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Why search for new resonances?

Motivation

The Standard Model is our most

successful theory of particle physics,

but it’s Incomplete:

 Unlike Standard Model discoveries,

Dark matter
Matter-antimatter asymmetry
Hierarchy problem

Neutrino masses

we don't know where to look:

unknown mass scale, couplings,

decay modes

Irene Andreou (irene.andreou@cern.ch)

Many beyond-the-standard-model (BSM) frameworks

predict a heavy state, decaying preferentially to W, Z, H
bosons, photons, leptons, or jets

states: "we need to look everywhere"
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CMS runs a broad search program covering many final

https://cms.cern/news/double-higgs-double-

mystery-hunt-new-heavy-particle-decaying-pair-

higgs-bosons



mailto:irene.andreou@cern.ch
https://cms.cern/news/double-higgs-double-mystery-hunt-new-heavy-particle-decaying-pair-higgs-bosons
https://cms.cern/news/double-higgs-double-mystery-hunt-new-heavy-particle-decaying-pair-higgs-bosons
https://cms.cern/news/double-higgs-double-mystery-hunt-new-heavy-particle-decaying-pair-higgs-bosons

Scope of the talk

New resonances could show up almost anywhere. The goal is to map
out where CMS has recently looked.

This talk covers:

* Heavy gauge bosons and gravitons in the dilepton channel
 Heavy states decaying to Higgs/Z/top

* Resonances hidden inside Higgs decays

 Low-mass dark photon resonance

* \Vector-like quarks and leptogquarks

Not covered here: extended/hidden-valley dark sector signatures where
complex, non-resonant final states are produced rather than a clean
bump. See J. L. Holgado’s talk!
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Unlocking new phase space

Data scouting and parking

Standard data streams can’t reach low-pt muons/
electrons since the trigger rate budget

forces high thresholds
= PARKING

CMS uses two dedicated streams to get around this: S5 YTk owlocomenibecond
© Data scouting: trigger-level objects only, - —
no offline reconstruction, ~10x the rate of the B P e ot
standard stream
o Data parking: full offline reconstruction, but /) i S0UTe
delayed, ~2-3x the rate, with lower pr thresholds V4 reduced dota format  maiveis

This Is the enabling technology behind the low-mass

CMS DETECTOR

Zp— UM search (slide 21) and CMS's push into low-
mass and displaced sighatures across Run 3.

https://cms.cern/news/same-lhc-same-cms-more-physics
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Where could new resonances hide?# &

Heavy gauge bosons and gravitons in the dilepton channel

Signature: High-pt single lepton + missing transverse
momentum, or high-mass dilepton pair

BSM motivation: Extended electroweak gauge sector (Left-

Right Symmetric, E6-motivated), warped extra dimensions,
Heavy Vector Triplet framework

Results:

« Search for W= ev/uv

- /' and Randall-Sundrum graviton searches
- Heavy Vector Triplet (HVT) combination

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026
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Run 3 - 62 fb-1 - 13.6 TeV

A heavier partner for the W
Search for W/— ev/pv (EXO-24-021)

* W' predicted in extended electroweak CMS Proiminary 621" (136 TeV)

gauge sector; benchmark is the g Moo oo
Sequential Standard Model (W'sswm) g 0SSRV — ST Sl -
i s g
) Slgnature: a Slngle hlgh_pT Iepton and 11(())__2 CMS Preliminary 62 fb" (13.6 TeV)
significant MET A T T T
Sk W W e
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Run 3 - 62 fb-1 - 13.6 TeV

A heavier partner for the W

Search for W/— ev/pv

* No significant deviation from the SM; largest local excess 2.60 in the 1.8-2 TeV region

« SSM W' excluded below 5.9 TeV, improved from Run 2's 5.6 TeV, driven by a lower electron-

channel trigger threshold and the higher Run 3 centre-of-mass energy
62 fb' (13.6 TeV)
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High-mass dilepton resonances
Z’' and Randall-Sundrum graviton searches (EX0O-25-021)

* Neutral counterpart to the W’
search: Z' (Left-Right
Symmetric, E6-motivated
models) and spin-2 RS
graviton; Benchmarks:

Z' SSM, Z'

* Probing 200 GeV-6 TeV in ee
and p

* Method: unbinned likelihood
fits in sliding mass windows
across the high-mass talil

Irene Andreou (irene.andreou@cern.ch)
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High-mass dilepton resonances

Z’' and Randall-Sundrum graviton searches

Run 3 - 283 fb-1 - 13.6 TeV

* No significant deviation observed; largest local excess 2.60 at 5.2 TeV

* Results have been improved over Run 2, with the improvement driven
by larger dataset and higher centre-of-mass energy

101 CMS Preliminary 283 fo! (13.6 TeV, ee + u*p")
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Z’ssm > 5.55 TeV (Run 2: 5.15 TeV)
Z'y > 4.95 TeV (Run 2: 4.56 TeV)
RS graviton: >2.5/4.4/5.0 TeV
(Run 2: 2.47 / 4.16 / 4.78 TeV)

for k/Mp = 0.01 /0.05/ 0.10
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Combination — sharper limits

Combining searches for HVT (B2G-25-003)

* A heavy spin-1 resonance V' (W'/Z’) predicted in the HVT
framework, decaying to VV/VH

* Motivation for combining: individual channels each
show mild local excesses™
None individually significant, but suggestive enough to
motivate a full combination

 This combination: 16 channels from 14 analyses:
6 of them diboson (V'—VV/VH (all-hadronic), V' =>WV/WH (lepton+merged jet),
W’'—-WZ (292¢, 292v), Z'—=ZH (222b, 2v2b, 2£2q, 2v2Qq)), plus 8 fermionic

channels (Z'—= 1T, 2’288, W —=L8v, W =1V, V'—=qq, W —tb, Z'—1t)

*(CMS’s V'=VV/VH (all-hadronic) saw 3.60 at 2.1 and 2.9 TeV, >20 at 1 TeV in W/ =VW(Lv) and Z’—=ZH(bb); ATLAS's
spin-1 combination saw 2.60 at 1.5 TeV in VBF.)

