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Research Statement
Stars and the remnants that represent the last stage in their

life – white dwarfs (WDs), neutron stars (NSs) and black holes
(BHs) – encompass a variety of extremes that cannot ever be
achieved in any laboratory on Earth: of gravitation, energy,
density, and magnetic field. My research seeks to further our
understanding of the laws of physics by probing the beautiful
and complex laboratories that populate the skies above us. I
have expertise in both theory and observations, and I inves-
tigate stars and their remnants by mining rich datasets from
large surveys, leading multi-wavelength observational cam-
paigns, and developing theoretical models for their emission
processes, structure, and evolution. This is an exciting time
for stellar astrophysics as high-cadence optical surveys (Gaia,
PTF, ZTF, ATLAS, Kepler, TESS, and soon, the Vera Rubin
Observatory) are revolutionizing the landscape of stellar stud-
ies by allowing the exploration of the dynamic sky, and on-
going spectroscopic surveys (SDSS V, DESI, WEAVE etc.)
will soon provide spectral classifications for millions of stars.
Space missions are also opening new windows on stars and
their remnants: December of 2021 alone saw the launch of
JWST, with its unprecedented sensitivity in the infrared, and
of IXPE, the first mission dedicated to X-ray polarimetry. And
LISA is around the corner.

With the research group that I plan to establish at Stanford, I
will take advantage of these incredibly rich datasets to tackle
open questions about stars and their remnants that have a large
impact on several fields of astrophysics. For example:
• What is the role of magnetic fields in stellar evolution? How

do magnetic fields affect the structure and evolution of WDs
and how do they shape the emission mechanisms and accre-
tion geometries of magnetars and X-ray binaries?

• How can we constrain the physics of the last stages of a
star’s life by studying stellar remnants? What is the fate of
a planetary system after its star dies?

• What are the evolutionary paths of stars in binaries? What
is the population white-dwarf binaries that we will detect in
LISA? What are the progenitors of Ia supernovae?

Stanford would be well suited for carrying out my research
program because of the range of exceptional faculties with
whom I would be able to interact and because of the pool of
excellent undergraduate and graduate students that I could su-
pervise. My focus on stellar science with large surveys would
be a good fit for the department, complementing the extra-
galactic interest in Rubin of Stanford faculty like Prof. Bur-
chat and Prof. Kahn, while allowing for interesting collabora-
tions. I would be looking forward to collaborating with Prof.
Romani, Prof. Blandford and Prof. Wagoner on compact ob-
jects and X-ray polarization.

1 Stellar Evolution in Star Clusters
Star clusters are excellent laboratories for testing theories of

stellar evolution, as they comprise a large sample of stars over

a broad mass spectrum, at the same distance from Earth and
with similar ages and chemical compositions. At Stanford, my
group would pursue several research projects that take advan-
tage of these great laboratories, as well as of the opportunities
opened by new observatories like Gaia, JWST and, in the near
future, the ELTs, with a holistic approach that goes from the-
oretical calculations of stellar evolution, dynamics, and atmo-
spheres to the acquisition and analysis of data [1–13].

Globular Clusters and Brown Dwarfs. Globular clusters
(GCs) are the oldest objects in a galaxy for which accurate
ages can be determined, allowing to study the evolution and
dynamics of their host galaxies, as well as old and metal-
poor populations. In preparation for the launch of JWST, I
performed calculations to understand the evolution of brown
dwarfs in clusters, presenting a new method to determine the
age of GCs that is completely independent from the ones used
until now, and that can thus break the degeneracies affecting
current age estimates [2, 3]. Guided by my predictions, I de-
signed and led a JWST proposal that was awarded 20.6 hours
during Cycle 1 [4] to observe the cluster 47 Tucanae and study
brown dwarfs, as well as hunt for ancient planetary systems
around WDs (see § 2). I just received the data and a large
grant that I plan to use to support a postdoc and a graduate
student this coming year.

