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Overview

| "event built from jets” = "jet built from constituents” \

"cluster the event into jets” " observables from jets”
— "cluster jet into subjets” — "observables from constituents”
> tagging > jet mass
> trimming > angularities
> soft-drop > energy correlation functions
> 4+ recursive > jet pull
> + dynamical > Lund plane
> includes modified mass-drop o>
> collinear-drop * disclaimer: this is a non-exhaustive and
> ... biased list of examples
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Observables I: The Lund Plane

[Andersson, Gustafson, Lénnblad, Petterson ’88]

[Dreyer, Salam, Soyez 18] [Lifson, Salam, Soyez ’20]
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In(1/A)

representation of single emission phase space
— at LL uniform = predicted deviations

uses:

1. forward: resummed calculations / parton shower building

e.g. [Gustafson '92] [Hamilton, Medves, Salam, Scyboz, Soyez '20]

2. backwards: map cluster steps of final jets to Lund plane

= physics insights to build optimal observables

In(hy/GeV)

Example nggs tagglng [Khosa, Marzani '21]
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_ Similarly:

> quark-gluon
jetS [Dreyer, Soyez, Takacs '21]

> b-jets
[Fedkevych, Khosa,
Marzani, Sforza '22]
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https://inspirehep.net/literature/265672
https://inspirehep.net/literature/1682306
https://inspirehep.net/literature/1806891
https://inspirehep.net/literature/334349
https://inspirehep.net/literature/1831912
https://inspirehep.net/literature/1862646
https://inspirehep.net/literature/1992901
https://inspirehep.net/literature/2030682
https://inspirehep.net/literature/2030682

Observables II: Jet Angularities

study family of observables
; K AR, «
w2 (5r) (%)
ies \PTJ R

here: calculations need IRC safety, so k =1

P

w=1/2 Lling,, parameter o = probe
different kinematic regimes
a=1
mk"/Q
a=2
studied in different frameworks
j [Ellis, Vermilion, Walsh, Hornig, Lee '10] [Hornig, Makris, Mehen '16]

soft

[Kang, Lee, Ringer '18] [DR, Caletti, Fedkevych, Marzani, Schumann, Soyez — see later]

. [Les Houches 15/17/19]
context: [Larkoski, Thaler, Waalewijn '14]

quark-gluon tagging
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A [Width]
Zj @ 13 TeV from [Caletti, Fedkevych,
Marzani, DR, Schumann, Soyez, Theeuwes '20]

reuse energy—correlations © NLL [Larkoski, Salam, Thaler '13] [Larkoski, Neill, Thaler '14] [Banfi, Salam, Zanderighi '04]
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https://inspirehep.net/literature/841588
https://inspirehep.net/literature/1414205
https://inspirehep.net/literature/1645919
https://inspirehep.net/literature/1993727
https://inspirehep.net/literature/1231624
https://inspirehep.net/literature/1276724
https://inspirehep.net/literature/655163
https://inspirehep.net/conferences?sort=dateasc&size=25&page=1&start_date=all&q=series.name:"PhysTeV"
https://inspirehep.net/literature/1310831
https://inspirehep.net/literature/1858240
https://inspirehep.net/literature/1858240

[Larkoski, Marzani, Soyez, Thaler ’14]

Soft-Drop: Intro

0
soft-quark grooming (final state) ~ method: decluster w/ C/A, remove softer branch if
min(pT,i,PT ;) AR\B
beware: O(zcyt) PP, < Zeut (?)
corrections
s N

analytical understanding: [Larkoski, Marzani, Thaler '15]

<
=
S pr fraction z,, separation 6, = Rg/R of splitting
= = using concept of Sudakov safety
o o K , Lee, Liu, Neill, Ri '19
calculations available at NLL, NLL’ {cj."iefmn'g“er, ﬁaalewﬁrm]}
! NLL == Pythia (perturbative)
0.8 F VB =13 TeV, 4“(\*1}\3:0& r P P
=06 F . 3
5 £
Foat : — ;
I 02 Jfﬂ,_‘_’,_,’"'i‘ f
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https://inspirehep.net/literature/1281068
https://inspirehep.net/literature/1343327
https://inspirehep.net/literature/1748232
https://inspirehep.net/literature/1867830

So

(1/1GeV)

do

doldp,, dm_ dp.
g s
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procedure:

ft Drop: Application

1. soft-drop groom jet constituents

2. calc standard observable
"after grooming”

23" (13 Te

V)

=
=3
N
I
o

anti-ky, R=0.8, soft drop, ) 2,

1200 <p, <1300 GeV
o Dita

0.012

[ Stat. + syst. unc.
HERWIG++
! Marzani et al
o002 ‘_“h.'l—x
ot L

[ Stat. unc.
POWHEG+PYTHIA8
2 T
k -

%

PYTHIAS
; « Fryeetal
haracYuans R
,
100

20 3040 200

1000

Groomed jet mass m_(GeV)

Ratio to Data (1/ Oyeqyr) d0/d log, D[(mm O Iy

o
m

°
o

T
F ATLAS I Data

[ Ys= 13 Tev, 320 10" Bﬂ LO#NNLL, large NP effects-|

[ anti-k, R=0.8, p'e“> 600 GeV % ,L:Eg:xtt ]

[ Soft drop p= 0z =01 [ ] NLO+NLL+NP A

i s

& \\ & \\‘\\\“\\ ]

¥ NN N -

§\\\\ y\\\\\“\\\“‘\\“' \m.“\\\-\\\\\.\\\“’\“\\gw

[CMS ’18] [ATLAS ’17]