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026
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Combination — sharper limits  [Rleseaw

Combining searches for HVT (B2G-25-003) - Results

* No significant excess in the combination; largest local excess in the combination:
2.30at 2.9 TeV, 2.40 at 3.0 TeV

* Sensitivity primarily driven by the fully hadronic final states (3D fit, jet substructure tagging)

-1
.1 38 ﬂ.) (13 TeV) 138 fb ' (13 TeV)

g 10— ———— 113 Theory interpretation, T S AL
= 10* fr CMS 9% S Upper limit —Jombined two benchmark HVT models: = [ CMS  95% CL upper limit — Combined :
T 103-;g ---- Median expected = V'— leptons > 3 323?;9; octed _V': W \;/WH z
3 12k oaer SXpected v quarks odel B (strongly coupled SM é - " 68% expected W' WZ (2q2v) :
— = ° -1 . o e ! —]
Ty p 7 extension, fermionic couplings s 0 N P erpecied SR
1k +4 suppressed, excludes below 4.8 TeV 102k X <
107 TS 1"; —3E
R N ] Model C (VBF-exclusive, no fermionic '< AR f
o b e 4 couplings): 1.2-1.4 TeV excluded at (| BR(\NVH)—1OO‘V)V;
= Otheory HVT e 0N . - = = Oiheor HVT ) — 0)=
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o5 T ModelB BR(VV,VH)=50% = 10°F —ModeIC,g:=6 E
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Where could new resonances hide?
Heavy states decaying to Higgs/Z/top

Signature: Three leptons + b-jets/top

BSM motivation: two-Higgs-doublet model (Type-ll),
electroweak baryogenesis

Results:
« Search for A = ZH — £2{tt

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026 WA Ly
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New channel, new Iimit

Search for A = ZH — 2£tt (B2G-24-002)

* Heavy pseudoscalar A—Z boson + SM Higgs, with

H—tt in the 2HDM Type-Ill framework

« Two channels: three-lepton final state (Z— ¢, H—tt

semileptonic) (the result) combined with a previously

published all-hadronic search (Z— £, H—tt—jets)

 Mass range probed: ma € [430, 2100] GeV, mny € [330,

2000] GeV

* Fit discriminant: Am(A,H) (robust to interference and

jet energy resolution) combined with
kinematic edge is set by Am(A,H)).

Irene Andreou (irene.andreou@cern.ch)
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New channel, new limit un2- 13- 19TV

Search for A =& ZH — 28ttt (B2G-24-002) - Results

* No significant excess observed; largest fluctuation at (ma, mn) = (850, 500) GeV, local
significance 1.50

« 2HDM Type-ll exclusion contour, cos(—a)=0: excluded region grows as tan[3 decreases (i.e.
the search is most sensitive/restrictive at low tanf)

1200 CMS Preliminary ___1381b"" (13 TeV)
_ CMS~preliminary 13810 (13 TeV) S | AozHoud RS
8 ront g Combination with the =" Exclded ool
e | los614= : : 1000[- =1 Observed .
16001 ...=  previously-published all- 7~ Medan Expeced
—|V. . — . e Ma B
1400] luers  hadronic A—=ZH(tt—jets) P anp-os A
I = § =1.0 V-l
. bes®  channel further 00 anpo1s Al ‘
[ 4 T . I
| 4 peec constrains the 2HDM 700} -
1000 _ i
- 2%z Type-ll phase space 60| -
- 01871 T - i
300 .2 beyond either channel s00f -
1248 :
600 0.0624 alone 400} .
400l 0.0000 700 600 800 1000 1200 1400 1800 7800 2000
2 mp [GeV]

500 ‘O 1000 1250 1500 1750 2006
MAa [GGV]
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Where could new resonances hide?
Resonances hidden inside Higgs decays

Signature: A regressed mass inside a single boosted jet, or a

geometrically-reconstructed displaced vertex (not a classic
bump-hunt

BSM motivation: Extended Higgs sectors (2ZHDM+S), hidden
sector portals linking the Higgs to dark states

Results:
« Search for H = aiai1 = 4b (boosted

» Search for long-lived particles decaying to photons in Higgs
decays

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026
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Hiding in plain sight Run2- 13- 19ToV

Search for H —» aiai1 — 4b (boosted) (NPS-25-005)

CMS Preiminary  99F - no lepton ~ VBF - two forward jets -1 (13 7ev)

. . . %J : + Data Background model Total unc. o5
» Boosted Higgs decays to a pair of new spin-0 S, meecmen  semmaso — smdne oo — swne -
particles, each to a b-quark pair g N

—
-
™ T T T—TTTT

* ParticleNet four-prong jet tagger (X4b) isolates

the boosted H—a1a1—bbbb topology from QCD/ §; mr { W.H =
tt background; a dedicated ParticleNet mass M o ‘:"'\Luﬁn;qb i "QQI'\'H T *: s
regressor reconstructs both m(X) (the full boosted =~~~ = ° 7 T T T Nt mass(a) [GeV]
Higgs candidate) and m(a1) with improved s e Prenngy Associgtec VH - two jets . Leptonig —tsee 91y
resolution over standard jet mass techniques; e — S 156y — Syania)=0 SV — S uiiffl)
background is modeled data-driven via the 5 " |
2DAlphabet method, fit simultaneously across .
four production-mode categories 4
* Largest deviation: local 3.00 (global 1.70) near £ 1| ol ey

m(a1) = 45 GeV AR ACLMOAN)

