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Precise description of particle interactions up to the electroweak scale!!
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Credits to A. 

Credits to A. Credits to A. 

Taken from Particle 

Vacuum stability 

Baryogenesis

Dark matter

Naturalness

https://physics.aps.org/articles/v10/s119
https://physics.aps.org/articles/v13/174
https://physics.aps.org/articles/v8/108
https://particleadventure.org/images/history-of-the-universe-2015.pdf


V’

Credits to. Y.Lai. Artwork modified from symmetry magazine

‣Beyond the Standard Model (BSM) theory models predict: 

‣Additional heavy bosons 

‣Dark matter candidates 

‣Extra-dimentions 

‣…. 

‣with properties largely unknown 

‣Broad range of signatures to analyse at the LHC: 

‣Hadronic final states 

‣Leptons 

‣missing transverse momentum
Andrea Malara March 2026

Hunting for New Physics at the Energy Frontier
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https://www.symmetrymagazine.org/article/where-the-higgs-belongs
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New Physics searches in CMS
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‣CMS explores a wide range of models and experimental signatures 

‣This talk highlights: 

‣Heavy vector resonances: Spin-1 combination: (Run 2) 

‣New Run3 results on  searches (Run 3) 

‣High-mass jet signatures: Dijet and pair of dijet searches (Run 2 & Run 3)
W′￼ → lν

More public results here and here
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JHEP 05 (2020) 033
 qq/qq'→V' 

PLB 820 (2021) 136535
 bqq,b→ tb →W' 

JHEP 07 (2021) 208
 2l→Z' 

JHEP 07 (2022) 067
ν l→W' 

B2G-23-008
,cc/4qνν ll/→ ZH →Z' 

EPJC 81 (2021) 688
,bb/0bνν ll/→ ZH →Z' 

PRD 105 (2022) 032008
,qqν l→ WW →Z' 

PRD 105 (2022) 032008
,qqν l→ WZ →W' 

PRD 105 (2022) 032008
,bbν l→ WH →W' 

PLB 844 (2023) 137813
 qq,qq/bb→ VV + VH →V' 

PRD 106 (2022) 012004
νν qq,→ WZ →W' 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#2025_LHC_BSM_WG_general_meeting
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Heavy vector bosons
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W′￼ → qq′￼

W′￼ → WH

Z′￼ → qq

Z′￼ → ℓℓ

Z′￼ → ZHV′￼ → VV

W′￼ → ℓν

V′￼

Submitted to JHEP: 
arxiv:2601.12583Run 2

https://arxiv.org/abs/2601.12583
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Heavy vector bosons -- Run2 fluctuations

9Moriond EW

2 2.5 3 3.5 4 4.5 5 5.5 6
 [TeV]W'm

3−10

2−10

1−10

1

10

210

 tb
) [

pb
]

→
 W

' 
→

(p
p 

σ

95% CL upper limits
Observed
Median expected
68% expected
95% expected

 tb)→ W' → (pp σ

 (13 TeV)-1138 fb

CMS

 = 1%W'm/Γ

W′￼ → qq′￼

W′￼ → WH

 local excess in 
 at 3.4-4.4 TeV  

for CMS-B2G-20-012  

> 2σ
W′￼ → tb

 local excess in 
  at 2-3 TeV  

for CMS-B2G-20-009

> 3σ
V′￼ → VV → had

Z′￼ → qq

Z′￼ → ℓℓ

Z′￼ → ZHV′￼ → VV

 local excess in 
 at 2.7-3.4 TeV  

for CMS-EXO-19-019 

> 2σ
Z′￼ → ℓℓ

W′￼ → ℓν

 local excess in
 at 1TeV   

for CMS-B2G-19-006

> 2σ
Z′￼ → Z(νν)H(bb)

1000 1500 2000 2500 3000 3500 4000 4500
 (GeV)W'm

4−10

3−10

2−10

1−10

1

W
Z)

 (p
b)

→
(W

'
Β ×

(V
BF

 W
') 

σ

 (13 TeV)-1137 fb

CMS

95% CL upper limits
Observed
Median expected
68% expected
95% expected

=3)
H

WZ (HVT model C, c→W'

 local excess in 
 at 1TeV  

for CMS-B2G-19-002  

> 2σ
W′￼ → W(ℓν)V(qq)

