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2 Jet tagging algorithms

-1 Many searches considered - more found at CMS (B2G, EXO, SUS) and
Atlas (SUSY, EXOT, HDBS) public pages:

O W > WR > WWW PRL 129 (2022) 021802
X >YH - bbbb Accepted by Phys. Lett. B |

1Y > XH — qqbb ATLAS-CONF-2022-045  ¥ATLAS
- Nonresonant Higgs pair production Accepted by Phys. Rev. Lett. =
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.021802
https://www.sciencedirect.com/science/article/pii/S0370269322005263?via%3Dihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-045/
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-22-003/index.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092012
http://dx.doi.org/10.1007/JHEP11(2021)153

Introduction
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~ New Physics searches: rare final states or high-centre-of-mass energy /s

_ Decays to heavy SM objects, H/W/Z/Top: high /s = large Lorentz boost

_1 Large BR in hadronic decays - large background (multijet) > Jet tagging
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1 DeepAkég, based
on CNN for Ak8

classification in
Top/H/Z/W/QCD

-
TL
EXPERIMENT

Q Xbb tagger,
combines flavor
discriminants from
up to three subjects
using a feed-forward
neural network
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1 ParticleNet, based
on GNN, treats a
Jet like a “particle
cloud”
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O W/top tagger,
combinations of
substructure
observables as a
multivariate tagger
using BDTs or DNNs
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BSM with jet substructure
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https://iopscience.iop.org/article/10.1088/1748-0221/15/06/P06005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.056019
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-019/
https://link.springer.com/article/10.1140/epjc/s10052-019-6847-8#Sec4
https://indico.cern.ch/event/1150707/timetable/?view=standard#137-tagging-boosted-jets-with

PRD 106 (2022) 012002 vz
triboson final state - 2step cascade
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mg/my .. > Rin 2jets (1), Rin 1jet (2)
Tagger redefinition, to account for W->qq and H->4q

MD version necessary

raw score(r.s) DeepAk8-MD
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.012002

Wewe > WR > WWW

PRD 106 (2022) 012002

-1 6 SRs defined on jet mass and deep tag
score

-1 QCD estimated on CRs defined inverting
the jet-tagging request

138 b (13 TeV)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.012002
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https://www.sciencedirect.com/science/article/pii/S0370269322005263?via%3Dihub

Accepted by Phys. Lett. B
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https://www.sciencedirect.com/science/article/pii/S0370269322005263?via%3Dihub
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Accepted by Phys. Rev. Lett. ) S
Nonresonant Higgs boson (H) pair production via ggF and in the four-bottom-quark final é
state reconstructed via 2 largeR jets (+ 2 additional for VBF)
Based on the discriminant (D,;) 3 regions are defined: (Among the first to A
High Purity (HP), tight cut on both jets (e, = 60%, BKG, = 0.3%) use the
Medium Purity (MP), medium cut on both jets (e, = 80%, BKG, = 1%) discr.
Low Purity (LP), loose cut on both jets (e, = 90%, BKG, = 2%) \.
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-22-003/index.html

ATLAS-CONF-2022-045

Search for narrow-width heavy resonance Y
decaying into SM Higgs(—>bb) and a new X
particle

search & HV used
as benchmark for Y - XH — qgbb

tagged with a n reweighted
version of Xbb tagger

based on jet-level anomaly score
(from a Variation Auto Encoder (VAE) Recurrent Neural
Network (RNN))

for two-prongs jets X — qq for
merged and resolved regimes

First Atlas result for model independent
search using an anomaly detection jet
method (fully unsupervised)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-045/
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Good compatibility with the SM background
with the largest deviation in [75.5,95.5] GeV of
My mass range correspondent to a global
significance of 1.47¢

2dimension 95% CLs limits on the cross-
section of the HVT process in the
{My, My} plane
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-045/

Stop production %
Phys. Rev. D 104 (2021) 052001
o top squark production interpreted in R-parity
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conserving SUSY models > novel top quark/W boson gy
tagging algorithm é
£
-1 New top reconstruction approach: /mw T2th
= bWy f—>ty

J merged top/W : deepAk8, covers high-p, large-R jet
2 resolved top @ low-p; using combinations of small-R

(off-shell top) (on-shell top)

