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Wilson Coefficients and how to bound them
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Why Diboson?: Its effect on the tails
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Original fig. by C. Severi, M. Thomas, E. Vryonidou Energy
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Franceschini et al [1712.01310]
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Vh:
A diboson case study

Based on: Bishara, Englert, Grojean, Panico, ANR [2208.11134]
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Many dim-6 operators affect Vh...
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suppressed growth

...but just a few are well probed.
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A trick of the tails
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Resurrecting the interference in diboson

Angular observables improve sensitivity

Azatov et al [1707.08060]; Panico et al [1708.07823]; Azatov et al [1901.04821];
Banerjee et al [1905.02728, 1912.07628]; Bishara, ANR et al [2004.06122]...
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Bonus: CP-odd observables!
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The power of combining regimes

Boosted

ATLAS [2008.02508]

DOI: 10.1018/] physletb.2021.136204 28th April 2021

Measurement of the associated production of a
Higgs boson decaying into b-quarks with a vector
boson at high transverse momentum in p p
collisions at 4s = 13 TeV with the ATLAS detector

The ATLAS Collaboration

Resolved

Scale-invariant s h
tagging

Gouzevitch et al [1303.6636] b
Bishara et al [1611.03860]
With use of ATLAS, 2007.02873

DOl 10.1140/epjc/s10052-020-08677-2 9th March 2021

Mass-drop tagging
Butterworth et al, 0802.2470

Measur_ements of WH and Z H production in the
H — bb decay channel in p p collisions at 13 TeV
with the ATLAS detector

The ATLAS Collaboration

Categories ‘ Variable ‘ (HL-)LHC
boosted {0,300, 350, 0c }
0-lepton P min [GEV]
resolved ' {0,160, 200, 250, oo}
boosted N 10,175, 250, 300, oo}
1-lepton i [GeV]
resolved {0,175,250, 00}
boosted {250, 00}
2-lepton PT,min [GEV]
resolved {175,200, cc}

Adding Resolved category: 10-20% improvement at LHC
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All of diboson at (HL-)LHC
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LHC Run 3 is limited by statistics

Combining diboson channels closes flat directions
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Diboson:
Beyond the Basics
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Loop-induced processes matter

ANR, M. Thomas, E. Vryonidou [2306.18215]

Dim-6 SMEFT effectsin g9 > HH,ZH, ZZ WW
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Interesting interplay with quark channel at NNLO

R. Gauld, U. Haisch, L. Schnell [2311.06107]
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https://inspirehep.net/literature/2669407
https://inspirehep.net/literature/1791136

Dimension-8 effects in WW, WZ, WH and ZH

C. Degrande, H. Li [2303.10493] T. Corbett, A. Martin [2306.00053]
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https://inspirehep.net/literature/2644215
https://inspirehep.net/literature/2664563

Extra bosons for extra fun: Triboson

R. Bellan, S. Bhattacharya, G. Boldrini, F. Cetorelli, P. Govoni [2303.18215]
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Stay tuned, more to come! See E. Celada’s talk tomorrow

E. Celada et al [24XX.ZZZYY]
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https://inspirehep.net/literature/2647728
https://inspirehep.net/literature/1791136
https://inspirehep.net/literature/1791136

WH goes CP-odd at LHC

R. Barrué, P. Conde-Muiiio, V. Dao, R. Santos [2308.02882]
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Bishara, ANR, et al [2004.06122]

Not a surprise!
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W

NLO effects? Coming soon...
ANR, E. Vryonidou [24XX.ZZZYY]

Other diboson channels are also great CPV probes
N. Clarke Hall, et al [2209.05143]

14.
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https://inspirehep.net/literature/2686037
https://inspirehep.net/literature/1791136
https://inspirehep.net/literature/2150461
https://github.com/madminer-tool/madminer
https://inspirehep.net/literature/1791136

Multiboson in the future

MANCHE;%EER Precision physics in SMEFT with multiboson | Alejo N. Rossia, 28 Feb 24 15.

The University of Manchester



Diboson at FCC-ee

J. De Blas, et al [1907.04311, 2206.08326]
SMEFIT (w/ E. Celada, J. ter Hoeve, ANR) [24XX.YYYZZ]

Entanglement in — S wso00
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—— HLLHC + FCCee
R. Aoude, et al [2307.09675]

Ratio of Uncertainties to Global Fit Baseline, NLO O (A~2)
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All the W W~ power
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https://inspirehep.net/literature/2678490
https://inspirehep.net/literature/2678490
https://inspirehep.net/literature/2678490

Diboson at FCC-hh

Improves the old, adds new channels

FC(thlOOIbVﬁ%)abillop fit.
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The double-binning
advantage at FCC-hh
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Concluding Multiremarks
@® Diboson is a key process in the precision program at (HL-)LHC.
@ Its several incarnations offer a very rich Physics landscape.

@® NLO QCD effects are understood in CP-even cases. NLO EW and CP-odd
are the next frontier and WIP.

@® Dimension-8 and Triboson have just started being explored. Much to do!
@® LHC has exceeded expectations, HH seems within reach.

® Multiboson will remain relevant for decades to come.
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Thanks for your attention

and happy workshop!

Contact:

Alejo N. Rossia

HEP Theory Group — Dept. Of Physics and Astronomy
E-mail: alejo dot rossia at manchester dot ac dot uk
http://www.hep.man.ac.uk/
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Growing helicity amplitudes in gg —» ZH

/\91 ) )‘g2a AH, Az O OgoG
+,4+,0,+ \/E——mtg”ggtz"“ log(—s ) —
A m mg Tightly constrained
B
mt gs 9.
+,+,O,— \/thAlog(m%t) —
' -2 —2
memz g2 g7 m2 v g2 gZ —0.019 TeV™* < ¢y < 0.003 TeV
++,0,0 | =70’ () | o log? (i)
2 42 —2 —2
mtgs g . .
I e [l Pl - A . 0.062 TeV ™~ < ¢4 < 0.24 TeV
2 2 2 7 . .
m¢ g3 93, mi v gg gy SMEFiT Collab. [arXiv:2105.00006]
+,—,0,0 g WQmZt.A t7r2 mZt‘A log2(752)

MANCHESTER
1824

Diboson production from gluon fusion in SMEFT | Alejo N. Rossia, 11 Sep 23 A]__

The University of Manchester



Helicity amplitudes in gg —» ZH
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The triangles cancel each other out
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Bounds on Higgs and top operators
from the tails of pp - ZH

Third-generation operators Quark and gluon
channels interplay
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7h. Lifting up cancellations
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(Slightly different rapidity binning for Z — vv)

LML | Precision studies at FCC-hh with diboson (Vh) production | Alejo N. Rossia, 6 July 2023 A4 J




