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

life – white dwarfs, neutron stars, and black holes – encom-
pass a variety of extremes that cannot ever be achieved in any
laboratory on Earth: of gravitation, energy, density, temper-
ature, 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 time domain surveys (Gaia, PTF, ZTF, ATLAS, Ke-
pler, TESS, and, in the near future, the Vera Rubin Observa-
tory) are revolutionizing the landscape of stellar studies by
allowing the exploration of the dynamic sky. Furthermore,
spectroscopic surveys are ongoing (SDSS V, DESI, WEAVE
etc.), which will 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 and Roman are just around the corner.

With the research group that I plan to establish at Harvard, I
will take advantage of these incredibly rich datasets to explore
stellar evolution in star clusters (§ 1), study peculiar white
dwarfs (§ 2), and investigate neutron stars and black holes in
the X-rays (§ 3). I am interested in tackling open questions
about stars and their remnants that have a large impact on sev-
eral 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 white dwarfs and shape the emission and accretion ge-
ometries 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 type Ia supernovae?

Below I describe some of my current and future projects that
will leverage the incredibly data-rich landscape of the next
five to ten years. One of the most exciting events on the hori-
zon of stellar astronomy is the launch in the mid-2030s of the
LISA gravitational waves observatory. My project on finding
white dwarf merger remnants with ZTF and Gaia (see § 2.1)
is already providing important constraints on the population

of close double-degenerate binaries that will be detected by
LISA, and I plan to extend my work to other stages of close-
binary evolution. The current wealth of archival data from
time-domain surveys already allows, with the right tools and
vision, to build and study population samples for each state
of evolution of close binaries containing compact objects, as I
have learned from my work with ZTF [1–8], and to constrain
their rates and lifespans. Such electromagnetically discovered
samples will allow us to connect the dots between different
evolutionary stages and understand the contribution of differ-
ent evolutionary paths to the population of Galactic compact
binaries that LISA will detect in gravitational waves. One of
my goals will be to push the variable stars group at Harvard at
the forefront in the LISA era.

Harvard would be an ideal place for carrying out my re-
search program because of the range of exceptional faculties
with whom I would be able to interact, the pool of excellent
students that I could supervise, and the great access to ob-
servational facilities and surveys. Because of my broad in-
terests, I would benefit greatly from the vibrant community
at CfA, and I would look forward to initiating collaborations
across different fields. My focus on time-domain and stellar
science with large surveys (like Rubin and SDSS V) would be
a good fit for the department, complementing the extragalac-
tic and transients interest of current faculty like Prof. Berger,
Prof. Eisenstein, and Prof. Stubbs, while allowing for inter-
esting collaborations. I would be looking forward to collab-
orating with Prof. Berger on brown dwarf studies, with Prof.
Conroy on stellar evolution models and population synthesis,
and with Prof. Grindlay, Prof. Hernquist, and Prof. Narayan
on compact objects and X-ray binaries. Access to the Whip-
ple and Magellan observatories would be key for my research
program, as well as being part of the SDSS V collaboration.
At Harvard, I would also be interested in contributing to the
development of new instruments for the optical observatories
and in planning for the GMT; for example, I would push for
the development of a multi-channel high-speed imager (sim-
ilar to the very successful HIPERCAM on the GTC [9]) that
would take advantage of the amazing seeing at the Magellan
site, and for a high time resolution spectrograph, which would
be an invaluable instrument for following up variable stars dis-
covered by Rubin.

The field of astronomy is continuously evolving, and every
department that seeks to be a leading institution needs to con-
tinuously adjust and invest in new opportunities. I am always
looking for opportunities for improvement and at Harvard, I
will strive to be a motor for innovation in the department.
Because of this attitude of mine, Prof.s Prince and Kulkarni
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asked me to lead the effort to create a Data Science Center at
Caltech. Together with another postdoc, I recently organized
a retreat for a large group of Caltech faculty members, staff
scientists, and postdocs to discuss how to bring the Center to
life. If I would join Harvard as faculty, I would look forward
to collaborating with the Astrostatistic group at CfA. In my
field, the need for machine learning and data science tools is
becoming more and more pressing as the large surveys already
operating or on the horizon are releasing ever larger, more het-
erogeneous, and more complex datasets. I would strive for
the group to become a nucleation point for different science
groups for developing and exchanging tools and algorithms,
as data science works by identifying common problems across
subdomains and abstracting them, and much can be obtained
by cross-pollination between different fields.

