Testing bosonic dark matter through white
dwarf mass measurements

Jorge Castelo Mourelle

Instituto de Ciencias Nucleares, Universidad Nacional Auténoma de México,
Circuito Exterior C.U., A.P. 70-543, México D.F. 04510, México.

DMaS, Southampton
July 13th 2026

UNIVERSIDAD NACIONAL
j) AUTONOMA DE Mixico

astelo Mourelle Testing bosonic dark matter through white dw.



Idea and motivation

White Dwarf Masses: Observations and Tensions

Two main, largely independent WD mass diagnostics:

@ Electromagnetic method: spectroscopy + photometry +
parallax = mass from model-dependent atmospheric
parameters

@ Gravitational redshift method: relativistic shift of spectral
lines = direct probe of compactness.

Global picture: ensemble studies are quite consistent with the
canonical mass-radius relation, but there exists a kind of
systematic discrepancies between the two methods for an
important set of measurements .
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Idea and motivation

Motivating New Physics: Dark Components in White Dwarfs

o Key idea: WDs may host a gravitationally coupled,
electromagnetically invisible component (dark sector).
o Scalar-field DM scenario:
o Bosonic scalar field can be acreted by the WD conforming a
mixed object.
o Generates a gravitational mass defect, altering the inferred
compactness without affecting atmospheric spectra.
o Naturally yields mass discrepancies of order
AM/M ~ 10%, mimicking a redshift excess at fixed
atmospheric profile.
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Mixed models

Mixed solutions: WD+SF

We use Schwarzschild-like coordinates, yielding the following
metric element,

ds? = —b?dt* 4 a’dr® + (r*d0 + 1? sin® Ody?), (1)

where b and a are the metric functions and depend only on the
radial coordinate r.
The mixed stress-energy tensor is going to be,

Tag' = Tap + Top, 2)
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Mixed models

Mixed solutions: SF

The canonical stress-energy tensor of the scalar field reads,
T =2V Vp® = gup V'OV, 04V ([0F)]], ()

To meet the symmetry requirements, the scalar field has the

form, .

D(t,r) = ¢ps(r)e ", 4)
where w; is the fundamental oscillation frequency of the scalar
field.

The potential for the scalar field is given by

v(|®?) = p*|®|* ®)

The U(1) symmetry of the Lagrangian plays a crucial role in
the field’s stability.
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Mixed models

Mixed solutions: WD

We model the fermionic matter source as:

Tap = (0 + P) taltp + PSup, (6)

where p is the energy density and p is the fermionic pressure.
The fourth-velocity is given by u* = (—1/./—g#,0,0,0).
We assume a polytropic law,

p = Kp", (7)

where I' = 1 + 1/n is the adiabatic index and K is the
polytropic constant, which plays the role of a scaling factor.
Since K"/? has units of length, we can use it to redefine
dimensionless quantities and fix the scales. In our case, the
polytropic index is N = 1.5 (i.e. T = 2) and K ~ 5000 to recover
the desired scales.
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Mixed models

Mixed solutions: WD+SF

Einstein field equations:

1
R,x/g — ERg“:B = G,X/g = 87'L'T,x/3. (8)

Here, R, is the Ricci tensor of the 4-dimensional spacetime,
Sup is the spacetime metric, R is the Ricci scalar, and Tup the
stress-energy tensor.

Einstein-Klein—-Gordon system:

Gap = 87(Typ + Trp),

av
8PV Vp® = qor® €)
af _
V,XTf =0.
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Observational data

Electromagnetic method (EM)

This multi-step procedure allows for a model-dependent
determination of the WD’s mass, Mgy, via the following steps:
@ Fitting of absorption-line profiles to atmosphere models —
effective temperature T, and the surface gravity log §.
@ The surface gravity ¢ is defined by
RZ

c (10)

- GMgm

o

Mgm =

@ R, is inferred from:
L =4nR20 Tk, (11)

Model-dependent mass estimate that relies on atmospheric
models and precise photometric and astrometric data.
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Observational data

