
A
Appendix

Derivation of the mass matrix term for light neutrinos in
scotogenic model

Applying the Feynman rules to fig.(2.1), we have the following terms as :

Nk: fermionic propagator, η0
R and η0

I : scalar propagator, momentum of fermionic propagator

is given by k, that of νi is given by p and for scalar propagator momentum is denoted by p-k.

Further, we get the Feynamn propagator for η0
R as: i

(p-k)2−m2
η0

R

and the Feynman fermionic

propagator as: i(k/+Mk)

k2−M2
k

. As it is a one loop diagram, we have only one undetermined loop

momentum term given by d4k
(2π)4 . Therefore, taking into account all the Feynman rules, we

can write the integral of the form :

−i
ν

∑
i j

=−
∫ d4k

(2π)4 hik
i(k/+Mk)

k2 −M2
k

h jk
i

(p− k)2 −m2
η0

R



160 Appendix

=
∫ d4k

(2π)4 hik
i(k/+Mk)

k2 −M2
k

h jk
i

(p− k)2 −m2
η0

R

(A.1)

In order to convert the tensorial integral to scalar form we drop off k/ and set the momentum

p to zero. Therefore, the resulting integral takes the form:

−i
ν

∑
i j

=
∫ d4k

(2π)4 hikh jk
Mk

(k2 −M2
k )(k

2 −m2
η0

R
)

(A.2)

As from the integral, we can see that it is logarithmically divergent, however this divergence

is not a physical one for it was artificially introduced after EWSB with our splitting of

the diagram. Thus, we will obtain a finite mass because the infinities in the two integrals

will be the same and thereby cancelled out. Expressing the above integral in terms of a

Passarino-Veltman function, we have:

I
η0

R
= hikh jkMk

i
16π2 B0(p2 = 0,M2

k ,m
2
η0

R
). (A.3)

We will again have a similar equation for the imaginary part of the diagram given by:

I
η0

I
= hikh jkMk

i
16π2 B0(p2 = 0,M2

k ,m
2
η0

I
). (A.4)

The analytical expression for the Passarino-Veltman function B0 is of the form:

B0(0,M2
k ,m

2
η0

R
) = ∆−

∫ 1

0
dx ln

x(M2
k −m2

η0
R
)

µ2 +
m2

η0
R

µ2 (A.5)

With the help of the integration :

∫
ln(Ax+B) =

1
A
(Ax+B) ln(Ax+B)− x, (A.6)

we arrive at the final expressions for B0 for real and imaginary parts which looks like:

B0(0,M2
k ,m

2
η0

R
) =

2
ε
+1− ln

M2
k

µ2 +
m2

η0
R

M2
k −m2

η0
R

ln
m2

η0
R

M2
k
. (A.7)
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B0(0,M2
k ,m

2
η0

I
) =

2
ε
+1− ln

M2
k

µ2 +
m2

η0
I

M2
k −m2

η0
I

ln
m2

η0
I

M2
k
. (A.8)

Now, replacing the values of B0 in eqs.(A.3)&(A.4), we get:

I
η0

R
=

hikh jkMki
16π2 {2

ε
+1− ln

M2
k

µ2 +
m2

η0
R

M2
k −m2

η0
R

ln
m2

η0
R

µ2 } (A.9)

and

I
η0

I
=

hikh jkMki
16π2 {2

ε
+1− ln

M2
k

µ2 +
m2

η0
I

M2
k −m2

η0
I

ln
m2

η0
I

µ2 }. (A.10)

Further, on subtracting the integrals we get:

I
η0

R
− I

η0
I
= hikh jkMk

i
16π2

[
B0(0,M2

k ,m
2
η0

R
)−B0(0,M2

k ,m
2
η0

I
)
]

= i
hikh jk

16π2 Mk

 m2
η0

R

M2
k −m2
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R

ln
m2

η0
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M2
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2
ε
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 m2
η0
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M2
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η0
I

ln
m2

η0
I

M2
k
+

2
ε




= i
hikh jk

16π2 Mk

 m2
η0

R

M2
k −m2

η0
R

ln
m2

η0
R

M2
k
−

m2
η0

I

M2
k −m2

η0
I

ln
m2

η0
I

M2
k

 . (A.11)

So far we have only evaluated a quantum correction to the neutrino propagator, whereas we

must link it to the radiative mass of the neutrino. This can be done by multiplying eq.(A.11)

by i which yields the resultant mass[13] as:

Mν
i j =

hikh jk

16π2 Mk

 m2
η0

R

m2
η0

R
−M2

k
ln

m2
η0

R

M2
k
−

m2
η0

I

m2
η0

I
−M2

k
ln

m2
η0

I

M2
k

 . (A.12)





Bibliography

[1] Reines, F. and Cowan, C. L. Free anti-neutrino absorption cross-section. 1: Mea-

surement of the free anti-neutrino absorption cross-section by protons. Phys. Rev.,

113:273–279, 1959.

[2] Pontecorvo, B. Inverse beta processes and nonconservation of lepton charge. Zh. Eksp.

Teor. Fiz., 34:247, 1957.

[3] Pontecorvo, B. Mesonium and anti-mesonium. Sov. Phys. JETP, 6:429, 1957.

[4] Pontecorvo, B. Neutrino Experiments and the Problem of Conservation of Leptonic

Charge. Zh. Eksp. Teor. Fiz., 53:1717–1725, 1967.

[5] Giganti, C., Lavignac, S., and Zito, M. Neutrino oscillations: The rise of the PMNS

paradigm. Prog. Part. Nucl. Phys., 98:1–54, 2018.

[6] Aghanim, N. et al. Planck 2018 results. VI. Cosmological parameters. Astron.

Astrophys., 641:A6, 2020. [Erratum: Astron.Astrophys. 652, C4 (2021)].

[7] Minkowski, P. µ → eγ at a Rate of One Out of 109 Muon Decays? Phys. Lett. B,

67:421–428, 1977.

[8] Antusch, S. and King, S. Type ii leptogenesis and the neutrino mass scale. Phys. Lett.,

B, 597(2):199 – 207, 2004. ISSN 0370-2693.



164 Bibliography

[9] Foot, R., Lew, H., He, X. G., and Joshi, G. C. See-saw neutrino masses induced by a

triplet of leptons. Zeitschrift für Physik C Particles and Fields, 44(3):441–444, 1989.

ISSN 1431-5858.

[10] Hirsch, M., Morisi, S., and Valle, J. A4-based tri-bimaximal mixing within inverse

and linear seesaw schemes. Phys. Lett., B, 679(5):454 – 459, 2009. ISSN 0370-2693.

[11] Khalil, S. Tev-scale gauged b- l symmetry with inverse seesaw mechanism. Phys.

Rev., D, 82(7):077702, 2010.

[12] Ma, E. Pathways to naturally small neutrino masses. Phys. Rev. Lett., 81:1171–1174,

1998.

[13] Ma, E. Verifiable radiative seesaw mechanism of neutrino mass and dark matter. Phys.

Rev. D, 73:077301, 2006.

[14] Ma, E. and Sarkar, U. Radiative Left-Right Dirac Neutrino Mass. Phys. Lett. B,

776:54–57, 2018.

[15] Barry, J., Heeck, J., and Rodejohann, W. Sterile neutrinos and right-handed currents

in KATRIN. JHEP, 07:081, 2014.

[16] Fileviez Perez, P. Type III Seesaw and Left-Right Symmetry. JHEP, 03:142, 2009.

[17] Athanassopoulos, C. et al. Evidence for νµ −→ νe neutrino oscillations from LSND.

Phys. Rev. Lett., 81:1774–1777, 1998.

[18] Aguilar-Arevalo, A. et al. Evidence for neutrino oscillations from the observation of

ν̄e appearance in a ν̄µ beam. Phys. Rev. D, 64:112007, 2001.

[19] Aguilar-Arevalo, A. A. et al. A Search for Electron Neutrino Appearance at the

∆m2 ∼ 1eV 2 Scale. Phys. Rev. Lett., 98:231801, 2007.



