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1 The problem

In this project, we focus on studying the possibility of observation of the neutrinoless double beta decay, a

process associated with the Majorana neutrino
p+p—on+n+et +et. (1)

Specifically, we investigate this process in case neutrons are detected by the Zero Degree Calorimeter (ZDC)

detector on both sides of Interaction Point 1 (ATLAS).

2 Model and process amplitude

We study the process using the effective Lagrangian
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where g is the coupling constant of the weak interaction, ¢y and c4 are vertor current and axial current couplings,
Ui, is the Pontecorvo-Maki-Nakagawa-Sakata matrix, p, n, W, e are fields describing proton, neutron, W boson,
electron respectively, and vy is the Majorana neutrino field.

There are 4 diagrams, one of them shown in Figure 1, describing above process and the full amplitude is

written as
A=A — Ay — A + Ay (3)
in which
Az = Ai(p1 < pa), As = Ai(p2 < p3), Ay = Ai(p1 < pa,p2 < p3), (4)

where A; is the amplitude corresponding to the diagram in Figure 1. The minus signs in front of A3 and As

terms in equation (3) are due to the interchange of one pair of fermions.
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Figure 1: One of the possible Feynman diagram for inverse double beta decay corresponding to amplitude
A1, see the text.

3 Analytical and numerical results

3.1 Analytical results

From the amplitude A, we obtain the explicit form of the process probability.
The expression is too complicated to be presented here. The full expression and detail calculations can be
found in the full report [1].

3.2 Numerical results
Using MadGraph 5 [2], we obtain the cross section for the process and for the background as

Osignal = 5.715 x 1071 £ 2.6 x 107 pb, (my = 1.5TeV), (5)
Obackground = 1.684 x 10* £ 6.7 x 10" pb. (6)

After the cuts which are explained in [1], the current ratio of cross sections of the signal (my = 1.5 TeV) to the

cross section of the background is

Osignal
_ Tstgnal 141 (7)
Obackground

We are still working to improving the cut to increase the ratio of signal to background.

4 Conclusion

Using the effective Lagrangian, we have obtain the expression of the process probability and the numerical
result of the process cross section. The huge background can be significant reduced to distinguish the signal.

Detailed results and comments are given found in the full report [1].

5 Project experience and Key learnings

Project Activities

I started the project by considering the process and determining the Lagrangian that could describe the
process. The project progressed through the following key steps:
1. State the process and determine the Lagrangian.

2. Draw Feynman diagrams and write correspoding amplitude expression.



Calculate the process probability.
Calculate the process and background cross section by Madgraph 5.

5. Estimate the limits of scattering angles and pseudo rapidity of the final particles so that the neutrons can

be detected by the ZDC.

6. Reduce the process background by introducing appropriate cuts.

7. Build the phase space for Monte Carlo integration on the cross section over a partial phase space (in

progress)

Key learnings

As a result of these activities, I have gained the following knowledge and skills:

seesaw mechanism which explained the mass of neutrinos [3].

basic concept, mechanism and Feynman rules of Majorana neutrino [3, 4].

technique of Monte Carlo integration, especially the Monte Carlo integration over the phase space of a
scattering process [5].

helicity amplitude method used for numerical calculating the process amplitude and squared amplitude
at tree level [6, 7].

mastered the use of tools:

FeynRules [8], used for building models for MadGraph, based on the appropriate Lagrangian.

TRACER [9], used for calculating the trace of Dirac gamma matrices.

— MadGraph 5 [2], used to generate events and calculate process cross section.

— MadAnalysis 5 [10], used to calculate and plot graphs for events generated by MadGraph 5.
technique of reducing process background by cuts based on the different topology between the signal and

the background.
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