Other than measuring the age of the cluster, a key science
driver of this project is to detect and study for the first time
the brown dwarf sequence in a GC. With extremely well-
characterized properties (distance, age, metallicity), the obser-
vations can be directly compared to the predictions of state-of-
the-art models to constrain the physics of brown dwarfs atmo-
spheres and interiors. My graduate students at Stanford will
have the opportunity to learn how to analyze JWST data and
to develop and test new atmospheric and evolutionary mod-
els of stars and brown dwarfs. This incredibly rich dataset,
combined with impressive archival data from HST, will allow
me to develop many research projects for my group. For in-
stance, I am interested in investigating the origin of multiple
populations in GCs [14] by connecting the observed spread in
chemical abundances with the kinematics of cluster stars [15]
(for this project, I have an observation planned for 2023 on the
new IFU spectrograph on Magellan, LLAMAS). As our JWST
data has a high temporal resolution (of about 100 seconds), a
great project for a student will be to analyze the photometric
variability of cluster stars to look for binary stars and plane-
tary transits.

Open Clusters and the IFMR The maximum mass of a star
that is capable of forming a WD is an important astrophysical
quantity: it affects the rate of core-collapse supernovae, the
rate of formation of NSs, and the chemical enrichment and
star formation rate of galaxies. This quantity is, however, still
poorly constrained. A related open question is the shape of
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the relation between the initial mass of main-sequence pro-
genitors and the final mass of WDs (initial-final mass relation
or IMFR). One of the goals of my research program is to find
massive WDs in open clusters to constrain these quantities, as
WDs that are cluster members allow us to estimate the main
sequence mass of their progenitor stars. Gaia’s precise as-
trometry allows identifying stars that are cluster members with
high confidence [11, 13]. Additionally, my collaborators and
I developed a “reconstructing” technique to identify former
cluster members that escaped in the past [7, 8, 12], allowing
to study the evolution of open clusters in the Galaxy.

Using these techniques, we found the most massive WDs
with the most massive progenitors known in clusters, con-
straining the high end of the IFMR [10–13]. At Stanford, I
plan to continue this search; in the long term, I plan to com-
pare evolutionary models to a well-defined IMFR to constrain
the physics of convection and stellar winds in evolved stars.
Also, a potential student project would be to exploit these new
techniques to study the evolution of open clusters and explore
how young stars get ejected from their cradles as the clusters
interact with the gravitational field of the Galaxy.

2 Mysteries of White Dwarfs
WDs are the most common star remnants, as more than 95%

of all stars are destined to become WDs when they die. The
WD field has recently received a dramatic boost due to new
large optical surveys, and new avenues have opened to explore
aspects of WDs that are unconstrained and that have dramatic
consequences for a wide variety of astrophysical fields - from
planetary system evolution to the interior physics of massive
stars, to cosmology. Below I describe some of my projects on
variable WDs. In the long term at Stanford, I plan to build
a program that would leverage current and upcoming surveys
and develop period searches and machine-learning classifica-
tions to explore different types of variable WDs as well as dif-
ferent stages of close binary evolution [16–22], with the goal
of charting the evolutionary paths that lead to the formation of
the compact binaries that we will detect with LISA.
White Dwarf Merger Remnants. Soon, the LISA gravi-
tational wave observatory will reveal the short-period WD
binary population in the Galaxy. Through the emission of
gravitational waves, most of these binaries are destined to
merge, and, depending on the masses of the coalescing WDs, a
merger can lead to a supernova of type Ia, or it can give birth to
a massive WD, which is expected to be highly magnetized and
rapidly rotating. Until recently, only a few WDs that are likely
merger remnants were known. With my current project at Cal-
tech, I am revolutionizing the field by finding a large sample
of remnants in ZTF and Gaia, and characterizing them with
follow-up observations with the Hale and Keck telescopes on
the ground, and with Swift and HST and NuSTAR in space
[23, 24]. The first object that I analyzed in my sample, ZTF
J1901 [21], is one of the most extreme WDs known, with a
rotation period of only 7 minutes, a magnetic field of 800 MG
and a stellar radius of 2,100 km. Such a small radius implies

that the WD is the closest ever detected to the Chandrasekhar
mass. Since the discovery of ZTF J1901, I have been assem-
bling a large sample of merger remnants and I plan to publish
the first catalog in early 2023. I am working on TESS data
to extend my search to the southern hemisphere and look for
small-amplitude variables. TESS is limited to bright sources,
but as soon as Rubin will start releasing data, I will be able to
find much fainter objects.

