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Motivation

• We need Physics Beyond the Standard Model
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• Precision with hadron colliders?  Yes!

Heavy New Physics

Effective Field Theories

ATLAS, 1905.07714

1.

Tail hunting!

Clean channels + NP effects that grow with E

Diboson processes are useful



Leptonic diphoton Wh.
arXiv 2004.06122 (JHEP 07 (2020) 075)



• Assumptions: SMEFT + Dim. 6 op. in Warsaw basis + MFV.
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What New Physics can we probe?

3.

High energy behavior
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Interference patterns

4.

Measuring angles resurrects interference
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Interference patterns

5.

Differential in 𝒑𝑻
𝒉 and 𝝓𝑾
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Interference patterns

5.

Differential in 𝒑𝑻
𝒉 and 𝝓𝑾

𝝂 reconstruction



Diphoton Zh.
arXiv 2011.13941 (JHEP 04 (2021) 154) 



• Assumptions: SMEFT + Dim. 6 op. in Warsaw basis + Flav. Univ.
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What New Physics can we probe?

8.

High energy behavior
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Interference patterns

9.

Cancellation of up and 

down contributions

Suppression by SM coupling

Differential in 𝒑𝑻 and rapidity

(Slightly different rapidity binning for 𝑍 → 𝜈 ҧ𝜈)



Very competitive bounds for 𝒄𝝋𝒒
(𝟑)

(Zh + Wh comb.)
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10.



Sizeable impact on aTGC bounds
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11.



Conclusions
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12.

• New diboson channels to do precision measurements at FCC-hh,               

like 𝑾𝒉 and 𝒁𝒉 with 𝒉 → 𝜸𝜸.

• With a simple 𝒑𝑻 binning, they offer competitive sensitivity to 𝓞𝝋𝒒
(𝟑)

.

• In 𝑾𝒉 , a binning in 𝝓𝑾 gives an observable linear in 𝓞𝝋෪𝑾 with competitive 

sensitivity.

• In 𝒁𝒉, a binning in rapidity helps to overcome cancellations between 

different flavor contributions in 𝓞𝝋𝒒
(𝟏)

.

• 𝑾𝒉 and 𝒁𝒉 with 𝒉 → 𝜸𝜸 are not exploration channels, but important to 

probe different directions.
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Appendix.
For even more details, read our papers.
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Interference patterns

A1.

Helicity amplitudes: High energy behavior

Wh.
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⊃

A2.

Background

Wh. Signal



Simulation details
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• Montecarlo generation: Madgraph5_aMC@NLO v.2.6.5; showering: Pythia 8.2; detector simulation: 

Delphes v.3.4.1 with FCC-hh card.

• Signal and 𝑊𝛾𝛾 simulated at FO, the rest simulated at LO. QED k-factor for the signal.

• Parton level generation cuts:

A3.

Wh.
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• Selection cuts and cutflow in the third 𝑝𝑇
ℎ bin:

A4.

Analysis detailsWh.
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• Events per bin for the relevant processes

A5.

More resultsWh.
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• Bounds on 𝒪𝜑𝑞
(3)

with one operator fit as a function of the NP scale 𝑀. See details in JHEP 07 (2020) 075, Fig. 5

A6.

More resultsWh.
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• 95% CL bounds

A7.

More resultsWh.
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• 95% CL bounds

A8.

More resultsWh.
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• 95% CL bounds summary

A9.

More resultsWh.
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• Bound on aTGCs. 𝑐𝜑𝑞
(3)

is related to aTGCs as follows:

A10.

• For theories where the vertex corrections are small (e.g. universal theories), the bound on 𝑐𝜑𝑞
(3)

can be 

recast as a bound on 𝜕𝑔1𝑧. For 5% systematics and Λ = 1 TeV:

One operator Fit Profiled global fit

𝜕𝑔1𝑧 ∈ −5.0, 4.4 × 10−5 −17.6, 5.8 × 10−5

LEP 

([1902.00134])

Current LHC

([1810.05149])

WZ@HL-LHC

([1712.01310])

FCC-ee

([1907.04311])

𝜕𝑔1𝑧 ∈ −1.3, 1.8 × 10−1 −19, 1 × 10−3 −1, 1 × 10−3 −5, 5 × 10−4

• Bound from other sources:

More resultsWh.
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Interference patterns

A11.

Helicity amplitudes: High energy behavior

Zh.



Simulation details
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• Montecarlo generation: Madgraph5_aMC@NLO v.2.7.3; showering: Pythia 8.2; detector simulation: 

Delphes v.3.4.1 with FCC-hh card. SMEFT@NLO UFO (http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO)

• Signal simulated at LO and corrected to (QCD+QED) NLO with k-factors. Gluon initiated processes 

simulated at LO. The rest simulated at QCD NLO.

• Parton level generation cuts:

A12.

Zh.

http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO
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• Selection cuts and binning:

A13.

Analysis detailsZh.

• K-factors for signal in 1+QCD+QED format
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• Events per bin for the relevant processes in the neutrino channel. Wh is part of the signal because it is affected 

by 𝓞𝝋𝒒
(𝟑)

.

A14.

More resultsZh.
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• Events per bin for the relevant processes in the leptonic channel.

A15.

More resultsZh.
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• Bounds on 𝒪𝜑𝑞
(3)

with one operator fit combiningthe Wh and Zh processes as a function of the NP scale 𝑀.

A16.

More resultsZh. + Wh.
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• 95% CL bounds

A17.

More resultsZh.
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• 95% CL bounds

A18.

More resultsZh.
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• 95% CL bounds summary

A19.

More resultsZh.


