o Limits on the anomalous magnetic and electric dipole momentg, “#
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Abstract
In this paper the production cross-section pp — (v,7) —

v,y + X in pp collisions at /s = 13,14,33TeV is presented.
Furthermore, we estimate bounds at the 95% C.L. on the dipole
moments of the tau-neutrino using integrated luminosity of £ =
100, 500, 1000, 3000 b~ collected with the ATLAS detector at the
LHC and we consider systematic uncertainties of ds,5 = 0,5, 10 %.
We found that the current and future LHC bounds are weaker than
other experiments reported in the literature. However, it is shown
that the process under consideration is a good prospect for probing
the dipole moments of the tau-neutrino at the LHC.

1 Introduction

In the SM the neutrinos are massless particles of which theirs
electromagnetic property are poorly known experimentally.
In addition, the observation of neutrino oscillation shows
the necessity of neutrino masses, which implies that the SM
to be modified such that non-trivial electromagnetic struc-
ture of neutrino should be reconsidered [1]. In the minimal
extension of the SM to incorporate the neutrino mass the

anomalous magnetic moment (MM) of the neutrino is known
3e¢ FMy,
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3.1 x 107 (117, where up = 5 18 the Bohr magneton
2], and the non-zero mass of the neutrino is essential to get a
non-vanishing magnetic moment. Furthermore, the SM pre-
dicts CP violation, which is necessary for the existence of the
electric dipole moments (EDM) of a variety physical systems.
The EDM provides a direct experimental probe of CP viola-
tion [3], a feature of the SM and beyond SM physics. The
signs of new physics can be analyzed by investigating the elec-

tromagnetic dipole moments of the tau neutrino, such as its
MM and EDM.

The physics program of the ATLAS Collaboration at the LHC
4] contemplates the study of the hadroproduction of Z bosons
associated with one or two photons. To carry out your study
the ATLAS Collaboration use £ = 20.3 fb—1 of pp collisions
collected with the detector operating at a center-of-mass en-
ergy of /s = 8TeV . For their analysis they use the decays
Z/~y* — 171~ with [ = (e~ oru) and Z — vwv. The pro-
duction channels studies are pp — {7{"v + X and pp —
[Tl ~~+X. Another important channels are pp — vy + X
and pp — vvyy + X.

Motivated for the physical program of the ATLAS collabora-
tion with regard to the study on the dipole moments of the

to be developed in one loop calculation, p, =

of the tau-neutrino in pp collisions at the LHC
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1n the anomalous magnetic moment g, and the electric dipole
moment d;,_, which are defined in terms of the Fy(¢* = 0) and
F3(¢? = 0) form factor as follows:

o = (525 ) PO )
dy, = (2;%)&(0). (3)

2.1 pp — v,y + X cross-section beyond
the SM

We study the process of simple production of photon in associ-
ation with a pairs of massive neutrinos that could be observed
at the LHC, the schematic diagram is given in Fig. 1. The
double production of v may take place due the reaction
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FIGURE 1. The Feynman diagrams for the processes
qq — (v, Z) = vriry.

The Feynman diagrams of the process

qq — (v, Z) — vriry. (4)

We present numerical fit functions for the total cross-sections
with respect to center-of-mass energy and in terms of the form
factors Fo and F3.
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FIGURE 2: The total cross-sections of the process pp —
vrUry 4+ X as a function of F» and F3 for center-of-mass

energy of v/s = 13T eV
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FIGURE 3: Same as in Fig. 2, but for /s = 14TeV .
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FIGURE 4: Same as in Fig. 2, but for /s = 33TeV.

The best bounds obtained on p,,_ and d,_ are 1.251 X 1075 up
and 2.424 x 10_17ecm, respectively, as shown in Table I.
These limits are the most stringent to date, which are obtained
through process pp — v,y + X and with the parameters of

the LHC.

/s =33TeV, 95% C.L.

LOf67Y)  dsys  lpw,(up) x 107°] |dy, (ecm)|
100 0% 2.196 4.256 x 10~ 17
100 5% 3.298 6.391 x 10~ 17
100 10% 3.960 7.674 x 10717
500 0% 1.704 3.303 x 10~17