Bibliography 165

[20] Aguilar-Arevalo, A. A. et al. Significant Excess of ElectronLike Events in the Mini-

BooNE Short-Baseline Neutrino Experiment. Phys. Rev. Lett., 121(22):221801, 2018.

[21] Aguilar-Arevalo, A. A. et al. Improved Search for ν̄µ → ν̄e Oscillations in the

MiniBooNE Experiment. Phys. Rev. Lett., 110:161801, 2013.

[22] Abazajian, K. N. et al. Light Sterile Neutrinos: A White Paper. 2012.

[23] Abazajian, K. N. Sterile neutrinos in cosmology. Phys. Rept., 711-712:1–28, 2017.

[24] Schneider, A. Astrophysical constraints on resonantly produced sterile neutrino dark

matter. JCAP, 04:059, 2016.

[25] Petraki, K. and Kusenko, A. Dark-matter sterile neutrinos in models with a gauge

singlet in the Higgs sector. Phys. Rev. D, 77:065014, 2008.

[26] Argüelles, C. A., Farrag, K., Katori, T., Khandelwal, R., Mandalia, S., and Salvado, J.

Sterile neutrinos in astrophysical neutrino flavor. JCAP, 02:015, 2020.

[27] Atre, A., Han, T., Pascoli, S., and Zhang, B. The Search for Heavy Majorana Neutrinos.

JHEP, 05:030, 2009.

[28] Abada, A., De Romeri, V., Lucente, M., Teixeira, A. M., and Toma, T. Effective

Majorana mass matrix from tau and pseudoscalar meson lepton number violating

decays. JHEP, 02:169, 2018.

[29] Deppisch, F. F., Bhupal Dev, P. S., and Pilaftsis, A. Neutrinos and Collider Physics.

New J. Phys., 17(7):075019, 2015.

[30] De Vries, J., Dreiner, H. K., Günther, J. Y., Wang, Z. S., and Zhou, G. Long-lived

Sterile Neutrinos at the LHC in Effective Field Theory. JHEP, 03:148, 2021.

[31] Ma, E. Radiative Scaling Neutrino Mass and Warm Dark Matter. Phys. Lett., B,

B717:235–237, 2012.



166 Bibliography

[32] Lopez Honorez, L. and Yaguna, C. E. A new viable region of the inert doublet model.

JCAP, 1101:002, 2011.

[33] Lopez Honorez, L., Nezri, E., Oliver, J. F., and Tytgat, M. H. The Inert Doublet Model:

An Archetype for Dark Matter. JCAP, 02:028, 2007.

[34] Borah, D. and Gupta, A. New viable region of an inert Higgs doublet dark matter

model with scotogenic extension. Phys. Rev. D, 96(11):115012, 2017.

[35] Borah, D., Dev, P. B., and Kumar, A. TeV scale leptogenesis, inflaton dark matter and

neutrino mass in a scotogenic model. Phys. Rev. D, 99(5):055012, 2019.

[36] Borah, D., Roshan, R., and Sil, A. Minimal two-component scalar doublet dark matter

with radiative neutrino mass. Phys. Rev. D, 100(5):055027, 2019.

[37] Sarma, L., Das, P., and Das, M. K. Scalar dark matter and leptogenesis in the minimal

scotogenic model. Nucl. Phys. B, 963:115300, 2021.

[38] Esteban, I., Gonzalez-Garcia, M. C., Maltoni, M., Schwetz, T., and Zhou, A. The fate

of hints: updated global analysis of three-flavor neutrino oscillations. JHEP, 09:178,

2020.

[39] Fukuda, Y. et al. Atmospheric muon-neutrino / electron-neutrino ratio in the multiGeV

energy range. Phys. Lett. B, 335:237–245, 1994.

[40] Kajita, T. Atmospheric neutrino results from Super-Kamiokande and Kamiokande:

Evidence for neutrino(mu) oscillations. Nucl. Phys. B Proc. Suppl., 77:123–132, 1999.

[41] Fukuda, Y. et al. Evidence for oscillation of atmospheric neutrinos. Phys. Rev. Lett.,

81:1562–1567, 1998.

[42] Allison, W. W. M. et al. Measurement of the atmospheric neutrino flavor composition

in Soudan-2. Phys. Lett. B, 391:491–500, 1997.



Bibliography 167

[43] Ambrosio, M. et al. Measurement of the atmospheric neutrino induced upgoing muon

flux using MACRO. Phys. Lett. B, 434:451–457, 1998.

[44] Davis, R., Jr., Harmer, D. S., and Hoffman, K. C. Search for neutrinos from the sun.

Phys. Rev. Lett., 20:1205–1209, 1968.

[45] Cleveland, B. T., Daily, T., Davis, R., Jr., Distel, J. R., Lande, K., Lee, C. K., Wilden-

hain, P. S., and Ullman, J. Measurement of the solar electron neutrino flux with the

Homestake chlorine detector. Astrophys. J., 496:505–526, 1998.

[46] Abazov, A. I. et al. Search for neutrinos from sun using the reaction Ga-71 (electron-

neutrino e-) Ge-71. Phys. Rev. Lett., 67:3332–3335, 1991.

[47] Abdurashitov, J. N. et al. Measurement of the solar neutrino capture rate by SAGE

and implications for neutrino oscillations in vacuum. Phys. Rev. Lett., 83:4686–4689,

1999.

[48] Hampel, W. et al. GALLEX solar neutrino observations: Results for GALLEX IV.

Phys. Lett. B, 447:127–133, 1999.

[49] Anselmann, P. et al. Solar neutrinos observed by GALLEX at Gran Sasso. Nucl. Phys.

B Proc. Suppl., 31:117–124, 1993.

[50] Hirata, K. S. et al. Observation of B-8 Solar Neutrinos in the Kamiokande-II Detector.

Phys. Rev. Lett., 63:16, 1989.

[51] White, D. H. Neutrino oscillation results from LSND. Nucl. Phys. B Proc. Suppl.,

77:207–211, 1999.

[52] Ahmad, Q. R. et al. Direct evidence for neutrino flavor transformation from neutral

current interactions in the Sudbury Neutrino Observatory. Phys. Rev. Lett., 89:011301,

2002.



168 Bibliography

[53] Ahn, M. H. et al. Measurement of Neutrino Oscillation by the K2K Experiment. Phys.

Rev. D, 74:072003, 2006.

[54] Abe, K. et al. Indication of Electron Neutrino Appearance from an Accelerator-

produced Off-axis Muon Neutrino Beam. Phys. Rev. Lett., 107:041801, 2011.

[55] An, F. P. et al. Observation of electron-antineutrino disappearance at Daya Bay. Phys.

Rev. Lett., 108:171803, 2012.

[56] Abe, Y. et al. Indication of Reactor ν̄e Disappearance in the Double Chooz Experiment.

Phys. Rev. Lett., 108:131801, 2012.

[57] Abe, Y. et al. Reactor electron antineutrino disappearance in the Double Chooz

experiment. Phys. Rev. D, 86:052008, 2012.

[58] Adamson, P. et al. Constraints on Oscillation Parameters from νe Appearance and νµ

Disappearance in NOvA. Phys. Rev. Lett., 118(23):231801, 2017.

[59] Schlüter, L. and Lasserre, T. First neutrino mass measurement with the KATRIN

experiment. J. Phys. Conf. Ser., 1468(1):012180, 2020.

[60] Shrock, R. E. New Tests For, and Bounds On, Neutrino Masses and Lepton Mixing.

Phys. Lett. B, 96:159–164, 1980.

[61] Dodelson, S. and Widrow, L. M. Sterile-neutrinos as dark matter. Phys. Rev. Lett.,

72:17–20, 1994.

[62] Abazajian, K. and Koushiappas, S. M. Constraints on Sterile Neutrino Dark Matter.

Phys. Rev. D, 74:023527, 2006.

[63] Boyarsky, A., Neronov, A., Ruchayskiy, O., and Shaposhnikov, M. Constraints on

sterile neutrino as a dark matter candidate from the diffuse x-ray background. Mon.

