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Introducing the
Dark Photon

ACandidate for dark matter

AField is locally polarized
(has fixed direction)

ACouplestd) 0

AModifies dispersion
relation of’ and’

U Modifies Hamiltonian
describing neutrino
oscillations
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Goat Place bounds on dark photon gauge coupling and mass, and on
neutrino vacuum oscillation parameters

U Solve Schrodinger equation for modified Hamiltonian

U Compare prediction to experimental data
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Dark Photort Neutrino Interaction

AShift in neutrino dispersion relation:

TTZQ

B /5T g 2+ m2 = 71+ 2 5 /5 X + O(g2A%)
p
3Q I RFENJ] LK2G2y 3l dzAS 02dzJ Ay 3
1 Q I YLt AGdzZRS 2F RIFENJ LK2G2y FASER
U depends on neutrino flavor
Al LIWINPEAYIGS 1 QI O2vyadlyd Ay azf|
neutrinos in experiments is constant
U p-A" = Al cos(myt)
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Dark Photort Neutrino Interaction

AHamiltonian for tweflavor approximation:

( .
Am32, [ —cos2033 sin 2093 \ L 1 0 |
H = /¢ i sin 2023 cos 2923< + 9 Ag cos(mart) 0 —1)° atmospheric
— Am%Q — COS 2912 Sin 2912 Y 0 0
\ “p sin 2612 cos 2912/ T A@ cos(mart) 0 —1/° solar

ANumerically solve Schrédinger equation for survival probability of
given flavor:
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Long Baseline Neutrino Experiments

AAtmospheric neutrinos generated

by cosmic ray interactions %1 e Unoscillated x1/10
o e -===Vacuum oscillations
AData : o0 7 L SESt fit point
0 iy I R ata
A Tokaito-Kamioka(T2K) experiment 5 !J-_
A Generate initial beam 6f and S 15 : t
observe flavor content at detector & ® k) Tl
L =295 km £ 1] J'
APrediction: + 59 J‘
AdR dEspectrum of initial beam TTTTT|-=‘"§“ |
5 o~ " 0+t . - . . ; ; .
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E [GeV
ADetector response [GeV]
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Long Baseline Neutrino Experiments

A ... test comparing data with different predicted spectra, varying four parameters

A Orange star and solid (dashed) lines correspond to best fit point and 95% (68%)
confidence line limits

A Green cross and dashed line correspond to best fit point and 68% confidence line limits |
absence of dark photon
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Long Baseline Neutrino Experiments
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A Asymptotically independent af
Aa |

—Dp1m Qw

AShiftinaad @ —2 (perturbation
theory)
Ad Dpm pmn Qd

Alnterplay between neutrino and
dark photon oscillation times
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