This sample will be an incredible tool to advance our under-
standing in different fields of astronomy, and with my group
at Stanford, I plan to pursue several avenues of investigation.
On one hand, correlations between the WDs’ periods, field
strengths, masses, and ages will shed light on the properties
and evolution of merger remnants, as well as allow us to study
the effects of magnetic fields on the structure and evolution of
WDs. On the other hand, a careful analysis of the complete-
ness of my sample will yield the rate of WD mergers in the
Galaxy, and constrain the contribution of double-degenerate
mergers to the supernova type Ia rate. As we still do not know
what is the main channel for type Ia supernovae, such con-
straints will have important implications for the extragalactic
science that uses Ia as standard candles. The merger rate will
help constrain the rate of close white-dwarf binaries whose
gravitational waves will be detected by LISA and the binary
evolutionary paths that lead to mergers. Furthermore, I will
be able to derive constraints on the delay between the for-
mation of the binary progenitors and the mergers, providing
important clues on the distribution of periods after common
envelope evolution.
Double-faced White Dwarfs. Another puzzle that I plan
to investigate is the spectral evolution of WDs. Because of
strong gravity, heavy elements on the surface of a WD sink
toward the center, and the upper layer contains only the light-
est element present, usually hydrogen or helium. Several
mechanisms can compete with gravitational settling to change
the surface composition of WDs, and the fraction of helium-
atmosphere WDs is known to increase by a factor ∼ 3 below
a temperature of ∼ 30,000 K [25]; thus, some WDs that have
a hydrogen atmosphere above that temperature are bound to
transition to a helium one as they cool below it. The physics
underpinning this phenomenon is poorly understood, but I re-
cently discovered a new class of variable WDs that may be
undergoing this transition and that can therefore shed light on
the spectral evolution of WDs. The most striking example
is the object I nicknamed “Janus”: a double-faced WD, with
one face made of hydrogen and the other made of helium (the
paper is under review at Nature [26]). This discovery war-
rants looking more closely at the helium WD population. I
am searching for more double-faced stars and I have already
found some candidates. Soon, the new all-sky spectroscopic
surveys will increase the number of known helium WDs as
well as reveal new candidates.

Planetary Systems around White Dwarfs. WD planetary
science is a rapidly growing field. Planetary bodies around
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WDs have been discovered at various stages of disruption:
entire planets, partially disrupted planets, debris disks, and
planetary material directly detected on the surfaces of WDs
[27], and each stage provides information on the destiny of
planetary systems after their stars die. In this field as well,
high-cadence optical surveys are enabling new discoveries of
eclipsing planets and transiting debris, while new infrared ca-
pabilities are making it easier to find WDs with infrared ex-
cesses that show the presence of debris disks, and the new
spectroscopic surveys will increase the number of known
“polluted” WDs, whose atmospheres with metal lines reveal
recent accretion of planetary material. At Stanford, I plan to
look for planetary systems around WDs in their different dis-
ruption stages, as well as carry on my work on the dynamical
evolution of planetary systems after their stars die [28]. One
of the key goals of my JWST program is to search for debris
disks around WDs in 47 Tuc, testing whether WDs with de-
bris signatures are present in GCs, and (when spectroscopy is
done in a future cycle), determining whether the debris is con-
sistent with a planetary material’s origin. The number of dusty
WDs in the cluster will reveal if planetary systems are com-
mon in old metal-poor populations as in the field, constraining
the efficiency of planet formation in the early Galaxy.

