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Jet tagging at LHC

N — _1s8m'(13Tev) « Analyses of hadronic final states particularly

CMS —— Observes ;g";j'ae";:fe‘:ed challenging at LHC due to overwhelming QCD
% ex
----- 95% expected bac kg round
Combined | xrgHZ_‘l’%%S N ) . . . .
Expocted 7.60 - Still hadronic final states very interesting to measure
Merged-jet SM properties and search for BSM physics: _
Observed 169 | | | - top quarks often strongly coupled to new physics
Resolved-jet - Higgs couplings to b/c quarks
Obearved 139 - larger hadronic BR for vector bosons in boosted
0 2 40 phase space

95% CL I|m|t on uVH

(H —ct)

Candidate Z jet

Anti-ky R«0.8 jot
1374 Go\

- Optimised jet tagging algorithms powerful handles
to reduce main light quark + gluon jet background

- Jet reconstruction exploits information from
tracker and/or calorimeters:
- clustering based on anti-kT / Cambridge-Aachen
R=0.4 (resolved) or R=0.8 /1.0 / 1.5 (boosted)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html

Flavour-tagging algorithms

brjet - Flavour-tagging aims at separating b / ¢ /
light-jets typically for AntiKi4 jets
- Exploiting B-hadron properties:
- sizeable lifetime Byct ~ 5mm for pt=50 GeV

Jet
- large mass ~ 5 GeV
=> non-pointing tracks with sizeable
impact parameters
S e ] 5B AGEe  S R
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https://alice-publications.web.cern.ch/node/7411

Flavour-tagging algorithms
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GN1 ATL-PHYS-PUB-2022-027

« Most recent algorithms used in ATLAS and CMS

based on Neural Network architectures, used as
multi-classifier:
- ATLAS DL1r CERN-EP-2022-226 + GN1 ATL-
PHYS-PUB-2022-027
- CMS DeepCSV JINST 13 (2018) P05011 +
Deepdet JINST 15 (2020) P12012

- Can be used both for b-tagging and c-tagging

- Last generations of taggers trained directly from

particle-level inputs with

Pooled graph
representation

_—>

Conditional track
representation

Jet flavour
prediction

Graph
Network

Track origin
predictions

Node
Network

Vertex
predictions

Edge
Network
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2019-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-027/
http://cms-results.web.cern.ch/cms-results/public-results/publications/BTV-16-002
https://arxiv.org/abs/2008.10519
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2019-07/

Flavour-tagging performance
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* Very active area of

pace of improvements made available to analyses using

c-tagging:

ATLAS and CMS
- adaptation to h

developments at LHC with continuous
and

with very similar performance available in

arsh pile-up 200 conditions expected at

HL-LHC already under study
- increasing background rejection makes calibration in

data very challen

ging

T. Strebler — LHCP 2023



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2019-07/
https://cms-results.web.cern.ch/cms-results/public-results/publications/BTV-20-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BTV-20-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-047/

Performance in data

- Baseline methods to measure performance in data

include:
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b-jet efficiency
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c-jet mistag rate (efficiency)
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Q)
light-jet mistag rate

negative tag method in multi-jets or Z+jets events
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- Calibration of finite
number of
operating points
(ATLAS, ALICE) or
full flavour-tagging
discriminator shape
(CMS)
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https://alice-publications.web.cern.ch/node/7411
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2018-01/
http://cms-results.web.cern.ch/cms-results/public-results/publications/BTV-16-002/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2019-02/

Boosted object tagging
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“htrutht - b q,q, +ga”gq1fmdq2 }
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r ——only b
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+ Boosted object tagging for pT regime where decay products too

collimated to be reconstructed as resolved anti-kT R=0.4 jets
=> large R-jets anti-kT R=0.8 /1.0 / CAR=1.5, pT = 500 GeV

+ Historically exploit jet substructure via high-level variables:

- N-subjettiness tnn-1 = TN/ TNt JHEP 03 (2011) 015

1 .
™ = do ZPT,k min {AR i, ARy, - ,ARN L}
k

- energy correlation functions JHEP 06 (2013)108  ~_ __Pri
b 7500”1000 1500 2000 2500 3000 B) o 0805 0P 2. jcjer P
Truth Top Quark p_[GeV] €3 = | Z 2iZj2k U3Y6V efj = jo = (¢i — ;)% + (vi — y;)?
Eur. Phys. J. C 79 (2019) 375 1<i<j<k<n,
o (13T6V) . 0 o V)
. . . S5 Fame o 23 F eMS N
- Tagging algorithms typically Z o1 CMS —ocomi | < 009F 10 — QcD multijet
combine in ML discriminants:  o.1ef Sr2"" Wi 008 s~ | Mboser
- Substructure Variables 0.14 500 <p!™ <1000 GeV, Il <2.4 s boson i 0-07? 500 <p" <1000 GeV, ™1 <2.4 Higgs boson
- kinematics information, o012 E 0.06f E
invariant masses 0.1 - 0.05f m E
- b-tagging variables 0.08 E 0.04F | E
0.06 g 0.03f E
. . . 0.04 ] = =
or direct particle-level inputs 0-02¢
: 1 0.01F =
for new-gen NN taggers b i B 0 OO OO T e P hbcer s
0 20 40 60 80 100 120 140 160 180 200 0 0102 03 04 05 06 0.7 0.8 0.9 1
SD = Shower Deconstruction  Mso [GeV]  jinsT 15 (2020) P06005 To1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2018-03/
http://cms-results.web.cern.ch/cms-results/public-results/publications/JME-18-002/index.html
https://arxiv.org/abs/1011.2268
https://arxiv.org/abs/1305.0007

Jet substructure inputs

Q)O 3CMS Simulation Preliminary 13 TeV
- Overlap of energy deposits in calorimeters in boosted jets % 65 GeV < Moiny, < 105 GeV
significant, improved particle separation with tracks D | v oy o
=> PFlow (CMS baseline), TCC, UFOs (ATLAS baseline) g 65 GeV < MU <105 GeV + 1,y < 0.4
JINST 12 (2017) P10003 Eur. Phys. J. C 81 (2021) 334 0.2 7 85 GeV <ML, <105 GeV + 3" o s
> Ge
. L ;.ll’szioGe\y
- Tracks also useful to reduce pile-up dependence: Charged | IS-L-D
Hadron Subtraction, PUPPI, Constituent Subtraction + Soft Killer... oL BEFEE A
also used to reduce impact of pile-up + ISR:
trimming, pruning, Soft Drop... L‘:ﬂfﬂ_v‘q_m:.mt Vi3
=> can have visible impact on tagger performance 05 10 20 30 40
CMS-PAS-JME-16-003 Number of PVs
S L I R I I I I I I
5 L ATLAS Simulation i
o Vs=13TeV, i qgb
&) 10° - |51(’)106G|tz\/1 52 p;" <1000 GeV -
o NG JES+JMS ]
8 e o e * Baseline LC Topo 50% signal eff. ]
S NIl ]
QO | O L T, T e,
S | SO,
S = e G E
- —— LCTopo TnmmlrEN '''''''' .
SOLENOID BEEEEETET TCC Trimming Mo 7]
/ i CS+SK UFO Trimming ]
@ scmstess NN I// N\ e CS+SK UFO Soft Drop )
] R EEER 10 = CS+SK UFO Recursive SD y|
—— Tracks o omimn CS+SK UFO Bottom -up SD | I E

0.2 025 03 035 04 045 0.5 055 0.6 065
Eur. Phys. J. C 81 (2021) 334  Top-tagging efficiency
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2018-06/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/JME-16-003/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2018-06/
http://cms-results.web.cern.ch/cms-results/public-results/publications/PRF-14-001/

Boosted object tagging performance

107 T T T

t,g ATLAS simulation Preliminary ParticleNet . .
109} Ve=1aTeV, PaieE PN  ParticleNet arc_hltecture state-of-the-art tagger
1051 pr> 350 GeV, o] < 2.0, m> 40 GeV hIDNN based on Dynamic Graph CNN Phys. Rev. D 101, 056019
: g : . : ; , :
el g;(g;ilg écga ResNetsD f‘?‘io,; ;Salrr]\% %all\;ltlscle level inputs investigated both in
10%—
21
? - Mass dependence of tagger also to be monitored:
107~ impact on efficiency measurement, background
10°— ATL-PHYS-PUB-2022-039 estimation. ..
1095 0.2 0.4 0.6 0.8
Esig
+ Various techniques available to - o4sp .lu---(?‘?’T?\.’-f 3 02Féms 'mTevg
reduce mass bias: adversarial < 04 Simutation Profiminary o - 21125:3’:]’11':::” Prefiminary *"5'/ E
training, dedicated training 035f e o= t% E 0.14 - againg: Pariciher 0 Geg=1%
samples... 0.3 500<p;' <1000 Gev, i1 <24 ea=0S% 0.12}5. 7P <1 eV <24 "e=08%
=> compromise between mass oz} . 1 oelie E
decorrelation and absolute oz} i 1 oo e, -
performance 0.15f = 1 ok E
- - *a E =
01F R E = —
- Mass regression also available for 005 . f¥ooeool, 1 A aaastesnstersnnatiegs ]
model-independent resonance 0N g goe o gpo  BospE oo
searches CMS-DP-2021/017 mgp [GeV] 80 100 150 200 250 300

