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White dwarfs
WDs:

▶ Dense star ∼ 106kg/m3

▶ Degenerate e− pressure
▶ EOS: Salpeter + TOV
▶ Mass ≲ 1.33 M⊙

Hot WDs: neutrino emission
through plasmon decay

Cold WDs: photon surface
emission

Cooling: CV
dTWD

dt = −Lν − Lγ + LH
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γ self-energy
E. Braaten and D. Segel, Phys. Rev. D 48, 1478 (1993)

Πµν
T ̸=0 = 4e2

∫
d3k

(2π)3
fe(EK ) + fe(EK )

2EK

×
Q · K(kµqν + kνqµ) − Q2kµkν − (Q · K)2gµν

(Q · K)2 − (Q2)2/4

Dispersion relations and field strength:

ωl = ωl(q)
ωt = ωt(q)
Zl(q), Zt(q)

Decay into ν ν (SM):
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Plasmon decay
Emissivity of plasma:
Qλ ≡

∫
d3q⃗ Γλ(q) ωλ(q)nB(ωλ(q), T ), where

nB(ω) = 1
eω/T −1

QT = 2
( ∑

ν

C2
V

) G2
F

96π4α

∫ ∞

0
dq q2Zt(q)

(
ωt(q)2 − q2

)3
nB(ωt(q))

QA = 2
( ∑

ν

C2
A

) G2
F

96π4α

∫ ∞

0
dq q2Zt(q)

(
ωt(q)2 − q2

)
ΠA(ωt(q), q)2nB(ωt(q))

QL =
( ∑

ν

C2
V

) G2
F

96π4α

∫ ∞

0
dq q2Zl (q)ωl (q)2

(
ωl (q)2 − q2

)2
nB(ωl (q))

Luminosity: Lν = 4π
∫ RWD

0 Q(r) r 2 dr
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Lµ − Lτ

Lint = −gµτ jα
µτ A′

α + e ϵA

(
jα
EM − 1

2 tan2 θW jα
Z

)
A′

α

jα
µτ = L̄2γαL2 + µ̄RγαµR − L̄3γαL3 − τ̄RγατR

ϵA ≃
e gµτ

6π2 log
(mµ

mτ

)
∼ −

gµτ

70
,

de
V = e ϵA

(
1 − tan2 θW (1 − 4 sin2 θW )/8

)
,

de
A = e ϵA tan2 θW /8 ,

kα
ν = sα gµτ /2 + de

A ,

sα = 0, 1, −1, for α = e, µ, τ
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A′ in plasmon decay

Cα,SM+BSM
a (Q) → Cα

a + ba

√
2

GF

kα
ν de

a
Q2 − m2

A′

a = V , A, bV = 1, bA = −1, α: flavor. We measure: FDS = LDS+SM−LSM
LSM

Cha
rm

 II
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mA ′ [GeV]
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g

H0

(g
2) ± 2

COHERENT

Borexino

BBN

NA64

Ba
Ba

r

MWD = 1 M
TWD = 108 K

L L

Bauer et al. (2018)
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WD 30%
WD 10%
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A′ in plasmon decay
Regimes

Heavy DP: FDS ≃ 1.50 × 1017
(

gµτ

mA′ /1 MeV

)4
− 1.66 × 105

(
gµτ

mA′ /1 MeV

)2

Ultra-light DP: Dµν
A′ = −i gµλ

Q2−m2
A′ −FA′

Pν
Lλ + −i gµλ

Q2−m2
A′ −GA′

Pν
Tλ , such that

Πµν
A′ = FA′ Pµν

L + GA′ Pµν
T

Resonant DP: Gµν
BW(Q2) = −i(gµλ−qµqλ/m2)

Q2−m2−Re(F )−i Im(F )
Pν

Lλ
+ −i(gµλ−qµqλ/m2)

Q2−m2−Re(G)−i Im(G)
Pν

Tλ
,

where Im(Π̄µν
A′ )(Q2) = (kα

ν )2

24π
Q2gµν (MS-renormalization)
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Conclusions
1. We have performed for the first time an ab initio

computation of the WD luminosity due to plasmon decay
into neutrinos in presence of an extra new Lµ − Lτ gauge
boson.

2. Given the observation of a hot young WD at the 30% level,
the resulting WD cooling bounds can exclude currently
untested regions of parameter space, where a simultaneous
explanation of the (g − 2)µ and H0 anomaly are still
possible.

3. There is a considerable increase of the BSM effects in the
resonant region 100 eV ≲ mA′ ≲ 100 keV due to plasma
resonance.

4. A straightforward extension of this work would be to
perform the same calculations for neutron stars. However,
the lack of knowledge of the precise equation of state for
these stars makes it fundamentally more difficult to obtain
robust results for the corresponding luminosities.
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Resonant A′
Region where mA′ ∼ ωp:

ω2
p = 4π

α

∫ ∞

0
dp k2

Ek

(
1 − 1

3v 2
)

[fe(Ek) + fe(Ek)] (1)
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Other limits on A′

▶ BBN: At masses below O(10) MeV the dark photon A′

contributes significantly to the heating of the neutrino gas
in the early universe leading to a too large number of
neutrino degrees of freedom, ∆Neff , during BBN.

▶ NA64µ: by using a missing energy-momentum technique
with a high energy muon beam.

▶ Borexino: from the measurement of the 7Be solar neutrino
flux, masses of mA′ ∼ 10 MeV are excluded for
gµτ ∼ 0.0005.

▶ BaBar: from resonance searches in four-muon production,
high masses excluded.

▶ COHERENT: from measurements of coherent elastic
neutrino-nucleus scattering (CEνNS) with a CsI[Na] target,
high couplings excluded.

▶ CHARM-II: from the search for neutrino trident
production, for masses ∼ 100 MeV.
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