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. The HST
legacy of archival observations of clusters is truly impressive,
amounting to thousands of hours in almost every energy band;
however, most of the observations were carried out with a spe-
cific purpose or a specific stage of stellar evolution in mind,
and much is left to explore with a comprehensive approach.
Furthermore, new capabilities have been opened by observa-
tories like JWST, Gaia, by new IFU spectrographs like LLA-
MAS on Magellan, and, in the near future, by the ELTs. At
Harvard, my group will pursue several research projects that
take advantage of these great laboratories with a holistic ap-
proach that goes from theoretical calculations of stellar evolu-
tion, dynamics, and atmospheres to the acquisition and analy-
sis of data. [10–22].

1.1 Globular Clusters and Brown Dwarfs

Globular clusters are the oldest objects in a galaxy for which
accurate ages can be determined, allowing us 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 deter-
mine the age of globulars that is independent from currently
used ones, and that can therefore break the degeneracies af-
fecting current age estimates [11, 12]. Guided by my theoreti-
cal predictions, I designed and led a successful JWST proposal
during Cycle 1 [13] to observe the cluster 47 Tucanae and
detect and study the brown dwarf cooling sequence (Fig. 1),
as well as hunt for ancient planetary systems around white
dwarfs (see § 2.3). 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.

Figure 1: Simulated color-magnitude diagram (CMD) in the JWST
filters F150W2 and F322W2 for the globular cluster 47 Tucanae
(in red); background stars from Small Magellanic Cloud stars are
also shown in blue. These latter stars will be easily removed from
the CMD by proper motion cleaning, providing an excellent test
of JWST’s astrometric capabilities. The inset shows the gap at the
end of the main sequence (highlighted by a sharp decrease in the
number of objects) and the onset of the brown sequence. For an
older (younger) cluster, we expect the brown sequence to start at
higher (lower) magnitudes, providing a strong constraint on the age
of the cluster.

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 globular cluster. With ex-
tremely well-characterized properties (distance, age, metallic-
ity), the location and detailed structure of the gap between
low-mass stars and brown dwarfs and of the brown dwarf se-
quence can be directly compared to the predictions of state-
of-the-art models and help us break the degeneracies in age,
mass, and composition that affect current models of brown
dwarf evolution, constraining the physics of brown dwarfs at-
mospheres and interiors. As the present-day luminosity of
brown dwarfs depends on their cooling (and thus atmospheric
opacities) over the past 12 Gyr, it will be a major triumph if
our models can reproduce the observations. If they cannot,
the well-characterized sequence measured in this study will
provide firm constraints for the next generation of models.

My graduate students at Harvard will have a chance to learn
how to reduce and analyze JWST data and to develop and test
new atmospheric and evolutionary models of stars and brown
dwarfs. With the new suite of models in hand, we will propose
for more JWST time and, in the future, for time on the ELTs,
to observe different clusters and measure their ages as well
as test the models at different metallicities. This incredibly
rich dataset, combined with the archival data from HST, will
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also allow me to develop many other research projects for my
group. For instance, I am interested in investigating the origin
of multiple populations in globular clusters [23] by connect-
ing the observed spread in chemical abundances with the kine-
matics of cluster stars [24] (for this project, I already have an
observation planned in 2023 on the new IFU spectrograph on
Magellan, LLAMAS). I am also interested in studying ultra-
cool white dwarfs: detecting the faint end of the white dwarf
cooling sequence in the infrared with our program will lead
to a better understanding of their atmospheric properties and
of the systematic issues affecting our current models. As our
JWST data has a high temporal resolution (of about 100 sec-
onds), a great project for a graduate student will be to study
the photometric variability of cluster stars to look for binary
stars and planetary transits.

1.2 Open Clusters and the IFMR

The maximum mass of a star that is capable of forming a
white dwarf is an important astrophysical quantity: it affects
the rate of core-collapse supernovae, the rate of formation of
neutron stars and the chemical enrichment and star formation
rate of galaxies. The lower the maximum mass is, the higher
the number of supernova explosions, as well as the number
of neutron stars formed. Additionally, the amount of heavy
elements pumped back into the interstellar medium increases
along with the dust production and likely the star formation
rate in a galaxy. This quantity is, however, still poorly con-
strained. A related open question is the shape of the relation
between the initial mass of main-sequence progenitors and
the final mass of white dwarfs (initial-final mass relation or
IMFR). Such relation is most poorly understood at the high-
mass end and has important implications for the physics of
convection and stellar winds in evolved stars.