1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
 [TeV]V'M

5−10

4−10

3−10

2−10

1−10

1

10

 V
V+

VH
) [

pb
]  

→
(D

Y 
V'

 
Β

 x
 

σ

 (13 TeV)-1138 fb

CMS
Preliminary

Observed

 1 std. deviation±Expected 

 2 std. deviation±Expected 

B
VV+VH) HVT→ BR(V'×THσ

 

 

 

 

1000 1500 2000 2500 3000 3500 4000 4500
 (GeV)Z'm

0.01
0.02

0.1
0.2

1
2

10
20

100
200

1000
2000

 Z
H

) (
fb

)
→

(Z
' 

Β
(Z

') 
σ

non-VBF signal

  (13 TeV)-1137 fb

CMS 95% CL upper limits
Observed
Median expected
68% expected
95% expected
HVT model A
HVT model B

JHEP 11 (2018) 172
Observed
Median expected

300 400 1000 2000 3000
m [GeV]

4−10

3−10

2−10

1−10

1

10

Lo
ca

l p
-v

al
ue  = 0.6%Z'/MZ'Γ  = 3%Z'/MZ'Γ

 = 5%Z'/MZ'Γ  = 10%Z'/MZ'Γ

)-µ+µ (13 TeV, -1 (13 TeV, ee) + 140 fb-1137 fb

CMS

σ0

σ1

σ2

σ3

V′￼

Run 2 Submitted to JHEP: 
arxiv:2601.12583

https://doi.org/10.1007/JHEP05%282024%29046
http://Phys.%20Lett.%20B%20844%20(2023)%20137813
https://doi.org/10.1007/JHEP07(2021)208
https://doi.org/10.48550/arXiv.2102.08198
https://doi.org/10.48550/arXiv.2109.06055
https://arxiv.org/abs/2601.12583


Andrea Malara March 2026

Heavy vector bosons -- Legacy combination

10Moriond EW

‣Combination of 16 searches: 
‣Maximal coverage of final states 
‣Different sensitivity across the parameter space 

‣Interpretation under the HVT framework 
‣Simplified framework for spin-1 resonances 
‣Couplings controlled by 2 parameters

W′￼ → qq′￼

W′￼ → WH

Z′￼ → qq

Z′￼ → ℓℓ

Z′￼ → ZHV′￼ → VV

W′￼ → ℓν

V′￼

5

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” columns, such as τh and various types of jets, are provided later in the main text.

Channel Prod. modes mV→ range [TeV] Leptons Jets Reference
Z→ ↑ τ+τ↓ DY 0.5–4.0 ωτh or 2τh — [47]
Z→ ↑ ω+ω↓ DY 0.8–5.5 2ω — [48]
W→ ↑ ων DY 0.8–6.0 1ω — [49]
W→ ↑ τν DY 0.8–6.0 1τh — [50]

V→ ↑ qq (→) DY 1.8–8.7 0ω jj [51]
W→ ↑ tb (0ω) DY 1.0–4.0 0ω j

t
j
b [52]

W→ ↑ tb (1ω) DY 2.0–6.0 1ω j
b

j
b [53]

Z→ ↑ tt (1ω) DY 0.8–5.0 1ω j
tor jjj

b [54]

Z→ ↑ ZH (2ω2b) DY + VBF 0.8–5.0 2ω j
bb [55]

Z→ ↑ ZH (2ν2b) DY + VBF 0.8–5.0 0ω j
bb [55]

Z→ ↑ ZH (2ω2q) DY 1.2–6.0 2ω j
H [56]

Z→ ↑ ZH (2ν2q) DY 1.2–6.0 0ω j
H [56]

W→ ↑ WZ (2q2ω) DY 0.6–2.0 2ω j
Vor jj [57]

W→ ↑ WZ (2q2ν) DY + VBF 1.0–4.5 0ω j
V [58]

V→ ↑ WV/WH DY + VBF 1.0–4.5 1ω j
V [59]

V→ ↑ VV/VH DY + VBF 1.3–6.0 0ω j
V

j
V [20]

diboson final states further enhance sensitivity to the VBF production mode by selecting events
with two additional small-radius jets that have a large invariant mass and a large separation in
pseudorapidity.

