independent analyses/selections are then combinetliltiiepton analysis,



Measurements of the top quark properties at decay with CMS Andrea Castro

requiring two same-sign leptons, or 3 leptons (eudy aimed for H— WW, ZZ, t1; 2. dipho-
ton + W (leptonic or hadronic) + b-tagged jet, for-H yy; 3. 3 b-tagged jets + leptonic W +
additional jet, for H— bb. The diphoton selection is the most sensitive, and theHqg, H — yy
decays are searched for by looking at the diphoton invariant mass ghfitted to look for a
diphoton resonant signal in excess of the non-resonant diphotd&gtoand (plus the SM reso-
nant background). No signal is seen, neither in the leptonic channéh tiee hadronic one, see
Fig.[3-right. No signal is observed also in the other two selections, yieldisgroed (expected)
upper limits on the branching fractions for these rare decays, nagély- Hc) < 0.40 (0.43)%
and#(t — Hu) < 0.55(0.40)% .
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Figure 3: Left: exclusion limits at 95% CL omA(t — Zc) vs %(t — Zu) [B]. Right: diphoton invariant
mass for the hadronic channa [9].

5. Conclusions

Several properties of the top quark decay have been discussedrherder to confirm the
consistency of the SM or to look for deviations from it. The W boson helicigtions have been
measured and found consistent with the SM, with no indication of anomalop$irogsifor the top
quark. Rare decays of the top quark into Zq or Hq have been seai@wheith a null result. For
what concerns top quark properties, the standard model is once agdimed.
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