One of the goals of my research program is to find massive
white dwarfs in open clusters to constrain these quantities, as
white dwarfs that are cluster members allow us to estimate the
main sequence mass of their progenitor stars. Gaia’s precise
astrometry allows identifying stars that are cluster members
with high confidence [20, 22]. Additionally, my collaborators
and I developed a “reconstructing” technique to identify for-
mer cluster members that escaped in the past [16, 17, 21], al-
lowing us to study the evolution of open clusters in the Galaxy.

Using these techniques, we found the most massive white
dwarfs with the most massive progenitors known in clusters,
constraining the high end of the IFMR (see Fig. 2) [19–22].
Many of the newly discovered white dwarfs are magnetic,
allowing us to study magnetized white dwarfs born from a
single star [20] (see § 2.1). The IMFR shows a hint of non-
linearity at high masses, but we need to find more objects to
confirm this result. At Harvard, I plan to continue this search;
in the long term, I plan to compare evolutionary models to
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Figure 2: IFMR for cluster white dwarfs whose progenitor mass
is greater than 2 M⊙ and whose cluster membership has been con-
firmed with Gaia. The new white dwarfs discovered within our pro-
gram are shown in red. The lines are fitted to the data assuming only
one slope (dot-and-dashes) or allowing a break (solid); the quality
of the fits is similar with the current data.

a well-defined IMFR to constrain the physics of convective
overshoot and mass loss in evolved stars. Also, a potential
project for a student will be to exploit these new techniques
to study the evolution and kinematics of open clusters and ex-
plore how young stars get ejected from their cradles as the
clusters interact with the gravitational field of the Galaxy.

2 Mysteries of White Dwarfs
White dwarfs are the most common star remnants, as more

than 95% of all stars are destined to become white dwarfs
when they die. Although the physics of white dwarf cool-
ing has been thoroughly studied, and white dwarfs are often
used as clocks to study the ages and kinematics of stellar pop-
ulations, there are several aspects of white dwarf evolution
that are unconstrained and have dramatic consequences for a
wide variety of astrophysical fields - from planetary system
evolution, to the interior physics of massive stars, to cosmol-
ogy. What causes some white dwarfs to be magnetic? Why
are some white dwarfs deprived of hydrogen and what is the
physics behind white dwarf spectral evolution? Why are some
white dwarfs’ atmospheres polluted with metals and what do
they tell us about the evolution of planetary systems after their
stars die? What are the progenitors of type Ia supernovae?

The white dwarf field has recently received a dramatic boost
due to new large optical surveys. Thanks to Gaia, the number
of known white dwarfs has increased by more than ten times
(see Fig. 3), providing a much less biased and more uniform
sample. This has allowed for volume-limited surveys and it
has revealed rare populations of white dwarfs (see for exam-
ple the work of Leesa Fleury, a graduate student that I am
co-mentoring, on a volume-limited sample of massive white
dwarfs in Gaia [26, 27]). On the other hand, high-cadence
surveys, like ZTF and TESS, have been extremely successful
in discovering binaries containing white dwarfs at different
stages of binary evolution, from eclipsing white-dwarf-main-
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Figure 3: Sky density of known white dwarfs before and after Gaia
DR2, from [25].

sequence binaries to cataclysmic variables, to AM CVns, to
detached double white-dwarf binaries, to merger remnants
[1, 2, 4–8], as well as other types of variable white dwarfs,
like pulsating white dwarfs or white dwarfs with eclipsing
planetary debris. And the future is even brighter: the spec-
troscopic surveys that are currently underway (like SDSS V
and DESI) will provide spectra for hundreds of thousands of
white dwarfs, and the upcoming Vera Rubin Observatory will
reveal variable white dwarfs in the southern hemisphere down
to very faint magnitudes.

Below I describe some of my current projects on variable
white dwarfs. In the long term at Harvard, 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 white dwarfs as
well as different stages of close binary evolution, with the goal
of charting the evolutionary paths that lead to the formation of
the compact binaries that we will detect with LISA.