NS R RS

ParticleNet mass(aq) [GeV]
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Hiding in plain sight
Search for H = aiai = 4b (boosted) (NPS-25-005) - Results
* 95% CL limits on Br(H — ajas — 4b): 0.13% to 9.4%, depending on m(a)

 Improves on previous constraints by up to an order of magnitude

 Most stringent limits to date on 2HDM+S extended Higgs sector scenarios

1 CMS Preliminary 138 fb~' (13 TeV)
g S L e e
:§ - 95% CL upper limit
O ! Observed 68% expected

T:_ [ eeeee- Median expected 95% expected

© —1

— 107

©

T
=3

L
@ g2

103 1

PR [N T T T T N o
20 30 40 50 60

Mass(a,) [GeV]
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/\‘\ .= I | I | I I I I I I IE
T 4 2HDM+S Type | -
s 10 1
!
T 1N
.
@ 40
107
103 Observed 95% CL exclusion .
. -~ =~ Expected 95% CL exclusion .
10 3 H — aa — uutt H— aa — Tt E
- CMS-SUS-23-005 JHEP 04 (2026) 132 1
10°E [ |H - aa — bbbb H—aa—bbll =
= CMS-NPS-25-005 EPJC 84 (2024) 493 =
1 0—6 | | | | | | | | ] | ]
5 6 78 10 20 30 40 50
Mass(a,) [GeV]
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Hiding in plain sight

Search for long-lived particles decaying to photons in Higgs decays (EX0-23-012)

 Benchmark: rare Higgs decay H - ©®0 —
4y, where O is a new long-lived neutral
scalar decaying to a photon pair

* Novel technique: a kinematic fit
reconstructs the displaced decay vertex of
the diphoton pair using only the ECAL's
position and energy resolution, This is
notable because the ECAL has no
longitudinal segmentation, so this is a
geometric reconstruction trick rather than a
hardware-based displacement measurement

* Probes mgy = 15-55 GeV, proper lifetimes (cT)
up to 1000 mm

The geometric reconstruction
diagram itself: y1/y2 photon
trajectories, their ECAL hit
positions, the angles 01/02 used in
the kinematic fit, and the
reconstructed displaced vertex Lyy.

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026

CMS Simulation Preliminary 13 TeV
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The resolution plot: fraction of events
vs. ALxy (reconstructed minus true
displacement), shown for three mo
hypotheses (15/30/55 GeV) at ct = 100
mm. Shows the technique actually
works (the distributions peak sharply

at zero). 1 8
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Hiding in plain sight Run2- 13- 19ToV

Search for long-lived particles decaying to photons in Higgs decays (EX0-23-012) - Results

* No significant excess observed; expected 95% CL limits probe B(H—®) below 10% for
modest B(®P—vyy)

* First CMS search for LLP decays to photons in the 15-55 GeV mass range and lifetimes
up to 1000 mm

01C,MS, Prgliminary e 138 fb~" (13 TeV) 101(.:MS Preliminary """""""" 138 fb' (13 TeV)
| 20 | | | | | ii | £20 |
+10 | | | +10 |

--- Expected | --- Expected |

— Observed |

— Observed 1

B(¢ - yy)=0.05 cT=100 mm

95% upper limit on B(H - ¢ &)
S

95% upper limit on B(H - ¢¢)
2
2

—
<

10_2:‘ 10—2:_
107 1 1 T T ¥ 1 1073 T T T 1 T 3
. c¢ct=0mm_ } = ct=10mm_ |} = ct=20mm_ } = ct=50mm_ |}  c¢t=100mm | = ct=1000 mm | . B(®-vyy)=0.01 | B(®-yy)=002 | B(¢-yy)=0.05 | B(P-oyy)=01 | B(®->yy)=05 | B(P-oyy)=1.0 |
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Mg (GeV)
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Where could new resonances hide?

Low-mass dark photon resonance

Signature: Soft / displaced dimuon pair

BSM motivation: Dark photon, simplified dark sector portal
model

Results:
» Search for Zp — up

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026 W34
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Run 3 -175 fb-1-13.6 TeV

Opening the low-mass frontier
Search for Zp — yu

» Dark photon Zp — py; distinct from the e 175 fb™ (13.6 TeV)
hidden-valley signatures covered in the next  2'° £ CMS preliminary
talk = T e Data
5 10°E
* Enabled by a new inclusive dimuon 5108; s
parking trigger. This is the same scouting/ X
parking technology introduced in slide 4, oL . :
now applied at low mass: allows muon pr -\ i, $
down to 4 GeV, giving increased sensitivity 106 \J s
across the 0.6-8 GeV window : Ui
* Probing the 0.6-8 GeV mass range (in three >0 | ; > 5'77W6(<37eV§3

windows, excluding ¢/J-Pp/P(2S) regions)

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026 21
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Opening the low-mass frontier Run 3175 f - 13,6 TeV
Search for Zp — pyu (EXO-25-019) - Results

* No significant excess observed overall

175 b (13.6 TeV)

- CMS Preliminary — Observed

----- Median expected
1 [ 68% expected
95% expected

* One local fluctuation worth a mention: 2.8c at 2.43 GeV (global i

significance <10); notably consistent with previous hints seen by 8 1?0_1. |1 e

LHCDb (3.10 at 2.42 GeV) and CMS Run 2 (2.40) M, [GeV]

CMS Preliminary

* Sensitivity up to 2x better than Run 2, and now competitive with
dedicated low-energy experiments (BaBar, LHCD)

X)x B(X— uu) x Acc.[pb]
o

(Pp—

o
—k
<

N

175 fb~1 (13.6 TeV)

Limits set on the dark
photon kinetic mixing 10~
coefficient €2 across the 10-6
full mass range

