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Introduction

Jets at the LHC

¥ Inclusive jet production
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Jet substructure
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¥ The jet fragmentation function = 10%
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¥ Tagging see lan MoultOs talk

¥ Differential probe of the QGP in heavy-ion collisions
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Inclusive |et cross sectionsp! jet+ x

dl pp! jetx !
e fa! fo! Hap -

a,b,c

I partonic hard-scattering cross section
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Cross check + resummation of large logarithms found in analytical calculations:

¥ Jet radius parameter 12In" R |
. 2n! 1

¥ Threshold 17 n _ .

¥ Forward 1D n™ 2" (—t/s)



Joint threshold and small radius resummation

Liu, Moch, FR *1°
¥ Refactorization at threshold

2/\
d Uilig
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x Tr [Hi, 5, (v, 01, i, 1) Sc(SG 5 s, )] Ix (sx 5 pux 5 )
X Z TIr [Jm(pTR s LT /~L) X Sc,m (SCR y Usc ,u)]

¥ Joint resummation! s 17 In"R where z= s,/s

+

¥ Possible to extend theoretical accuracy beyond NLL

see also:Kidonakis, Sterman 97, Kidonakis, Oderda, Sterme
Kidonakis, Owens 01, Kumar, Moch
de Florian, Hinderer, Mukherjee, FR,Vogelsat



Joint threshold and small radius resummation

Liu, Moch, FR *1°
¥ Refactorization at threshold
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¥ The QCD scale dependence is still quite largsee also: Currie, Gehrman-de Ridder,
Gehrmann, Glover, Huss, Pires 18

¥ Precision goal is eventually NNLO + NNLL

see also: Hinderer, FR, Sterman,Vogelsang 18
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Phenomenological results

LiuMoch, FR "17, 18

¥ Cross section ratios
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Groomed Jet Observables

QCD factorization

¥ Inclusive jet productiorpp! jet+ X

di P! jetX !

dpr d" b \/ ) :CDE

perturbatively calculable

resummation of ! ¢ In" R

Dasgupta, Dreyer, Salam, Soyez
Kaufmann, Mukherjee,Vogelsang
Kang, FR,Vitev "1¢
Dai, Kim, Leibovich "1
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Groomed Jet Observables

QCD factorization

¥ Inclusive jet productiorpp! jet+ X

gl pp! jetX !
oF - fal fp! Hgb!

a,b,c

¥ Jet substructure !

doppt (et )X !
dprdpar - Jet Tob Ha!

abc

¥ In R resummation
¥ Debnition of quark-gluon fractions beyond LO
¥ Mostly analytical calculations
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Groomed Jet Observables

Soft drop grooming

Larkoski, Marzani, Soyez, Thaler
¥ Recluster jet constituents with the C/A algorithm

¥ Recursively decluster the jet and remove soft
branches that fail the soft drop criterion

min|pr1, pra] (AR12 ) B
> Zcut
pr1 + P12 R
Geometric distance! R, =1 14+ 1 17 l
Soft thresholdzcut ~ Branch 1

Angular exponent

Branch 2

¥ See also e.g. trimming, pruning
Krohn,Thaler,Wang 10, Ellis,Vermilion,Walsh 10
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Groomed Jet Observables

The soft drop groomed jet mass

5 ™2 Frye, Larkoski, Schwartz,Yan
¥ Jet massmj = Pi Marzani, Schunk, Soyez “17
i1 J Kang, Lee, Liu, FR "18
¥ Reduced sensitivity to UE, NP, ISR E 08
Larkoski, Marzani, Soyez, Thaler 14 o ungroomed
07 | ' s=13Tev, aniikr, R=0.8 -

¥ Resummation of logarithms iim;/pt, R, Zcut - pr > 600 GeV, |!|< 15
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Groomed Jet Observables

The soft drop groomed jet mass

H 7']'2
¥ Jet massm$ = o
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Groomed Jet Observables

The soft drop groomed jet mass

5 ™2 Frye, Larkoski, Schwartz,Yan
¥ Jet massmj = P Marzani, Schunk, Soyez 17
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Groomed Jet Observables
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Groomed Jet Observables

Jet mass distributions

Kang, Lee, Liu, FR "1

ATLAS, JHEP 05 (2012) 128
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Groomed Jet Observables

. o pp! jet+ X
Final state radiation

23 adapted from M. Schwartz "1



Groomed Jet Observables

«

pp! jet+ X

Final state radiation

@ Hadronization \’ ‘
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Additional jets, non-global structure

Initial state radiation

/

Underlying event

Pileup
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Groomed Jet Observables

Jet mass distributions

Kang, Lee, Liu, FR "1

ATLAS, JHEP 05 (2012) 128 ATLAS, PRL 121 (2018) 092001
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Groomed Jet Observables

Jet mass distributions

Kang, Lee, Liu, FR "1

ATLAS, JHEP 05 (2012) 128 ATLAS, PRL 121 (2018) 092001
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Groomed Jet Observables

Jet mass distributions

Kang, Lee, Liu, FR "1

¥ Resummation of 3 classes of logarithms! In" R, ! 2 In*"(m3/p1), ! M In°" z¢
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¥ Non-perturbative shape functions with grooming
see: Hoang, Mantry, Pathak, Stewart - BOOST18 1, = mg Ip 2
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Groomed Jet Observables

Jet mass distributions

Kang, Lee, Liu, FR "1

¥ The groomed caseR ! 1, ' /R?! zg ! 1
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Groomed Jet Observables
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[A lot of important progress but still work to do!]