2.1 White Dwarf Merger Remnants
Soon, the LISA gravitational wave observatory will reveal

the short-period white dwarf binary population in the Galaxy.
Through the emission of gravitational waves, most of these bi-
naries are destined to merge, and, depending on the masses of
the coalescing white dwarfs, a merger can lead to a supernova
of type Ia, or it can give birth to a massive white dwarf, which
is expected to be highly magnetized and rapidly rotating. Until
recently, only a few white dwarfs identified as likely remnants
were known. With my current project at Caltech, I am rev-
olutionizing the field by finding a large sample of bona-fide
merger remnants using data from ZTF and Gaia, and charac-
terizing them with a suite of follow-up observations with the
Hale and Keck telescopes on the ground, and with Swift and

Figure 4: Fate of the merger of two white dwarfs with masses
M1 > M2, adapted from Shen et al. [30]. “C/O WD” and “O/Ne
WD” are white dwarfs with a carbon-oxygen and a oxygen-neon
core composition, respectively. He-rich subdwarf B and O stars are
abbreviated as “sdB/sdO”, R Coronae Borealis stars as “R CrB”,
core-collapses as “Fe CC”, and neutron stars born from accretion-
induced collapse as “AIC NS”. The cyan line indicates the mass of
ZTFJ1901; all the objects found in my search lie on or below the
line.

HST and NuSTAR in space [1, 28, 29].

When I started this project, I had little experience with ob-
servations, as during my Ph.D. I mostly worked on theoretical
models. However, I decided to take on the challenge and learn,
with the help of the ZTF variable stars group, and within a few
months our first result was published in Nature [1]: the dis-
covery of ZTF J1901, one of the most extreme white dwarfs
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 white dwarf’s mass is the closest
ever detected to the Chandrasekhar limit and that its core is so
dense that electron capture on sodium is undergoing, mining
the star’s stability. And ZTF J1901 was only the first; since
then, I have been finding a large sample of merger remnants
and I plan to publish the first catalog in early 2023. I am also
working on TESS data to extend my search to the southern
hemisphere and to look for smaller amplitude variability in
bright white dwarfs. Rubin, thanks to its high sensitivity and
parallaxes for faint objects, will be a game changer, allowing
to discover 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 Harvard, I plan to pursue several avenues of investigation:
• What are the properties of merger remnants? What is their
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internal composition? Do they evolve differently than nor-
mal white dwarfs? Correlations between the white dwarfs’
rotation periods, atmospheric compositions, field strengths,
masses, and ages will shed light on the properties and evo-
lution of merger remnants.

• With a careful analysis of the completeness of my sample,
I can derive the rate of white dwarf mergers in the Galaxy,
and constrain the contribution of double-degenerate merg-
ers 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 extragalac-
tic science that uses type Ias as standard candles. Fig. 4
shows the expected fate of white dwarf mergers: on the plot,
my merger candidates lay on or below the cyan line (set by
the most massive white dwarf in my sample) and are already
reducing the phase-space for some predicted supernovae.

• The merger rate, and the kinematics and ages of my sam-
ple, will help constrain the rate of close white-dwarf bi-
naries whose gravitational waves will be detected by LISA
and the binary evolutionary paths that lead to mergers. Fur-
thermore, the lower mass objects in the sample will help
characterize the contribution to LISA’s background curve
by low-mass double degenerates.

• I will also derive constraints on the delay between the for-
mation of the binary progenitors and the mergers, providing
important clues on the distribution of binary periods after
common envelope evolution.

This sample of mergers, spanning a large range of field
strengths, masses, temperatures, and ages, will also be in-
valuable in advancing our understanding of magnetic white
dwarfs. I plan to develop new models for the structure and
evolution of magnetic white dwarfs in order to explore the
still poorly understood effects of the field on their hydrostatic
structure and on the continuum opacities in their atmospheres.
Moreover, a comparison between the properties of magnetic
white dwarfs found in clusters [20] (see § 1.2) with my sample
of merger remnants can shed light on the still debated origin
of magnetic fields in white dwarfs.

