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N. Zardoshti — Dead-cone Seminar JHEP 12 (2018) 064
Lund Jet Plane (LJP)
carried by the emitted gluon

e 2D representation of emissions inside a jet, where each axis corresponds to @pt 8~k/zp,
a logarithmic kinematic variable of the splitting, typically: SUIEY DL the
g p g yp y emitting charm kT transverse scale
o In(1/A) — angle between emitter and emission, (;\p‘ 0 of the splitting
o In(ky) —relative transverse momentum of the emission. T I

emission angle

e Each reconstructed emission gives a point in the Lund plane.
Different physical regimes of QCD radiation populate different regions of the

plane:

Primary Lund-plane regions

In(ke/GeV)

o  soft—collinear emissions (low k;, small angle),
o hard—collinear emissions (large momentum fraction),
o non-perturbative region, etc.

e Useful to study a range of jet-related questions.
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https://link.springer.com/article/10.1007/JHEP12(2018)064
https://indico.cern.ch/event/1163806/

J. Phys. G: Nucl. Part. Phys. 17 (1991) 1602-1604

Dead-cone effect

Dead-cone (DC) effect is a direct consequence of QCD,
measuring it experimentally is a strong validation of the theory.

e In QCD, gluon radiation is typically enhanced at small angles.

Dead cone

e For heavy quarks, gluon emission at small angles is
suppressed — the dead-cone effect.

e As a consequence, heavy quarks retain a larger fraction of
their momentum.

(2sin ©/2)%d(25in ©/2)% dw
dog_.g4g = —Cr . 2
¢ 7 T (asne2rt O w

[14 0(8,,w)] 0y = maq / Eq

Differential probability for emitting a soft gluon from a heavy quark Effective size of the dead-cone angle
mq — mass of the heavy quark

E, — energy of the heavy quark before the branching

""Q! D. Osite (dace.osite@cern.ch) SM@LHC2026 09/04/2026



https://doi.org/10.1088/0954-3899/17/10/023

Direct observation of the dead-cone
effect in b-jets from tt decays (CMS)



CMS-SMP-25-008

First direct dead-cone measurement in b-jets from tt
Previous DC measurements:

o first direct DC measurement — in charm jets (ALICE) (see backup),

o indirect or less clean b-jet studies.
This is the first clean, high-purity b-jet measurement in a controlled
environment.

e 2018 pp collisions at /s = 13 TeV, luminosity 59.8 fb~1. Infey 4
e tt — dilepton. pertMu:::tive
e 2 high-p; isolated leptons; 2 jets (1 b-tagged).
LJP construction
e  Jets reclustered with Cambridge—Aachen (CA) algorithm (see backup).
e Jetdeclustered in descending angular order, keeping track of: m,,pe'“f{f,",‘i,a,i,e v E’Zc“ided
o Angular separation AR, \Y <3 B
o  Relative transverse momentum k. Wide angles X Small angles

e lLower k; threshold is applied to suppress non-perturbative effects.

e |LJP measured as emission density normalized per jet.
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https://doi.org/10.1038/s41586-022-04572-w
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-25-008/

;  CMS simutation Preliminary 2018 (13 TeV)
P | L B S R B S S S S B B B B B B B e |

Challenges and strategy for measuring the DC effect

[ 40<p_<80GeV, In(k /GeV) > -1 N

[ 1E._.-i-i.‘..'.:.'..‘.::r:::.r--=-+"-':'5'-"-'i'-".':'.".'::'_';-_--_-;-_--_-;-_--_-;-_é }

DEEPJET b tagged jets

T T T T e
I POWHEG+PYTHIA {f, detector-level b jets, R=0.4 EéN"

T

Challenges:

° ML based b-tagging biases jet structure —

— using Tag & Probe method: ﬁ

O  Tag jet: b-tagged (Deepdet);

Probe jets, m < 150 GeV, = 1SV ]

Ratio of emission density to truth

0.85:""""'|w-|-I...‘|,

O  Probe jet: no tagging — used for measurement. sl
0 0.5 1 1.5 2 2.5 3
1 In(R/AR)
® B-hadron decays pollute low angle region — 2107 107 24102

— using transformer encoder (TFE) to identify B-hadron decay products and AR
reconstruct the B hadron.

