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STANDARD MODEL Neutrinos
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Standard Model “problems”

 No mass term for neutrinos in  the SM
 Only beyond the SM a mass term 

    (vR , etc.)
 No particles that account for the 

    observed Dark Matter (DM) abundance

Dark Matter (~26.8%) contributes 5x more to energy 

of the Universe than ordinary matter (~5%)

=> SOMETHING ELSE is OUT THERE !!
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Πειραματικές παρατηρήσεις

 Neutrino Oscillations / Neutrinos have a mass beyond the SM
 Super-Kamiokande experiment /1998 
 . 

 

Fractional Flavour Content 
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● Super-Kamiokande experiment observed neutrino oscillations. This
proved that neutrinos change "flavors" (e.g., muon to tau) as they travel, 
which provided the first definitive experimental evidence that neutrinos 
possess a non-zero mass
Specifically, the decay chain of secondary particles—pions decaying 
into muons was observed, which subsequently decay into electrons and 
neutrinos:

π+ → μ+ + νμ ,      μ+ → e+ + νe + \bar{\nu}_μ 

The detector observed a deficit in the expected ratio of νμ to νe, 

revealing that the missing νμ had oscillated into ντ
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 Experiment anomalies (1993-2026) 

 Los Alamos National Laboratory
 No 1 : LSND experiment anomaly (1993-1998)

 LSND observed neutrinos from stopped π+ beam,π+ → μ+ + νμ

Since the decay chain produces no $\bar{\nu}_e$, none should be 
detected via inverse beta decay(μ+ → e+ + νe + \bar{\nu}_μ) 

 
 However, LSND observed a 3.8σ excess of ${\bar{nu}}_e$ 

events, interpreted as evidence for short-baseline oscillations

 : Due to a sterile neutrino with ∆m2 → 0.2–10 eV²/c⁴ range. 
The best-fit parameters were :
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 Experiment anomalies (1993-2026) 

 
Fermilab
 No 2 : MiniBooNE anomaly (2002-2018)
MiniBooNE operated at approximately 10 times the energy 
and baseline of LSND and observed an unexpected 
surplus of electron neutrino and antineutrino events in a 
muon-flavour neutrino beam. The combined significance of 
LSND and MiniBooNE reached around 6.1σ.

The key point is that MiniBooNE was designed specifically 
to test LSND — and saw the same anomaly, dramatically 
increasing the statistical weight of the signal.
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 Experiment anomalies (1993-2026) 

 

Multiple reactor experiments worldwide/

Daya Bay, DCHOOZ, RENO/distance~ 1 Km 
 No 3 : The Reactor Antineutrino Anomaly (RAA)

When the expected flux of $\bar{\nu}_e$ was recalculated from nuclear 
reactors (around 2011), they found that all short-baseline reactor 
experiments consistently detected ~3% fewer e- antineutrinos than 
predicted. This deficit, known as the Reactor Antineutrino Anomaly, is 
consistent with $\bar{\nu}_e$ oscillating into a sterile state with  ∆m2 ~ 1 
eV², over baselines of tens of meters before detectors could catch them.
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 Experiment anomalies (1993-2026) 

 

 GALLEX, SAGE, and BEST experiments
 No 4 : The Gallium Anomaly

The gallium anomaly describes the fact that GALLEX, SAGE, and 

most recently BEST observe lower rates of νe than expected from 
calibrated 51Cr and 37Ar radioactive electron capture decay sources. 
These experiments observe about 80% as many events as expected, an 
overall significance of about 4σ.

A more refined experiment found further evidence for the gallium 
anomaly in 2022 (the BEST experiment in Russia), strengthening the 
case.
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 Experiment anomalies (1993-2026) 

 
Anomaly Experiment(s) Channel Significance  ∆m2 hint

LSND LSND(Los 
Alamos)

appearance 3.8σ 0.2-10 eV2

MiniBooNE MiniBooNE
(Fermilab)

νμ →νe
appearance

~6.1σ 
combined 
w/LSND

~0.5-1 eV2

Reactor Many reactor expts; 
Daya Bay, 
DCHOOZ, RENO

disappearance ~3σ ~ 1 eV2

Gallium GALLEX, 
SAGE, BEST

Ve 
disappearance

~4σ ~1 eV2
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Latest Results KATRIN/MicroBooNE

|Ue4|2 ~ sin2(θee) ~ 2 x 10-2  →KATRIN
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Anomalies solution : 
Sterile-Active neutrino 
oscillations

  
  
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              String Theory Models 

●   offer candidate particles with in non-SUSY models with   
     (gauged) B & L 
 Particles stretch between intersecting D6 branes 

Simplest realization: Non-SUSY models with gauged B & L 
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Standard Model at the String scale

                GAUGE GROUP

● SU(3)a x SU(2)b x U(1)a x U(1) b x U(1)c x U(1) d x U(1)e

Fermionic spectrum SM + νR’s +sterile (s) →     At low 
energy only the SM gauge group survives : 
CK (2002), hep-th/0205147 
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Sterile Neutrinos in Gauge Theories
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Sterile Neutrinos from 
Intersecting Branes 
                        C.K + I. Antoniadis 
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  Sterile interactions & constraints

-----------------------------------
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                            Conclusions 

 KATRIN has not ‘killed’ the sterile neutrino; it has 
made its ‘living space’ much smaller

 Sterile neutrinos are naturally appearing in string 
D6-brane models

 Constraints on the mass of sterile neutrino are found, 
even when the sensitivity is outside the range 
investigated by KATRIN, MicroBooNE
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