2.2 Double-faced White Dwarfs
Another puzzle that I plan to investigate is the spectral evo-

lution of white dwarfs. Because of strong gravity, heavy el-
ements on the surface of a white dwarf sink toward the cen-
ter, and the upper layer of the atmosphere contains only the
lightest element present, usually hydrogen or helium [31, 32].
However, several mechanisms can compete with gravitational
settling to change the surface composition of white dwarfs, so
other elements can appear (see also § 2.3), and the dominating
element can change during their evolution [33]. For example,
the fraction of helium-atmosphere white dwarfs, also called
DBs, is not constant at all temperatures and it is known to

Figure 5: Phase-resolved Keck spectra of Janus. The spectra,
shifted vertically for clarity, have been taken at different rotational
phases (Janus rotates with a period of 15 minutes), and the phases
are indicated by numbers on the right. Helium lines (highlighted in
red) are absent near phase 0 while hydrogen lines (blue) are absent
near phase 0.5, indicating the varying composition across the star.

increase by a factor ∼ 3 below a temperature of ∼ 30,000 K
[34]; thus, some white dwarfs that have a hydrogen-dominated
atmosphere above that temperature are bound to transition to
a helium-dominated one as they cool below it. The range be-
tween 30,000 and 50,000 K is called the DB gap.

The physics underpinning this transition is poorly under-
stood, but I recently discovered a new class of variable white
dwarfs that may be in the process of exiting the DB gap and
that can therefore shed light on the transition and on the spec-
tral evolution of white dwarfs in general. The most striking
example is the object I nicknamed “Janus” after the two-faced
Roman god of transition: a double-faced white dwarf, with
one face made of hydrogen and the other made of helium
(Fig. 5). Such outstanding nature is most likely caused by
a small magnetic field on its surface, which creates an inho-
mogeneity in pressure or mixing strength, and by the fact that
the white dwarf is currently exiting the DB gap (the paper is
under review at Nature [35]). This discovery warrants look-
ing more closely at variability in the DB population. I am
currently searching for more double-faced stars and I have
already found some candidates. In the near future, the new
all-sky spectroscopic surveys (DESI, SDSS V, WEAVE) will
increase the number of known DB white dwarfs as well as
reveal new candidate variables.

2.3 Planetary Systems around White Dwarfs
White dwarf planetary science is a rapidly growing field.

Planetary bodies around white dwarfs have been discovered at
various stages of disruption: entire planets, partially disrupted
planets, debris disks and rings, and planetary material directly



Research Statement Ilaria Caiazzo 6

detected on the surfaces of white dwarfs [36]. In this field as
well, high-cadence optical surveys are enabling new discover-
ies of eclipsing planets and transiting debris [37–40], while
new infrared capabilities are making it easier to find WDs
with infrared excesses 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 Harvard, I plan to look for planetary systems around
white dwarfs in all their disruption stages, as well as continue
my theoretical work on the dynamical evolution of planetary
systems after their central stars die [41]. One of the key goals
of my JWST program is to search for debris disks around
white dwarfs in the old environment of 47 Tuc. The JWST
data will test whether white dwarfs with debris signatures are
present in globular clusters, and, if so, will eventually (when
spectroscopy is done in a future cycle) determine whether the
debris is consistent with a planetary material’s origin. The
number of polluted white dwarfs in the cluster will reveal if
planetary systems are common 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 neutron stars
and black holes in X-rays. Specifically, I studied how spec-
tropolarimetric measurements can further our understanding
of the emission mechanisms in the highly magnetized neutron
stars called magnetars and in accreting X-ray pulsars [42–45].
Furthermore, I investigated how the effects of quantum elec-
trodynamics on the X-ray emission of accreting black holes
can help us probe their magnetic fields [46, 47]. Such studies
have been critical in support of the first dedicated X-ray po-
larimeter in space, the NASA IXPE [48] (see § 3.1), and for
other missions currently in development [49–54].

I am also interested in X-ray spectroscopy and timing of
compact objects. In response to a call for proposals for space
mission concepts from the Canadian Space Agency in 2018,
with my advisor and a team of Canadian high-energy astro-
physicists, we proposed a new X-ray mission, Colibrì. The
concept study was funded and I serve as project scientist for
the mission1 (see § 3.2).

3.1 X-ray Polarimetry
After nearly five decades from the flight of OSO-8 and the

first detection of polarized X-rays from the Crab, we just en-
tered the era of X-ray polarimetry, with the launch of the
Imaging X-ray Polarimetry Explorer, or IXPE [48], in Decem-
ber of 2021. Polarization provides information on the geome-

1https://www.colibri-telescope.ca/

try of the emission region: it allows us to zoom in on the one-
kilometer-wide emission region on a neutron star or accreting
black hole several kiloparsecs away. Furthermore, quantum
electrodynamics (QED) can dramatically modify the polariza-
tion of X-rays traveling in the magnetospheres of neutron stars
and black holes [45, 55–57], so X-ray polarization probes both
the birefringence of the magnetized vacuum [46, 58, 59], one
of the first predictions of QED as yet undetected, and the mag-
netic field structure of these objects. I am currently collabo-
rating with IXPE team members to interpret several of the new
spectropolarimetry observations [60–62].

