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1. Top Quark Polarization

t-channel

Signal phase space:

• 1 isolated muon or electron
• Missing transverse energy, E/T,
from W-boson decay
• One central b-tagged jet from
top decay
• One light jet
• Reject events from QCD by cuts
on E/T(e) and mT(µ)

• In Standard Model (SM) t-channel single-top production, top quarks are ≈ 100% polarized
through the V-A coupling structure of the involved electroweak interactions.

• Top quark decays before forming hadrons, causing its decay products to retain memory of its
spin orientation.

• In this analysis [1], we use spin asymmetry Al to measure polarization Pt:

Al ≡
1

2
· Pt · αl =

N(↑)−N(↓)
N(↑) +N(↓)

.

(Spin analyzing power αl = 1 in SM for leptons)

• Angular distribution (θl) of lepton from top quark decay is

dΓ

d cos θl
=

Γ

2
(1 + Ptαl cos θl) ≡ Γ(

1

2
+Al cos θl) ,

• We study polarization by slope of cos θ∗l distribution, cos θ∗l = 6 (charged lepton, light jet)
- light quark recoiling against the single top quark tends to have a direction parallel to the spin
direction of the top quark at the production vertex

• New physics models may alter the coupling structure, consequently a�ecting the top quark
polarization.

2. Signal Extraction
• Multivariate analysis (BDT) used for signal and background
separation

• Signal and background yields extracted by a maximum-
likelihood �t to BDT distribution

• Shapes for the �t taken from Monte Carlo simulation except for
QCD multijet category, which is estimated from data.
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• Signal purity is further enhanced by performing a cut on the BDT
value, giving us the following distributions of cos θ∗l
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3. Unfolding

Reconstructed distributions are corrected for background contributions,
migration e�ects and selection e�ciency by unfolding.
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We measure the asymmetry Al from the di�erence between forward- and
backward- going leptons in the top rest frame, after unfolding:

Al =
N(cos θ∗unfolded > 0)−N(cos θ∗unfolded < 0)

N(cos θ∗unfolded > 0) +N(cos θ∗unfolded < 0)
.

4. Results

We measure:

Aµl = 0.42± 0.07(stat.)± 0.15(syst.)

Ael = 0.31± 0.11(stat.)± 0.23(syst.)

Systematic uncertainties are estimated
by repeating the background estimation
and unfolding with systematically varied
templates.

The two channels are statistically compatible
with the expected SM value of 0.4317
predicted with POWHEG.

We combine the two channels with the BLUE
technique, obtaining

Al = 0.41 ± 0.06(stat.) ± 0.16(syst.)

= 0.41 ± 0.17 .

This corresponds to a polarization of

Pt = 0.82 ± 0.34.
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