3 X-ray Studies of Compact Objects

My Ph.D. thesis focused on developing theoretical models
for the spectral formation and polarization of NSs and BHs
in the X-rays. Specifically, I studied how spectropolarimetric
measurements can further our understanding of the emission
mechanisms in magnetars and in accreting X-ray pulsars [29–
32]. Furthermore, I investigated how the effects of quantum
electrodynamics (QED) on the X-ray emission of accreting
BHs can help us probe their magnetic fields [33, 34]. Such
studies have been critical in support of the first dedicated X-
ray polarimeter in space, the NASA IXPE [35], and for other
missions currently in development [36–41].

I am also interested in X-ray spectroscopy and timing of
compact objects. In response to a call for proposals for con-
cepts from the Canadian Space Agency in 2018, with my ad-
visor and a team of Canadian high-energy astrophysicists, we
proposed a new X-ray mission, Colibrì. The concept study
was funded and I am the project scientist for the mission.

X-ray Polarimetry. After nearly five decades from the first
detection of polarized X-rays from the Crab, we just entered
the era of X-ray polarimetry, with the launch of IXPE in De-
cember of 2021 [35]. Polarization provides information on
the geometry of the emission region: it allows us to zoom in
on the one-kilometer-wide emission region on a NS or accret-
ing BH several kiloparsecs away. Furthermore, QED can dra-
matically modify the polarization of X-rays traveling in the
magnetospheres of NSs and BHs [32, 42–44], so polariza-
tion probes both the birefringence of the magnetized vacuum
[33, 45, 46], one of the first predictions of QED as yet un-
detected, and the magnetic field structure of these objects. I

am currently collaborating with IXPE team members to ana-
lyze and interpret several of the new spectropolarimetry ob-
servations [47–49]. The first polarimetric observations of the
magnetar 4U 0142+61 are already showing exciting properties
[47]: the low polarization degree (∼ 10%) at low energy pro-
vides the first observational hint that the ultra-strong magnetic
field might cause the NS’s surface to be condensed and not
gaseous, while the swing in polarization angle at ∼ 4.5 keV
and the higher polarization degree at high energies suggest
that the non-thermal emission is produced by the upscattering
of thermal photons by currents in the NS’s magnetosphere.
More IXPE observations of this and similar sources (the mag-
netar 1RXS J1708 has just been observed, revealing an even
more exciting signal) will allow us to test the geometry of the
emission regions and the models themselves and arrive at a
firmer identification of the modes dominating the emission in
different energy bands.

The data provided by IXPE is extremely rich, and we are cur-
rently just scraping the surface. In the years ahead, I plan to
supervise student projects aimed at analyzing current and up-
coming observations and developing new models of spectral
formation informed by the observations. My goal to is under-
stand the emission mechanisms and magnetic field geometries
in magnetars as well as the accretion geometry of accreting
X-ray pulsars. The first IXPE observations of X-ray pulsars
are baffling: the emission is much less polarized than we ex-
pected, challenging the current scenario that implies the pres-
ence of accretion columns at the NS’s magnetic poles [48, 49].
In order to fully understand the emission mechanism, we need
models that are able to consistently reproduce decades of tim-
ing and spectroscopic observations of X-ray pulsars and ex-
plain the newly observed polarization properties.

X-ray Timing and Spectroscopy - Colibrì. The Colibrì
concept is based on multiple aperture non-imaging X-ray
collectors similar to NICER but with cryogenically cooled
transition-edge sensors (TES) as detectors. Colibrì’s design
yields high throughput, high spectral and timing resolution
and high quantum efficiency over a wide range of photon en-
ergies. If funded, Colibrì will be an amazing instrument for
timing and spectroscopic studies of NSs and BHs [50–52].

As project scientist, I wrote the bulk of the science case for
the concept study proposal, I coordinate the work of the sci-
ence working groups, and I am involved in all aspects of the
mission: during the concept study, I had regular meetings with
our industry partners, MDA and Honeywell, to guide the de-
sign of our optics, of our cooling system and of our bus, as
well as evaluate different mission designs. At Stanford, I plan
to continue the efforts to fund Colibrì for the next phase; in
the meantime, I will work on the development of one or more
smaller missions with TES-based detectors, to test them in
space (they have only flown once on the rocket Micro-X) and
bring them to a higher TRL.
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