Not. Roy. Astron. Soc., 370:213–218, 2006.



Bibliography 169

[64] Fournier, D. The LHC at CERN: Startup, very first results and prospects. AIP Conf.

Proc., 1446(1):29–54, 2012.

[65] Groom, D., et al. Review of particle physics. European Physical Journal C, 15(1-4):1–

878, 2000. ISSN 1434-6044.

[66] de Salas, P., Forero, D., Ternes, C., Tortola, M., and Valle, J. Status of neutrino

oscillations 2018: 3σ hint for normal mass ordering and improved CP sensitivity.

Phys. Lett. B, 782:633–640, 2018.

[67] Fukugita, M. and , T. Baryogenesis Without Grand Unification. Phys. Lett. B,

174:45–47, 1986.

[68] Hugle, T., Platscher, M., and Schmitz, K. Low-Scale Leptogenesis in the Scotogenic

Neutrino Mass Model. Phys. Rev. D, 98(2):023020, 2018.

[69] Bertone, G., Hooper, D., and Silk, J. Particle dark matter: Evidence, candidates and

constraints. Phys. Rept., 405:279–390, 2005.

[70] Moore, B., Ghigna, S., Governato, F., Lake, G., Quinn, T. R., Stadel, J., and Tozzi,

P. Dark matter substructure within galactic halos. Astrophys. J. Lett., 524:L19–L22,

1999.

[71] Ma, E. Naturally small seesaw neutrino mass with no new physics beyond the TeV

scale. Phys. Rev. Lett., 86:2502–2504, 2001.

[72] Barbieri, R., Hall, L. J., and Rychkov, V. S. Improved naturalness with a heavy Higgs:

An Alternative road to LHC physics. Phys. Rev. D, 74:015007, 2006.

[73] Cirelli, M., Fornengo, N., and Strumia, A. Minimal dark matter. Nucl. Phys. B,

753:178–194, 2006.



170 Bibliography

[74] Dasgupta, A. and Borah, D. Scalar Dark Matter with Type II Seesaw. Nucl. Phys., B,

B889:637–649, 2014.

[75] Arhrib, A., Tsai, Y.-L. S., Yuan, Q., and Yuan, T.-C. An Updated Analysis of Inert

Higgs Doublet Model in light of the Recent Results from LUX, PLANCK, AMS-02

and LHC. JCAP, 06:030, 2014.

[76] Durrer, R. The cosmic microwave background: the history of its experimental

investigation and its significance for cosmology. Class. Quant. Grav., 32(12):124007,

2015.

[77] Sakharov, A. Violation of CP Invariance, C asymmetry, and baryon asymmetry of the

universe. Sov. Phys. Usp., 34(5):392–393, 1991.

[78] Weinberg, S. Cosmological Production of Baryons. Phys. Rev. Lett., 42:850–853,

1979.

[79] Kuzmin, V., Rubakov, V., and Shaposhnikov, M. On the Anomalous Electroweak

Baryon Number Nonconservation in the Early Universe. Phys. Lett. B, 155:36, 1985.

[80] Tanabashi, M. et al. Review of Particle Physics. Phys. Rev. D, 98(3):030001, 2018.

[81] Mohapatra, R. N. and Senjanovic, G. Neutrino Mass and Spontaneous Parity Noncon-

servation. Phys. Rev. Lett., 44:912, 1980.

[82] Yanagida, T. Horizontal gauge symmetry and masses of neutrinos. Conf. Proc. C,

7902131:95–99, 1979.

[83] Schechter, J. and Valle, J. Neutrino Masses in SU(2) x U(1) Theories. Phys. Rev. D,

22:2227, 1980.

[84] Glashow, S. The Future of Elementary Particle Physics. NATO Sci. Ser. B, 61:687,

1980.



Bibliography 171

[85] Blanchet, S. and Di Bari, P. New aspects of leptogenesis bounds. Nucl. Phys. B,

807:155–187, 2009.

[86] Davidson, S. and Ibarra, A. A Lower bound on the right-handed neutrino mass from

leptogenesis. Phys. Lett. B, 535:25–32, 2002.

[87] Buchmuller, W., Di Bari, P., and Plumacher, M. Leptogenesis for pedestrians. Annals

Phys., 315:305–351, 2005.

[88] Zwicky, F. Die Rotverschiebung von extragalaktischen Nebeln. Helv. Phys. Acta,

6:110–127, 1933.

[89] Treu, T., Marshall, P., and Clowe, D. Resource Letter: Gravitational Lensing. Am. J.

Phys., 80:753, 2012.

[90] Rubin, V. C. and Ford, J., W.Kent. Rotation of the Andromeda Nebula from a

Spectroscopic Survey of Emission Regions. Astrophys. J., 159:379–403, 1970.

[91] Ade, P. et al. Planck 2015 results. XXIV. Cosmology from Sunyaev-Zeldovich cluster

counts. Astron. Astrophys., 594:A24, 2016.

[92] Kolb, E. W. and Turner, M. S. The Early Universe, volume 69. 1990. ISBN 978-0-

201-62674-2.

[93] Akerib, D. et al. Results from a search for dark matter in the complete LUX exposure.

Phys. Rev. Lett., 118(2):021303, 2017.

[94] Tan, A. et al. Dark Matter Results from First 98.7 Days of Data from the PandaX-II

Experiment. Phys. Rev. Lett., 117(12):121303, 2016.

[95] Aprile, E. et al. First Dark Matter Search Results from the XENON1T Experiment.

Phys. Rev. Lett., 119(18):181301, 2017.



172 Bibliography

[96] Pontecorvo, B. Neutrino Experiments and the Problem of Conservation of Leptonic

Charge. Zh. Eksp. Teor. Fiz., 53:1717–1725, 1967.

[97] Zhang, H. Light Sterile Neutrino in the Minimal Extended Seesaw. Phys. Lett. B,

714:262–266, 2012.

[98] Liu, A., Han, Z.-L., Jin, Y., and Yang, F.-X. Leptogenesis and dark matter from a low

scale seesaw mechanism. Phys. Rev. D, 101(9):095005, 2020.

[99] Shrock, R. E. New Tests For, and Bounds On, Neutrino Masses and Lepton Mixing.

Phys. Lett. B, 96:159–164, 1980.

[100] Atre, A., Han, T., Pascoli, S., and Zhang, B. The Search for Heavy Majorana Neutrinos.

JHEP, 05:030, 2009.

[101] Kusenko, A. Sterile neutrinos: The Dark side of the light fermions. Phys. Rept.,

481:1–28, 2009.

[102] Shrock, R. E. General Theory of Weak Leptonic and Semileptonic Decays. 1. Leptonic

Pseudoscalar Meson Decays, with Associated Tests For, and Bounds on, Neutrino

Masses and Lepton Mixing. Phys. Rev. D, 24:1232, 1981.

[103] Shrock, R. E. General Theory of Weak Processes Involving Neutrinos. 2. Pure Leptonic

Decays. Phys. Rev. D, 24:1275, 1981.

[104] Escrihuela, F. J., Forero, D. V., Miranda, O. G., Tortola, M., and Valle, J. W. F. On

the description of nonunitary neutrino mixing. Phys. Rev. D, 92(5):053009, 2015.

[Erratum: Phys.Rev.D 93, 119905 (2016)].

[105] Shi, X.-D. and Fuller, G. M. A New dark matter candidate: Nonthermal sterile

neutrinos. Phys. Rev. Lett., 82:2832–2835, 1999.



Bibliography 173

[106] Abazajian, K., Fuller, G. M., and Patel, M. Sterile neutrino hot, warm, and cold dark

matter. Phys. Rev. D, 64:023501, 2001.

[107] Laine, M. and Shaposhnikov, M. Sterile neutrino dark matter as a consequence of

nuMSM-induced lepton asymmetry. JCAP, 06:031, 2008.

[108] Venumadhav, T., Cyr-Racine, F.-Y., Abazajian, K. N., and Hirata, C. M. Sterile

neutrino dark matter: Weak interactions in the strong coupling epoch. Phys. Rev. D,

94(4):043515, 2016.