LHCDb

107"E CMS Run3 E

CMS Run2

—8_| ] ] ] ] | | ] ] ] | | ] ] ] | | ] ] ] I | ] ] ] I | ] ] ] | ] ] | ]
10 1 2 3 4 5 6 7
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Where could new resonances hide?#

Vector-like quarks

Signature: Boosted top + photon pair, or top + W/Higgs
boson

BSM motivation: Composite Higgs, naturalness

Results:
» Vector-like T = tp, d — vy
« Vector-like Xs/3

)

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026
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Completing the quark sector

3 c

CMS Preliminary 138fb" (13 TeV) |

Vector-like T — tp, d — yy (B2G-24-016) - Results == 5 5

* First-ever search for this topology; d—yy has a i |
small branching ratio (0.4%) but a very clean | _
signature; signature is two boosted large-radius jets B e T
(top_tagged + diphOtOn) %aow:_CMSPreliminary 1381b7" (13 TeV) _40§ %30 CMS Preliminary 138b™" (13 TeV) xmsé

* Discriminant: the 2D (mteco, mgeco) plane itself
where signal appears as a localised excess at the
tested (mT, mg) point; background (dominated by tt) d)
is estimated from a control region and transferred s ieiia et lis ey
into the signal region via a data-driven transfer 63’.0300: J Y T A B e =
function, validated in the projections shown here "

lllllllllllllllllllllll

100 200 300 400 500 600 700 800 0

10!

200

* Result: VLQ excluded below 1.39 TeV (assuming
B(d—yy)=100%); a local 2.6 excess in this channel |
worth watching 3

Observed o x B(T— ¢ tf x B(o — v v) (fb)

-
o
o
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Completing the quark sector

VeCtor-like X5/3 (B2G-24-005) — Results 11CMS Preliminary — E 138 fb' (13 TeV)

* Pair-produced, single-lepton final state +
>1 b-jet; two decay modes (SM mode
(Xs,3—tW) and BSM mode
(X5/3—=tH=—ttb))

CMS Preliminary 138 b (13 TeV)

0.8 1
score (MassHi= 200 GeV)

CMS Preliminary 138 fb' (13 TeV)

mass [GeV]
o
S

1400

™

X5/

* Discriminant: built from an XGBoost
classifier trained on kinematic variables, 1200
which individually show only modest
sighal over background separation but 1000
the BDT combines them into a single
powerful discriminant

800

0.2 0.4 0.6 0.8 1
BDT score (MassFF= 1000 GeV)

CMS Preliminary 138 fb™ (13 TeV)

600 1 1 1 1 1 1 | 1 1 1
200 400 600 800 1000

* Result: SM mode excluded up to 1.63 H: mass [GeV]
TeV: BSM mode excluded 1.62-1.74
TeV; first-ever Xs/3—tH= result

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026 S
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Where could new resonances hide?#
Leptoquarks

Signature: Lepton + jet resonance (single production), or di-
lepton + di-jet (pair production

BSM motivation: Grand unified theories, persistent B-meson
flavour anomalies

Results:

» Single production, lepton-induced
» Pair production, egj]

» Cross-generational

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026
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Completing the quark sector

Single production, lepton-induced (EXO-24- 005) - Results

CMS Prel/m/nary 138 fb 13 TeV CMS Prellm/nary 138 b~ (13 TeV

. Leptoquark produced via muon-quark scattering, ;1§f+'oata' - ) 1 Bwptom o 3)
using the proton's charged-lepton PDF content 10 | Eovies Moo Wisgoue ] L 1GE Woves Mobown Mioponst

106 — LQ_up_M1000_L1p0 —— LQ_up_M3000_L1p0 EE 10 JF LQ_up _M1000_L1p0 —— LQ_up _M3000_L1p0 I
10° =

» First search for this production mechanism at -
the TeV scale 107

.

A BDT trained on event kinematics splits events into 2:4f Sl
signal-enriched categories (0/1 b-tag, loose/tight); 5,0 """ T ERD P9I AR
within each CategOry, the search fits the mUOn—jet s e s 0 0 oe e By R PRV A TR
. . . BDT Score BDT Score
invariant mass My; which peaks at the LQ mass. e meie  cesmem e

) % S o

 No significant deviation observed. LQ(up) excluded ~ [ P -
for masses 1.5-3.6 TeV in the coupling range | e
A=0.2-0.6; LQ(bp) excluded above 1.8 TeV for / o
A>1 . [ Pair production (PRD.109.112003)

Irene Andreou (irene.andreou@cern.ch)
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Completing the quark sector
Palr production, eqgeq (EXO-24-019) - Results

---------------------------
£ Z Preliminary tz: He ; ' Preliminary E?Y*”ets
D I q u a rk + d I I e ptO n fl n aI State (e eJJ) fl rSt - Q s M= 800 GeV Other backgrounds S e Mg = 800 GeV [l Other backgrounds
w10 CD multijet (data 5 CD multijet (data
‘ e s cav.p 21 ‘ S
generation couplings only; coupling- : |
)

independent search (not A-dependent, unlike
the single-production channel)

o —
oL b b L

03000
mI" (GeV)

data / bkg.

