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This talk . . .

▷ three parts, common theme: event shapes and substructure techniques

▷ resummation of multi-jet rates [Baberuxki, Preuss, DR, Schumann ’19]

▷ fitting αs with groomed event shapes [Marzani, DR, Schumann, Soyez, Theeuwes ’19]

▷ WIP: higgs couplings from event shapes

event shapes

▷ traditional QCD observables

▷ used in tuning, αs measurements, . . .

▷ resummation to high accuracy available

jet substructure techniques

▷ extensively measured at LHC

▷ provide tools for jet tagging, non-
perturbative suppression
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multi-jet rates
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Jet rates [Baberuxki, Preuss, DR, Schumann ’19]
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[TASSO Collaboration 1997]

▷ jet resolution scales, i.e. how close do we
have to look to resolve 4th jet?

▷ Durham cluster algorithm:

yij =
2min(E 2

i ,E
2
j )

Q2
(1− cos θij)

▷ y23 known at high accuracy, e.g.
NNLO+NNLL [Banfi, McAslan, Monni, Zanderighi 2016]

▷ goal here: at least NLO+NLL′ accuracy
for higher multiplicities y34, y45, y56
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Jet rates [Baberuxki, Preuss, DR, Schumann ’19]

▷ make use of resummation plugin to Sherpa
[Gerwick, Höche, Marzani, Schumann 2015]

▷ resummation around hard (n − 1 parton)
configurations ⇒ require yn−1,n > 0.02
→ different from the usual (experimental)
definition

▷ test for colour structures beyond 2-particle
dipole

Durham scale y56√
s = 91.2 GeV

y45 > 0.02
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αs from soft drop groomed event shapes
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Thrust and αs [Marzani, DR, Schumann, Soyez, Theeuwes

’19]
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Figure 9.4: Summary of determinations of –s(M2
Z) from the seven sub-fields discussed in the text.

The yellow (light shaded) bands and dotted lines indicate the pre-average values of each sub-field.
The dashed line and blue (dark shaded) band represent the final world average value of –s(M2

Z).
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from [PDG ’19]

soft drop method: [Larkoski, Marzani, Soyez, Thaler ’14]

▷ decluster jet with C/A

▷ check
min(Ei ,Ej )
Ei+Ej

< zcut (1− cos θij)
β

▷ remove soft branches
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Soft-Drop: Hadronisation corrections [Baberuxki, Preuss, DR, Schumann ’19]

▷ soft drop constructed for
UE suppression

▷ but also theoretical ad-
vantages like absence of
non-global logs

▷ shown to reduce hadroni-
sation correction in event
shapes [Baron, Marzani, Theeuwes ’18]

▷ idea: groom hadronic
events → calculate thrust
→ input to αs fit
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from [DR, Caletti, Fedkevych, Marzani, Schumann, Soyez ’22]
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Fit results
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Figure 6: Results for fits of ↵s(mZ) to Monte-Carlo pseudo data using theoretical predictions at
different levels: FO for NLO, Res for NLO+NLL and NP for the inclusion of non-perturbative effects.
The non-perturbative effects are modelled based on either the Monte-Carlo based hadron-to-parton
level ratios (NP (MC)) or an analytical model with a single parameter ⌦ (NP (ana)). The bands
indicate the total uncertainty, the shaded region displays the hadronisation-related uncertainty.

detailed in Table 1. Besides the values obtained for ↵s(mZ) for the various scenarios considered, we
provide the best-fit �2-values, and, for the case of the analytic hadronisation model, the best-fit ⌦-
parameter. For most of the groomed observables the �2/dof for the NLO+NLL matched calculation
without any non-perturbative effects are already close to 1. The only soft-drop parameter combinations
that yield larger �2 values are the two cases that were pointed out previously, zcut = 0.1 with � = 0

and zcut = 0.05 with � = 2. An important validation of our approach is the consistency between the
value of ↵s when fitting to ALEPH data instead of the pseudo-data for plain thrust. Additionally,
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Figure 9: The best-fit �2/dof (left column) and ↵s(mZ) (right column) values as a function of the
lower bound of the fitting range, ⌧min. Shown are results for plain thrust and for soft-drop thrust,
using different combinations of the soft-drop parameters � and zcut.
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Fits to MC data (SHERPA MePs@Nlo w/ up to 5 jets)

Competitive fits will need higher order understanding of grooming (NLL → NN(N)LL + zcut
corrections)
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higgs couplings from event shapes
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Outlook: higgs couplings [work in progress by Knobbe, Krauss, DR,

Schumann]

▷ consider e+e− → ZH, H → QCD

▷ measure event shape v in CM of H

▷ total dσ
dv =

∑
µi

dσi
dv ,

i = H → gg ,H → qj q̄j

▷ can we limit µi?

▷ based on stats (no systematics) Z → l+l−

w/ 5ab−1 240 GeV → δµgg ∼ 10%

▷ not immediately competitive,
but complementary to tag + count

▷ ultimately limit cc̄ / light qq̄

▷ need to carefully consider hadronisation
uncertainties
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Summary

▷ event shapes / substructure as precision tools

▷ tests of fundamental theory components

▷ colour structure
▷ strong coupling constant αs

▷ decay ratios of hadronic decays
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Backup
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