CMS-DP-2020/002
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https://arxiv.org/abs/1902.08570
https://arxiv.org/abs/1902.08570
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-039/
https://cds.cern.ch/record/2777006/files/DP2021_017.pdf
https://cds.cern.ch/record/2707946/files/DP2020_002.pdf

Performance in data

CMS preliminary (13 TeV)
£, [ 2016 sr:Particienetd xbbvsaco (ake) | I
. - R
+ Can be measured using: 3 P
- hadronic top/W decays in ttbar events S — —
- Z—bb/cc + yljets W —
- gluon splitting g—bb/cc: needs care to take into account i M +'+ w H\
different properties of gluons vs Higgs decays o | ‘ ‘ —
- background QCD jets from di-jet + y/jets events e ]
rob bt W y M M,
NEW fOI‘ LHCP 2023! CMS-DP-2022/005 N (:oo;:;)[)o‘ga(vz;;,‘a:m)MTS[ZZ‘;;TB) (3.50:20[;) 9(:4224;00) ((ﬁ?;ZV]A
ATLAS- CONF 2023-027
E’J’ 3* ATLAS Prellmlnary | bwasevs o Daa ‘_:
o EoVs= 13TeV 140 fb"  ---- PWG+H7 Stat. unc. 7
5= esfakmade; >sooeev_—g;§§;g;§;;up sl o First unfolded measurement of top-jet substructure
- 2;F'd”°'a'phas”pa°e P13 5 o 2 variables defined based on charged components in #+jets
- 1 and all-hadronic ttbar events
15 - More plots in back up
05t 5 - Wide-range of substructure variables measured
;; - Better prediction with Herwig7 or increased asFSR: can help
: improving modelling in training samples for boosted top taggers

Large-R jet t,,
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https://cds.cern.ch/record/2805611/files/DP2022_005.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-027/

Summary

* Physi ith j ial id f LHC 3 CMS
ysics with jets essential to ensure wide coverage o % 1210'F 450 pr < 1200 Gev 4 bata Wia) -
physics programme: significant effort to improve / develop = | DeepDoubleX - Z;g) - Eibﬁ)) 1
. . . 2] 10*- i i c€)
tools used for jet tagging with great successes N 208 & Otver ]
=> Who could have imagined a ggF H—cc search 10 years ' s} = o0
aQO? 6)(103: Hz(cé)=1.0 IJH(cc')=9-4 ;
I ggF H—cc
. . ) 4x10%| .
- Advanced machine-learning tools key player in these : HIG-21-012
developments: 2100
- move from high-level to particle-level inputs ) R WYL £ L SV St
- improved flexibility to address known shortcomings of g/ | Bkg. une. -
previous methods and tools £F | |
0’\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\f
40 60 80 100 120 140 160 180 200
Jet mgp [GeV]

- But machine-learning alone not enough to guarantee successful
deployment of better taggers:

- detector knowledge increasingly useful as we move closer to
detector-level inputs

- software integration and maintenance to be carried with good
coordination

- measurement of performance in data require physics analyses of
their own to provide high-precision data-MC scale factors

=> Only possible thanks to large collaborative efforts within LHC
collaborations, thanks to all involved!
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https://indico.cern.ch/event/749080/attachments/1760209/2865080/LPCCSeminar_Dobur.pdf
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-012/index.html