138 b (13 TeV)

° Discriminant: d maSS—dependent SeleCtion CMSPre/[m/nary 138" (13 TeV) s5kcms - , """""

(Meejj > MLq) combined with a per-mass-point § .\ wmow ] G
BDT defines the search region; Validates the « 7\ " - Vecan Epecio 5% CLuppr it |17

X 1 R © [ ]95% CL Expected 3 OF it

- - = Vector 6., B° with unc. |3 1,

— \ P
\’ E— 2 .
and Meej e \ N e e 1 G
— » ., . ;
: \\\ \‘\' : - &

1500 2000 2500~ 3000 3500 = 4000
M, (GeV)

* No significant excess. Scalar LQ excluded
below 1710 GeV; vector LQ excluded below
2110 GeV (minimal coupling) / 2525 GeV SERREEN
(Yang-Mills coupling), all at 3 = 1 o Lol N

500 1000 1500 2000 2500 | 300(
m q (GeV)
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Completing the quark sector
Cross-generational leptoquarks (B2G-25-011)

Run 3 - 220 fb-

220 fb™' (13.6 TeV)

-13.6 TeV

220 fb™' (13.6 TeV)

I Other [ Single t
B DY it

— Sy (LQ-tu/bv,LH,B=0.5,m =1TeV)

o(LQLQ)=1fb

1Oj (I:MS Prel/m/nary +Data .Othelr .Singllet 1Oj ICI|VI|SI IPll’elllllnllnlalryl |+ Dlata
. . . 106 SR4(ee) MisiD  EDY tt 106 SR4(up) MisID
* Third-generation quarks + first-/second- it sk 1 e Foaue
generation leptons; scalar LQ decaying to tf or bv : oD > o

depending on coupling chirality

Boosted hadronic top reconstruction (AK12 jets);
sighal regions split by lepton/b-jet multiplicity and

T
g A Wig’/////%/ %
L PR I T R S N

—400 —200 0

leading-lepton pr, further binned in mrLeC(Q:O and
L1+ prmiss(+HAK12)

mieco

Discriminant: Search built around Apt and L0

No significant deviation from background
expectation

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026
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Events / bin

Events / bin

Obs./Exp.
o 4

Obs./Exp.
o 4

T 1 T T 1 T I 1 I I I + T T I T I
....9. ww‘«x&ﬂ/*/ﬂ///&#///i’////xfy///y// ///%/ //%
| | | |

400 600

Ap+ (GeV)
220 fb™ (13.6 TeV)

{ Data M Other [l Singlet MisID
Il-postfit W it Boy % Unc.

1111

------ Prefit — S, (LQ-te/bv, LH, B=0.5, m,,=1.75TeV)

Ly

am)=1ib

60
SR bins

1111

CMS Preliminary t Data M Other [ Singlet MisID
SR muo p Bw it | )% % Unc.
------ Prefit —S; (LQ-twbv, LH, B=0.5, m 4=1.75TeV)
| o(Lam@)=1fb

200 400 600 800 1000 1200 1400 1600

mieee (GeV)

29


mailto:irene.andreou@cern.ch

Completing the quark sector

Run 3 - 220 fb-

Cross-generational leptoquarks (B2G-25-011) - Results

 Most stringent cross-generational leptoquark limits to date

. Excludes 1720 GeV (e, LH) / 1860 GeV (e, RH): 1760 GeV (u, LH) / 1890 GeV (u, RH)

220 fb™' (13.6 TeV)

) | | ] | | | | | |
2 10= cMs
©

- Preliminary

S, (LQ > tyu, RH, p=1)

— o(LQLQ) (NNLO+NNLL) _|

95% CL upper limits
—— Observed

------ Median expected
B 68% expected
95% expected

| L1 1 1 I 11

1000

Irene Andreou (irene.andreou@cern.ch)

1500

2000

2500

3000

LQ Mass (GeV)

N

)

1
)

-

p

&

1
0.9F

0.8f
0.7F
0.6L

0.5
0.4
0.3
0.2
0.1

220 b (13.6 TeV)

CMS

- Preliminary

S, (LQ—te/bv, LH)
o(LQLQ): NNLO+NNLL

- 95% CL upper limits
— Observed

----- Median expected
- [ 68% expected
95% expected

0"
800 1000 1200 1400 1600 1800 2000

LQ Mass (GeV)

220 fb™' (13.6 TeV)

-13.6 TeV

L | L I L
= CMS
Preliminary

S, (LQ— tu/bv, LH)
o(LQLQ): NNLO+NNLL

- 95% CL upper limits
— Observed

----- Median expected
- I 68% expected
95% expected

of
800 1000 1200 1400 1600 1800 2000

LQ Mass (GeV)

Also shown as a 2D exclusion vs. branching ratio
QCD@LHC 2026
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Completing the quark sector

Leptoquark landscape across searches
Several first-ever results and Run-3-driven improvements this cycle across the whole VLQ/LQ program

