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Bulk fermions interaction 
with active (brane) 
neutrinos via Higgs

Mixing between KK modes 
via Brane Majorana mass 

term
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Ingredients for oscillation in presence of extra dimension

Oscillation Dictated by mass matrices

For Vanilla Case (𝑀𝐷 = 𝑀𝐽 = 𝐵 = 0):

KK mass = n/(Radius of extra dimension)
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Oscillation Dictated by mass matrices

For Vanilla Case (𝑀𝐷 = 𝑀𝐽 = 𝐵 = 0):

PMNS rotation:
Diagonalises 𝑚𝐷

Flavour eigenstate
KK rotation:
Diagonalises 
mass matrix

Mass eigenstate
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Collecting the ingredients

Parameters: 𝑚𝐷
𝑙𝑖𝑔ℎ𝑡𝑒𝑠𝑡
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1

𝑅
, 𝑀𝐷, 𝑀𝐽, B
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𝑀𝐷 positive

𝑀𝐷 negative

𝑀𝐷positive
𝑀𝐷negative

Normal Ordering Inverted Ordering
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Conclusion: Higher Dimensions, Continued Dreams

• Neutrinos, an incredible probe to extra dimensional scenarios

• Rich phenomenology, at current as well as future detectors

• Oscillation simply one observable, could extend to various other observables

• Ex. Presence of Lepton Number Violation, Neutrinoless Double Beta Decay

• However, must motivate assumptions; very different bounds upon different assumptions
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Thank you
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Backup:

𝛾5 already in use; no notion of chirality

Abuse Notation
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Backup:

Case 1 : 𝑀𝐷 = 𝑀𝐽 = 0
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Backup:

Matter effects
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Backup:

Resonance

𝛼 = 0
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Backup:

Dirac brane

Dirac Bulk

Majorana Bulk

Majorana Brane
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Dirac

Majorana

Bulk Brane

𝑀𝐷 = 𝑀𝐽 = 𝐵 = 0

KK mass = n/R
Extensively studied

𝑀𝐷 ≠ 0

KK mass =
𝑛

𝑅

2
+ 𝑀𝐷

2

Weaker constraints at 𝑀𝐷 < 0

𝑀𝐽 ≠ 0

KK mass =
𝑛

𝑅
± 𝑀𝐽

Resonance at 𝑀𝐽 =
𝑛

𝑅
, 𝑀𝐽 =

𝑛

2𝑅

c

𝐵 ≠ 0

KK mass =
𝑛

𝑅

𝑚𝑙𝑖𝑔ℎ𝑡𝑒𝑠𝑡 ≈ 0.5 𝐵 − 𝐵2 + 4𝑚𝐷
2
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Phenomenology of oscillation in presence of extra dimension

Dirac Bulk

Eigenvalues of mass matrix

Mixing

𝑀𝐷 positive, 𝜇1 ≫ 1

𝑀𝐷 positive
𝑀𝐷 negative
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Case 4: Majorana Brane
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Case 3: Majorana Bulk
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Majorana Brane
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