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● Axion-Like Particles (or ALPs) are neutral pseudo scalars with shift-invariant and/or anomalous
couplings

● Effective Field Theory (EFT) consistent with SM gauge and CP symmetries
● a
● ALP interactions with SM particles have a derivative character: they grow with momentum
● a
● a
● a
● a
● LHC sensitive to NP scale fa ~ TeV
● a
● ALP couplings to EWK bosons: ZZ, WW and W𝛾
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● Vector Boson Scattering (VBS)

● Nonresonant ALP searches proposed by M.B. 
Gavela, J.M. No, V. Sanz and J.F. de Trocóniz
[1905.12953] 

● ALP acts as a very off-shell mediator of the
process

● a
● Signals independent of ALP mass ma and its

decay width up to ma ≲ 100 GeV

● VBS limits on ALP couplings to vector boson
independently of the gluon coupling
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NONRESONANT REGION

A Novel Approach: 
Nonresonant ALPS in VBS



● a
● Derivative nature of ALP 

interactions: deviations in the
tail of the diboson mass with
respect to the SM

A Novel Approach: 
Nonresonant ALPS in VBS
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ALP Diboson Mass in CMS Leptonic Analyses
● ATLAS/CMS Run 2 measurements.

● Reinterpretation of five CMS VBS analyses with lepton/photon final states:

● Look at high energy deviations in the tail of the transverse momentum/mass spectra
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● Z𝛾: CMS-SMP-20-016
● W𝛾: CMS-SMP-19-008

● Selections cuts and integrated luminosities in the CMS papers

● Calibrate our Delphes detector simulation for the ALP-mediated VBS using the SM EWK channel

● ZZ: CMS-SMP-20-01
● Same-sign WW and WZ: CMS-SMP-19-012



ALP Diboson Mass in CMS Leptonic Analyses
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Results
● No excess found

● Current limits with CMS Run 2 data and projected limits at Run 3 and HL-LHC in the
ALP (𝑐 !", 𝑐 #$) parameter space

● Expected diff. cross sections parameterized in (𝑐 !"/𝑓%, 𝑐 #$/𝑓%) plane with 4th -2nd degree
polynomials for pure ALP signal / interference
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(for large fa and 
Ma < 100 GeV)



Results
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Results
● Limits are very competitive and probe previously unexplored regions of the param. space
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(See backup slides)



Conclusions
● Access to EWK couplings independently of the gluons

● Limits independent of the ALP mass and decay width (ma ≲ 100 GeV)

● Current limits (CMS Run 2 data) and projected limits (Run 3 and HL)

● Limits are very competitive and probe previously unexplored regions of the param. space

● Great opportunity for a dedicated ALP searches at Run 3 and HL-LHC
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ArXiv: 2202.03450
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Physical couplings
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Comparison to existing bounds
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• Red: this work

• Green: no assumptions

• Light blue: nonresonant ggF. Depend on the coupling to
gluons and asume 𝑔𝑎𝑔𝑔 = 1 TeV−1

• Dark blue: gluon dominance, i.e., 𝑔𝑎𝑔𝑔 ≫ 𝑔𝑎𝑉1𝑉2

• Orange: 𝐵𝑅(𝑎 → 𝛾𝛾)= 1

• Grey: more elaborate assumptions on the EWK sector
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Comparison to existing bounds
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Comparison to existing bounds
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