Overview of CMS leptoquark searches

CMS Preliminary July 2026
A - 1-4.7 TeV .
Nonres. ee, BlLQ=ue)=1,A=1 arxiv.2503.20023 :—:o;«: 138 b1 (13 TeV)
-5+ Te!
Nonres. ee, B{LQ—=de)=1,A=1 arXiv:2503.20023 :-ﬁ?{“ 138 ib~' {13 TeV)
-3 L
w LQ(gellQl(ge), BILQ=ge)=1,q=u,d :::IS“llsrgicﬁ’zj:lO oz-n.:;r:v::;t" - ;3%“; }élr]e::““
b‘ arxiv:1503.03744 T . C : !
( 210 = - - arxiv.1811.01197 T 36 fot (13 Tev)
T LO(qelLQ(qv,.), BILQ—»qe,qv.)=0.5, g=u,d X 1509.03744 p2-1i6TeV 20 fo-! (8 TeV)
o eLQ(ge), BILQ—=ge)=1,A=1,g=u,d arXiv:1509.03750 AT 20 fo~' (8 TeV)
N~  LQ(bellQ(be), BILQ-=be)=1 CMS.PAS-EXD-24.019 B— 138 b-! (13 TeV)
o D05-LBETV )
LQ(telLQ(te), B(LO~»te)=1 CMS-PAS-82G-25-011 220 b7 (13.6 TeV) ~
LQ(te/bv. LQ(te/bv,), BILQ - te/bvy)=0.5 CMS-PAS-82G-25-011 220 ' (13.6 TeV) 4y}
Nonres. uu, B(LQ-up)=1,A=1 arXiv.2503.20023 ;:E: i:g 138 b {13 TeV)
+Te
Nonres. uy, B(LQ-»du)=1,A=1 arXiv.2503.20023 {-f.é?.l:m 138 fb~! (13 TeV) U
—3.8 Te . —_—
LQ(quiLQ(qu), BILQ-qu)=1,q9=u,d,5,¢C :::::}:{q AW‘:: OJ-‘E;E::’: ;g ;: :}3TISVI E
; -3 - - arxiv:1808.05082 0.2-120 TaV/ 3613 Te'i;':
% LQ(quiQlgv,), BILQ—=qu)=0.5g=u.d,s.c ol E00 (378 A 20 fb°! (8 TeV) (_).
S 0.8-1A45TeVY
T LQIquLQIXDM), BILQ-qu)=0.5,A= 1::, M s 0.45TeV, g=5,¢ arxXiv.1811.10151 7771 {13 TeV) C
: — | -
o ulQlgu), BILQ-qu)=1,q=u,d, A=1 arXiv:1509.03750 T—— 20 " (8 TeV) )
~  LQUUILQ(t), BILQ = tu) =1 arXiv:1809.05558 °"‘“’|{§!1.1°1’wm” v 36 " (13 Tev) Q
. L3
LQ(buN.Q(byu), BILQ—-bu) =1 arxiv.2402.08668 0'3-1"2;-.;.:23T|2v“r Y 138 b1 (13 TeV) 8
ot L4
LQUtuLQ(tu), BILQ-tu)=1 CMS-PAS-826G-25-011 220 fb~" {13.6 TeV) O
LO(tu/bv, )LQ(tu/by,), BILQ = tu/bv,)=0.5 CMS-PAS-82G-25-011 22011 {13.6 TeV) -c_
- /p}
TLQ{uT), BLQ—-uT)=1,A=1 arXiv:2308.06143 e 138 fb~! ({13 TeV) O
TLQ(dT), BILQ=dT)=1,A=1 arXiv:2308.06143 — 138 fb-! {13 TeV) -
( ; - 0.6-1.93 TaV . O
TLQ(s7), B(LQ=5sT)=1,A=3 arXiv:2308.06143 138 b} (13 TeV) E
TLQ(bT), BILQ—=bT)=1,A=3 arXivi2308.06143 R— 138 b=t (13 TeV) ()]
TLQ(bT), BILQ-=bT)=1,A=25 arXiv:1806.03472 T— 36 fb-" (13 TeV) (II)
TLQ(LT), BILQ=bT)=1,A=25 arXiv:2308.07826 o"d%"s?'s"x'ﬁ ; 138 b {13 TeV) E‘-
L " e
g‘ LQ(bTILQ(bT), BILQ-bT1)=1 arXiv:1811.00806 — 36 b~ (13 Tev) ©
T LQ(bTILQ(bT), BILQ=bT) =1 arXiv:2308.07826 °""”.';‘f,,,,°f;1,‘ - 138 b1 {13 TeV] E
o Nonres. TT, A (bT) = 2.5, Ap(bt) =0, A{sT)=0.48 (A = %2' arXiv.2208.02717 1-249 Yoy 138 1b"* {13 TeV) E
rd . L
Wy  Nonres. T7, A (bT) =Ag(bT) =2.5, A({sT) =053 (A=2) arXiv:2208.02717 aerew (13871 (13 Tev) (?)
v 1-4.74 Te¥
Nonres. Tv, A, (bT) = 2.5, Ag(bT) =0, A((sT) =0.48 arXiv:2212.12604 81-13 Tev 138 b~ (13 TeV) C})
Nonres. v, A (bT) = AglbT) = 2.5, Ai(s1) =0.53 arkiv.2212.12604 :'}'ﬂ'{‘ﬂ 138 b {13 TeV) E
A L
LO(tT)LQ(bv,) + v.LQ(tT), AltT) = AlbV,) = 2.5 arXiv.2012.04178 n— 137 b1 {13 TeV) O
LQ(bTILQ(tv,) + TLO(tv,), AltT) = Albyy) =2.5 arXiv,2012.04178 osrartev 137 ' {13 TeV) §
LQ(tTILQ(tT), BILQ =tt)=1,A=1 arXiv:1803.02864 e 36 1h ' (13 Tev) (7))
LQ(tT\LQ(tT), BILQ ~tTr)=1 arXivi2202.08676 R— 137 b~ {13 TeV) B
e
N LQIQuelQ(Quey), BILQ =+ qvy)=1,g=u.d,5.C arXiv:1909.03460 n.s-z.utwu_l_,";v! — 137 b~ {13 TeV) e
o . 5-1.98 Te
T LQ(bv LQ(bvY,), BILQ=bv,) =1 arXiv:1909.03460 — h:;.'s-x.ssz-;r P 137 b ! {13 TeV)
1. L
o LO(tv NQ(tv,), BILQ~=1tv,)=1 arXiv:1909.03460 0'5_1'1"::-140::\11 — 137 /b1 {13 TeV)
95—, L4
N LQ(uvILQ{uve) + velQluve), BILQ=uv)=1,A=1 arXiv:2107.13021 — 137 b~ {13 TeV)
Scal v 0 v 0.1 1 0.2 0.3 0.4 05 06 0708091 2 3 4 5
calar ector (k= ector (x =
‘ { )‘ ( ) Leptoquark mass [TeV]
[: Run 1 18 Tev) :I Run 2 (13 TGV] ; Run 3 (136 TQV) Selection of cbserved exclusion limits at 95% C L. (theory uncertainties are not inchuded|
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The search continues

Summary and outlook

* Across every mass scale and final state covered today (heavy dilepton gauge bosons,
resonances hidden inside Higgs decays, the low-mass dark photon, and the quark sector) the
story is the same: no significant excess observed anywhere

* Several local fluctuations that are worth watching

« Several first-ever results delivered this cycle: the A—=ZH— ££tt semileptonic channel, the first
CMS search for LLP—vyy in this mass/lifetime window, the first search for T—=td(yy), and the
first Xs3—=tH=* result

* Recurring theme: novel triggering and analysis techniques are what's actually driving the
sensitivity gains.

