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× òTechnically natural ó in tõHooftsense. Small values are

protected by symmetry.  At a cut-off scale ȿ:

ònatural ó- mf ~ g2/(16 2) mf  ln(ȿ2/mf
2) 

òunnatural ó- mH
2 ~ - yt

2/(8 2)ȿ2

Å Two ways to generate small valuesnaturally :

× Suppression by integrating out heavy states :

the higher dimension 1/ȿn, the lower ȿ can be.

× Suppression by loop radiative generation:

the higher loops 1/(16 2)n, the lower cut off scale can  be.
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A natural  theoretical way to understand why 3 n-masses are very small.

Type-III: SM + 3 triplet fermions
(Foot, Lew, He, Joshi 89) 

Type-I: SM + 3 right-handed Majorananõs
(Minkowski77; Yanagida79; Glashow 79; Gell-Mann, Ramond, Slanski79; Mohapatra, Senjanovic79)

Type-II: SM + 1 Higgs triplet
(Magg, Wetterich80; Schechter, Valle 80; Lazarideset al 80; Mohapatra, Senjanovic80; Gelmini, Roncadelli80)
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Higher - loop models with DM

Krauss -Nasri -Trodden model

Aoki -Kanemura -Seto model

Gustafsson -No-Rivera model 
M. Gustafsson, J.M. No, and M.A. Rivera,

PRL110 , 21802 (2013)

M. Aoki, S. Kanemura and O. Seto,

PRL102 , 051805 (2009)

M.L. Krauss, S. Nasri and M. Trodden,
PRD67 , 085002 (2003)

Many models of Which is the true one ?

SM

R. 1 loop

R. 2 loop

Seesaw I

Seesaw 

II III

R. 3 loop
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1.Can we test / falsify these models at the experiments ?

2.Can we explore the new Physics Scale  M ?
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Babu, Jana (2017)

Rizzo (1982); Huitu,Maalampi, Pietila,Raidal (1997); Gunion, Loomis, Pitts (1996);Akeryod,Aoki (2005); Han, Mukhopadhyaya,  

Ci, Wang (2005), N. Sahu, Uma Sankar (2005); Sarma, Devi, Singh (2007); Chao, Luo,Xing, Zhao (2007); Perez, Han, Huang,  

Li, Wang (2008); McDonald, Sahu, Sarkar (2008); Chiang, Nomura, Tsumura (2012); Dev, D. Ghosh, Okada, Saha (2013);  

Nayak, Parida (2015); Cai, Han, Ruiz (2017),Babu , Jana (2017)éé



× Doubly Charged Higgs Phenomenology

u Doubly Charged Scalars appear in neutrino mass models :

1 ÅRadiative Neutrino Mass Model
(Babu88; Zee 80)

2
ÅType II Seesaw Model(Magg, 

Wetterich 80; Schechter, Valle 80; Lazarides et al 80; 
Mohapatra, Senjanovic 80; Gelmini, Roncadelli 80)

3
ÅLeft Right Symmetric Model  

(Pati,  Jogesh C. et al. (74), Mohapatra (75), Senjanovic, 
(75)  )

4 ÅLittle Higgs Model                          
(Arkani-Hamed, N.  (2002) )

5
ÅDimension 7 Neutrino Mass 

Model                                       
(Babu, Nandi (2009))     

6 ÅGeorgi-Machacek Model            
( Georgi, Howard et al.(85))

7 ÅOther Models                             
( Gunion(90), etc.)





T. Ghosh, Jana, Nandi (2018)

K. Ghosh, Jana, Nandi (2017)



×Despite numerous searches for neutrino mass 

models (at TeV scale) at high -energy colliders, no 

compelling evidence has been found so far. 

× Is it really sufficient to search for new physics scale

behind neutrino mass generation mechanism at 

LHC only ?

×The new physics scale behind neutrino mass 

generation mechanism might be at low scale and 

which is less sensitive to high energy collider 

experiments

× It may show up at low energy neutrino experiments 

at near future.
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Three -neutrino oscillation: 

Not the full picture?
Short Baseline

Anomalies

Long and Medium

Baseline



hep-ex/0104049

LSND detected more  ne than expected : 
87.9 Ñ22.4 Ñ6.0 events

3.8 Ƭexcess 





Ç To test the LSND indication of anti -electron 
neutrino oscillations

Ç Keep L/E same,  change beam, energy, and 
systematic errors

Ç Baseline: L = 540 meters, ~ x 15 LSND  

Ç Neutrino Beam Energy: E ~ x (10 -20 ) LSND

Ç Different systematics: event signatures and 
backgrounds different from LSND  High 
statistics: ~ x 6 LSND

Ç Perform experiment in both neutrino and 
anti -neutrino modes.ÅNeutrino and anti neutrino modes see 

excesses  of ne and ne (Combined is also  
3.8 Ƭexcess )



MiniBooNEõsLow Energy Excess



MiniBooNEõsLow Energy Excess

× Observation of a Significant Excess of 

Electron-Like Events in the MiniBooNE 

Short Baseline Neutrino Experiment

× Double neutrino-mode data in

2016-2017 (6.46×1020 + 6.38×1020 POT)

× Event excess: 381.2 ± 85.2(4.5Ȓ)

MiniBooNE Collaboration hep-ex/1805.12028

https://arxiv.org/pdf/1805.12028.pdf


What is going on???

What sort of new physics can explain these anomalies?

ÅWhat is the nature of the excess?
ÅPossible detector anomalies or reconstruction problems?
ÅIncorrect estimation of the background?
ÅNew sources of background?
ÅNew physics including/excluding exotic oscillation scenarios?

The origin of such excess is unclear ðit could be the presence of new physics, or a large background mismodeling.

However, the  MiniBooNE  result,  if  due  to  new  physics,  would  revolutionize the  field  of  particle  physics.



×What about eV Sterile Neutrino 
Interpretation ??? 
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sin22ʃµe = 4 |Ue4 Uµ4 |2

Leads to ʉe
disappearance

Leads to ʉʈ
disappearance
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sin22ʃµe = 4 |Ue4 Uµ4 |2

Leads to ʉʈtoʉe
disappearance

Å2 variables: Ue4 , Uʈτ
Å3 data sets: ʉe- Disappearance

ʉʈ- Disappearance
ʉe- Appearance

Mona Dentler et al. JHEP 1808 (2018) 010

×What about eV Sterile Neutrino 
Interpretation ??? 


