Hadron Jets and Confinement Using Abelian Higgs Model

We investigate the production of hadron jets and confinement from the final state of high energy e~e™ annihilation
using abelian Higgs model. The model produces scalar QED at high energies (UV regime) when e~e™ annihilate. This
process is represented by a complex scalar field |¢| and at low energies the virtual photon v produced in the process
transform into glueball field 1 coupled to high energy complex fields represented by |¢| (identified as (anti)quark
fields) after spontaneous symmetry breaking (SSB). The glueball fields produce color confinement with a glueball mass
m,, in the IR regime, calculated phenomenologically. The glueball field leads to gluon condensate resulting into
effective masses (glueball and gluon masses) and monopole condensate as a by-products of confinement. The jets are
formed through vacuum excitations of the glueballs by decay of the glueball fields, temperature fluctuations or long
distance separation of (anti)quarks. The energetic fields |¢| represents the behaviour of the color particles (massless
quarks) at short distances (UV regime), usually refered to as partons. The glueball vacuum <n2m%F W F,,), confining
potential V,(r), string tension o, penetration depth A and the effective masses (m}? and m*?) were studied at a finite
temperature T' as well. We introduce a color dielectric function G(|¢|) coupled with gauge field which is well defined
to produce confinement. After SSB we identify the color dielectric function G(n) with the strong 'running’ coupling
as and subsequently the QCD S-function. Finally, we use our model to investigate the inflationary regime of the early
universe.

We demonstrate the high energy annihilation through scalar QED and followed by spontaneous symmetry breaking
of the SU(2) x U(1) symmetry to an energy regime suitable for describing the expected final hadron state of the
process i.e. efe™ — v — qgg — 3 — jets. Because the running coupling, as(Q?), of the strong interaction decreases
with momentum increase (short distances) so, it has been argued that the final state of e~ e™ annihilation can be
calculated from perturbation theory for the production of quarks and gluons in the UV regime. That notwithstanding,
the experimental result of the final state of this process is hadrons and not quarks and gluons. This is the main
motivation for this work. We are able to systematically trace the final process of e~et annihilation by combining
phenomenological and effective field theories making approach curious with very interesting results.
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