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026
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Ire

We don't know where new physics Is, but
we Know a lot more places it isn't, and
the map keeps getting sharper.

Thank youl!

ne Andreou (irene.andreou@cern.ch) QCD@LHC 2026
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Backup slides
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A Run 2+3 Z’ combination is in preparation for publication

BenCh mark mOdeIS | Complementary results exist: EXO-25-001 (non-resonant Z’

interpretation), EXO-24-011 (wide-resonance interpretation)
/4 ’ -
W', Z’, graviton

I

IZ’ constraints also come from CMS's dijet summary page
(https://cms-summary-searches.docs.cern.ch/dijet summary/)

\

* HVT framework: heavy spin-1 V' with three free couplings — gn (Higgs/boson current,
governs V'—=VV/VH and VBF production), gr (fermion current, governs Drell-Yan production
and V'—££/8v), gv (overall coupling scale). Model A = weakly coupled (gr dominant),

Model B = strongly coupled (mixed), Model C = VBF-exclusive (gr=0)

o | eft-Right Symmetric Model: restores parity at high scale via an added SU(2)r gauge group;
predicts Wr/Zr partners

e E6-motivated models: superstring-inspired GUT extension predicting an extra U(1)" and Z'y

e Randall-Sundrum warped extra dimensions: addresses the hierarchy problem via a warped
5th dimension; the RS graviton is the KK excitation of the 4D graviton

Irene Andreou (irene.andreou@cern.ch) QCD@LHC 2026
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HVT Channel Prod. modes m, range [TeV]  Leptons Jets Reference

7' 11 DY 0.5-4.0 {1, or 2T, — 47
7' — 070 DY 0.8-5.5 2/ — 48]
Analyses W' = v DY 0.8-6.0 14 — 49
W' — v DY 0.8-6.0 1T, — 50
V' = qq" DY 1.8-8.7 0/ 74 51
W' = tb (00) DY 1.0-4.0 0¢ jt5P 52
W' = tb (1¢) DY 2.0-6.0 14 55" 53
7' — tt (10) DY 0.8-5.0 14 jtor 4" 54
7' — ZH (2¢2b) DY + VBF 0.8-5.0 2/ 5P 55
7' — ZH (2v2b) DY + VBF 0.8-5.0 0¢ 5P 55
7' — ZH (202q) DY 1.2-6.0 2/ i 56
7' — ZH (2v2q) DY 1.2-6.0 0/ G 56
W — WZ (2q2¢) DY 0.6-2.0 2/ jVor jj 57
W' — WZ (2q2v) DY + VBF 1.0-4.5 0¢ M 58
V > WV/WH DY + VBF 1.0-4.5 14 /M 59
V' - VV/VH DY + VBF 1.3-6.0 0/ A 20!

Table 1. Summary of the searches for difermion and diboson resonances used as inputs to this
combined statistical analysis. The targeted production modes, resonance mass ranges, reconstructed
particles, and references are listed. In the “Jets” column, only jets from the heavy resonance decay
are indicated. Detailed definitions of reconstructed particles in the “Leptons” and “Jets” columuns,
such as T, and various types of jets, are provided later in the main text.
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Individual-channel breakdown

. 138 fb ' (13 TeV) 138 fb ' (13 TeV)
310'§I "'I""I""I""I"'.'I""I""Ig 31():|--.-I...II.I..I....l....I..E
= 15 - CMS 95% CL upper limit — Combinea E S FcMs 95% CL upper limit ~ — Combined -
S 107 — Observed — V'—>qq = S F — Observed — 7' I -
T 104k ---- Median expected — 7' f (11) . T 1k ---- Median expected W' — v _
o) - 68% expected — W' = tb (11) = Q = . 68% expected — W' = 1V -
10 95% expected v & (ol) E 5 [~ 95% expected —Z' 5Tt .

102 B — Z'— 1 (0l) (not in comb.) - 107 =
0 = ) Z' — bb (not in comb.) - - -
£ E 107 F E
107! -é— é i I
1072 [ —i- 107 3 3
10‘3'E - a 41 -
10—4|....|....|....|....|....|....|.....| 10 §_,I ,||||_§

1000 2000 3000 4000 5000 6000 7000 8000 10002000 3000 _ 4000 _ 5000 6000

m,, [GeV] m,, [GeV]
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Coupling-plane limits

138 b (13 TeV)

@m10:"|""|""|""|""|""|""|":

S C CMS HVT m, =3 TeV — Combined ]

et | — Observed — V' — bosons _

£ - ---- Median expected — V' — leptons -

5 _ 95% expected V' — quarks i
S . 68% expected
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WI

Model-independent coupling limit

* Limit on gw/gw vs. W’ mass, independent of the SSM benchmark assumption

 Models with g_W'/g_W = 2x1072 excluded up to 0.5 TeV, constraint weakens at
higher mass, approaching gw/gw = 1 near the SSM exclusion limit

62 fb™' (13.6 TeV)

62 fb' (13.6 TeV) 10
; 10 - | I I I I ! l I I | ! l I I | ! I I I | | I I | ! | I I I -1 O); E I CIIMIS I ' I ! ' ' ! I ' ' ' I I ' I ! I I E
o) - CMS - ~ - ~. S
it L Preliminary : > - Preliminary
= - 4 o -
> W+ pr