[109] Asaka, T., Laine, M., and Shaposhnikov, M. Lightest sterile neutrino abundance

within the nuMSM. JHEP, 01:091, 2007. [Erratum: JHEP 02, 028 (2015)].

[110] Drewes, M. et al. A White Paper on keV Sterile Neutrino Dark Matter. JCAP, 01:025,

2017.

[111] Tremaine, S. and Gunn, J. E. Dynamical Role of Light Neutral Leptons in Cosmology.

Phys. Rev. Lett., 42:407–410, 1979.

[112] Boyarsky, A., Ruchayskiy, O., and Shaposhnikov, M. The Role of sterile neutrinos in

cosmology and astrophysics. Ann. Rev. Nucl. Part. Sci., 59:191–214, 2009.

[113] Gando, Y. Neutrinoless double beta decay search with liquid scintillator experiments.

In Prospects in Neutrino Physics. 2019.

[114] Li, A. A Bayesian Approach to Neutrinoless Double Beta Decay Analysis in

KamLAND-Zen. J. Phys. Conf. Ser., 1468(1):012201, 2020.

[115] Agostini, M. et al. Final Results of GERDA on the Search for Neutrinoless Double-β

Decay. Phys. Rev. Lett., 125:252502, 2020.

[116] D’Andrea, V. Neutrinoless double beta decay search with the GERDA experiment.

Nuovo Cim. C, 43(2-3):24, 2020.



174 Bibliography

[117] Eguchi, K. et al. First results from KamLAND: Evidence for reactor anti-neutrino

disappearance. Phys. Rev. Lett., 90:021802, 2003.

[118] Araki, T. et al. Measurement of neutrino oscillation with KamLAND: Evidence of

spectral distortion. Phys. Rev. Lett., 94:081801, 2005.

[119] Abe, S. et al. Precision Measurement of Neutrino Oscillation Parameters with Kam-

LAND. Phys. Rev. Lett., 100:221803, 2008.

[120] Ahn, J. K. et al. Observation of Reactor Electron Antineutrino Disappearance in the

RENO Experiment. Phys. Rev. Lett., 108:191802, 2012.

[121] Abe, Y. et al. First Measurement of θ13 from Delayed Neutron Capture on Hydrogen

in the Double Chooz Experiment. Phys. Lett. B, 723:66–70, 2013.

[122] Fukuda, Y. et al. Evidence for oscillation of atmospheric neutrinos. Phys. Rev. Lett.,

81:1562–1567, 1998.

[123] Fukuda, S. et al. Tau neutrinos favored over sterile neutrinos in atmospheric muon-

neutrino oscillations. Phys. Rev. Lett., 85:3999–4003, 2000.

[124] Abe, K. et al. A Measurement of atmospheric neutrino flux consistent with tau neutrino

appearance. Phys. Rev. Lett., 97:171801, 2006.

[125] Ambrosio, M. et al. Measurement of the atmospheric neutrino induced upgoing muon

flux using MACRO. Phys. Lett. B, 434:451–457, 1998.

[126] Fukuda, S. et al. Constraints on neutrino oscillations using 1258 days of Super-

Kamiokande solar neutrino data. Phys. Rev. Lett., 86:5656–5660, 2001.

[127] Ahmed, S. N. et al. Measurement of the total active B-8 solar neutrino flux at the

Sudbury Neutrino Observatory with enhanced neutral current sensitivity. Phys. Rev.

Lett., 92:181301, 2004.



Bibliography 175

[128] Aharmim, B. et al. An Independent Measurement of the Total Active B-8 Solar

Neutrino Flux Using an Array of He-3 Proportional Counters at the Sudbury Neutrino

Observatory. Phys. Rev. Lett., 101:111301, 2008.

[129] Aharmim, B. et al. Low Energy Threshold Analysis of the Phase I and Phase II Data

Sets of the Sudbury Neutrino Observatory. Phys. Rev. C, 81:055504, 2010.

[130] Hampel, W. et al. GALLEX solar neutrino observations: Results for GALLEX IV.

Phys. Lett. B, 447:127–133, 1999.

[131] Altmann, M. et al. Complete results for five years of GNO solar neutrino observations.

Phys. Lett. B, 616:174–190, 2005.

[132] Arpesella, C. et al. Direct Measurement of the Be-7 Solar Neutrino Flux with 192

Days of Borexino Data. Phys. Rev. Lett., 101:091302, 2008.

[133] Calaprice, F., Galbiati, C., Wright, A., and Ianni, A. Results from the Borexino Solar

Neutrino Experiment. Ann. Rev. Nucl. Part. Sci., 62:315–336, 2012.

[134] Baldini, A. M. et al. Search for the lepton flavour violating decay µ+ → e+γ with the

full dataset of the MEG experiment. Eur. Phys. J. C, 76(8):434, 2016.

[135] Baldini, A. M. et al. The design of the MEG II experiment. Eur. Phys. J. C, 78(5):380,

2018.

[136] Adam, J. et al. New limit on the lepton-flavour violating decay µ+ → e+γ . Phys. Rev.

Lett., 107:171801, 2011.

[137] Masina, I. and Savoy, C. A. Charged Lepton Flavour and CP Violations: Theoretical

Impact of Present and Future Experiments. Nucl. Phys. B Proc. Suppl., 143:70–75,

2005.



176 Bibliography

[138] Bellgardt, U. et al. Search for the Decay mu+ —> e+ e+ e-. Nucl. Phys. B, 299:1–6,

1988.

[139] Blondel, A. et al. Research Proposal for an Experiment to Search for the Decay

µ → eee. 2013.

[140] Natori, H. An experiment to search for mu-e conversion at J-PARC MLF in Japan,

DeeMe experiment. PoS, ICHEP2018:642, 2019.

[141] Miscetti, S. Status of the Mu2e experiment at Fermilab. EPJ Web Conf., 234:01010,

2020.

[142] Carey, R. M., Lynch, K. R., Miller, J. P., Roberts, B. L., U., B., Marciano, W. J.,

Semertzidis, Y., Yamin, P., /Brookhaven, Kolomensky, Y. G., /UC, B., Molzon, W.,

/UC, I., Popp, J. L., /City Coll., N., Ankenbrandt, C. M., and /Fermilab /Idaho State U.

/Illinois U., I. M. U. A. M. I. B. N. U., Urbana /Moscow. Proposal to search for mu- n

-> e- n with a single event sensitivity below 10 -16.

[143] Nishiguchi, H. Search for Muon-to-Electron Conversion at J-PARC: COMET Experi-

ment. PoS, EPS-HEP2017:674, 2017.

[144] Koike, M., Kuno, Y., Sato, J., and Yamanaka, M. A new idea to search for charged

lepton flavor violation using a muonic atom. Phys. Rev. Lett., 105:121601, 2010.

[145] Uesaka, Y., Kuno, Y., Sato, J., Sato, T., and Yamanaka, M. Improved analysis for

µ−e− → e−e− in muonic atoms by photonic interaction. Phys. Rev. D, 97(1):015017,

2018.

[146] O’Leary, B. et al. SuperB Progress Reports – Physics. 2010.

[147] Hayasaka, K. Results and prospects on lepton flavor violation at Belle/Belle II. J.

Phys. Conf. Ser., 408:012069, 2013.



Bibliography 177

[148] Baldini, A. M. et al. MEG Upgrade Proposal. 2013.

[149] Bellgardt, U. et al. Search for the Decay mu+ —> e+ e+ e-. Nucl. Phys. B, 299:1–6,

1988.

[150] Blondel, A. et al. Research Proposal for an Experiment to Search for the Decay

µ → eee. 2013.

[151] Aubert, B. et al. Searches for Lepton Flavor Violation in the Decays tau+- —> e+-

gamma and tau+- —> mu+- gamma. Phys. Rev. Lett., 104:021802, 2010.

[152] Hayasaka, K. Results and prospects on lepton flavor violation at Belle/Belle II. J.

Phys. Conf. Ser., 408:012069, 2013.