CMS simulation Preliminary 2018 (13 TeV)
o TFE trained using kinematic, tracking, and secondary-vertex B e R
r POWHEG+PYTHIAE, b jets, R=0.4 ]
information. [ 40<p, <80 GeV, Infk /GeV)>-1 ] \
o Performance: ~96% signal efficiency, ~91% background rejection. ;S 2F oy et NE\N .
'é -5 No B hadron reconstruction, _:
. E - generator E
. i Zm . [ ........ B hadron reconstructed, ] —:
=3 N detector ]
— 3 0.6F -]
Isolation of the dead-cone effect with a massless-b sample \ £ : e o oOonemton, 3
e HERWIG tt sample with m;, = 0 in the shower. 2f =
SRR TR NS SN N SR N T S A 1
®  Kinematics preserved (b quarks put back on-shell). 00 05 1 15 2 25 3

[ Provides reference without dead-cone effect.

e
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Measured emission density vs In(R/AR) for b-jets, unfolded to particle level

Suppression of small-angle emissions consistent with

dead-cone = 15¢ CMSPreIrmmary . 598f (13 TeV:)

p +Data uds POWHEG+HERWIG ]

% +eb, POWHEG+PYTHIA—— b, POWHEG+HERWIG |

e Both ilight-jets: and massless-b predictions show a 3 B ¥ — ey G
higher number of collinear emissions compared to g g NE?\“‘

data, as expected. %” O'S;In(leGeV)>-1 _

e The massless b-jet prediction exhibits a more ;’Q FR=04,40<p, <80 Ge

moderate tail than the light-jet prediction. = 0Et.’(?dé){et?ff°71t?(tw3eye?t§ : ~———

e Massless-b disfavored at 4.30 for 40 < p;r < 80GeV, 135

nominal (massive) prediction consistent with data.

Data/MC
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o N

- [8)]

ENREA I
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-25-008/

Jet fragmentation function and groomed
substructure of b-jets (CMS)



First b-jet substructure measurement clustering B hadron decay products

Novel partial reconstruction of B hadrons to remove decay contamination

e 2017 pp collisions at /s = 5.02 TeV, luminosity 301 pb™?. ‘ vl ol oSy oo 51400 QMY

. Run / Event / LS: 273158 / 238962455 / 150

e b-jets identified with ParticleNet graph neural network tagger.

e ParticleNet selection: tagging efficiency 52% for b-jets, with ~0.01%
misidentification rate.

e Track selection:

o Jet substructure observables are computed using charged-
particle tracks only, with p; > 1 GeV, |n| < 2.4,
o  Tracks required to originate from the primary vertex.

e B hadrons decay weakly — b-jet
— multiple charged, highly collimated tracks —
— to mitigate, using BDT identification + recombination of decay

products into a pseudo—B hadron.
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-24-005/

Cleaning the small-angle region — partial B-hadron reconstruction

e BDT WP selected: 92% signal efficiency, 95% background rejection rate —» 97% ot
-je
purity of decay products in tagged tracks. .%
e Removes non-QCD contributions from weak decays, restores QCD branching \

structure — enables sensitivity to small-angle suppression (dead-cone).

PYTHIA8 CP5 (pp 5.02 TeV)

5 1.1:III\ TTTTJTTTT]TITTT I\\Ill\\Ill\\lll\II‘\III‘\III!\III: 035 CMS Sjmu‘latr'on PYTH'AB CPS (pp5.02 TeV)
O C . -, U. LI L L ) I B B B S L
% e = % r  — Particle level, clustered decay daughters ]
T o9 E P = oa3f Detector level, unclustered decay daughters -
s VE cMs - £ °F .- Detector level, clustered decay daughters b
S £ Simulation Supplementary P > - . ]
£ 08¢ P S oo5L anti-k;, R=0.4 b-tagged b jets
8 07E Gradient BDT = % E ...... 1 00 < pJEt <120 GeV, wml <2 E
E P 02b :Soft drop (charged particles)
0.6 Charged particles, p/** > 1 GeV — TR e {2,,=0.1,8=0k_>1GeV -
- from b-tagged b jets b Sl I TR SR T ]
055  p;'>30GeV, ™| <2 - 015 : E
- Signal: R \ N NN\
04 £ Charged b hadron decay daughters “f_E\N o1 NE_W
03¢ Background: E Foopee ]
0.2 F  Charged particles from primary interaction = 0.05 = == ; .
0.1 ; é 0 E coov b v b Py Lo i"i'-:l'-‘ mdia || L |:
EIII\‘I\\Ill\\lll\\Ill\\lll\\Ill\\lll\ll‘\lll‘\lll\IIIE 0 0.5 1 1.5 2 2l5 3
00 01 02 03 04 05 06 07 08 09 1 1.1 In(R/Rg)
Signal efficiency ) L. i i
BDT ROC curve Simulated R distribution comparison
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-24-005/

