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The future Is here

» ATLAS and CMS have made huge gains in their

b-jet and c-jet tagging since the start of the LHC

> Neural networks are the default, and we are

> ... and even more since the TDR!

trying to optimize their architectures
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Using much simpler inputs and also
getting much better performance!

The future Is here
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> ... and even more since the TDR!

Neural networks are the default, and we are . .

( }E Track origins
Vertices

|
|
I
I
|
|
|
|
L

trying to optimize their architectures Outptprobasitty Py Peo P
— — — — - Jet Flavour
120, CMS Simulation Preliminary 13.6 TeV o | | | | | |
S L A I 70 pomt nem o d e~ e D
2 | events, ot > 20 GeV, nl < 2. 4 € =70% : = ATLAS Simulation Preliminary T
-% 100 I cjet rejection ] p 60 \/__ =13 TeV I
= I udsg jet rejection x194 _EIO - ttjets, €p = 70% . 2000
e | Run 1 Run 2 Run 3 ] - i C
O l . 50 - o
80 X61 - g - I '6
i 1403 = - , i i
i o x29 §10 8 40 :_ Neelam S talk | Run 3 reco 5 1500 - %
601 6.1 : g 30 C I : *Q
i X, el 410% 27 . DL1d 11000 =
40 10 oy 20 DL1r i - =
: i . 1101 i 1500
o0l I 3.2 : 10 : !
i | ) x1.8 i |
CSWwi1  GSVv2 DeepCSV DeepJet  PNET  UParT UParT 2017 2018 2019 2020 2021 2022 2023 FTAG-2023-01

(ke=0.14) Year


https://agenda.infn.it/event/37093/contributions/234315/attachments/124111/182400/BOOST24_ftag_atlas_kumari.pdf

Michele's talk

The future Is here
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~ || » Heard about potential applications =/~ ~
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2 itevents : _
pr > 30 GeV, [n] < 2.5 - colliders .
— UParT -svs b - AUC = 0.987
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— UParT-svsd-AUC = 0.621 1 > and thIS IS already belng

— UParT -svsg-AUC =0.825 -

Tos 06 08 attempted at the LHC!
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First attempt at ~ Some handles on the differences in
strange-jet tagging in hadron composition, but much
CMS! harder problem than b- or c-tagging
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The future Is here

> Double-b and double-c tagging are part of the
standard toolkit

Background rejection

> Still making big gains in the tagging performance,
SO expect more improvements to come
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The future Is here

» X—bb/cc taggers are used for
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a wide range of searches
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> New taggers take time to optimize and
calibrate — can take a few years to go from
proof of concept to being used in analysis

ATLAS

L] I L] Al L] L] I L]

{s =13 TeV, 140 fb™
Merged SR

500 < ET"* <750 GeV
Background-only Fit

| L} l | J
¢ Data

! Diboson

Tl &

Z+jets

L] L) ' L) L L] L] I L)

" ISMVh
W+jets

. Single top
2 Uncertainty

Pre-fit Background
Dark Higgs s(bb)

gq:0.25,gx=1 .0

m,=3000 GeV,my=200 GeV
m, = 130 GeV
m, = 50 GeV(x0.5)

Davide M's talk

)illlllllIlllllllllIllllllllllllll llllIlll

H(bb) ratio

I ] I 1 I I 1 I 1

L J
LJ
-
o
a
| 1 1
A N
N AR
1

> Can expect more sensitivity in many
searches without more data!
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> Boosted channels are now a
staple of the Higgs and di-Higgs
physics programs
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@ Results on xyy analysis are as good as the HL-LHC projections of the
previous-best VBF HH analysis (the full Run 2 resolved VBF hh4b).
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https://agenda.infn.it/event/37093/contributions/234274/attachments/124166/182487/XtoYH_Talk_BOOST.pdf

The future Is here

~ Trigger strategies for single-prong jets do
not always apply for multi-prong jets

he whole calorimeter on a single board!
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» ATLAS is commissioning a new system that
can trigger on multi-prong jets more efficiently

> Lots of potential for development with new

Ideas!
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https://agenda.infn.it/event/37093/contributions/234313/attachments/124123/182408/24_07_01_BOOST2024_Tosciri.pdf

The future Is here
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The future Is here
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Many effects can be mitigated or improved by
dedicated solutions

