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Introduction

Why do searches need ML-based jet taggers?
Extended scalar sectors and heavy vector-like particles:

e Produce high-pr, collimated decay products
e Dedicated ML-based jet taggers are needed to identify these signatures

e Probe new heavy states beyond the Standard Model, including extended scalar
sectors and vector-like particles.

e At high mass, decays are boosted: bosons, top quarks or new particles can
merge into one large-radius jet.

e Jet taggers learn substructure patterns that separate signal-like boosted

topologies from QCD backgrounds.

By identifying substructure inside large-radius jets, ML-based taggers make
boosted searches more powerful and sensitive to new physics.
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Jet tagging via Particle Clouds

The ParticleNet algorithm

Jet flavor tagging:

e Jets represented as particle clouds e Particles — vertices of the graph

e Particle correlations — edges
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e Secondary vertex

Architecture: e Set of probabilities P(X — Y)
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e Dynamic Graph Convolutional Neural
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Particle Transformer for Jet Tagging
The GloParT algorithm
Jet flavor tagging:

e Jets represented by particle-level tokens

m / outgoing particles
/ OWEONE parteles
= B

. . 7 W

e Particle-flow candidates . \b

~0\
e Secondary vertex Say ; 9
. . . collision point \3 w2
e Pairwise particle features i b £’
v 3

Architecture: &

( collision event )—»(jemconscmcﬁon)—r( jet tagging )

e Transformer-based jet-tagging network

Representation:
e Particles — Transformer tokens Output:
e Pairwise particle features — attention e Set of probabilities P(X — Y)
bias

e Local particle and global jet attention
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Search for pair-produced

vector-like top quarks
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Search for pair-produced vector-like top quarks CMS-PAS-B2G-24-016

Two-dimensional search for pair-produced TT — totg
CMS-B2G-24-016

Signal model Run 2: 138 fb—! at 13 TeV

gluon fusion production Final-state picture

f v ) e Pair-produced VLQ top partners in a
- composite-Higgs scenario
g, e Both SM top quarks decay hadronically
E e The final-state signature consists of a
g’ di-photon system and two AKS8 jets
’ o mr €[0.8,1.8] TeV

. /e my € [100,300] GeV

e Search is performed on a mass grid in
the 2D (mE<, mi<) plane

e Use of ParticleNet TvsQCD discriminator to tag the two boosted tops.
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Background estimation

Dominant background: tt with
non-prompt/misidentified photons

Transfer function extrapolates CR — SR as
a smooth function of m;fc'

Data are consistent with the SM background

Vector-like top quark masses below
1.39 TeV are excluded

First search for pair-produced T — t¢
with boosted all-hadronic top quarks

and a scalar decay to a photon pair

C. Leonidou

Search for pair-produced vector-like top quarks
Search results and upper limits

Upper limits at 95% CL

CMS 138 fo~! (13 TeV)
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Search for single production

of a vector-like B’ quark
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Search for single production of a vector-like B’ quark arXiv:2606.01423

Search for single B’ — tW
CMS-B2G-24-013

Signal model

production via EW interaction

q

( )

g v
[ leptonic side ] [ boosted side ] production
£+ pis AKS jet bgB’ or tqB’
from t or W

Run 2: 138 fb~! at 13 TeV

Final-state picture

B’ — tW with one W boson giving
o+ P

mp: € [0.8,2.0] TeV

Narrow-width hypotheses ['/mp = 1%
and 5%

Benchmarks: singlet B’ and an up-type
(T’,B’) doublet

e Use of ParticleNet TvsQCD or WvsQCD discriminators to tag the AK8 jet.

C. Leonidou
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https://arxiv.org/abs/2606.01423

arXiv:2606.01423

Search for single production of a vector-like B’ quark

Analysis strategy

Reconstruction

[ Case 1: W — fv + t-tagged AKS8 ]

[ Case 2: t — blv + W-tagged AKS8 ]

[ Case 3: t — blv + non-W AKS )

[ Case 4: W — fv + non-t AK8 )

~
z
Ss3 % ¥ case1| WR SRonly
5
E
H case2| WR SRonly
T 3 A c
3
8 Case3 VR
b S [ e (R R S
<3 8 DXED Case4 VR
L
0 =1 <850 =850
Forward jet multiplicity S; (GeV)
-

Control regions: A, B, C, X and Y

Dominant SM backgrounds are modeled
using CRs and the ABCDnn method

The B’-quark signal hypothesis is tested using a binned maximum-likelihood fit
to the myw distribution
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Search for single production of a vector-

Upper limits for singlet bqB’, singlet tqB’ and
up-type doublet tqB’ production

13810 (13 Tev)

Upper limits at 95% CL

138 fb (13 Tev)
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—soTev.o07ny [lovew
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13810 (13 TeV)
LB
5% CL upper linits
—— Observed

Expecies
I 6% expected
[ 95% expected.
[ pp - b, T g = 5%
(D o0 — b, T g = 1%

o(pp — baB') B(B' — tW) [pb]

1618 2

g [TeV]

CMS preiminary 138 10 (13 TeV)
T T

10 Doublet tq8" 95% CL upper imits

s

o(pp — tqB') B(B' — tW) [pb]

Iyimy < 10%  —— Observed
Expected
I oot expected
[0 o5t expected
TR o — e, 1 = 1%

]
g [TeV]

The search excludes single B’ quarks up to 1.23 TeV and sets the most stringent limits

to date on narrow-width B’ production

cross sections and coupling factors.
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Search for a new resonance

decaying to a Higgs boson
and a scalar boson
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Search for X — HY — bbZ(qq/vv)Z(¢() arXiv:2602.18223

Two-dimensional search for new resonance
X and scalar Y
CMS-B2G-24-022

Signal model Run 2: 138 fb~! at 13 TeV

gluon fusion production Final-state picture
") One H — bb candidate, while the other H/Y — Z7Z.