Back-up

T. Strebler — LHCP 2023
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Flavour-tagging algorithms: ATLAS DL1r

FTAG-2019-07

Input Variable Description SVKine | JFKine | DL1 Lir
. . pPT Jet pr v v v v
Kinematics 77 Jet |71 v v v v
log (Py/ Pright) Likelihood ratio of the b-jet to light-flavour jet hypotheses v v
IP2D, IP3D log(Py/Pc) Likelihood ratio of the b-jet to c-jet hypotheses v v
log (Pc/ Piight) Likelihood ratio of the c-jet to light-flavour jet hypotheses v v
Py b-jet probability v
RNNIP P c-jet probability v
Piight light-flavour jet probability v
m(SV) Invariant mass of tracks at the secondary vertex assuming pion v v
mass
fE(SV) Jet energy fraction of the tracks associated with the secondary v v v
Sv1 vertex
Nrgarvix(SV) Number of tracks used in the secondary vertex v v v
Notaevix (SV) Number of two-track vertex candidates v v v
Lxy(SV) Transverse distance between the primary and secondary vertices v v v
Lyyz(SV) Distance between the primary and secondary vertices v v v
S. x;,Z(SV) Distance between the primary and secondary vertices divided by v v v
its uncertainty
AR( ﬁjel, Pux)(SV) AR between the jet axis and the direction of the secondary vertex v v v
relative to the primary vertex.
m(JF) Invariant mass of tracks from displaced vertices v v v
fe(F) Jet energy fraction of the tracks associated with the displaced v v v
vertices
JetFitter AR( ﬁje‘, Puix) JF) AR between the jet axis and the vectorial sum of momenta of all v v
tracks attached to displaced vertices
Sxyz(IF) Significance of the average distance between PV and displaced v v v
vertices
Nrxarvix JF) Number of tracks from multi-prong displaced vertices v v v
Nomikvix JF) Number of two-track vertex candidates (prior to decay chain fit) v v v
Ni-tk vertices JF) Number of single-prong displaced vertices v v v
N>2-trk vertices JF) Number of multi-prong displaced vertices v v v
Lyxyz (2")(JF) Distance of 2" vertex from PV v v v
Lxy (2M)(JF) Transverse displacement of the 21 yertex v v v
my (2" (JF) Invariant mass of tracks associated with the 2" vertex v v v
E (2")(JF) Energy of the tracks associated with the 2" vertex v v v
fe (2" (JF) Jet energy fraction of the tracks associated with the 2" vertex v v v
Nravix (2") (JF) Number of tracks associated with the 27 vertex v v v
R mELAE (ondy Ry | Min., max. and avg. pseudorapidity of tracks at the 2" vertex v v v

trk

Unrolled RNN

hits

+
SoftMax

Fully Connected

Hyperparameter Value
Number of input variables 31
Number of hidden layers 8

Number of nodes [per layer]

[256, 128, 60, 48, 36, 24, 12, 6]

Learning rate 0.01
Training batch size 15000
Activation function ReLu
Number of training epochs 200
Free (trainable) parameters 59275
Fixed parameters 1140
Training sample size 22 M jets
(ndets, 366) (ndets, 128) (ndets, 60) (ndets, 48) (ndets, 36) (ndets, 24) (ndets, 12) (ndets, 6)

256 relu units

[7]
=
c
=
=
[
=
~

|
128 relu units
|
60 relu units
48 relu units
36 relu units

12 relu units

6 relu units

T. Strebler — LHCP 2023
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2019-07/

Flavour-tagging algorithms: ATLAS DL1r

FTAG-2019-07
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/FTAG-2019-07/

Flavour-tagging algorithms: ATLAS DL1r
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FTAG-2019-07
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[ ATLAS Simulation
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Anti-kt R = 0.4 PFlow jets
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Flavour-tagging algorithms: ATLAS DL1r
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Flavour-tagging algorithms: ATLAS DL1r
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Flavour-tagging algorithms: ATLAS DL1r
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Flavour-tagging algorithms: ATLAS GN1

ATL-PHYS-PUB-2022-027

Jet Input Description

pr Jet transverse momentum

n Signed jet pseudorapidity

Track Input Description

q/p Track charge divided by momentum (measure of curvature)

dn Pseudorapidity of the track, relative to the jet n

do Azimuthal angle of the track, relative to the jet ¢

do Closest distance from the track to the PV in the longitudinal plane
Zpsin 6 Closest distance from the track to the PV in the transverse plane
a(q/p) Uncertainty on ¢/p

a(9) Uncertainty on track polar angle 6

o(¢) Uncertainty on track azimuthal angle ¢

s(dg) Lifetime signed transverse IP significance

s(zo) Lifetime signed longitudinal IP significance

nPixHits Number of pixel hits

nSCTHits Number of SCT hits

nIBLHits Number of IBL hits

nBLHits Number of B-layer hits

nIBLShared Number of shared IBL hits

nIBLSplit Number of split IBL hits

nPixShared Number of shared pixel hits

nPixSplit Number of split pixel hits

nSCTShared  Number of shared SCT hits

nPixHoles Number of pixel holes

nSCTHoles Number of SCT holes

leptonID Indicates if track was used in the reconstruction of an electron or muon (only for GN1 Lep)
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Flavour-tagging algorithms: ATLAS GN1