Ti=wWES byt bW R

jets £ >
: . o m(f) [GeV] >
el
>
)
(®)
- S e |(13TeV)> e — (13 TeV) g
& 0gl.CMS ¢ Comblned tops ] £ 08LCMS 4 Merged W 2
o | Simuiation ¥ Resolvedtops | & | Simulation Q
t t | m
w W Merged tops i 2
0.6 n 0.6 g
. B -
...I.. * AAAA*+++_ 5
0.4 o2 . 0.4 . S
* A ]
ssvee ©
) =
0.2 L v g 0.2+ R _ %
. .y i
00:=_|_-_|_-_|_-_L-_|_-_|_-_|j| 1 I'I'I'J'I‘!!.!-_ OO-A ||||| A' 1 | 1 1 1 | 1 1 1 i
-0 200 400 600 800 1000 -0 200 400 600 800 1000

pI*" [GeV]

P [GeV]

N



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052001

Phys. Rev. D 104 (2021) 052001
183 search bins for

region and

region (bottom left with N, = 2)

of events is observed relative to the expectation from the SM

Exclusion limits for the models of stop pair production in the plane {m;, Mmoo}
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052001

Electroweakino pair production ATLAS

o
Phys. Rev. D 104 (2021) 112010 ¢ cheom S
p p ) Wiz q =
0 Final states consisting of 7/°° and 7 boosted heavy S\ = iii S
bosons (W, Z, or H) ) N
-1 Two types of SRs are defined based on largeR jets tagging 2 ool ATias Sraton G- 13TV = g
(V=>qq and/or Z/H->bb): 40(VV), 2820(V+2/H) 2 [ susysigna Eh»bmgg no :

0.7:— Am > 400 GeV' 571 7, bi tagging
-1 For each tagger the MV2c10 b-tagging algorithm has been -

used to estimate the b-multiplicity into the jet o: \\\\\\X\\\

o
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https://link.springer.com/article/10.1140/epjc/s10052-019-7450-8
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112010

Phys. Rev. D 104 (2021) 112010

over the SM background prediction is observed, and 95% CL exclusion
limits are set for sighal models in various R-parity-conserving scenarios.

The plots shown :
wino pair production with direct decays into a bino LSP or higgsino ,

m(¥,) [GeV]
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higgsino pair production with direct decays into a bino LSP or wino , to be published for CMS[~
450 < mp< 900 GeV (mysp < 240 GeV & Am > 450 GeV)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112010
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-21-002/index.html

Vector-like quark T ATLAS

Phys. Rev. D 105 (2022) 092012
21 Search for single production of VLQ T decaying into t+H both
of which decay hadronically
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- The final states is composed by 2 large-R jets :
1 Higgs tagged:
100 < mj,; < 140 GeV, upper bound on 7,; according to py
O Top tagged :
140 < mj,, < 225 GeV , top-tagger
! b-tagged:
DL1 tagger (b-multiplicity of large-R jet)

1t OH =2b

Ot 1H =2b

1 Regions definition based on 9x9 matrix

0tOH =2b

1t0H 1b

1 Background estimation:

1 QCD multijet - from data using
ABCD method

! tt constrained to data in 2 top-tag
region

0t 1H 1b

0t OH 1b

1tOH Ob
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Second-leading large-R jet tagging state

0t OH Ob

0tOH Ob 0t 1H Ob 1t OH Ob 0t OH 1b Ot1H 1b 1tO0H1b | 0tOH =2b [ Ot 1H>=2b | 1t OH =2b

o

Leading large-R jet tagging state


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092012
https://link.springer.com/article/10.1140/epjc/s10052-019-7450-8

Vector-like quark T ATLAS
Phys. Rev. D 105 (2022) 092012
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092012

Energetic jets+ missing momentum a
JHEP 11 (2021) 153

-1 Search for new particles that decays invisibly + energetic jets

30/11/2022

2 3 SRs mutually exclusive (high pZ**sS) based on highest p; largeR jet:
JmonoV, 65 <mj < 120 GeV + V-tag based on deepAk8
0 Low-purity V-tag
Q High-purity V-tag
2 monojet, events that fail monoV selection

1 5 CRs defined for each SR enriched with the main backgrounds:
2 dielectron(dimuon), enriched in Z - vy
2 single-electron(muon), enriched in W — #v
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The result is also interpreted in the context of
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The has led to an incredible improvement of the

Many searches have been developed making use of state-of-the-art algorithms

for further improvements on jet-tagging and new
exciting results!
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