The analysis channels are categorized according to the reconstructed final-state candidates:

• ω: muons or electrons,
• τh: hadronically decaying τ leptons,
• j: small-radius jets,
• j

b: small-radius jets identified as originating from b quarks (b-tagged),
• j

V: large-radius jets identified as W or Z bosons decaying to qq (V tagged),
• j

bb: large-radius jets identified as H or Z bosons decaying to bb (double-b tagged),
• j

H: large-radius jets identified as H bosons decaying hadronically (H tagged), and
• j

t : large-radius jets identified as hadronically decaying top quarks (t tagged).

In all channels, the signal is searched for as a localized excess over a smoothly falling back-
ground in the reconstructed mass or transverse mass spectrum. Background estimation strate-
gies vary by channel. Analyses involving leptons and small-radius jets primarily rely on
Monte Carlo (MC) simulations to model the background. In contrast, analyses that use neural-
network-based, large-radius jet taggers employ control samples in data to estimate the back-
ground, as the misidentification rates for these taggers are challenging to simulate accurately.

To ensure statistical independence among channels, event selections were designed to avoid
overlaps in both the signal and control regions. Mutual exclusivity is enforced in most chan-

Run 2 Submitted to JHEP: 
arxiv:2601.12583

https://arxiv.org/abs/2601.12583
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Z′￼ → ℓℓ

Z′￼  V′￼ 

W′￼ → ℓν

V′￼

‣  and  as leading channels 

‣Previous 2.7–3.4 TeV fluctuation in  reduced 

‣No significant deviations observed

Z′￼ → ℓℓ W′￼ → ℓν
Z′￼ → ℓℓ
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Run 2 Submitted to JHEP: 
arxiv:2601.12583

https://arxiv.org/abs/2601.12583
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Heavy vector bosons -- Bosonic channels

12Moriond EW

W′￼  ￼

W′￼ → WH

Z′￼ 

Z′￼ 

Z′￼ → ZHV′￼ → VV

W′￼ 

V′￼

‣   as leading channel 

‣Run-2 tensions at 1–3 TeV are reduced 

‣No significant deviations observed

V′￼ → VV/VH → had
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Run 2 Submitted to JHEP: 
arxiv:2601.12583

https://arxiv.org/abs/2601.12583
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Heavy vector bosons -- Coupling scan

13Moriond EW

W′￼ → qq′￼

W′￼ → WH

Z′￼ → qq

Z′￼ → ℓℓ

Z′￼ → ZHV′￼ → VV

W′￼ → ℓν

V′￼

‣Sensitivity depends on the relative couplings to fermions and bosons 

‣No significant deviation observed up to 6 TeV
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W′￼ → qq′￼
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Run 2 Submitted to JHEP: 
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https://arxiv.org/abs/2601.12583
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Search for W′￼ → lν
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One of the most sensitive probes of heavy vector bosons 

‣Clean experimental signature 

‣High-  isolated lepton (e or ) 

‣Large missing transverse momentum 

‣Transverse mass ( ) used as the sensitive variable 

‣  

‣Leading uncertainties: 

‣Exp: Jet and lepton energy scale 

‣Theo: PDF and high-  cross section 

pT μ

mT

mT = 2 ⋅ pl
T pmiss

T ⋅ (1 − cos Δϕ(pl
T, pmiss

T ))

mT

CMS-EXO-24-021Run 3

     

l

ν

https://cds.cern.ch/record/2957051


500 1000 1500 2000 2500 3000 3500
 (GeV)min

Tm

2−10

1−10

1

10

210

310

  (
fb

)
ε × A × 

Β × 
σ

95% CL upper limits
Observed
Expected
 1 s.d.±
 2 s.d.±

miss
T

 + pµe/

Preliminary
CMS

 (13.6 TeV)-162 fb

1000 2000 3000 4000 5000 6000
 (GeV)W'm

2−10

1−10

1

10

210

310

410

510

  (
fb

)
Β × 

σ

 SSM W' NNLOσ

95% CL upper limits
Observed
Expected
 1 s.d.±
 2 s.d.±

miss
T

 + pµe/

Preliminary
CMS

 (13.6 TeV)-162 fb

Andrea Malara March 2026

Search for  -- ResultsW′￼ → lν
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‣No significant deviation from the SM 