ATL-PHYS-PUB-2022-027
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Flavour-tagging algorithms: ATLAS GN1
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Flavour-tagging algorithms: ATLAS GN1
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Flavour-tagging algorithms: CMS DeepCSV

JINST 13 (2018) P05011

Input variable Run1CSV CSVv2
SV 2D flight distance significance X
Number of SV —
Track 77,e]

Corrected SV mass
Number of tracks from SV
SV energy ratio

AR(SV, jet) —
3D IP significance of the first four tracks X
Track pr el —
AR (track, jet) —
Track pr e ratio —
Track distance —
Track decay length —
Summed tracks Et ratio —
AR (summed tracks, jet) —
First track 2D IP significance above c threshold —
Number of selected tracks -
Jet pr —
Jety —

X

X X X X X X X X X X X X X X X X X X
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Flavour-tagging algorithms: CMS DeepCSV

JINST 13 (2018) P05011 13 TeV, 2016
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Flavour-tagging algorithms: CMS DeepJet

JINST 15 (2020) P12012
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https://arxiv.org/abs/2008.10519

Flavour-tagging algorithms: ALICE ML-tagger

https://arxiv.org/abs/1709.08497
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Performance in data: ATLAS b-jet efficiency
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Performance in data: CMS b-jet efficiency
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Performance in data: CMS b-jet efficiency
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Performance in data: ATLAS c-jet efficiency
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Performance in data: CMS c-jet efficiency
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Performance in data: CMS c-jet efficiency
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Performance in data: ATLAS light-jet mistag
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Performance in data: ATLAS light-jet mistag
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Performance in data: CMS light-jet mistag
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Performance in data: CMS
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Flavour-tagging in trigger

* b-tagging not only used for offline physics analysis
but also to reduce rate in fully hadronic final states
at trigger level

- b-jet triggers seeded by L1 Calo jets, tracking
information only available from HLT in Rol around
calo jets with configurations optimised for timing

- Trigger b-tagging algorithms closely following ML
developments for offline b-tagging: typically more
than 90% efficient wrt offline
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Flavour-tagging in trigger: CMS
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Flavour-tagging in trigger: ATLAS

Eur. Phys. J. C 81 (2021) 1087
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Flavour-tagging in trigger: ATLAS

Eur. Phys. J. C 81 (2021) 1087
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Jet substructure inputs: CMS

CMS-PAS-JME-16-003
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Jet substructure

inputs: CMS
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Jet substructure inputs: ATLAS

Eur. Phys. J. C 81 (2021) 334

I Algorithm Abbreviation Settings
Jet input objects Topological Clusters Topoclusters N/A
Particle-Flow PFlow N/A
Track-CaloClusters TCCs N/A
Unified Flow Objects UFOs N/A
Ag =0.01
Pile-up mitigation algorithms Constituent Subtraction CS ARpax = 0.25
a=0
Voronoi Subtraction (*) VS N/A
SoftKiller SK £=0.6
Riin = 0.001
Pile-up Per Particle Identification PUPPI Ry=03
p a =200 MeV
b = 14 MeV
Zew = 0.1
Soft-Drop SD B=0,1,2%)
Jet grooming algorithms Zeut = 0.05, 0.1
Bottom-up Soft-Drop BUSD B=0,1,2(%
Zeut = 0.05, 0.1
Recursive Soft-Drop RSD B£=0,1,2(%
N =3, 5(*), 00
. Zeut = 0.015
Pruning N/A Royt = 0.25
. . Sfeut = 5%, 9%
Trimming N/A Rup = 0.1, 02

‘ Category Input Objects ‘ Grooming Algorithm ‘ Configuration

Baseline | LCW Topoclusters Trimmed Ryup = 0.2, feu = 0.05
definitions TCCs Trimmed Roub = 0.2, feur = 0.05
CS+SK UFOs Trimmed Rgp = 0.2, feur = 0.05

