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https://arxiv.org/abs/2502.07878

carry weak gauge charges, like and g

at sufficiently high energies, real W pairs are populated

Dawson('85), Kunszt & Soper ('88)
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like QED and QCD, EW evolution plays role at high energies

(EW-DGLAP!!1)
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Ciafaloni & Comelli ('05), 4+ many more by Ciafaloni, et al
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https://arxiv.org/abs/hep-ph/0505047

state-of-the-art

parton density functions (PDFs) for EW content
of protons (L) and leptons (R) known to some order
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Bauer & Webber ('17,'18) *

Han, Ma, & Xie ('20, '21)

Frixione & Stagnitto ('23)
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https://arxiv.org/abs/1703.08562
https://arxiv.org/abs/1808.08831
https://arxiv.org/abs/2007.14300
https://arxiv.org/abs/2103.09844
https://arxiv.org/abs/2309.07516

parallel activities to extend mainstream event generators
MadGraph5_aMC@ONLO ('20, '21, '25) , WHIZARD (to appear)

o(p - — F+ anything) = fy/,+ ® f;),,~ ® G + uncertainties
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https://arxiv.org/abs/2005.10289
https://arxiv.org/abs/2111.02442
https://arxiv.org/abs/2502.07878

parallel activities to extend mainstream event generators
MadGraph5_aMC@ONLO ('20, '21, '25) , WHIZARD (to appear)
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bare W{/M&/Zk/'yx PDFs at LO “hard scattering” at LO

X X
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parallel activities to extend mainstream event generators
MadGraph5_aMC@ONLO ('20, '21, '25) , WHIZARD (to appear)
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My, PV,
+ @ MZ + O /WQ <— (appear from expanding — V) / matrix elements)
vv/ vv/

perturbative power—law corrections
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parallel activities to extend mainstream event generators

MadGraph5_aMC@ONLO ('20, '21, '25) , WHIZARD (to appear)
o
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Higgs Production in /. /. collisions

lots of results

(L) s ViuViw = HX

(R) VTVO — HX

100 Vector Boson Fusion — All Polarizations

100! Transverse —Longitudinal Contribution
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w/ A. Costantini, et al [2005.10289, 2111.02442]; see Pheno'22 talk
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https://arxiv.org/abs/2005.10289
https://arxiv.org/abs/2111.02442
https://indico.global/event/787/contributions/21576/

what is new?
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long history of W/Z PDFs not reproducing full matrix element
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Plot: Myw for WoWy — HH

e'y > HH ‘;e"u @ 4 TeV
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w/ A. Costantini, et al [2111.02442]
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Plot: Myw for WoWy — HH
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Plot: Myw for WoWy — HH

e'y > HH ‘;e"u @ 4 TeV
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are disagreements between full ME and “PDF picture” really just

missing O(M,/ @) power corrections 72 ©

2w/ |. Bigaran [2502.07878]
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https://arxiv.org/abs/2502.07878

power-law corrections originate from taking
collinear expansion of the ;1= — V) / matrix element

Vi(q) (M&) (,ﬂ Ma)
=LLA+O || + O =L =5 + ..
’\/\/\/\/\/ 02 E2 B

LP in 6, NLP in 6,

idea: keep track of higher order terms in the collinear expansion

similarities to case of e~ — e~ splitting by Frixione, et al (PLB'93) [hep-ph/9310350]
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https://arxiv.org/abs/hep-ph/9310350

PDFs at leading power (LP)
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leading (M3,/1i%) — 0 term recovers usual leading log approx(LLA)

Dawson('85), Kunszt & Soper ('88)
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PDFs at next-to-leading power (NLP)

results for the R: / unitary gauge

. (2 — z) M2 I ,
fgf/lzz.(z 'U'f) f‘l;f/fz.(z"uj) |:1 + (1-2z) Ei‘;: - 4E‘2, (2-2) f\l}:)/&(zwuj-)
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LP Vv f
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2 M(z
B o) = F8je, o) = g [ o) + 15, o)

lots of interesting behavior:
- 6ANP ~ f)\I,‘P = helicity flipping!

O(p?/E}) and O(Mg,/E3)) terms vanish in DIS limit
— subtle in axial gauges (vackupt)

— NLP corrections are negative
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numerical impact of NLP corrections

Plotted: PDFs vs z= Ey/E, for E, = 2.5 TeV
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NLP corrections go negative when Ey, < My,
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use pathologies to guide our phase space sampling®

3mgSamc (v.3.6.3-dev) available already from git repo:
github.com/mg5amcnlo/mgbamcnlo/tree/3_x_EVA_NLP
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https://github.com/mg5amcnlo/mg5amcnlo/tree/3_x_EVA_NLP

Plot: My for Wo Wy — HH : :
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https://arxiv.org/abs/2502.07878

final words
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motivated by a muon collider

but something new and interesting for the LHC
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Mww 2 1 — 2 TeV is already accessible at LHC
CMS 359" (13 TeV)
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1709.05822

much need on the Monte Carlo side,

but may already be possible to probe proton’s W/Z content at LHC
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https://arxiv.org/abs/1709.05822

many challenging questions and tasks remain,

but clear direction for further theory developments of W/Z PDFs
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Thank you!
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more fascinating behavior

R. Ruiz (IFJ PAN)
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PDFs at next-to-leading power (NLP)

results for the R: / unitary gauge neicity inversion!

: 2
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axial gauge with n> = 0 (ignt-iety Same but technically artifact of n#
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- for R / unitary: e#(q, A =0) ~ é*(q,A=0) o (—1,4+q)

— for axial (LL): e#(g,A=0) ~ é*(g,A=0)x —n* = (—1,49q)
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PDFs at next-to-leading power (NLP)

axial gauge with timelike (TL) and spacelike (SL) reference vectors* n*
—> PDFs@LP are same for all A = +£1,0
—> PDFONLP are different for A =0

NLP LP NLP LP M
Ot = i)~ [~ K] o~ 0 () ©

violations of gauge invariance are

LL <> TL &> SL = |[M(Vy)]? «— M(Vy)M*(Vy)

-~

PDF interference

NLP corrections to (neglected) interference similarly

NLP LP NLP LP M
[flnt - flnt. ]LL - [flnt. - flnt. ] TL, st ™ o (?\‘//) ©

*TL: n* = (1,0,0,0) and n* = +1,  SL: n* = (0, —g) and-n* =—1
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Plotted: PDFs vs pur
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since fif~ p¥, NLP corrections go negative when ur> Ey

(breakdown of collinear approximation)
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