95% CL upper limits
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95% CL upper limits 10 'E

107
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----- Expected 5 N 5 2 d.
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[ ]1+2sd.
.............. ' -2 | —
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A—ZH

Model & discriminant construction

« 2HDM Type-Ill: second Higgs

doublet with the same Yukawa o0 CMS Prefiminary L =138 " (13 Tev) CMS preiiminary L =138 (13 TeV)
structure as the MSSM: this oy Bl mm ] 8T mno. @mme
parameter space is tied to models of ;e =Zmae  Sme o D Ennee Dme
electroweak baryogenesis 3 w0 ' 2« ' _

« Before the final pt(Z)xAm
discriminant, the two individual
variables are validated separately:
Am(A,H) (robust to interference/JER)
and p1(2) (kinematic edge set by Am)
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H _} a1 a"' 102|V||S|Pr?/illnillvalry 138 fb (13 TeV) 2 CMS Preliminary 138 fo ' (13 TeV) .
\ 4 | 2HDM+S Type |- S ?)I;DM+Sd Tgvsr:/e I . S
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added to 2HDM,; the lightest BRIt von JHH‘E’Pag;gg;é,m{ 08 //J %
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H—aia

Tagger performance & categories

' CMS simulation Prelimi 3 TeV

¢ PartICIGNet X4b tagger ROC > 1Elll|||||I|T|u||altI|0|r|,||,|’?|”|T|"|n|a|,|‘}|/||||||||||||(|1|||||e||) CMS SImUIatlonPrellmlnary (13TeV)
" " . 8 E H—>a1a1—>4b,m(a1)=15G|eV 5 1§|||||||||||||||||||||||||||||||||||||||||||||||||

curves (signal efficiency vs. S [ Hlaaibmia)-300Gev S L Hoae,4b m(a)=15GeV

QCD/‘tf b k d ff- . % 10— H—>a1a1—>4b, m(a1)=45 GeV § S — H—>a1a1—>4b, m(a1)=30 GeV

dC grOun e IClenCy) ParticleNet X4b tagger WP40 [ — H—a,a,;—~4b, m(a) = 45 GeV

8 ParticleNet X4b tagger WP60 = ParticleNet X4b tagger WP40

C

at the tWO WOrk|ng pOIntS 10_2;_ _ ParticleNet X4b tagger WP60 -
used (WP40, WP60) ; = —

—
<
N

|
—
o
w
|
|

» Category definitions (Table 1) 10 v
and expected signal/ 0 s e e e b e e R A

10°°

baCkgrOund yleldS per Signal efficiency 0 0.1 02 03 04 05 O.gigorigl gf?ic?e'i Cy1
category (Table 2), for the

breakdown across gg0¢£/

VBFjj/Vjj/leptonic
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LLP—yy

Background validation

* Data vs. predicted background for Lxy < —10 cm sideband, W and Z categories;
demonstrates the background model's validity before looking at the signal region

CMS Preliminary 138 fo-" (13 TeV) CMS Preliminary 138 o’ (13 TeV)
c Wopv T T T T Wsey T | 5§ | Z - p I Z—ee
2475t + - ;50_" T -
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_ I 1 o |} |
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5 I 1 30 T ’
100f + 1 7
75 1 . o0l 1 _
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1 10 T -
o5 .
of 0 e
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> 0 S 0F
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Dark photon portal model & Zp Run 2/3

* Dark photon kinetic mixing: a new U(1)o gauge boson mixing with the SM photon
via a small parameter € — the simplest "portal” linking a hidden sector to the SM

 The Run 2 low-mass €? limit appears better than Run 3's at some masses — this is
reflects a change in the dark-photon interpretation procedure
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VLQ

Composite Higgs motivation & additional T—t¢ limits

 Composite Higgs /
naturalness: vector-like
top partners cancel the
top-loop quadratic
divergence to the Higgs
mass, addressing
naturalness without
supersymmetry

* Per-mg exclusion curves
(100-300 GeV), both

B(d—yy)=1.0 and 0.004
scenarios
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Xs/3

BDT input variables ranking

Rank Variable

St

Number of W-tagged AKS jets

Invariant mass of all jets and leptonically decaying W bosons
Invariant mass of the ¢ and angularly closest b jet pair
Number of t-tagged AKS jets

Invariant mass of the ¢ and jet with subleading pt
Invariant mass of the £ and jet with third-highest pr
Invariant mass of the ¢ and leading b jet pair

Sphericity

Minimum invariant mass of the ¢ and any b jet pair
Minimum angular distance between the ¢ and any AK4 jet

Transverse mass of the £ and pss

pl'TnlSS

Transverse momentum of the system of the two leading b jets and pss
Minimum angular distance between the £ and any b jet pair

Lepton energy

Third-highest DEEPJET discriminant value

Second-highest DEEPJET discriminant value

AR between the ¢ and the b jet yielding the minimum invariant mass
AR between the ¢ and the jet yielding the minimum invariant mass

O O NI ON Ol = WL N -

SOOI U WN RO

N .\ .\ .\ .\ .\ .\ e\ .\ L\ .\
|
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Leptoquarks

Theory motivations

 GUT frameworks: Pati-Salam and SU(5) naturally predict leptogquarks as states
unifying the quark and lepton sectors

 B-anomalies: persistent tensions in R(D*), R(K*) measurements favour leptoquarks

coupling preferentially to third-generation quarks; directly motivates the cross-
generational search (B2G-25-011)

 RH couplings exclude higher masses than LH (1860/1890 vs. 1720/1760 GeV) — LH
leptoquarks share their decay between t¢ and bv (SU(2) doublet structure), while RH
leptoquarks decay almost purely to tf, giving more signal in the searched channel
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