Phys. Rev. D 107, 094008 (2023) CMS-HIN-24-005

SOft-DrOp groomlng PYTHIA 100 < pPar® ™! < 120 GeV, anti-k; R = 0.2
. . — Hadronic -=- Partonic
e Jets reclustered with Cambridge—Aachen. e
041 SD B = 0,zcur = 02 — Inclusive A
e Apply SD grooming: stops at first splitting satisfying the SD ' — cets
condition — one selected emission per jet. i
<
k|
=le
=
e Extract groomed observables (see backup): It
o Momentum balance z,.
o Groomed jet radius R,.
Qo
s . . ]
o  Additionally: fragmentation function z, . e
’ &
A c
Softer subjet Lund jet plane regions -E
of b jets g,
—~ ~
> =]
[} o]
: o | h 5
Harder subjet . | Parton shower <
Pr1> P12 ié' T : : y
- : = 5 2 3 In 4 =
ead cone ) 1/9
Fmm e 2D - k.~1GeV n1/6sp
'Had t T . o
- > Angular distribution of splitting tagged by SD for
large angle |n(1/AR1'2) small angle differentjet flavours
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.094008?utm_source=chatgpt.com
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-24-005/

Comparison of groomed observables R, and z, between b and inclusive jets

e Db-jets show suppressed small-angle splittings (small R;) vs e Lower z; for b-jets —

inclusive jets. more asymmetric splittings (b quark

e Suppression increases toward the collinear region — consistent

retains momentum in the splitting).
with the dead-cone effect.

CMSs pp 301 pb'1 (5.02 TeV) CMs pp 301 pb'1 (5.02 TeV)
e @1.2“\‘- L L B R B L B B o 6 u|
[ — bquark 100 GeV & L anti-k;, R = 0.4 jets g L anti-k;, R =0.4 jets _
ol T - 100<pf‘<120 GeV, | < 2] S o5 mo<p‘:‘<120 GeV, | <2
| g . Soft drop (charged particles) = £ Soft drop (charged particles) -
Sosl zo_si — 2o =0.1,p=0,k >1GeV 4 2y =0.1,B=0.k >1GeV ]|
=3 -~ P o
g ; E ]
5 os 06 ] 3
N L o ] F o .
Foar 0.4 * . - 2 R S — —
02 [ r 2 Inclusive jets b £ & Inclusive jets u|
027 4 pjets o ™ S bjets -
oo . - L I I L |:‘ 0: .:
Emission angle 6
o« 2c T T : - — ) C 1
o) 15 e E B 1'5%2'— 1
[} e E ] = |
> E | > + 4
B —— s R = 1
=2 £ == E 2 - —_— 1
LE) 0.5F —‘—_*_—_ E 0.5 F —_—
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-24-005/

[

CMS-HIN-24-005

Measurements of b fragmentation: CMS and ATLAS

NEW

e

\

CMS measurement: B hadron carries most of the jet momentum

— consistent with hard fragmentation of the b quark.

ATLAS measurements (13 TeV) in:

o jets( ) — confirms same behavior with explicit B hadron measurement. IRSEIs LY
o tt events — shows the same pattern in the jet internal structure. TSRS AT
-1 N T T T T T T T T =
; 4CMS‘“ = .99?91‘53.?“(‘??9‘2-‘1-‘?\/) 3; [ ATLAS (s=13TeV, 139167 B - Uiy K E TR R R R R R TR RO ER R R R SRR RRRRYRRTRRAORREY
S £ . . m Eoojet i E Data
N F anti-k,, R=04bjets R o E p™>100 Gev anti-k jets R=04 I FSA
B as5b A o e < ast E —— Pow+Py8 A14 r = 0.855 557 = 0.127
2 SPF 100<p7<120GeV, | <2 —3 = TF S bojemeny E Pow-+Py8 A14 1y = 0.855 2557 = 0.139
z 3F | = 35 _+_ P8 (Monash + L-B) = - =~ Pow+Py8 A14 rz = 0.855at5% = 0.111
= F B F ——P8(A B = EEETE = SR =
"3 ~H" BE 0 R E Pow+Py8 A14 ry = 1.050 ako" = 0.127
~E - Data T | | —=— Herwig 7 (ang. ord.) B ATLAS |
2E  — Pythia8 CP5 E 25" 7= Henvig 7 (didke) E VE=13TeV,36fb
- Thmercrersu L, WS L EN I F°
15E Pythia8 CP5 FSR down - -1 E E lei): =
T .- Herwig7 CH3 i E b= °
1 = E o L
g E 05F 2 14
05F e = = o I o
= 7 i) 2 [ Total uncertainty =] 1.2 | : | 1 1
0 = 8 15 ﬁﬁi‘w':i ———————————J_l_ tOLCT ST )
o 1EE= ey T S W= —
§ 2f S st n— - JN = S S
e VST T T « o8l R
£ 1 g 3k,
© 3
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-52/
https://rivet.hepforge.org/analyses/ATLAS_2021_I1913061.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-24-005/

Lund jet plane in hadronic decays of top
quarks and W bosons (ATLAS)



First detailed LUP measurement in boosted heavy-particle jets
The first LJP measurement by ATLAS touse R = 1.0 jets

e 2015-2018 pp collisions at /s = 13 TeV, luminosity 140 fb™*.

e High-p; tt events in the semileptonic decay channel. \/Q\\\ //SJ pe Y
a 4= epton

e Full decay products of top quark or daughter W boson. et /LS"—— i@
af o \ - N \

e Large anti-k; to capture full decay inside one jet (R = 1.0,pyr > 350 GeV). @/ A X/\ = \\C

e Jet trimming algorithm applied to reduce pile-up and underlying event. ( ] [ ]

Resolved scenario Boosted scenario
LJP construction

e Reclustering with Cambridge—Aachen.
e Extracting (AR, z) from core branch at each step and filling LJP.

e Building 2D emission density. 1 P Nomicsions
Nijets dIn(R/AR) dIn(1/z)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2020-31/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2022-24/

Measured LJP for the top jet and W/ jet selections

Clear structure in the LJP reflecting different physics regimes

e Lower left region: decays of high-p top and W can be distinguished.
° : soft and collinear radiation — suppressed emission density.
e Top jets — the peak in the lower-left corner shifted towards wider angles (heavier mass).
e Average number of emissions per jet:
o Topjets: 6.74 + 0.02 (stat.) + 0.13 (syst.) Top quark jets W-boson jets
K ATLAS {s=13Tev, 140" ATLAS Vs =13 Tev, 140"
@) W Jets 602 i 004 (Stat) i 022 (Syst) Lund Jet Plane, unfolded data, top jets 16 Lund Jet Plane, unfolded data, W jets 16
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2020-31/

LJP slice: comparison of MC generator setups

Agreement between a given Monte Carlo prediction and data depends on the LJP region

e Quantitative comparison performed over the full LJP and subregions.
e W jets: no generator provides a fully consistent description across the entire LJP.

e Top jets: best agreement from Sherpa 2.2.10, with remaining discrepancies confined to specific regions.

E 1 8:_| IAIfAAéI ™T | ™TTT l T T I T T ‘ T ‘1'; 13Tev 140fb‘—j E 2_I ATI-‘LI TTT I LU | LI | TTIoT ‘ T ‘ Ii:_\ T ‘13I-r\el\'! I1I4\OIﬂ|J\ lj

ol 1.65 Lund Jet Plane, Unfolded Data vs. MG, IV jets ] 5% 1.gF Lund Jet Plane, Unfolded Data vs. MC, top jets 3

2 1.6 ® Data = 22 ® Data 3

55 14E = Powheg+Pythia (p=0.08) E 2%% 16F ® Powheg+Pythia8 (p=0.18) E

= S ‘ar;.]'ICalNLO+F'ylh\a8 (p=0.07) < & 14i -gf;]ﬂgslaf;LQO:g&é@ga‘(gﬂ11) E

*E 1z e P DN = et T I

© F 2.11<In(1/2)<2.46 Pow.+Py.8 RTT (p=0.13) B © F 2.11<In(1/2)<2.46 Pow.+Py.8 RTT (p=0.21) B

x 1 Stat. Uncertainty B . 1‘_ Stat. Uncertainty E

~| & 0.8F Stat.+Syst. Uncertainty = 1—2‘&1085 Stat.+Syst. Uncertainty ]