Ben Nachman, BOOST18
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Groomed Jet Observables

Soft drop groomed jet angularities

Berger, Kucs, Sterman "03
_ _ _ Kang, Lee, Liu, FR - in prepara
¥ Family of observables with a continuous parameder

¥Jetmass{=0 ), jetbroadening€1 )
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Groomed Jet Observables

The soft drop groomed jet radius

Larkoski, Marzani, Soyez, Thaler

[ )
: ' R R
¥ Groomed radius | 1y= —*%= 9 | p
R R min|pr1, pr2] (ARH )
- J > Zcut
pr1 + P12 R
| Rip= Rg= 11241 "2
¥ Key observable to characterize SD groomed jet
¥ Related to the active area of the groomed jét ! RS
¥ Used to calculate Sudakov safe observables su¢h,asz,
Branch 1
Branch
passes SD
Branch 2
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Groomed Jet Observables

The soft drop groomed jet radius

Kang, Lee, Liu, FR
- In preparation

1
I NLL [ Pythia (hadron=off)
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More aggressive grooming
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Groomed Jet Observables

The soft drop groomed jet radius

Kang, Lee, Liu, FR
- In preparation
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More aggressive grooming
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The Transverse Profile of Jets

¥ Introduction

¥ Inclusive jet production
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¥ The transverse proble of jets

¥ Conclusions
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The Transverse Profile of Jets

The transverse proble of jets

10

¥ Jet energy proPIATLAS, Phys.Rev.D 83 (2011) 052003
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The Transverse Profile of Jets

The transverse proble of jets

¥ Jet energy proPIATLAS, Phys.Rev.D 83 (2011) 052003
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¥ Transverse momentum distribution (TMDFFs)
ATLAS, Eur.Phys.J.C. 71 (2011) 1795
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Neill, Scimemi,Waalewijn, "16
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The Transverse Profile of Jets

The jet energy proble

Kang, FR,Waalewijn "1
Cal, FR,Waalewijn - in preparat

! (r) — | ! RiJ <r pTI p('r') _ dw(r)
| Ry <R PTi dr
¥ Factorization beyond leading-log 4
, L= g "
G(z,prR,r/R,p )= Hii j(z,prR 1)
j
-’k Gy(prrke 1 !1)SP (ke 1 TR) S (1/R) Ho (- >
I I >
'o 1
¥ NLLO resummatiolm(r/R )
¥ Rapidity RG evolution, SCET
¥ Soft recoll
¥ Non-global logarithms Earlier work seef_e{m\(()ur ‘gil
I, LI, YUan

Chien,Vitev 14
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The Transverse Profile of Jets

The jet energy proble

Kang, FR,Waalewijn "1
Cal, FR,Waalewijn - in preparat
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The Transverse Profile of Jets

The jet energy proble

Kang, FR,Waalewijn "1
Cal, FR,Waalewijn - in preparat
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|" B ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] }
e 1" "% "% I"& ™ "(
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The Transverse Profile of Jets

The jet energy proble

Kang, FR,Waalewijn "1
Cal, FR,Waalewijn - in preparat

14 B F|>yth|a8 | D |
' 500< pt <600 GeV o
110< p7 <160 GeV +——o—
1.2 + 60<pT <80 GeV e
30<pt <40 GeV +——o—
()= L Ro< P Lo R —— i — f e 2
| Ry <R PTi e - 3
SO 8 - @ E [E .
06 * £2 ]
]
04 + .
[E I
02 L s=7TeV, |!|< 28 |
pp" jet+X, R=0.6
O | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6
I
See also data from LEP, HERA, Tevatron ATLAS, PRD 83 (2011) 052003
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The Transverse Profile of Jets

The jet energy proble

Kang, FR,Waalewijn "1
Cal, FR,Waalewijn - in preparat

_ | R. PTi
()= L2 Re <t = Parton level
Ry <k P +ISR
—~ 06} + MPI
~ + Hadronization
04}
02} R=0.6
pr =60! 80GeV, |'|< 28 s=7TeV

| 011 — 0.I2 - O.I3 - 0.I4 . 0.I5 — 0i6
¥ Need high precision calculations
¥ Grooming needed
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Outline
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Conclusions

¥Signibcant progress has been made but more work needed
¥Precision goal for inclusive jet production is NNLO + NNLL
¥QCD precision jet substructure studies

¥Observables mapping out the transverse proble of jets

0.8
NLL 1 ¢ NNLL 7]
. NLL + NP (Q =1 GeV) [RRRRRRRR] | NNLL + NP (Q =1 GeV) [RRRRRRRRR]
— I thia I
S 0.6 » -
s Vs =13 TeV, anti-k, R = 0.8
o pr > 600 GeV, |n| < 1.5 j a=0, f=0
.-% 0.4 | soft drop, zcut = 0.1 i
~
o)
o
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