Need good understanding of detector
conditions, and strategies so we can handle
these sorts of changes with relative simplicity
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Zooming in

» Jets are not the only thing that can be boosted!
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» CMS created a dedicated algorithm to separate «
- showers from boosted di-photons for a BSM search

» Using hadronic decays within jets to validate the
analysis strategy (reconstructing n’s
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- ATLAS has a dedicated

algorithm for boosted
di-electrons
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Zooming in

Many searches need
dedicated reconstruction
and observables to target
challenging signatures
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Zooming in
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Jelena's talk

DCA/DCA,,.,

CMS Simulation Preliminary PYTHIA8 CP5 (pp 5.02 TeV) CMS Simulation Preliminary PYTHIA8 CP5 (pp 5.02 TeV)
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with decays without decays

Heavy hadron decay daughters do not follow angular ordering

Starting to see more
measurements of substructure Lida's talk subjet 2 0

(softer) 0

of heavy flavor jets

Lots of interesting physics to
explore, but also specific

. shower and decay
eXpe”mentaI Cha”enges kKinematics intertwined

b had

subjet 1

> Jet substructure can be
spoiled by the B/D meson
decays — need to
reconstruct these!
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Zooming in
~ Not just aiming to identify 2-prong structure —

~aiming at distinguishing between different
- hadrons (and their charges)
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> Opens up more possibilities for electroweak
measurements in semi- or fully-hadronic

channels
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Mario's talk
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- Dedicated measurements of the

|
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Data / Sim.

substructure of boosted top jets

> Much more complex than g/g jets,
but can give insight into the details of
their jet formation

N o
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Komal's poster
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Zooming in

> Transition between resolved an boosted channels is .
difficult to cover efficiently

9
> Can instead use variable radius jets to increase the
reach of boosted jets while minimizing sensitivity to
other effects 138 fb-1 (13 TeV)
CMS Simulation Preliminary (13 TeV) I-g. 102; CMSI - IS 3[’[*l I B l( ’ IH)l Id o
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> N I\/ : . s 2 —
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Zooming in

Aiming to
understand the
mechanism of
energy loss In
heavy ion
collisions

No single model
describes all of
the effects

PbPb

PP

Using photons as a colorless probe to tag jets

Don’t expect it to be impacted by the medium — easier interpretation

Different behavior depending on the pr balance — see less suppression

for mo

re imbalanced events

No single model describes all of the effects

Bharadwaj's talk
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Zooming in

Also using photon-tagged
jets to study axis
decorrelation (difference
between winner-take-all
and E-scheme axes)

Some indication that
wake effects could be
Important

More measurements
needed to understand
all the effects

PbPb / pp

Molly's talk
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Making the most of it

—
-
o

» UParT uses more output nodes to
enhance tagger performance

—h
S

» Jeaching the network more about
the inputs provides better sensitivity

—h.
-
N

~ Also includes flavor-aware jet energy
and resolution regression!

c/udsg-jet misidentification efficiency

—d
<
o

- Still a particle-net variant, but still
finding ways to enhance the
performance
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Making the most of it

> Unbinned multidifferential unfolding

techniques enable new types of
open data

Kaustuv's talk
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~ Multiparticle correlations provide

Jing's talk CERN-EP-2024-132

Construct derived observables

axs[1].errorbar(bin_centers, np.ones(len(bin_centers)), xerr=bin_widths/2, yerr=uncertainties[var+"_total"]/100, marker=".", color="k", alpha=z1, ec
= make_error_boxes(axs[1], bin_centers, sherpa_density/multifold_density, np.vstack([bin_widths/2,bin_widths/2]), np.vstack([(sherpa_density/mult
= make_error_boxes(axs[1], bin_centers, mgfxfx_density/multifold_density, np.vstack([bin_widths/2,bin_widths/2]), np.vstack([(mgfxfx_density/mult

axs[1].set_ylim([6.2,1.8])

axs[1].set_ylabel('MC/Data’, fontsize=10, labelpad=5)

Dataset & Jupyter Notebooks

axs[1].set_xlabel(plot_labels[var], fontsize=14, loc='right');
plt.savefig(os.path.join(plot_dir,"derived_diff_xsec_data.pdf"))

e Datasets:

-
2
)

3

s: 100% | [ 2/2 (00:00<00:00, 4.70it/s]

~

* https://zenodo.org/records/11507450 it ; .
« Codebase: " s -
 https://gitlab.cern.ch/atlas-physics/public/ S '
sm-z-jets-omnifold-2024 S R BT

7'2/7‘1 AR(”]])

* Notebooks: o [ Plot correlation matrices

Out [18]:
ut [18] 100%| N 2/2 (00:35<60:00, 17.79s/it]
ics.i ZC Open in Colab
B 1—ba SIC s * lpyn b - = 25 Exberimental Uniodi Correlation Matrix: Leading lepton pp [GeV] 1.00
, Sxperimental Infolding
> = Theory —— Top -
| MC Stat. + NN EW Zjj + 2V (500, 800) 4 041 0.29 0.53 0.74 0.83 1.00 0.75
S 20 1 — Dpata Stat. — Total )
H - - g (400, 500) 4 0.0 0.48 0.68 0.87 1.00 0.83 0.50
5 2_pseudo_results.ipynb ZC Open in Colab Lo
—E (3()(]_ 1(](]) - 0.58 0.69 0.86 1.00 0.87 0.74
2 0.00
E 10 A (200, 300) 4 0.64 0.88 1.00 0.86 0.68 0.53
A —0.25
[E 3 res u lts i n b ’ i (125, 200) 4 0.68 1.00 0.88 0.69 0.48 0.29
- * o pen I n 0 a 54 ~0.50
— (25,125) 4 1.00 0.68 0.64 0.58 0.50 0.41 075
200 400 600 800 ) 29 ) ) N o N W N N N \) —1.00
; PR Y Uid Vil B o , A
Leading lepton pr [GeV] C ¢ @ &® o &
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opportunities to explore jet formation
from a new perspective

> Challenging to measure experimentally,
but many potential applications!

30
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> Energy loss in heavy ion collisions depends on 2
the jet radius as well as the dijet balance -
» Clear differences with respect to pp collisions
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Many different model-agnostic search strategies on the market  Urservised [ weskiy supervises Semi-supervise
Roberto's talk

No single method outperforms the others

> Complementary sensitivity from different algorithms, and Even though these are model agnostic, can

enables comparisons across a wide range of models gain a lot through understanding their
behavior across a wide range of models
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» ATLAS is beginning to calibrate the MET .
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New TST calibration systematics

New reduced systematics from calibration procedure. Uncertainty
on the calibration ratio factor derived and applied three times,
with the nominal, up-variation, and down-variation:
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Resulting resolutions of the up- and down-variations correspond
to uncertainties of the TST post-calibration (presented as the
green error bars in the calibration plots).
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> The Lund plane provides a

window into a variety of QCD

dynamics
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Kaustuv's talk

> The Lund multiplicity is sensitive to NNDL
effects, which are being included in higher
accuracy MC predictions

> Providing experimental tests of new
theoretical calculations
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Rob's talk

Understanding the space

> Many discussions about the robustness of different ML-based taggers
» May be fine to sacrifice larger uncertainties to improve tagging performance

> Understanding where these differences come from could help us reduce modeling
uncertainties for future taggers
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Rob's talk

Understanding the space

~ Still working to understand which networks are robust against modeling effects
(and why)

>

Eprg Relative Uncertainty [%]

Can no longer use a single metric to Kevin's poster
quantify the performance of a tagger = Have an idea for controlling uncertainties?
These datasets are public!
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The Macro The Micro

Can we create algorithms
and observables are
broadly optimal?

Can we expand to new
applications by making
targeted solutions?
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BOOST

2010: These aren’t your daddy’s jets

2011: “First” data

2012: Kids in a candy store

2013: Bringing substructure into the mainstream

2014: if you ain’t boostin’ you ain’t livin’

2015: What a difference five years makes

2016: | got 99 problems but my BOOST ain’t one

2017: Deep thinking jets, they are among us

2018: DeepBOOST

2019: If you ain’t boostin’ in the morning, go back to bed!
2020: ..

2021: Jet vettin’ without jet settin’

2022: we are all about that boost (no treble)

2023: Through BOOST, all things are possible (so jot that down)
2024: BOOST for all, and all for BOOST
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