[153] Hayasaka, K. et al. Search for Lepton Flavor Violating Tau Decays into Three Leptons

with 719 Million Produced Tau+Tau- Pairs. Phys. Lett. B, 687:139–143, 2010.

[154] Bertl, W. H. et al. A Search for muon to electron conversion in muonic gold. Eur.

Phys. J. C, 47:337–346, 2006.

[155] Dohmen, C. et al. Test of lepton flavor conservation in mu —> e conversion on

titanium. Phys. Lett. B, 317:631–636, 1993.

[156] collaboration, P. et al. An exprimental search for a µ–e- conversion at sensitivity of

the order of 10- 18 with a highly intense muon sourse.

[157] Ma, E. and Rajasekaran, G. Softly broken A(4) symmetry for nearly degenerate

neutrino masses. Phys. Rev. D, 64:113012, 2001.

[158] Ma, E. Plato’s fire and the neutrino mass matrix. Mod. Phys. Lett. A, 17:2361–2370,

2002.

[159] Babu, K. S., Enkhbat, T., and Gogoladze, I. Finite grand unified theories and the quark

mixing matrix. Phys. Lett. B, 555:238–247, 2003.



178 Bibliography

[160] Babu, K. S., Ma, E., and Valle, J. W. F. Underlying A(4) symmetry for the neutrino

mass matrix and the quark mixing matrix. Phys. Lett. B, 552:207–213, 2003.

[161] Babu, K. S., Kobayashi, T., and Kubo, J. Finite theories and the SUSY flavor problem.

Phys. Rev. D, 67:075018, 2003.

[162] Hirsch, M., Romao, J. C., Skadhauge, S., Valle, J. W. F., and Villanova del Moral, A.

Phenomenological tests of supersymmetric A(4) family symmetry model of neutrino

mass. Phys. Rev. D, 69:093006, 2004.

[163] Altarelli, G. and Feruglio, F. Tri-bimaximal neutrino mixing from discrete symmetry

in extra dimensions. Nucl. Phys. B, 720:64–88, 2005.

[164] Zee, A. Obtaining the neutrino mixing matrix with the tetrahedral group. Phys. Lett.

B, 630:58–67, 2005.

[165] Ma, E. Tribimaximal neutrino mixing from a supersymmetric model with A4 family

symmetry. Phys. Rev. D, 73:057304, 2006.

[166] He, X.-G., Keum, Y.-Y., and Volkas, R. R. A(4) flavor symmetry breaking scheme for

understanding quark and neutrino mixing angles. JHEP, 04:039, 2006.

[167] Adhikary, B. and Ghosal, A. Constraining it CP violation in a softly broken A(4)

symmetric Model. Phys. Rev. D, 75:073020, 2007.

[168] King, S. F. and Malinsky, M. A(4) family symmetry and quark-lepton unification.

Phys. Lett. B, 645:351–357, 2007.

[169] Bazzocchi, F., Kaneko, S., and Morisi, S. A SUSY A(4) model for fermion masses

and mixings. JHEP, 03:063, 2008.

[170] Ishimori, H., Kobayashi, T., Omura, Y., and Tanimoto, M. Soft supersymmetry

breaking terms from A(4) lepton flavor symmetry. JHEP, 12:082, 2008.



Bibliography 179

[171] Pakvasa, S. and Sugawara, H. Discrete Symmetry and Cabibbo Angle. Phys. Lett. B,

73:61–64, 1978.

[172] Fukugita, M., Tanimoto, M., and Yanagida, T. Atmospheric neutrino oscillation and a

phenomenological lepton mass matrix. Phys. Rev. D, 57:4429–4432, 1998.

[173] Tanimoto, M. Vacuum neutrino oscillations of solar neutrinos and lepton mass matrices.

Phys. Rev. D, 59:017304, 1999.

[174] Honda, M. and Tanimoto, M. Examining the Geometrical Model with Inverted Mass

Hierarchy for Neutrinos. Phys. Rev. D, 75:096005, 2007.

[175] Koide, Y. Universal seesaw mass matrix model with an S(3) symmetry. Phys. Rev. D,

60:077301, 1999.

[176] Kobayashi, T., Kubo, J., and Terao, H. Exact S(3) symmetry solving the supersym-

metric flavor problem. Phys. Lett. B, 568:83–91, 2003.

[177] Chen, S.-L., Frigerio, M., and Ma, E. Large neutrino mixing and normal mass

hierarchy: A Discrete understanding. Phys. Rev. D, 70:073008, 2004. [Erratum:

Phys.Rev.D 70, 079905 (2004)].

[178] Grimus, W. and Lavoura, L. S(3) x Z(2) model for neutrino mass matrices. JHEP,

08:013, 2005.

[179] Morisi, S. and Picariello, M. The Flavor physics in unified gauge theory from an S(3)

x P discrete symmetry. Int. J. Theor. Phys., 45:1267–1277, 2006.

[180] Teshima, T. Flavor mass and mixing and S(3) symmetry: An S(3) invariant model

reasonable to all. Phys. Rev. D, 73:045019, 2006.

[181] Mohapatra, R. N., Nasri, S., and Yu, H.-B. S(3) symmetry and tri-bimaximal mixing.

Phys. Lett. B, 639:318–321, 2006.



180 Bibliography

[182] Feruglio, F. and Lin, Y. Fermion Mass Hierarchies and Flavour Mixing from a Minimal

Discrete Symmetry. Nucl. Phys. B, 800:77–93, 2008.

[183] Ma, E. Neutrino mass matrix from S(4) symmetry. Phys. Lett. B, 632:352–356, 2006.

[184] Zhang, H. Flavor S(4) x Z(2) symmetry and neutrino mixing. Phys. Lett. B, 655:132–

140, 2007.

[185] Parida, M. K. Intermediate left-right gauge symmetry, unification of couplings and

fermion masses in SUSY SO(10) x S(4). Phys. Rev. D, 78:053004, 2008.

[186] Altarelli, G., Feruglio, F., and Merlo, L. Revisiting Bimaximal Neutrino Mixing in a

Model with S(4) Discrete Symmetry. JHEP, 05:020, 2009.

[187] Ishimori, H., Shimizu, Y., and Tanimoto, M. S(4) Flavor Symmetry of Quarks and

Leptons in SU(5) GUT. Prog. Theor. Phys., 121:769–787, 2009.

[188] Grimus, W. and Lavoura, L. A Discrete symmetry group for maximal atmospheric

neutrino mixing. Phys. Lett. B, 572:189–195, 2003.

[189] Grimus, W., Joshipura, A. S., Kaneko, S., Lavoura, L., and Tanimoto, M. Lepton

mixing angle θ13 = 0 with a horizontal symmetry D4. JHEP, 07:078, 2004.

[190] Blum, A., Mohapatra, R. N., and Rodejohann, W. Inverted mass hierarchy from

scaling in the neutrino mass matrix: Low and high energy phenomenology. Phys. Rev.

D, 76:053003, 2007.

[191] Ishimori, H., Kobayashi, T., Ohki, H., Omura, Y., Takahashi, R., and Tanimoto, M.

D(4) Flavor Symmetry for Neutrino Masses and Mixing. Phys. Lett. B, 662:178–184,

2008.

[192] Hagedorn, C., Lindner, M., and Plentinger, F. The Discrete flavor symmetry D(5).

Phys. Rev. D, 74:025007, 2006.



Bibliography 181

[193] Frampton, P. H. and Kephart, T. W. Simple nonAbelian finite flavor groups and

fermion masses. Int. J. Mod. Phys. A, 10:4689–4704, 1995.

[194] Chen, M.-C. and Mahanthappa, K. T. CKM and Tri-bimaximal MNS Matrices in a

SU(5)×(d) T Model. Phys. Lett. B, 652:34–39, 2007.

[195] Feruglio, F., Hagedorn, C., Lin, Y., and Merlo, L. Tri-bimaximal Neutrino Mixing

and Quark Masses from a Discrete Flavour Symmetry. Nucl. Phys. B, 775:120–142,

2007. [Erratum: Nucl.Phys.B 836, 127–128 (2010)].

