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The Lund-plane: central tool for pQCD

[Andersson et al. Z.Phys.C 43 (1989) 625]

[Dasgupta et al. JHEP 09 (2018) 033]
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Definition of Lund-based observables

INPUT OUTPUT

Anti-k; jet

Hemisphere In ete-

Decreasing angle—> In(1/6)
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Definition of Lund-based observables

INPUT OUTPUT

Anti-k; jet

Hemisphere In ete-

C/A reclustered jet
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Two examples

Primary Lund-plane density Lund multiplicity
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O = dN
P = i nkd In(1/6)
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[Medves, ASO, Soyez, JHEP 10 (2022) 156,
[Lifson, Salam, Soyez JHEP 10 (2020) 170] JHEP 04 (2023) 104] @



Lund-based observables: resummation vs data

Primary Lund-plane density Lund multiplicity
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Lund-based observables: MCs vs data

Primary Lund-plane density

CMS [cwus Coliab arxivi2312.16343] 138 fb™' (13 TeV)
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Lund-based observables: resummations vs parton showers

|[Ferrario Ravasio et al. PRL 131 (2023) 16, 161900]

PanGIobaI’s NNDL accuracy test
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New application of resummation calculations: test of parton showers ®


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.161906

Lund-based observables: resummations vs parton showers

PanGlobal’s NNLL accuracy tests
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Lund-based observables: resummations vs parton showers

[PanScales Collaboration, in preparation]
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This talk: two new Lund-based observables pasouwtacta. pac 125 2020 5, 052002)
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Note: definition for colour singlet events IN PP gIVEN N van Beskveld, ASO et al. JHEP 11 (2022) 0201


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.052002
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Reminiscent of soft-a?d-
collinear behaviour of
event shapes

[Banfi, Salam and Zanderighi JHEP 03 (2005) 073]
[See also Berger et al. PRD 68 (2003) 014012 ]

C/A reclustered jet

Note: definition for colour singlet events IN PP gIVEN N van Beskveld, ASO et al. JHEP 11 (2022) 0201


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.052002
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This talk: two new Lund-based observables pasouwtacta. pac 125 2020 5, 052002)
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Plan for this talk

4‘ NNLL resummation in e+e- collisions
é‘ Sneak peek at pheno with PanScales-Pythia interface
|[PanScales Collab. arXiv:2312.13275]

Work In progress with:

Melissa van Beekveld (NIKHEF), Luca Buonocore (CERN),
Basem El-Menoufi (Monash U.), Silvia Ferrario Ravasio,
Pier Francesco Monni (CERN) and Gregory Soyez (IPhT)




Revisiting NLL resummation (CAESAR approach)

[Banfi, Salam and Zanderighi JHEP 03 (2005) 073]

The cumulative cross section for an (rIRC safe) observable v reads

O 1 m
2(v) :exp( ~ J[dk] | M(k) | ) X ) %H{[dki] | M(k)|” O — v(ky, ..., k)
m=1 =1

virtual corrections real emissions



Revisiting NLL resummation (CAESAR approach)

[Banfi, Salam and Zanderighi JHEP 03 (2005) 073]

The cumulative cross section for an (rIRC safe) observable v reads

0 1 m
>(v) :exp( - J[dk] | M(k) \Z)X Z %Hj[dki] | M(k) |° O — vk, ...
B

virtual corrections real emissions

Introduce a slicing parameter satisfyinge < 1,Inl/e < In 1/v

Z HJ'[dki]‘M(ki)‘ Z y HJ [dk] [M(k)|*  resolved

=1 €V
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Revisiting NLL resummation (CAESAR approach)

[Banfi, Salam and Zanderighi JHEP 03 (2005) 073]

rlRC safety implies that unresolved emissions don’t contribute to v

>(v) =exp< — J[dk] | M (k) |2(1 — O(ev — v(k))) virtual & unresolved

X —HJ [dk;] \M(ki)\ze)(v—v(kl, ...,k )) real emissions

m=1 = i=1 Y€V

At NLL, we can further expand the no-emission probability

exp( — J[dk] | M (k) \2(1 — ®O(ev — v(k))) — exp( — R(v) — R'In 1/6)



Revisiting NLL resummation (CAESAR approach)

[Banfi, Salam and Zanderighi JHEP 03 (2005) 073]

SO that the cumulative cross-section can be written as
>(V) =exp< — J[dk] | M (k) |2[(1 — O — v(k))]) X Sudakov radiator
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NLL results for Lund observables

[Banfi, Salam and Zanderighi JHEP 03 (2005) 073]

So that the cumulative cross-section can be written as

S(v) = e TR X F g

Analytic Numerical (in general)

The NLL results for the Lund observables are: (pssquptaetal pai 125 2020) 5, 0520021


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.052002

NNLL resummation (ARES approach) in a nutshell
[Banfi, McAslan, Monni, Zanderighi JHEP 05 (2015) 102] [Banfi, EI-Menoufi and Monni JHEP 01 (2019) 083]

The interplay between real and virtual emissions notably more delicate

T () = ¢ OO

X [97'NLL (1 + 1(Q) H' + % Ohe) C1)+M

27 T

&OZNNLL ]
TT

where, schematically, the physical origin of each NNLL correction Is

2
aS " :
n=1

o ¢ "V (| : end-point of DGLAP splitting function

* H, :finite part of one-loop virtual corrections



NNLL resummation (ARES approach) in a nutshell
[Banfi, McAslan, Monni, Zanderighi JHEP 05 (2015) 102] [Banfi, EI-Menoufi and Monni JHEP 01 (2019) 083]

The interplay between real and virtual emissions notably more delicate

T () = ¢ OO

< [P (14 52 4 B o) @)

27 T

59}NNLL ]
TT

where, schematically, the physical origin of each NNLL correction Is

* 6FNNLL : one single emission with NLL-like kinematics

T~

nhard-collinear soft-coll, wide- SOoft, commensurate
OF angle s« angle to other emission
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Some remarks for Lund observables at NNLL

We recycled a few ingredients from previous works
ay(Q) 7 4 ay(O.) Cl) analytic and computed

27 T

O e_RSC(V)_RhC(V) (1 -

I [Banfi, E-Menoufi and Monni JHEP 01 (2019) 083]

@ QOZNLL ana|ytic and COmputed [N [Dasgupta et al. PRL 125 (2020) 5, 052002]

and computed the remaining NNLL corrections

OF wa OF SC, OF .
5‘O}clust’ correl &fr he = 0 rec
semi-analytic, 0F 1o ANAlYLIC ana\ync

same for both


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.052002
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Plan for this talk

Sneak peek at pheno with PanScales-Pythia interface

|[PanScales Collab. arXiv:2312.13275]
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Sensitivity to non-perturbative corrections @LEP energies
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Sensitivity to non-perturbative corrections @FCs energies
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Comparison between showers @LEP energies

do/dv [nb]
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Comparison between showers @FCs energies
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Summary and outlook

Presented NNLL resummation for two new Lund observables

k, ; k. .
S, = — e~ M. = max —Le=bni
/ Z Q b 1Edeclust Q

1€declust

M 5 has a particularly simple resummation structure and small sensitivity to
non-perturbative corrections

Future directions: extension to hadron collisions (both globally and inside a
jet), matching of the resummed predictions, systematic pheno study @LHC
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