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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 offer a window 

into EW and Higgs dynamics.



The process of interest.

2.
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Double binning for the win

4.

Cancellation of up and 

down contributions

Suppression by SM coupling

Differential in 𝒑𝑻 and rapidity (only FCC-hh)

(Slightly different rapidity binning for 𝑍 → 𝜈 ҧ𝜈)

Zh.
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New collider, new possibilities

5.

For 𝑝𝑇
ℎ > 550 GeV:

Today

Future

𝒔

𝒔 + 𝒃
≪ 𝟏

𝒔

𝒔 + 𝒃
≈ 𝟏

How will the known channels evolve from LHC to FCC-hh?

How will they compare with the new ones?

Watch my talk 
at Higgs 2021



Let them be quarks, Vh.

6.

arXiv 2208.11134
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Combining regimes
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7.

Vh.

Scale-invariant

tagging
Gouzevitch et al, 1303.6636

Bishara et al, 1611.03860

ATLAS, 2008.02508 ATLAS, 2007.02873

+Projections for FCC-hh based on CDR

With use of

Mass-drop tagging

Butterworth et al, 0802.2470

Adding Resolved category: 10-17% improvement at LHC.

Boosted Resolved
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Direct comparison LHC vs FCC-hh
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8.

(𝒉 →) 𝜸𝜸 ≈ 𝒃ഥ𝒃 @FCC-hh

Vh.

LHC Run 3 is limited by statistics

FCC-hhHL-LHCLHC Run 3
~2x ~5x
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9.

Rapidity binning effects.Vh.

Significant impact on 𝓞𝝋𝒒
(𝟏)

due to the lift of the cancellation. 
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10.

Vh.

Clear complementarity among diboson channels

Sizeable impact on aTGC bounds
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11.

• (𝑾, 𝒁) 𝒉 is an interesting diboson channel that probes several operators.

• A simple 𝒑𝑻 binning yields competitive sensitivity to 𝓞𝝋𝒒
(𝟑)

.

• 𝒉 → 𝒃ഥ𝒃 allows us to perform these studies at (HL-)LHC, but with limitations.

• Resolved events contribute non-negligibly.

• In 𝒁𝒉, a binning in rapidity improves the sensitivity to 𝓞𝝋𝒒
(𝟏)

. 

• At FCC-hh, 𝒉 → 𝜸𝜸 and 𝒉 → 𝒃ഥ𝒃 achieve similar results in different ways.

• 𝑾𝒉 and 𝒁𝒉 with are not exploration channels, but important to probe 

different directions.
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Appendix.
For even more details, read our papers or contact us.
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FCC-hh: The LHC of the future

A2.
Timeline from talk by M. Benedikt (CERN) at FCC Workshop 2022

2021-2025            Feasibility study

2030-2045            Construction

2045-2060            FCC-ee operation

2070-2095            FCC-hh operation



Standard Model EFT (SMEFT) and Interference
• Field content and gauge symmetries of the SM and linearly realized EW sym.

• Add gauge invariant operators with dimension bigger than 4.

| No channel left behind: revisiting Vh at LHC, HL-LHC and FCC-hh | Alejo Rossia, 8 November 2022
A4.

• Leading deviations from the SM appear at dimension 6.

Interference
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A5.

High energy behaviour

Interference between same polarisation

Differential in 𝒑𝑻

Wh. Interference patterns
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Interference patterns

A6.

Measuring angles resurrects interference

Wh.
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Interference patterns

A7.

Differential in 𝒑𝑻
𝒉 and 𝝓𝑾

𝝂 reconstruction

Wh.



Tagging algorithm

| Diboson precision measurements with the Higgs at FCC-hh and LHC | Alejo N. Rossia, 12 October 2022
A17.

Vh.
Final partons

“Minijets”

𝑅𝑚𝑖𝑛𝑜𝑟 = 0.4

Anti-𝑘𝑇

𝑅𝑚𝑎𝑗𝑜𝑟 = 1.0

“Fatjets”

𝑝𝑇-leading jet

Recluster C/A, 𝑅𝑚𝑎𝑗𝑜𝑟

MD-tagged?

Yes No
Boosted

event

Resolved 

event

Output

Output



(b-)Tagging algorithm
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A18.

Vh.
∃ (𝑏, 𝑐, 𝑗) final parton within ∆𝑅 ≤ 𝑅𝑚𝑖𝑛𝑜𝑟 of Minijet 𝑏 –tag for Minijet with prob. 𝑒𝑓𝑓(𝑏,𝑐,𝑗)

𝐿𝐻𝐶/𝐹𝐶𝐶

Enough for Resolved eventsFor Boosted events

+1 𝑏-tag for MDT jet per 𝑏-

tagged Minijet within ∆𝑅 ≤ 0.2
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Binning in 𝒉 → 𝒃ഥ𝒃

A8.

Vh.
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• Events per bin for the relevant processes

A9.

How big is the background?Wh.
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• Wh is part of the signal because it is affected by 𝓞𝝋𝒒
(𝟑)

.

A10.

Signal and backgroundZh.
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• Events per bin for the relevant processes in the leptonic channel.

A11.

More resultsZh.
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A29.

Vh.
𝒉 → 𝒃ഥ𝒃
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• 95% CL bounds

A12.

More resultsWh.
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A13.

95% C.L. on the bosonic operatorsWh.
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• 95% CL bounds summary

A14.

More resultsWh.
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A15.

At FCC-hh, photons or b-quarks?Vh.
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A16.

Bounds for 𝒄𝝋𝒒
(𝟑)Vh.
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• 95% CL bounds

A17.

More resultsZh.
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• 95% CL bounds summary

A18.

More resultsZh.



Sizeable impact on aTGC bounds
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20.

Vh.

Clear complementarity with future lepton colliders
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UV models: Spin-1 tripletsVh.

A19.



| Diboson precision measurements with the Higgs at FCC-hh and LHC | Alejo N. Rossia, 12 October 2022
A31.

Vh.
𝒉 → 𝒃ഥ𝒃
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A32.

Vh.
𝒉 → 𝒃ഥ𝒃
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A33.

Vh.
𝒉 → 𝒃ഥ𝒃



Diphotonic Vh: 

A summary from the future.
arXiv 2004.06122 (JHEP 07 (2020) 075)

6.

arXiv 2011.13941 (JHEP 04 (2021) 154) 



Diphotonic channel in perspective
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7.

Vh.



Dimension-6 operators in Vh
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MFV suppressed No interference with SM for massless quarksSub-leading energy growth

A21.

Vh.