[196] Frampton, P. H. and Kephart, T. W. Flavor Symmetry for Quarks and Leptons. JHEP,

09:110, 2007.

[197] Eby, D. A., Frampton, P. H., and Matsuzaki, S. Predictions of Neutrino Mixing Angles

in a T-prime Model. Phys. Lett. B, 671:386–390, 2009.

[198] Polyakov, N. Quark and lepton mass matrices in extended standard model with discrete

symmetry. Phys. Lett. B, 255:77–83, 1991.

[199] Ahriche, A., Jueid, A., and Nasri, S. Radiative neutrino mass and Majorana dark

matter within an inert Higgs doublet model. Phys. Rev. D, 97(9):095012, 2018.

[200] Deshpande, N. G. and Ma, E. Pattern of Symmetry Breaking with Two Higgs Doublets.

Phys. Rev. D, 18:2574, 1978.

[201] Ma, E. Suitability of A(4) as a Family Symmetry in Grand Unification. Mod. Phys.

Lett. A, 21:2931–2936, 2006.

[202] Hambye, T., Ling, F.-S., Lopez Honorez, L., and Rocher, J. Scalar Multiplet Dark

Matter. JHEP, 07:090, 2009. [Erratum: JHEP 05, 066 (2010)].

[203] Dolle, E. M. and Su, S. The Inert Dark Matter. Phys. Rev. D, 80:055012, 2009.



182 Bibliography

[204] Lopez Honorez, L. and Yaguna, C. E. The inert doublet model of dark matter revisited.

JHEP, 09:046, 2010.

[205] Gustafsson, M., Rydbeck, S., Lopez-Honorez, L., and Lundstrom, E. Status of the

Inert Doublet Model and the Role of multileptons at the LHC. Phys. Rev. D, 86:075019,

2012.

[206] Goudelis, A., Herrmann, B., and Stål, O. Dark matter in the Inert Doublet Model after

the discovery of a Higgs-like boson at the LHC. JHEP, 09:106, 2013.

[207] Bhattacharya, S., Ghosh, P., Saha, A. K., and Sil, A. Two component dark matter with

inert Higgs doublet: neutrino mass, high scale validity and collider searches. JHEP,

03:090, 2020.

[208] ’t Hooft, G., Itzykson, C., Jaffe, A., Lehmann, H., Mitter, P., Singer, I., and Stora, R.,

editors. Recent Developments in Gauge Theories. Proceedings, Nato Advanced Study

Institute, Cargese, France, August 26 - September 8, 1979, volume 59. 1980.

[209] Merle, A. and Platscher, M. Running of radiative neutrino masses: the scotogenic

model — revisited. JHEP, 11:148, 2015.

[210] Aghanim, N. et al. Planck 2018 results. VI. Cosmological parameters. 2018.

[211] Mahanta, D. and Borah, D. Fermion dark matter with N2 leptogenesis in minimal

scotogenic model. JCAP, 11:021, 2019.

[212] Toma, T. and Vicente, A. Lepton Flavor Violation in the Scotogenic Model. JHEP,

01:160, 2014.

[213] Casas, J. and Ibarra, A. Oscillating neutrinos and µ → e,γ . Nucl. Phys. B, 618:171–

204, 2001.



Bibliography 183

[214] Ibarra, A. and Ross, G. G. Neutrino phenomenology: The Case of two right-handed

neutrinos. Phys. Lett. B, 591:285–296, 2004.

[215] Baldini, A. et al. Search for the lepton flavour violating decay µ+ → e+γ with the full

dataset of the MEG experiment. Eur. Phys. J. C, 76(8):434, 2016.

[216] Borah, D., Sadhukhan, S., and Sahoo, S. Lepton Portal Limit of Inert Higgs Doublet

Dark Matter with Radiative Neutrino Mass. Phys. Lett. B, 771:624–632, 2017.

[217] Lee, B. W., Quigg, C., and Thacker, H. B. Weak Interactions at Very High-Energies:

The Role of the Higgs Boson Mass. Phys. Rev., D16:1519, 1977.

[218] Das, D. and Dey, U. K. Analysis of an extended scalar sector with S3 symmetry. Phys.

Rev., D89(9):095025, 2014. [Erratum: Phys. Rev.D91,no.3,039905(2015)].

[219] Arhrib, A., Benbrik, R., and Gaur, N. H → γγ in Inert Higgs Doublet Model. Phys.

Rev., D85:095021, 2012.

[220] Kanemura, S., Kubota, T., and Takasugi, E. Lee-Quigg-Thacker bounds for Higgs

boson masses in a two doublet model. Phys. Lett., B313:155–160, 1993.

[221] Buchmuller, W., Di Bari, P., and Plumacher, M. Cosmic microwave background,

matter - antimatter asymmetry and neutrino masses. Nucl. Phys. B, 643:367–390,

2002. [Erratum: Nucl.Phys.B 793, 362 (2008)].

[222] Dine, M. and Kusenko, A. The Origin of the matter - antimatter asymmetry. Rev. Mod.

Phys., 76:1, 2003.

[223] Mohapatra, R. New Contributions to Neutrinoless Double beta Decay in Supersym-

metric Theories. Phys. Rev. D, 34:3457–3461, 1986.

[224] Barry, J. and Rodejohann, W. Lepton number and flavour violation in TeV-scale

left-right symmetric theories with large left-right mixing. JHEP, 09:153, 2013.



184 Bibliography

[225] Borgohain, H. and Das, M. K. Neutrinoless double beta decay and lepton flavour

violation in broken µ − τ symmetric neutrino mass models. Int. J. Theor. Phys.,

56(9):2911–2934, 2017.

[226] Scherrer, R. J. and Turner, M. S. On the Relic, Cosmic Abundance of Stable Weakly

Interacting Massive Particles. Phys. Rev. D, 33:1585, 1986. [Erratum: Phys.Rev.D 34,

3263 (1986)].

[227] Jungman, G., Kamionkowski, M., and Griest, K. Supersymmetric dark matter. Phys.

Rept., 267:195–373, 1996.

[228] Gondolo, P. and Gelmini, G. Cosmic abundances of stable particles: Improved analysis.

Nucl. Phys. B, 360:145–179, 1991.

[229] Griest, K. and Seckel, D. Three exceptions in the calculation of relic abundances.

Phys. Rev. D, 43:3191–3203, 1991.

[230] Drees, M., Iminniyaz, H., and Kakizaki, M. Abundance of cosmological relics in

low-temperature scenarios. Phys. Rev. D, 73:123502, 2006.

[231] Giedt, J., Thomas, A. W., and Young, R. D. Dark matter, the CMSSM and lattice

QCD. Phys. Rev. Lett., 103:201802, 2009.

[232] Klasen, M., Yaguna, C. E., and Ruiz-Alvarez, J. D. Electroweak corrections to the

direct detection cross section of inert higgs dark matter. Phys. Rev. D, 87:075025,

2013.

[233] Alloul, A., Christensen, N. D., Degrande, C., Duhr, C., and Fuks, B. FeynRules

2.0 - A complete toolbox for tree-level phenomenology. Comput. Phys. Commun.,

185:2250–2300, 2014.



Bibliography 185

[234] Bélanger, G., Boudjema, F., Goudelis, A., Pukhov, A., and Zaldivar, B. mi-

crOMEGAs5.0 : Freeze-in. Comput. Phys. Commun., 231:173–186, 2018.

[235] Khan, N. and Rakshit, S. Constraints on inert dark matter from the metastability of

the electroweak vacuum. Phys. Rev. D, 92:055006, 2015.

[236] Das, P., Das, M. K., and Khan, N. Phenomenological study of neutrino mass, dark

matter and baryogenesis within the framework of minimal extended seesaw. JHEP,

03:018, 2020.

[237] Lundstrom, E., Gustafsson, M., and Edsjo, J. The Inert Doublet Model and LEP II

Limits. Phys. Rev. D, 79:035013, 2009.