‣SSM W’ mass excluded up to  

‣Model-independent interpretation  

‣Improved sensitivity compared to Run2 

‣Higher center-of-mass energy 

‣Lower trigger threshold for e-channel

∼ 6 TeV

Dataset e channel

Obs (exp) TeV

μ channel

Obs (exp) TeV

e+μ channel

Obs (exp) TeV

Run2 5.4 (5.3) 5.6 (5.5) 5.7 (5.6)

2022+2023 5.7 (5.9) 5.6 (6.0) 5.9 (6.2)

Run 3 CMS-EXO-24-021

https://cds.cern.ch/record/2957051
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Dijet angular analysis
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Nonresonant effects in dijet production 

‣Angular distribution ( ) as the sensitive variable 

‣Scattering angle of the dijet system 

‣Small dependence on theoretical uncertainties  

‣Normalised differential cross sections: 

‣Compared to NNLO QCD + EW predictions 

‣Detector response accounted for via response smearing 

‣Leading uncertainties: 

‣Exp: Jet energy scale and resolution 

‣Theo: Scale choice of  (updated wrt. previous results)
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1 − cos(θ*)
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Dijet angular analysis -- Results
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‣No significant excess observed  

‣Several interpretations provided 

‣Quark compositeness 

‣DM models 

‣Extra-dimensions 

‣SMEFT

Run 2 CMS-EXO-24-011: 
paper to be submitted

http://link
http://link
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Pair-produced dijet resonances
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 Dijet pair 1: pt=
 pt = 2.20 TeV blah  
 mass = 2.13 TeV

 mass = 1.95 TeV
 pt = 1.92 TeV blah    
 Dijet pair 2: pt= 

phi = -1.83
eta = 0.12 

pt = 1.46 TeV
PF Jet 2:

PF Jet 1:
pt = 1.83 TeV
eta = 0.71 
phi = 2.04

PF Jet 4:
pt = 0.59 TeV
eta = -1.60 
phi = -1.03

PF Jet 3:
pt = 0.82 TeV
eta = -0.47 
phi = 0.76

Run/Event: 383326/498320877
Lumi Section: 215

Resonant dijet pair production 

‣Two dijet resonances reconstructed with 4 jets 

‣Sensitive observables: 

‣Four-jet mass  

‣Average dijet mass  

‣Highest mass events previously observed with Run2 data: 

‣CMS:   

‣Current highest mass events with Run3 data: 

‣CMS:  

m4j

m2j

m4j = 8 TeV; m2j = 2 TeV

m4j = 6.2 TeV; m2j = 2 TeV

CMS-EXO-25-004Run 3

https://cds.cern.ch/record/2947130?ln=en
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‣Fit of the falling spectrum of  

‣Performed in  bins  to minimise background sculpting 

‣Discrete profiling is used for background modelling 

‣No significant excess observed 

‣Interpretation in diquark models (D2D)

m4j

m2j /m4j →
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Pair-produced dijet resonances -- Results
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‣Intriguing excess from Run2 analysis not confirmed 

‣But more data still to be analysed
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b Jet

Pair production of new particles X decaying to dijets with 2 b-jets

b Jet



Dijet Pair 1
Pt = 2.31 TeV

Mass = 1.54 TeV 

Dijet Pair 2
Pt = 2.25 TeV

Mass = 1.54 TeV 

PF Jet 4
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Phi = 0.11
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Pt = 1.39 TeV
Eta = -0.17
Phi = -2.22
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Dijet pair production with 2 b jets 

‣Resonant: 

‣  and  as the sensitive variables 

‣Non-resonant: 

‣  as the sensitive variable 

‣Current highest mass events with Run2 data: 

‣CMS:  

m4j m2j

m2j

m4j = 5.5 TeV; m2j = 1.5 TeV

Run 2 CMS-EXO-24-039

https://cds.cern.ch/record/2957052
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M(X)/M(Y) = 0.25

B(bs) = 1

 (13 TeV)-1138 fb

PreliminaryCMS ‣Fit of the falling spectrum of  

‣  for the non-resonant interpretation 

‣No significant excess observed 

‣Limits set on: 

‣pair-produced diquarks (D2D) 