One Z is reconstructed from £7 ¢, the second Z is

either qq or vv.
e HH mode: resonant Higgs-pair production

e HY mode: additional scalar Y from extended
Higgs sectors

@ Use bbZZ kinematics to separate signal from DY, tt, and non-prompt
backgrounds
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https://inspirehep.net/literature/3122096

Search for X — HY — bbZ(qq/vv)Z(¢() arXiv:2602.18223

Analysis strategy
e High-mass X makes H or Z decay products collimated
P analysis keeps both resolved and boosted topologies
o Use of ParticleNet discriminant XbbvsQCD
> AKS8 passing PNet score: H boosted

» AKS failing the PNet score: Z boosted - .
o Signal extraction
qq

Hresolved + Zresolved o Eor qqOM and vvOM: BDT scores

qqHM

Z—qq H boosted + Z resolved F 1M: Th
bEZZ PR < 100 GeV aqzZM ® [or vv . e transverse resonance

candidates H resolved + Z boosted mass is reconstructed
qq2M

2 tight OS/SF

leptons T e For the remaining three boosted
vvOM . . .
P > 100 GeV H resolved topologies: the invariant resonance mass

H boosted + Z boosted

vvlM
H boosted

Background estimation i
Simultaneous binned profile

e Non-prompt lepton: data-driven likelihood fit across all SRs
fake-rate method

is reconstructed

[ 14 of 20 14" July, 2026



Search for X — HY — bbZ(c

pp — X — HH — bbZZ

Upper limits are set in HH and HY channels

pp — X — HY — bbZZ

138 fb (13 TeV)

T 3
95% CL upper limits  §
—— Observed E
-+ Median expected
I 68% expected
95% expected
~--- Bulk radion — HH

a(pp— X)B(X ~ HH) [pb]

I |
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55 5
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400 pb to 1 pb as mx increases ] [ 5 fb to 500 fb in the (mx, my) plane ]

No significant excess is observed. The sensitivity is competitive with searches

targeting (H — vv/77)(Y — bb/VV)

arXiv:2602.18223
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Search for X — HY — bbV(qq)V(qq) arXiv:2602.00273

Two-dimensional search for new resonance
X and scalar Y in the fully hadronic final state
CMS-B2G-23-007

Signal model Run 2: 138 fb~! at 13 TeV

gluon fusion production Final-state picture
s R N
b e H—bb
g W
« b e Y > VV —4q
______ _<: q
N4 . e mx € [900,4000] GeV
g
v 1 e my € [60,2800] GeV
N i

@ Use novel ML-based jet-flavor tagging algorithms to probe boosted topologies
and suppress the dominant QCD multijet background
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https://inspirehep.net/literature/3113709

Search for X - HY — bbV(qq)V(qq arXiv:2602.00273
Two boosted categories cover the HY phase space

Fully merged

s ™ s ™
b b
AL A
H .-~ H _--
-7 -7 q
X ==--- <7 X ===== il Y
IR Y q
v A%
q
q
- J N\ J
e > 2 AKS jets > 3 AKS jets, each pt > 200 GeV
o Leading/subleading jet pr > 400/350 GeV H — bb: ParticleNet XbbvsQCD tight WP
e H — bb: ParticleNet XbbvsQCD tight WP V — qq: ParticleNet WvsQCD tight WP,

reg
o Y = VV = 4q: GloParT Tyww > 0.6 70 <my” <100 GeV

The signal is extracted from the reconstructed masses of X and Y in the
2D (mig©, ms©) plane
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Search for X — HY — bbV(qq)V(

Background estimation

arXiv:2602.00273
Search results and upper limits for X — HY — bbWW

Upper limits at 95% CL
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Summary
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Conclusions

This talk summarizes the latest CMS results from Run 2 on searches for extended

scalar sectors and heavy VLQ, using ML-based jet taggers.

e New final states are explored.

e State-of-the-art ML techniques are used for flavor tagging.

e Sensitivity is increased and exclusion limits are improved.

e No evidence for BSM physics has been observed.

e Run 2 analyses are being wrapped up, the next round will be performed entirely
at 13.6 TeV, with more than 300 fb".

| Thank you! |
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Search for pair-produced vector-like top quarks CMS-PAS-B2G-24-0

Background estimation

e Transfer function (TF) is applied to the tt distribution in the CR

e Parameters « and /3 are allowed to float in the fit

(NEge(i) = TF - W) + N (0) )
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W — v

Background estimatio

The ABCDnn network uses information from five CRs

The transformation principle is expressed as:

The observables to be transformed is X = (m¢w, St)

(Paa(%18) = T(R' R[2) - pam. (RI2))

138 fb~' (13 TeV)
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