[238] Boruah, B. B., Sarma, L., and Das, M. K. Lepton flavor violation and leptogenesis in

discrete flavor symmetric scotogenic model. Nucl. Phys. B, 969:115472, 2021.

[239] Perrevoort, A.-K. Searching for Lepton Flavour Violation with the Mu3e Experiment.

PoS, NuFact2017:105, 2017.

[240] Boruah, B. B., Sarma, L., and Das, M. K. Lepton flavor violation and leptogenesis in

discrete flavor symmetric scotogenic model. 2021.

[241] Ibarra, A., Yaguna, C. E., and Zapata, O. Direct Detection of Fermion Dark Matter in

the Radiative Seesaw Model. Phys. Rev. D, 93(3):035012, 2016.

[242] Kitabayashi, T. Scotogenic dark matter and single-zero textures of the neutrino mass

matrix. Phys. Rev. D, 98(8):083011, 2018.

[243] Gautam, N. and Das, M. K. Impact of texture zeros on dark matter and neutrinoless

double beta decay in inverse seesaw. Nucl. Phys. B, 971:115519, 2021.

[244] Borgohain, H. and Das, M. K. Phenomenology of two texture zero neutrino mass in

left-right symmetric model with Z8 \times Z2. JHEP, 02:129, 2019.



186 Bibliography

[245] Giunti, C. Phenomenology of absolute neutrino masses. Nucl. Phys. B Proc. Suppl.,

145:231–236, 2005.

[246] Fraenkle, F. The neutrino mass experiment KATRIN. J. Phys. Conf. Ser.,

1342(1):012024, 2020.

[247] Ilakovac, A. Lepton flavor violation in the standard model extended by heavy singlet

Dirac neutrinos. Phys. Rev. D, 62:036010, 2000.

[248] Kuno, Y. Lepton flavor violation: Muon to electron conversion, COMET and

PRISM/PRIME at J-PARC. PoS, NUFACT08:111, 2008.

[249] Konno, T. Tau LFV and LNV at Belle II. PoS, NuFact2019:089, 2020.

[250] Esteban, I., Gonzalez-Garcia, M. C., Maltoni, M., Schwetz, T., and Zhou, A. The fate

of hints: updated global analysis of three-flavor neutrino oscillations. JHEP, 09:178,

2020.

[251] Falkowski, A., Kuflik, E., Levi, N., and Volansky, T. Light Dark Matter from Leptoge-

nesis. Phys. Rev. D, 99(1):015022, 2019.

[252] Boyarsky, A., Drewes, M., Lasserre, T., Mertens, S., and Ruchayskiy, O. Sterile

neutrino Dark Matter. Prog. Part. Nucl. Phys., 104:1–45, 2019.

[253] Chianese, M., Fu, B., and King, S. F. Minimal Seesaw extension for Neutrino Mass

and Mixing, Leptogenesis and Dark Matter: FIMPzillas through the Right-Handed

Neutrino Portal. JCAP, 03:030, 2020.

[254] Tan, A. et al. Dark Matter Results from First 98.7 Days of Data from the PandaX-II

Experiment. Phys. Rev. Lett., 117(12):121303, 2016.



Bibliography 187

[255] Ackermann, M. et al. Searching for Dark Matter Annihilation from Milky Way Dwarf

Spheroidal Galaxies with Six Years of Fermi Large Area Telescope Data. Phys. Rev.

Lett., 115(23):231301, 2015.

[256] Weinberg, S. Baryon and Lepton Nonconserving Processes. Phys. Rev. Lett., 43:1566–

1570, 1979.

[257] Davidson, S. M. and Logan, H. E. Dirac neutrinos from a second Higgs doublet. Phys.

Rev. D, 80:095008, 2009.

[258] Ibarra, A., Yaguna, C. E., and Zapata, O. Direct Detection of Fermion Dark Matter in

the Radiative Seesaw Model. Phys., Rev., D, D93(3):035012, 2016.

[259] Clarke, J. D., Foot, R., and Volkas, R. R. Natural leptogenesis and neutrino masses

with two Higgs doublets. Phys. Rev. D, 92(3):033006, 2015.

[260] Haba, N. and Seto, O. Low scale thermal leptogenesis in neutrinophilic Higgs doublet

models. Prog. Theor. Phys., 125:1155–1169, 2011.

[261] Hall, L. J., Jedamzik, K., March-Russell, J., and West, S. M. Freeze-In Production of

FIMP Dark Matter. JHEP, 03:080, 2010.

[262] Tanabashi, M. et al. Review of Particle Physics. Phys. Rev. D, 98(3):030001, 2018.

[263] Berlin, A. and Blinov, N. Thermal Dark Matter Below an MeV. Phys. Rev. Lett.,

120(2):021801, 2018.

[264] Ade, P. A. R. et al. Planck 2015 results. XIII. Cosmological parameters. Astron.

Astrophys., 594:A13, 2016.

[265] Lattanzi, M. Planck 2015 constraints on neutrino physics. J. Phys. Conf. Ser.,

718(3):032008, 2016.



188 Bibliography

[266] Schneider, A. Astrophysical constraints on resonantly produced sterile neutrino dark

matter. JCAP, 04:059, 2016.

[267] Palazzo, A., Cumberbatch, D., Slosar, A., and Silk, J. Sterile neutrinos as subdominant

warm dark matter. Phys. Rev. D, 76:103511, 2007.

[268] Narayanan, V. K., Spergel, D. N., Dave, R., and Ma, C.-P. Constraints on the mass of

warm dark matter particles and the shape of the linear power spectrum from the Lyα

forest. Astrophys. J. Lett., 543:L103–L106, 2000.

[269] Seljak, U., Makarov, A., McDonald, P., and Trac, H. Can sterile neutrinos be the dark

matter? Phys. Rev. Lett., 97:191303, 2006.

[270] Bozek, B., Boylan-Kolchin, M., Horiuchi, S., Garrison-Kimmel, S., Abazajian, K.,

and Bullock, J. S. Resonant Sterile Neutrino Dark Matter in the Local and High-z

Universe. Mon. Not. Roy. Astron. Soc., 459(2):1489–1504, 2016.

[271] Canetti, L., Drewes, M., Frossard, T., and Shaposhnikov, M. Dark Matter, Baryogene-

sis and Neutrino Oscillations from Right Handed Neutrinos. Phys. Rev. D, 87:093006,

2013.

[272] Super-Kamiokande Collaboration, Y. Fukuda et al., “Evidence for oscillation of

atmospheric neutrinos,” Phys. Rev. Lett, 81, 1562–1567, 1998.

[273] SNO Collaboration, Q. R. Ahmad et al., “Direct evidence for neutrino flavor transfor-

mation from neutral current interactions in the Sudbury Neutrino Observatory,” Phys.

Rev. Lett., 89, 011301, 2002.

[274] MINOS Collaboration, P. Adamson et al., “Improved search for muon-neutrino to

electron-neutrino oscillations in MINOS,” Phys. Rev. Lett., 107, 181802, 2011.



Bibliography 189

[275] RENO Collaboration, J. K. Ahn, et al., “Observation of reactor electron antineutrinos

disappearance in the reno experiment,” Phys. Rev. Lett., 108, 191802, 2012

[276] K. S. Babu, E. Ma, and J. Valle, “Underlying a4 symmetry for the neutrino mass

matrix and the quark mixing matrix,” Phys. Lett., B 552 no. 3-4, (2003) 207–213.

[277] G. Altarelli and D. Meloni, “A Simplest A4 Model for Tri-Bimaximal Neutrino

Mixing,” J. Phys. G, 36, 085005, 2009.

[278] S. Pramanick, “Scotogenic S3 symmetric generation of realistic neutrino mixing,”

Phys. Rev. D, 100, 035009, 2019.

[279] L. Sarma, B. B. Boruah, and M. K. Das, “Dark matter and low scale leptogenesis in a

flavor symmetric neutrino two Higgs doublet model (ν2HDM),” Eur. Phys. J. C, 82,

488, 2022.