Studied CS+SK UFOs SD Zewt = 0.1, 8=1.0

definitions CS+SK UFOs RSD Zeut = 0.05, 8=1.0, N =00

CS+SK UFOs BUSD Zeut = 0.05, 8 =1.0
Additional UFOs Trimmed Rep = 0.2, four = 0.05
definitions PFOs Trimmed Roup = 0.2, feur = 0.05

UFOs SD Zet = 0.1, 8=1.0
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Jet substructure inputs: ATLAS

Eur. Phys. J. C 81 (2021) 334
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Jet substructure inputs: ATLAS

Eur. Phys. J. C 81 (2021) 334
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Jet substructure inputs: ATLAS

Eur. Phys. J. C 81 (2021) 334
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Boosted object tagging: W-tagging ATLAS

ATL-PHYS-PUB-2021-029

Variable Description Reference
D,, Cy Energy correlation ratios [30]
To1 N-subjettiness [41]
Ry Fox-Wolfram moment [42]

P Planar flow [43]

as Angularity [44]

A Aplanarity [45]
Zout» V12 Splitting scales [33,46]
KtAR k,-subjet AR [47]

% T T T T T T FT T T T FT T T3 % T T T 11 T T T T T T | T T
G 10 = ATLAS Simulation Preliminary = G 10 = ATLAS Simulation Preliminary
n — = n =
~ — Vs=13TeV, W jettagging - ~ — Vs=13TeV, W jettagging
43 "~ anti-k, R=1.0 UFO Soft-Drop CS+SK jets N 43 I~ anti-k, R=1.0 UFO Soft-Drop CS+SK jets
:.g 1E cCutsate® =50%, p_€[500,1000] GeV = ;.g 1E™ Cutsate? =50%, p_E[2000,3000] GeV
c - I QCD jets - s - I QCD jets
S I T Wiets - S . T Wiets
107 - ——— QCD jets after Zjy, cut= g107 & ——— QCD jets after zi” cu
w B e QCD jets after D'Z“NN cut W B A e QCD jets after D'Z"NN cut
1072 1072
10° 10°
107 107
50 100 150 200 250 300 50 100 150 200 250 300
Large-R jet mass [GeV] Large-R jet mass [GeV]
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Boosted object tagging: W-tagging ATLAS

ATL-PHYS-PUB-2021-029
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Boosted object tagging: top-tagging ATLAS

ATL-PHYS-PUB-2021-029
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Boosted object tagging: top-tagging ATLAS

ATL-PHYS-PUB-2021-029
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Boosted object tagging: X—bb ATLAS

ATL-PHYS-PUB-2021-035
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Boosted object tagging: X—bb ATLAS

ATL-PHYS-PUB-2021-035

>
o1
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—¢— Stat. uncertainty
B Stat. + syst. uncertainty

200 300 400 500 600 700 800 900 1000
Large-R jet P, [GeV]

Calibration Z(— bb)y Z(— bb) + jets
pr [GeV] 200 — 450 450 — 500 500 — 600 600 — 1000
Hpost —tag 1.33 1.32 1.10 0.51
Hpre—tag 0.92 1.01 0.94 0.93
1.45 1.30 1.17 0.55
Uncertainties (£o0)
Statistical +0.37 +0.18 +0.13 +0.09
Z-boson modelling tgi?g - - —
Z + jets modelling - ok +0.15 +0.18
Fit model 0.14 0.39 0.22 0.16
Spurious signal +0.26 +0.11 +0.07 +0.07
Other background modelling +0.05 +0.03 +0.02 +0.01
Lepton & Photon related +0.02 tg'_gi fgf.“; +0.03
Jet mass scale +0.05 f%;‘éi +0.01 fg:gi
Jet mass resolution 1“8182 fgﬁﬁ tg:éé 1—8"82
Jet energy scale oo +0.09 +0.09 +0.05
Others s +0.01 < 40.01 < 40.01
Total uncertainty f%’é‘é f%jiz f%’,éi f‘é'_éz
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Boosted object tagging: X—bb ATLAS

ATL-PHYS-PUB-2021-035
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Low-pT object tagging: X—bb ATLAS

ATL-PHYS-PUB-2022-042

Description
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Boosted object tagging: CMS

CMS-DP-2020/002
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Boosted object tagging: CMS
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Boosted object tagging: CMS
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Boosted object tagging
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Boosted object tagging: CMS
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Jet substructure measurement in tt events: ATLAS
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Jet substructure measurement in tt events: ATLAS
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Jet substructure measurement in tt events: ATLAS
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Jet substructure measurement in tt events: ATLAS