06F e A E 0.65 o, -

0.4F + mem'® =~ - 0_4i E

Fms o o ol ] F s » - - 4 ]

0.2 o - 0.2 P -

03|..‘.\....|‘.‘.|...‘|...‘\.H.|..H\...‘\‘.i 0:..‘.\..‘.|..‘.|‘..‘|‘...\....\..‘.\..‘.l..‘.u.—
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2020-31/

_
x*? and p-values for the full LJP across tt MC samples

LJP is very sensitive to radiation modelling, data disfavours some shower configurations

Top jets W jets

e Bestoverall agreement: Sherpa (~33%) e All models poorly describe data: p-values < 1%

e Hard-scatter modelling: little impact (Powheg vs e Relatively better: Sherpa and Herwig
aMC@NLO: ~15% vs ~14%)

e Herwig: best with v7.1, degraded in v7.2

° : strongly degrades agreement (~1%)

e Improved agreement: RTT (~20%), FSR up (~17%)

Sample name x> x?/NDF (NDF=132) p-value [%] Sample name x> x*/NDF (NDF=121)
Powheg + Pythia 8 149 1.13 15 Powheg + Pythia 8 233 1.92
aMCatNLO + Pythia 8 149 1.13 14 aMCatNLO + Pythia 8 204 1.69
_Sherpa 2.2.10 139 1.05 33 ) [Sherpa 2.2.10 168 1.39 ]
Powheg + Herwig 7.0 169 1.28 2 Powheg + Herwig 7.0 170 1.41
Powheg + Herwig 7.2 165 1.25 3 [Powheg + Herwig 7.2 168 1.39 ]
(_Powheg + Herwig 7.1 150 1.14 14 )| Powheg + Herwig 7.1 177 1.46
Powheg + Pythia 8 MEC Off 176 1.34 1 Powheg + Pythia 8 MEC Off 240 1.99
Powheg + Pythia 8§ RT'1 145 [.10 20 Powheg + Pythia 8 RTT 227 1.88
[Powheg + Pythia 8 FSR Up 148 1.12 17 ] Powheg + Pythia 8 FSR Up 230 1.90
Powheg + Pythia 8 FSR Down 162 1.23 4 Powheg + Pythia 8 FSR Down 213 1.76

e

[
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2020-31/

Summary

The Lund jet plane provides a powerful, differential probe of QCD radiation patterns and jet substructure in both ATLAS
and CMS measurements.

e Direct observation of the dead-cone effect in b-jets (CMS):

o First direct observation of the dead-cone effect in b-jets.
e Jet fragmentation function & groomed substructure of b-jets (CMS):
o New method enables precise b-jet substructure measurements.

o Results show mass effects consistent with dead-cone suppression.

e Lund jet plane in hadronic top and W decays (ATLAS): BTSRRI

o First measurement in top/W jets reveals significant discrepancies between data and MC.

Thank you for your attention!

. Osite (dace.osite@cern.ch) SM@LHC2026 09/04/2026 20
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Nature 605 (2022) 440-446

Previous measurement — Dead-cone measurements in charm (ALICE)

e pp collisions at+/s = 13 TeV, luminosity 25 nb~1.

e Jets tagged with a fully reconstructed D° meson —
charm-initiated jets.

e Reconstruction of the showering charm quark using
iterative declustering.

e Tracking of the charm-quark branch through the
shower.

e Measuring ratio of the emission density between ¢

jets and inclusive jets (splittings with k¢
> 200 MeV):
1 anGjets 1 dninc]usivejets
R(0) = NDUJHS dm(l/e)/Ninc]usivejets din(1/6)

k1.ERadiator

e Results: suppression of small-angle splittings in
charm jets — first direct experimental observation
of the dead-cone effect in QCD.
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Soft-Drop grooming

PYTHIA 100 < pP.™ < 120 GeV, anti-k; R = 0.2

arXiv 2211.11789 — Hadronic ' --' Partonic
[ SDB = 0,20 =02 ]

e Recursively declusters jets into subjets.