Gravitational redshift method (GRS)

Photons escaping from the gravitational potential well undergo
gravitational redshift — systematic shift in the observed
spectral lines. The component due purely to gravity vgrs
provides a model-independent estimate of the WD mass via the

relation:
G Mcgs UGRs € Rs
=== == 12
VGRS = TR T Mcrs c (12)
In convenient astrophysical units, the gravitation redshift
reads: Mo/ M
vGrs [km/s] = 0.6365 oo 2 13
Grs [km/s] R./R. (13)

Linking the gravitational redshift to the mass and radius. This
method depends only on the geometry of spacetime and the
WD’s radius, often derived from parallax and photometry.
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Observational data
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Figure 1: Small black circles correspond to the EM measurement,
while big blue circles indicate the GRS counterpart. In ascending
order of radii, the stars reported are: Sirius B, DB, DBA , Hyades WD
, DBs , Chandra , El-Badry , DA, DAs, Koester , Procyon B and 40
Eridani B.
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Equilibrium stellar models

Representative models
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Figure 2: Three representative families of models with different
features.
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Equilibrium stellar models

Representative models
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Data analysis and model selection

Statistical Setup and Data

e Aim: quantify the statistical preference of the data for
different boson mass # models.

o For each WD we use:

1 __ i Al i i i
X' = {R / MGRS’ MEM' U-MGRS/ UMEM}'

@ Assumptions:

o Mggrs and MEM are independent Gaussian estimates with
means Mcgrs, Mgy and standard deviations OMcrss OMen -
o WD radius R’ is known exactly (no uncertainty).
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Data analysis and model selection

Global Likelihood, Posterior, and Null Model
o Full dataset d = {X'} (independent stars):

p(d|n) HP X'lu),  logp(dlp) Zlogp(Xllu)-

o Implementation:

o Each single-star likelihood evaluated with Dynesty
(nested sampling, 1000 live points).
o Flat prior on p: p(y) = const.

o Posterior:
p(uld) o< p(u) p(dlp) o< p(d|p).

@ Null (no-mismatch) model:
o Likelihood py = p(d|Mgrs = Mgm)-
o Obtained by replacing Mgy (Miot, Ri, i) — Mot in the
electromagnetic term of the likelihood.
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Data analysis and model selection

Results
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Figure 3: Posterior probability for values u. We assume a uniform
prior probability p (). The y-axis of the plot is directly proportional to
the likelihood p(d|u). The x-axis restricts y > 1.68 x 10~1% eV.
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Data analysis and model selection

Posterior Constraints on Boson Mass u

o Posterior p(u|d) evaluated on u in [10711,107%] eV.
e Null model pg = p(d | Mgrs = Mgm):
o Disfavored by factor ~ 1/100 relative to scalar-field
models.
o If all stars share the same y, the no-scalar-field hypothesis is
rejected with p > 0.99.

@ No multiple-boson scenario (different y for different stars).

@ Bayesian evidence comparison:

pp(d) [ 7(u) p(d|p)dp
po  p(d[Mgrs = Mgwm)

WD+SF model is ~ 50 more probable than Mgrs = Mgm.

~ 56,
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Conclusions

Conclusions and Outlook

@ We proposed a mixed WD +SF that explains EM vs GRS
mass discrepancies while remaining consistent with WD

mass—radius and cooling constraints for DM fractions up
to ~ 15%.

@ The favored y lie in the theoretically expected ultralight
range, with 1 ~ 1079 eV providing the highest likelihood
and a compact DM core (< 800 km) that perturbs but does
not disrupt WD structure.

@ Our Bayesian analysis shows that both compact-core and
more extended bosonic distributions can fit the data,
highlighting the flexibility of scalar-field models to
reproduce realistic WD observables.
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Conclusions

Further to do

@ Use more realistic models for the WD part.

o Try to use models with temperature and compare the
effects.

o Use different kinds of bosonic fields.
o Compare with a bigger data-set.
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Conclusions
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Gracifnas! Muchas gracias!
Thank you all!
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