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this talk. . .

B jet substructure observable: jet angularities

B setup: as recent CMS measurement [JHEP 01 (2022) 188]

B jets with and without soft drop grooming

B theoretical predictions: NLO+NLL’ based on CAESAR plugin to SHERPA

B NP corrections using transfer matrix approach

B + MC@NLO (and MEPS@NLO) predictions from SHERPA

B application to quark-gluon discrimination

B outlook: first look at similar observables/techniques in DIS compared to H1 data
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observables & setup [JHEP 07 (2021) 076] [JHEP 03 (2022) 131]

data from [JHEP 01 (2022) 188]

B jet angularity family of observables

λκα =
∑
i∈J

(
pT ,i
pT ,J

)κ(∆Ri

R

)α
B parameters κ (here = 1 for IR safety), and
α to probe different phase space regions

η(l)

ln k
(l)
t /Q

α = 1/2

α = 1

α = 2

soft

collinear

B measured on anti-kt jets (R = 0.4, 0.8) for

B leading jet in Z+jet
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Soft-Drop: Intro [Larkoski, Marzani, Soyez, Thaler ’14]

beware: O(zcut)
corrections

idea: remove soft
wide-angle
contamination
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B decluster given jet with Cambridge/Aachen
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Figure 2: (a) The average primary Lund plane density, ⇢, for jets clustered with the C/A

algorithm and R = 1 having pt > 2 TeV and |y| < 2.5, in a simulated QCD dijet sample.

(b) Schematic representation of the di↵erent regions of the Lund plane.

factor in ⇢ is equal to 2 and so the density of primary Lund emissions is just proportional

to the strong coupling,

⇢ ' 2↵s(kt)CF

⇡
, (� ⌧ 1, z̄ ⌧ 1) , (2.6)

The upper diagonal edge in the figure is a consequence of the kinematic limit, kt < 1
2pt,jet�.

At low scales ↵s(kt) gets large, which accounts for the bright red band around kt = 1 GeV.

In this region the Lund plane density is not amenable to perturbative calculation. Equiv-

alently Eq. (2.5) receives large corrections from non-perturbative terms proportional to

powers of kt/⇤QCD. At values of � ⇠ 1, initial state radiation (ISR) and multi-parton

interactions (MPI/UE) contribute to increasing the density, which is reflected in the con-

tours of constant colour bending upwards to the left. The di↵erent regions are outlined

schematically in Fig. 2b.

Beyond leading perturbative order, several further physical e↵ects contribute to the

structure of the Lund plane. The upper boundary gets smeared out because of degradation

of the leading subjet energy as one declusters the jet.3 The leading subjet can also change

3This smearing does not occur if one examines ⇢̄(�,), from Eq. (2.4), since  is defined in terms of

the local z fraction of the emission, which does not depend on earlier splittings at larger angles (while kt

does). However, instead the non-perturbative boundary gets smeared, as does the relation between a given

location on the plane and the invariant mass of the pair being declustered.
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framework for NLO+NLL′ +NP
calculations

[JHEP 07 (2021) 076] [JHEP 03 (2022) 131]

data from [JHEP 01 (2022) 188]

Basic soft gluon resummation
B CAESAR formalism [Banfi, Salam, Zanderighi ’04]

B implemented in SHERPA

[Gerwick, Höche, Marzani, Schumann ’15]

[Baberuxki, Preuss, DR, Schumann ’19]

B extended for jet observables. . .
B modified wide angle behaviour

[Dasgupta, Khelifa-Kerfa, Marzani, Spannowski ’12]

[Caletti, Fedkevych, Marzani, DR, Schumann ’21]

B non-global logs [Dasgupta, Salam, ’01]

B . . . and soft drop grooming
B modifies soft wide angle region
B CAESAR-style formulas available

[Baron, DR, Schumann, Schwanemann, Theeuwes ’20]

non-perturbative effects

B Extract ”transfer matrix” from MC

B migration between pT bins
B shifts within observable

dmσHL

dvh,1 . . . dvh,m
=∫

dm~vp T (~vh|~vp)
dmσPL

dvp,1 . . . dvp,m
.
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migration between transverse momentum
regions
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June 28, 2022 D Reichelt (IPPP) Jet physics from LHC/RHIC to EIC 5 / 13



migration between observable bins
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results: means of distributions [JHEP 07 (2021) 076] [JHEP 03 (2022) 131]

data from [JHEP 01 (2022) 188]
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B note on notation: LO ≡ first non-trivial order for substructure observable
(i.e. O(α2

s ) for Z+jet, O(α3
s ) for dijets)

NLO≡ one more order in αs
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proxies for q and g jets [JHEP 07 (2021) 076] [JHEP 03 (2022) 131]

data from [JHEP 01 (2022) 188]
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B as expected, dijet ∼ gluon, Z+jet ∼ quark

B qualitatively similar result to [JHEP 01 (2022) 188] (w/ simpler working definition)
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results: global view on quark vs. gluons [JHEP 07 (2021) 076] [JHEP 03 (2022) 131]

data from [JHEP 01 (2022) 188]

overview of mean in 5 different selections (as in [JHEP 01 (2022) 188])
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B (1),(3),(4),(5):
120 GeV < pT < 150 GeV

• quark ∼ Z+jet,
gluon ∼ dijet
• (1) R = 0.4, plain
• (3) R = 0.8
• (4) R = 0.4 charged
• (5) R = 0.4 w/ grooming

B (2): 1000 GeV < pT < 4000 GeV

• quark ∼ forward dijet,
gluon ∼ central dijet
• R = 0.4, plain

Long list of observables considered overall, including differential distributions, see [more results]
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results: global view on data vs. theory [JHEP 07 (2021) 076] [JHEP 03 (2022) 131]

data from [JHEP 01 (2022) 188]
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B same selections a before

B data well described
by MC@NLO
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Outlook: towards DIS applications

B now look at similar observables in DIS

B at first ”jet” → ”hemisphere” (in Breit frame)

B hemisphere thrust/1-jettiness → same scaling as λ1
2

B preliminary data from [Hessler ’21]

B grooming in DIS [Makris ’21] based on Centauro measure [Arratia, Makris, Neill, Ringer, Sato ’20]

B preliminary data from [H1 (Talk at DIS ’22)]

B validate same tools:

B (N)LO+NLL’ calculation + transfer matrices
B Sherpa MEPS@NLO calculation
→ hadronisation via Cluster and Lund models
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Outlook: towards DIS applications
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Summary & Outlook

B Precise calculations for jet angularities

B NLO+NLL’+NP with NP from transfer matrices
B SHERPA MC@NLO simulations

⇒ reasonable description of data, good description of ratios of means

B First steps towards precision predictions for DIS in light of EIC

B validation & tuning with H1 data
B very good description of groomed (and ungroomed) thrust
B first calculation in Sherpa CAESAR plugin + transfer matrix framework
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