e Condition:

min AR 2 pr,; — pr of each subjet
(pTllpr'Z) cut ( 1.2 ) AR, , — distance on the rapidity-azimuth plane of
o B =0,2z4 = P11 + P12 R

the two subjets at each declustering step
R — jet clustering distance parameter (R = 0.4)
Zque and B — SD grooming parameters (tunable)

e Stops at first splitting satisfying the SD condition —
one selected emission per jet.

e Groomed observables: ’ 1i1/g‘s; ! 7

Lund jet plane regions
of b jets

o Momentum balance:  z, = pry/(pr1 + Pr2) Softer subjet
o  Groomed jet radius: ARZ, = Ay2, + Ag?,

Harder subjet Parton shower

pT.1 > pT,2

In(k, /GeV)

Dead cone
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Jet fragmentation function (CMS)

Fragmentation observable

. CMS pp 301pb™(5.02 TeV)
e Measures how much jet momentum is carried by the b-hadron. N F z-lmti-k‘T, Fa='o.4ﬁ,jetsI o :- -3
B > 355 100<p* <120 GeV, ") <2 P
e Sensitive to: > aC =
= E ——
o heavy-quark fragmentation, pl{ﬂ,ch 25+ o Dt e
E | A 1 -
H = — r — Pythia8 CP5 i
o  parton shower modeling, Zp ch jet,ch 25 T PYthias GP3 FSR up .| -
it £ Pythia8 CP5 FSR down i E
o hadronisation effects. T 155 Herwig? CHa . e
. 0 0 . 0 ' I:
e The fragmentation distribution peaks at large z,.,: the B hadron s o g
. . . . % E ]
carries a substantial fraction of the jet momentum. o 1.5F ] 7
2 1 E————r' - _-_-_,..,..‘..1!._._:
€ 05EF 7T 3
of

0 0102 03 04 05 06 07 ofsbca.'e‘lh
Zb,chEpT'C"Ff:‘c
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Lund jet plane in hadronic decays of top quarks and W bosons (ATLAS)

LJP reconstruction
AR?}.
e Reclustering with Cambridge—Aachen: dij = R A

In(1/z)

o clusters pairs of proto-jets according to angular

separation AR, Q
o at each step: higher-pt proto-jet is considered the 3
core, lower- pr one — the emission. g
e Extracting (AR, z) from core branch at each step and %
filling LJP: . g
AR® = (yi = y;)* + (¢r = ¢))° e o
B l ! P+ Py In(RIAR)

e The histograms of the LJP coordinates for all emissions
are normalised using Nj.s (total number of jets) and the 1 dzNemissions

bin widths to give the density of emissions Njets d ln(R/AR) d ln( 1 /Z)
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ATLAS STDM-2020-31

LJP slices: sensitivity to parton shower modelling

LJP is very sensitive to radiation modelling, data disfavours some shower configurations
e Same hard process with different shower modelling.

e Direct probe of parton shower and hadronisation effects.

e Significant discrepancies for some configurations.

e Sensitivity varies across different LJP regions.

— N R R R R RN IR RN R —_ —_— — T T —r -
w;“-' 2 ATLAS Vs =13 TeV, 140fb" -E 13;' ,q-n_,z" . " v r‘ 1379‘\; 14uf|b‘:
S| 1 gl Lund JetPlane, Unfolded Data vs. MC, topjets 3 2z F Lund Jet Plane, Unfolded Data vs. MC, W jets ]
82 U e Data E 2o 1.6 « Data =
5[ 1.6F u Powheg+Herwig7.0 (p=0.05) 3 £l r m Powheg+Herwig7.0 (p=0.55) 1

z2 F 4 Powheg+Herwig7.2 (p=0.06) 7 z|d 14 4 Powheg+Herwig7.2 (p=0.12)
o | 1.4 Powheg+Herwig7.1 (p=0.18) | o T E Powheg+Herwig7.1 (p=0.54) 3
= 1 2:_ © Pow.+Py.8 FSR Up (p=0.28) A = 12: o Pow.+Py.8 FSR Up (p=0.15) ]
© 1.2F 2.11<«In(1/2)<2.46 O Pow.+Py.8 FSR Down (p=0.06) o 1= 2. 11<In(1/2)<2.46 o Pow.+Py.8 FSR Down (p=0.01) ]
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