‣Top squark (RPV)

m4j

m2j
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Run 2
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323λRPV coupling 
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https://cds.cern.ch/record/2957052


Andrea Malara March 2026

Conclusions

28Moriond EW

 CMS continues to probe new physics at the highest accessible energies 

‣Heavy vector resonances 

‣Run2 legacy combination of 16 channels 

‣Sensitivity up to 6 TeV 

‣W’ search showcases improved sensitivity using Run3 data 

‣High-mass searches 

‣Dijet angular analysis probing non-resonant BSM effects 

‣Pair-produced dijet resonances 

‣No significant deviation observed from the SM observed (yet)  

‣Constantly improving techniques for high-mass signatures 

‣Large Run3 dataset to be explored 

‣Sensitivity will continue to grow

Thank you for your attention!
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ℒint
𝒲 = − cq

g2

gV
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μq̄kγμ σa
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μH† σa

2
iDμH + h.c.)

V′￼‣Heavy Vector Triplet (HVT): 

‣ Simplified framework for heavy spin-1 resonances 

‣Massive charged and neutral bosons (Z’ and W’) 

‣Similarities with the SM EW sector 

‣ Couplings to fermions and bosons controlled by  and  gF gH

σDY = (cq
g2

gV )
2

̂σDY

Production

Decay

Submitted to JHEP: arxiv:2601.12583

https://arxiv.org/abs/2601.12583
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W′￼ → qq′￼

W′￼ 

Z′￼ → qq

Z′￼ 

Z′￼  V′￼ 

W′￼ 

V′￼

‣  as leading channel 

‣Tension at 3.4-4.4 TeV from  not confirmed 

‣No other significant deviations

V′￼ → qq
W′￼ → tb

Mass scan

Submitted to JHEP: arxiv:2601.12583

https://arxiv.org/abs/2601.12583
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W′￼  ￼

W′￼ → WH

Z′￼ 

Z′￼ 

Z′￼ → ZHV′￼ → VV

W′￼ 

V′￼

‣   as leading channel 

‣Tensions at 1 TeV in  and  reduced 

‣Tensions at 2-3 TeV in  reduced 

‣No other significant deviations

V′￼ → VV/VH → had
W′￼ → W(ℓν)V(qq) Z′￼ → Z(νν)H(bb)

V′￼ → VV → had ‣Mixing of DY and VBF signals, when available!!

Mass scan

Submitted to JHEP: arxiv:2601.12583

https://arxiv.org/abs/2601.12583
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Z′￼ → ℓℓ

3− 2− 1− 0 1 2 3
)

F
 sign(g×

H
 g

1−10

1

10

F
95

%
 C

L 
up

pe
r l

im
it 

on
 g

CMS

 (13 TeV)1−138 fb

 = 10%V'/mV'Γ

 = 4%V'/mV'Γ A

B

Combined
-l+ l→Z' 
ν l→W' 
ντ →W' 

-τ+τ →Z' 

 = 3 TeVV'HVT m
Observed
Median expected
68% expected   
95% expected   

 scangH − gF

Submitted to JHEP: arxiv:2601.12583

https://arxiv.org/abs/2601.12583


3− 2− 1− 0 1 2 3
)

F
 sign(g×

H
 g

1−10

1

10

F
95

%
 C

L 
up

pe
r l

im
it 

on
 g

CMS

 (13 TeV)1−138 fb

 = 10%V'/mV'Γ

 = 4%V'/mV'Γ A

B

Combined
 VV/VH→V' 
 WV/WH→V' 

)ν WZ (2q2→W' 
2b)ν ZH (2l2b+2→Z' 
2q)ν ZH (2l2q+2→Z' 

 = 3 TeVV'HVT m
Observed
Median expected
 95% expected
 68% expected

Andrea Malara March 2026

Combination’s results

34Moriond EW

W′￼  ￼

W′￼ → WH
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W′￼ 

V′￼

‣   as leading channel 

‣Tensions at 1 TeV in  and  reduced 

‣Tensions at 2-3 TeV in  reduced 

‣No other significant deviations

V′￼ → VV/VH → had
W′￼ → W(ℓν)V(qq) Z′￼ → Z(νν)H(bb)

V′￼ → VV → had

 scangH − gF
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CMS-EXO-25-004Run 3
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