[280] M. Drewes et al., “A White Paper on keV Sterile Neutrino Dark Matter,” JCAP, 01,

025, 2017.

[281] A. Yu. Smirnov, "The MSW effect and matter effects in neutrino oscillations",

Phys.Scripta T, 121, 57-64, 2005.

[282] S. Davidson, E. Nardi and Y. Nir, "Leptogenesis", Phys. Rept., 466, 105-177, 2008.

[283] R. D. Artusa, et al., "Searching for neutrinoless double-beta decay of 130Te with

CUORE", Adv. High Energy Phys., 879871, 2015.

[284] D. Tosi, "The search for neutrino-less double-beta decay: summary of current experi-

ments", arXiv: 1402.1170, 304–314, 2014.

[285] P. Benes, A. Faessler, F. Simkovic and S. Kovalenko, "Sterile neutrinos in neutrino-

less double beta decay", Phys. Rev. D, 71, 077901, 2005.



190 Bibliography

[286] J. Barry, W. Rodejohann and H. Zhang, "Light Sterile Neutrinos: Models and

Phenomenology", JHEP, 07, 091, 2011.

[287] S. Obara, "Status of balloon production for KamLAND-Zen 800 kg phase", Nucl.

Instrum. Meth. A, 845, 410-413, 2017.

[288] J. Hartnell, "Neutrinoless Double Beta Decay with SNO+", J. Phys. Conf. Ser., 375,

042015, 2012.

[289] K. Abazajian, G. M. Fuller, and M. Patel, “Sterile neutrino hot, warm, and cold dark

matter,” Physical Review D, 64,2, 023501, 2001.

[290] N. Gautam and M. K. Das, “Phenomenology of keV scale sterile neutrino dark matter

with S4 flavor symmetry,” JHEP, 01, 098, 2020.

[291] T. Asaka, M. Laine, and M. Shaposhnikov, “Lightest sterile neutrino abundance within

the nuMSM,” JHEP, 01, 091, 2007, [Erratum: JHEP 02, 028 (2015)].

[292] A. Abada, A. Hernández-Cabezudo, and X. Marcano, “Beta and Neutrinoless Double

Beta Decays with KeV Sterile Fermions,” JHEP, 01, 041, 2019.

[293] T. Asaka, M. Shaposhnikov, and M. Laine, “Lightest sterile neutrino abundance within

the νmsm,” Journal of High Energy Physics, 01, 091, 2007.

[294] E. W. Kolb and M. S. Turner, The early universe. CRC press, 2018.

[295] H. Ishimori, T. Kobayashi, H. Ohki, Y. Shimizu, H. Okada, and M. Tanimoto, “Non-

Abelian Discrete Symmetries in Particle Physics,” Prog. Theor. Phys. Suppl., 183,

1-163, 2010.

[296] A. Abada, G. Arcadi, and M. Lucente, “Dark matter in the minimal inverse seesaw

mechanism,” Journal of Cosmology and Astroparticle Physics, 10, 001, 2014.



Bibliography 191

[297] K. C. Ng, B. M. Roach, K. Perez, J. F. Beacom, S. Horiuchi, R. Krivonos, and D. R.

Wik, “New constraints on sterile neutrino dark matter from nustar m31 observations,”

Physical Review D, 99, no. 8, 083005, 2019.

[298] J. Baur, N. Palanque-Delabrouille, C. Yèche, C. Magneville, and M. Viel, “Lyman-

alpha Forests cool Warm Dark Matter,” JCAP, 08, 012, 2016.

[299] X.-D. Shi and G. M. Fuller, “A New dark matter candidate: Nonthermal sterile

neutrinos,” Phys. Rev. Lett., 82, 2832–2835, 1999.

[300] V. A. Rubakov and M. E. Shaposhnikov, “Electroweak baryon number nonconservation

in the early universe and in high-energy collisions,” Usp. Fiz. Nauk, 166, (1996) 493–

537.



PAPER PRESENTED IN WORKSHOP/CONFERENCE

1. L. Sarma and M.K. Das, "Connecting baryogenesis and dark matter in Scotogenic

model": Presented in an International Conference on Emerging Isuues in Cos-

mology and Particle Physics, 2020, Vishwa Bharati, Shantiniketan.

2. L. Sarma and M.K. Das, "N1 leptogenesis in Scotogenic model within the intermediate

dark matter mass range": Presented in a National Conference on Trends in Modern

Physics, 2020, Assam Don Bosco University, Assam.

3. L. Sarma, B.B. Boruah and M.K. Das, "Sterile dark matter and N1 leptogenesis in

a flavor symmetric ν2HDM framework": Presented at XXIV DAE-BRNS HEP

Symposium, 2020.

4. L. Sarma, B.B. Boruah and M.K. Das, "Neutrinoless double beta decay in a flavor

symmetric scotogenic model": Presented at International Conference on Trends in

Modern Physics, 2021, Assam Don Bosco University, Assam.

5. L. Sarma and M.K. Das, "Impact of one zero textures on baryogenesis in a flavor

symmetric scotogenic model": Presented at XII Biennial National Conference of

Physics Academy of North East (PANE), 2021.



LIST OF PUBLICATIONS

Research Publications in International Refereed Journals:

1. Sarma, L., Das, P. & Das., M. K.; Scalar dark matter and leptogenesis in the minimal

Scotogenic Model, Nuclear Physics B 963 (2021) 115300, arXiv: 2004.13762 .

2. Boruah, B. B., Sarma, L. & Das, M. K.; Lepton flavor violation and leptogenesis

in discrete flavor symmetric scotogenic model Nuclear Physics B 969 (2021) 115472,

arXiv:2103.05295.

3. Sarma, L., Boruah., B. B., & Das, M. K.; Dark matter and low scale leptogenesis in

a flavor symmetric neutrino two Higgs doublet model(ν2HDM), European Physical

Journal C, 82 (2022) 5, 488, arXiv:2106.04124.

4. Sarma, L., & Das, M. K.; Phenomenology of one zero texture Yukawa matrix in a

flavor symmetric scotogenic model, International Journal of Modern Physics A 37

(2022) 14, 2250083, arXiv: 2111.08263.

5. Sarma, L., Paul, P.K. & Das, M. K.; Connecting dark matter, baryogenesis and

neutrinoless double beta decay in a A4⊗Z8 based ν2HDM, Accepted for publication

in International Journal of Modern Physics A, arXiv: 2208.14764.

Conference Proceedings:

• Sarma, L., Boruah., B. B., & Das, M. K.; Neutrinoless double beta decay in a

flavor symmetric scotogenic model, Springer Proceedings 265 (2022) 217-222 of the

conference, International Conference on Trends in Modern Physics -2021.



• Sarma, L., & Das, M. K.; Impact of one zero textures on baryogenesis in a flavor

symmetric scotogenic model, International Journal of Engineering Research and

Technology, ISSN:2278-0181, PANE-2021 Conference Proceedings .

• Boruah., B. B., Sarma, L. , & Das, M. K.; Lepton flavor violation in A4 and Z4 flavor

symmetric scotogenic model, International Journal of Engineering Research and

Technology, ISSN:2278-0181, PANE-2021 Conference Proceedings.

Book Chapter:

• Sarma, L., Boruah., B. B., & Das, M. K.; Scotogenic Model and its Implication

in Neutrino Physics and Related Cosmology: A Brief Review, Frontiers in Basic

Physics and Applications, Frontiers in Basic Physics and Applications, ISBN:978-

81-933014-8-7.

• Sarma, L., & Das, M. K.; Phenomenology of KeV FIMP dark matter in a A4 ⊗Z4

symmetric neutrino two Higgs doublet model(ν2HDM), Frontiers in Basic Physics and

Applications, Frontiers in Basic Physics and Applications, ISBN:978-93-1953-5-3.

• Boruah., B. B., Sarma, L. & Das, M. K.; Leptogenesis in A4 and Z4 flavor symmetric

scotogenic model, Frontiers in Basic Physics and Applications, Frontiers in Basic

Physics and Applications, ISBN:978-93-1953-5-3.


	11_annexures

