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Introducing the 
Dark Photon

ÅCandidate for dark matter

ÅField is locally polarized 
(has fixed direction)

ÅCouples to ὒ ὒ

ÅModifies dispersion 
relation of ’ and ’
üModifies Hamiltonian 

describing neutrino 
oscillations
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Goal: Place bounds on dark photon gauge coupling and mass, and on 
neutrino vacuum oscillation parameters
üSolve Schrödinger equation for modified Hamiltonian

üCompare prediction to experimental data
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Dark Photon ςNeutrino Interaction

ÅShift in neutrino dispersion relation:

ƎΩ Ґ ŘŀǊƪ ǇƘƻǘƻƴ ƎŀǳƎŜ ŎƻǳǇƭƛƴƎ

!Ω Ґ ŀƳǇƭƛǘǳŘŜ ƻŦ ŘŀǊƪ ǇƘƻǘƻƴ ŦƛŜƭŘ

ᶸdepends on neutrino flavor

Å!ǇǇǊƻȄƛƳŀǘŜ !ΩҐ Ŏƻƴǎǘŀƴǘ ƛƴ ǎƻƭŀǊ ƴŜƛƎƘōƻǊƘƻƻŘ Ҍ ŘƛǊŜŎǘƛƻƴ ƻŦ 
neutrinos in experiments is constant
ü

Å.ŀŎƪƎǊƻǳƴŘ !Ω ŦƛŜƭŘ ƳŀƪŜǎ ǳǇ ŦǊŀŎǘƛƻƴ ƻŦ ŘŀǊƪ ƳŀǘǘŜǊ ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎŜ
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Dark Photon ςNeutrino Interaction

ÅHamiltonian for two-flavor approximation:

ÅNumerically solve Schrödinger equation for survival probability of 
given flavor:
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Long Baseline Neutrino Experiments

ÅAtmospheric neutrinos generated 
by cosmic ray interactions

ÅData: 
ÅTokai-to-Kamioka(T2K) experiment

ÅGenerate initial beam of ’ and 
observe flavor content at detector at 
L = 295 km

ÅPrediction:
ÅdP/dEspectrum of initial beam

Åὖᴼ Ὁȟὸḙὒ

ÅDetector response
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Long Baseline Neutrino Experiments
Å… test comparing data with different predicted spectra, varying four parameters
ÅOrange star and solid (dashed) lines correspond to best fit point and 95% (68%) 

confidence line limits
ÅGreen cross and dashed line correspond to best fit point and 68% confidence line limits in 

absence of dark photon
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Long Baseline Neutrino Experiments

Åά Ḻ Ḑρπ Ὡὠ:

ÅAsymptotically independent of ά

Åά ḻ Ḑρπ Ὡὠ:

ÅShift in ɝά ᶿ ἄ (perturbation 

theory)

Åά Ḑρπ ρπ Ὡὠȡ
ÅInterplay between neutrino and 

dark photon oscillation times
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