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Motivation

We consider the production of the Z° boson in the processes qq' — Z°qq’. The non-abelian
nature of weak gauge bosons constitutes an important feature of the Electroweak theory.
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e We discuss if one can identify the three-boson interaction (three-boson coupling
vertex) in a direct experimental measurement

@ We inspect if it can be done through comparing two different partonic subprocesses
leading to the production of Z° boson in a quark-quark scattering, using splitting
approximation approach.
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The Splitting Framework

The first of the considered processes is mediated by a gluon exchange.
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When we impose kinematic cuts on the emitted Z° boson p7(Z) > pT min the diagrams do

not interfere. The process can then be factorized into quark-quark scattering q¢’ — qq’
followed (or preceeded) by a quark splitting g — qZ° or ¢’ — ¢'Z°:

The cross sections qq' — qq’Z can be written as
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The pT min can be determined from a comparison between direct calculation (including
interference) and the sum of four separate ‘splitting’ contributions.
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Splitting in VBF

The second process is mediated by W boson exchange. Here, in addition to 4 diagrams a
diagram containing the triple gauge-boson coupling appears.
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We assume that one can find the kinematic region (p7 > p7 min) Where the contributions of 4
diagrams except three-boson vertex can be described with the splitting approximation.
Comparing the direct calculation (based on five Feynman diagrams with their interferences)
and the sum of four splitting contributions we inspect the possibility of extracting the
three-boson gauge vertex contribution.
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Valid splitting approximation pT region

Zproductioning (q,) +q'(d,) - Z(p,) +a(p,) +d (p,), G exchange
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The splitting approach reproduces the direct calculation in pr(Z) > 500GeV
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Three-Boson Vertex (WWZ) Contribution

Z production in q (q1) +q' (qz) - Z( pZ) +q( pl) + q'(pz), W exchange

N - ion-
_gl% ——— Direct calculation: 0.

Approximation: Gpprox = 04+ 0, + 03+ 0,
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Angular Distributions

pr(Z) > 500GeV
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Angular Distributions in VBF

pr(Z) > 500GeV
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Conclusions

@ Comparing two different partonic subprocesses allows us to estimate the role of the
three-boson coupling vertex.

@ We demonstrate that the three-boson interaction can be extracted in an experimental
measurement within the considered kinematic region.
@ The splitting approximation approach reproduces the exact calculation in the high-pr
region
pr > 500 GeV
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Thanks for Your Attention




References

ﬁ A.G. Bagdatova, S.P. Baranov, Modern Physics Letters A, Vol. 40, No. 05n06, 2450230
(2025), DOI: 10.1142/S0217732324502304

@ J.R. Christiansen, T. Sjéstrand, JHEP 04 (2014) 115

[@ G.L. Kane, W.W. Repko, W.B. Rolnick, Phys. Lett. B 148, (1984) 367 .
[§ S. Dawson, Nucl. Phys. B 249, (1985) 42 .

[§ J. Chen, T. Han, B. Tweedie, JHEP 11, (2017) 093 .

[] C.W. Bauer, N. Ferland, B.R. Webber, JHEP 08, (2017) 036 .

[@ B. Fomal, A.V. Manohar, W.J. Waalewijn, JHEP 05, (2018) 106 .

[§ T.Han, Y. Ma, K. Xie, Phys. Rev. D 103, (2021) L031301 .

Z Boson Production via Vector Boson Fusion May 2026



Splitting function g — gX: Derivation

To calculate the quark to X splitting function, X is W or Z boson, we start with the process
ete” — ~v* — G+ g+ X considered in the virtual photon rest frame.

e

W(Z)

When the input energy becomes large, the entire process can be factorized into the 'prequel’
process (before the quark splitting eTe™ — v* — g + q) and splitting.

2
_ do(esWgqg) 1 1 ‘M(V*—>qul)‘
dP (q—>Xq)— do(eerqq) — (2m)® 47\/2(s,p*2m2) ‘M(y*—mc‘;)}z

Eq.(1) can be reduced to the conventional splitting function:

X dsydsp do dip d cosf. (1)

Pqw(z) = /P(q* — W/Zq)(z— pl,/p"t) x dsidsy dp dip d cos 6 (2)
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Splitting function g — gX: Results

In the high-energy limit it reproduces the Weizsacker—Williams behavior
Qe [1+(1—2)2 S
27

5 } for Z bosons with

’Pq—ﬂflz (Za 5) = ~ am
w

_ a -2 2 3 -2 2 3_ 41
Aol = gt o [(eqsm Ow)” + (T2 — eqsin®Ow)” |, T2 = £5 for u/d-type quarks.
@ $=16m, @ w-am,
- - - transverse [, - L - - transverse [
o transverse [, o transverse
C‘; 10t - ‘Inuensngllr\vA‘dmal 0 \'-*; w0t _‘I:eng:(;dmal 0
o F o F
107 107
10° = 1072
1047\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ 10 vl b b b b b e b ba e
0 ) 0 01 02 03 04 05 06 07 08 09 1
z z

Z Boson Production via Vector Boson Fusion May 2026 13/13



