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Jet Observables - Event Shapes

Event shapes describe the geometrical properties of energy-momentum flow
in a QCD event and probe strong interaction at various energy scales.
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Jet Angularities
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For Infrared safety : −1 < b <∞.

Generalization to ’thrust’ (b = 1) and jet ’broadening’ (b = 0).

Varying ’b’ changes the sensitivity of the observable to the substructure of
the jet.
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Thrust:

Broadening:

Jet Angularities are novel observables that allow us to transform between
recoil-insensitive to recoil-sensitive observables in a continuous manner.
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Status of event shapes
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Scale Separation - Factorization
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Figure: Factorization of the hard scattering process into individual hard, jet and soft
functions.

LSCET = [Ln-coll]J + [Ln̄-coll]J + [Lsoft]S + power-correcs

dσ = Hard · Jn ⊗ Jn̄ ⊗ S (2)

Factorization properties of QCD in the soft/collinear limit allows for the
separation of the process into hard, jet and soft sectors.

All factorized sectors depend only on a single dynamical scale and the scale
of factorization.
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Thrust-like vs Broadening-like factorization

Thrust-like:
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Jet Angularity Cross-Section
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where, d. . . e is the ceiling function, giving the greatest integer strictly less than
1/b for b > 0 and 1/|b| − 1 for b < 0 case.
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Estimation of the size of the corrections

b N = max(n) % correction for τ ∼ 0.05 % correction for τ ∼ 0.1
1 0 0 0

0.8 1 4 10
0.5 1 10 20

0.25 3 17 30
0 ∞ 31 45

-0.2 3 16 27
-0.3 2 8 14
-0.5 0 0 0

Table: Numerical estimation of the size of subleading corrections in the peak region
∼ 0.05 − 0.1, for different values of b. For a given b value, the maximum value of n
up-to which the correction terms are singular is represented by the values given in the
second column of the table.
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Comparison to numerical data from Event2 generator
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Figure: Differences between Event2 and our results from broadening-like factorization at NLO
for dσ/d log10 τ for different b values.
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Summary

Jet angularities provide a novel way of looking into the substructure which
remains unexposed while looking at a single event shape observable.

A broadening-like factorization for angularities provides the correct
distribution for all b > −1 angularities while a thrust-like factorization
works only in a certain range.

The fixed order angularity distributions with a broadening-like factorization
suggest that the recoil effects are always important for b < 1 angularities.

The recoil contributions, in the form of sub-leading singular terms, for
0 < b < 1 provide a non-negligible contribution in the peak region. This is
expected to effect the resummation of these observables and hence the
extraction of the strong coupling.
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