3
log ("% | pmmm)z]

o
n

side note: also applicable to global event shapes

[Baron, Marzani, Theeuwes '18], [Marzani, DR, Schumann, Soyez, Theeuwes '19],

even in PP [Baron, DR, Schumann, Schwanemann, Theeuwes '20]

example: jet mass after grooming
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[Frye, Larkoski, Schwartz, Yan '16]

[Frye, Larkoski, Schwartz, Yan '16]

[Marzani, Schunk, Soyez '17]

[Marzani, Schunk, Soyez '17]
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https://inspirehep.net/literature/1682495
https://inspirehep.net/literature/1637587
https://inspirehep.net/literature/1437957
https://inspirehep.net/literature/1430897
https://inspirehep.net/literature/1643285
https://inspirehep.net/literature/1590283
https://inspirehep.net/literature/1662336
https://inspirehep.net/literature/1741249
https://inspirehep.net/literature/1837131

Automated CalculatiOHS [Gerwick, H6che, Marzani, Schumann ’15]

(in the SHERPA framework) [Baberuxki, Preuss, DR, Schumann ’19]
Basic soft gluon resummation Automation in SHERPA
> use well known CAESAR formalism = use available technology (PS integra-
[Banfi, Salam, Zanderighi ‘04] tion, PDF evaluation etc.)
> master formula for NLL resummation > interface to COMIX for colour exact
of rIRC safe global observables insertions in mulit-jet MEs
Note: similar work in MadGraph using SCET > final state fully differential in kin.

[Farhi, Feige, Freytsis, Schwartz '15] [Balsinger, Becher, Shao '18] and ﬂaVOur — Useful in matChIng

[Banfi, Salam, Zanderighi '06] [Banfi, Salam, Zanderighi "10]

Jet observable specifics
> modified wide angle behaviour

Soft Drop grooming effects
> well known in v <« z,,t < 1 limit
> CAESAR-style formulas available

[Dasgupta, Khelifa-Kerfa, Marzani, Spannowski '12]
[Caletti, Fedkevych, Marzani, DR, Schumann '21]

> non-global logs pasgupta, salam, 01]

[Baron, DR, Schumann, Schwanemann, Theeuwes '20]
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https://inspirehep.net/literature/1330322
https://inspirehep.net/literature/1771860
https://inspirehep.net/literature/655163
https://inspirehep.net/literature/1384509
https://inspirehep.net/literature/1663254
https://inspirehep.net/literature/1121578
https://inspirehep.net/literature/1858240
https://inspirehep.net/literature/555905
https://inspirehep.net/literature/708784
https://inspirehep.net/literature/843687
https://inspirehep.net/literature/1837131

Non-perturbative corrections

[DR, Caletti, Fedkevych, Marzani, Schumann,

Soyez ’21]

Setup for measurements: (i.e. CMS analysis in JHEP 01 (2022) 188)

> observables (i.e. jet angularities) measured on selected jet (leading pr, y range etc.)

> In different energy-scale bins (i.e. pr bin of selected jet)

Physical effects:

ion mi for M inZ +§
PH [GeV] Phi [GEV]

[50, 65 50,85

65,88]

160, 186]

186,254

= (254,52

[326, 408] - {m,mg}
408, 1500 — — [408,1500]

shift between pt bins
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https://inspirehep.net/literature/1993727
https://inspirehep.net/literature/1993727
https://inspirehep.net/literature/1920187

NOH—pertUI‘bative COI‘I'eCtiOIlS [DR, Caletti, Fedkevych, Marzani, Schumann,

Soyez ’21]

approach:
5 transfer matrlx ungroomed jet width

> define "transfer matrix” according to con-
ditional probabilities

central duet R= 08
chg. tracks only

HL,,,PL ,PL 0.4
T( 7pT ‘V » PT
. 2
o> easily extracted from MC (here: SHERPA) -
so.
T - 2
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https://inspirehep.net/literature/1993727
https://inspirehep.net/literature/1993727

Results [CMS ’21] [DR, Caletti, Fedkevych, Marzani,

Schumann, Soyez ’21]

> Z+jet ~ quark jets ()

—o— CMS data

\Y

dijet ~ gluon jets - (1)
> ratio % of distribution g%
means F (5)
> data well described L)
by MC@NLO L
and NLO+NLL'+NP Eg;
= challenges traditional
"quarks are better under- .
stood than gluons” I
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https://inspirehep.net/literature/1920187
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What next?

0.5

e*e” Heavy Groomed Mass
»Q =91.2 GeV, mMDT Groomer, z¢,t = 0.1
“t=——LO
> resummation around transition point p ~ Zut B S
NLO

Better understanding of soft drop grooming

[Benkendorfer, Larkoski, '21]
> relax strict v < zeyt < 1 assumption = v,z < 1

> towards full consistent resummation across full ob-
servable range 005501 o0 o0 i

Non-global logarithms at NLL
> fIrSt Calculatlons in [Banfi, Dreyer, Monni '21] [Banfi, Dreyer, Monni '21]

> often neglected piece in NNLL efforts, but last missing piece for automated calcula-
tions? (for example in a framework like (anfi, Mcasian, Monni, Zanderighe '15))

J
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https://inspirehep.net/literature/1900929
https://inspirehep.net/literature/1858213
https://inspirehep.net/literature/1960241
https://inspirehep.net/literature/1332934

Summary

> jet substructure as a rapidly growing field
with close interplay between

> experiment

> theory

> construction of methods

> Monte Carlo / parton shower development
> examples:

> jet angularities w/ different parameters as playground

> soft-drop grooming to eliminate UE/NP corrections — increase resummation regime
> Outlook:

> automated NNLL?

> range of groomed calculations?
> NGLs?
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