1/0ﬁ . dori / d(x,,)

1oy - doﬂ /d(t,,) Prediction  Prediction

Prediction

Prediction

Data

Data

Data

Data

4T T T T -~ T - )
F ATLAS Preliminary — PWG+PY8 ® Data E =) 2— ATLAS Preliminary — PWG+PY8 ® Data — % 35 ATLAS Preliminary — PWG+PY8 ® Data =
4 (s =13 TeV, 140 fo" -~ PWG+H7 Stat.unc.  —] 3 1.8i Vs=13TeV, 140 fb" ---PWG+H7 Stat.unc.  _ g F (s=13TeV,140fb" ----PWG+H7 Stat. unc. B
é I+jets, p‘T"P >350 GeV ~— MC@NLO+PY8 Stat.+Syst. uncé o E l+jets, p‘T"P > 350 GeV — MC@NLO+PY8 Stat.+Syst. unc. o 30F- I+jets, p‘T"P 350 GeV — MC@NLO+PY8 Stat.+Syst. unc.
F Fiducial phase-space " PWG+PY8FSRUp E © 18" Figucial phase-space " PWG+PY8FSR Up E © E Fiducial phase-space ~~~ PWG+PY8FSRUp 7
3 -:= PWG+PY8 FSR Down — D-x:: 1.4 — -:= PWG+PY8 FSR Down - b": 25 I -+ PWG+PY8 FSR Down -
E 3 E 3 = £ 3
= e - 1.2~ — - c e i ]
25 E g : E 20 ol 3
£ 3 1= ’ = E - 3
g E 0.8 = LS o E
1.5 — E ) = F T e = 3
E e E 061" E 10 =
E 3 0.4F 3 e = E
F e = E 3 5~ == —
0.5: b 3 0.2 = — E !l e E
E = E 1 - |
5 1.2 5
53 E—— E ole
B B il "B
a 0.8F = a
EIRE = )
i (S S B s = 35
o2 o8k o° 08 =
o & :
0 1 2 3 4 0 0.02 0.04 0.06 0.08 0.1 0.12
Reclustered jet Reclustered jet D, Reclustered jet T,
. ———— 1 —~ —_—— 71— > BET T T T T T
45— ATLAS Preliminal — PWG+PY8 e Data - [m)] [ ATLAS Preliminar — PWG+PY8 e Data 3 E = ATLAS Preliminar — PWG+PY8 e Data 3
E ry = = 1.8 y y
E Vs=13TeV, 140fb" ----PWG+H7 Stat. unc. 3 o F Vs=13TeV, 140fb" ----PWG+H7 Stat. unc. B ° 40 {s=13TeV, 140 fb" -~~~ PWG+H7 Stat. unc. =
£ all-had, ! > 500 Gev — MC@NLO+PY Stat+Syst. unc. 3 o= "5F allhad, Py >500 GeV ~ MC@NLO+PY8 Stat:+8yst. unc. _8" asE_ alFhad, pi” > 500 GeV — MO@NLO:PY8 Stat.+Syst. un
3.5 Fiducial phase-space ~~ PWG+PY8FSR Up — © 1.4F- Fiducial phase-space ~~~"PWG+PY8 FSR Up - : E Fiducial phase-space ~~ PWG+PY8FSRUp
F == PWG+PY8 FSR Down 4 = = == PWG+PY8 FSR Down - D':" 30 } == PWG+PY8 FSR Down
°E EREE T . =T
25F- = 1= i = 25
2F = 0.8 = 20
= 0.6/ 3 15
= 0.4F- = 101
5E- @ = 0.2 =
E ] E c| E c| E E
p= 3 9 3 Slg 1. ]
S5 ; E BlE E e eeeeeaos =
_ 88 g 88 E g
E £ ; 8 o -
g, ER E
25 - T ¥ ]
E o a 0.8¢ E
0.2 0.4 0.6 0.8 3 4 0 0.02 0.04 0.06 0.08 0.1 0.12
Large-R jet T,, Large-R jet D2 Large-R jet T,

T. Strebler — LHCP 2023 63




Jet substructure measurement in tt events: ATLAS
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Jet substructure measurement in tt events: ATLAS
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Jet substructure measurement in tt events: ATLAS
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