The first polarimetric observations of the magnetar 4U
0142+61 are already showing exciting properties [60]: the
analysis revealed two distinct polarization patterns at low (2–4
keV) and high energies (5–8 keV), with a swing in polariza-
tion angle of 90 degrees at 4–5 keV. The low polarization de-
gree (∼ 10%) at low energy provides the first indication that
the ultra-strong magnetic field might cause the neutron star’s
surface to be condensed and not gaseous, while the change in
polarization angle and the higher polarization degree at higher
energies suggests that the non-thermal emission is produced
by the upscattering of thermal photons by currents threading
the neutron star’s magnetosphere. IXPE observations of this
and similar sources (the magnetar 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 polarization data provided by IXPE is extremely rich,
and we are currently just scraping the surface. In the years
ahead, I plan to supervise student projects aimed at analyzing
current and upcoming observations and developing new mod-
els of spectral formation informed by the observations. My
goal to is understand the emission mechanisms and magnetic
field geometries in magnetars as well as the accretion geom-
etry of accreting X-ray pulsars. The first IXPE observations
of X-ray pulsars are baffling: the emission is much less polar-
ized than we expected, challenging the current scenario that
implies the presence of accretion columns at the neutron star’s
magnetic poles [61, 62]. In order to fully understand the emis-
sion mechanism, we need models that are able to consistently
reproduce decades of timing and spectroscopic observations
of X-ray pulsars and explain the newly observed polarization
properties. Such effort will be one of the main goals of my
research program at Harvard.

3.2 X-ray Timing and Spectroscopy - Colibrì

Recent advancements in microcalorimeters (Hitomi, XRISM,
Lynx) and transition-edge sensors (TES, Micro-X, ATHENA,
Colibrì) will open a new window on compact objects: high
energy-resolution spectroscopy combined with high-precision

https://www.colibri-telescope.ca/
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Figure 6: Left: Colibrì’s 7-detector concept. Right: Key mission parameters.

timing and high sensitivity. TES detectors can already achieve
an energy resolution of less than an electronvolt at about 1.5
keV, and of about 2-3 eV at 5-10 keV [63]. Furthermore, the
arrival times of the photons can be measured to a precision of
300 ns or better with a short deadtime of less than a millisec-
ond on a given TES array element [64]. In the context of on-
going missions, with the current TES technology it is possible
to achieve the timing resolution of the best timing telescope
in space right now (NICER, with a resolution of 100 ns, [65])
while reaching an energy resolution more than 40 times better
than XMM-Newton (130 eV at 6 keV).

The Colibrì concept is based on multiple aperture non-
imaging X-ray collectors similar to NICER but with cryogeni-
cally cooled TES as detectors (Fig. 6). These detectors, com-
bined with non-focusing optics, yield high throughput, high
spectral and timing resolution, and high quantum efficiency
over a wide range of photon energies. If funded Colibrì, with
its unprecedented spectral and timing resolution, paired with
high throughput, will be an amazing instrument for timing and
spectroscopic studies of neutron stars and black holes [66–68].

As project scientist for Colibrì, I wrote the bulk of the sci-
ence case for the concept study proposal, I am part of all the
science working groups and coordinate their work, and I wrote
several white papers for both the US and Canadian decadal
plans [66–68]. I have been involved in all aspects of the mis-
sion: during the concept study, I had regular meetings with
our industry partners, MDA and Honeywell, to guide the de-
sign of our optics, our cooling system, and of our bus, as well
as evaluate different mission designs and different possibilities
for the type of orbit and launch facility. I met with scientists
at NIST to understand how TES detectors work in detail and
to discuss the possibility of adapting the design to our needs.

At Harvard, I plan to continue the efforts to fund Colibrì for
the next phase; in the meantime, I will work on the develop-

ment of one or more smaller missions with TES-based detec-
tors, to test them in space (they have only flown once before
on the rocket Micro-X) and bring them to a higher TRL. To
develop the science case, I am currently collaborating with
Jeremy Heyl at UBC and Samar Safi-Harb at Manitoba to
build a pipeline to analyze data from missions like NICER
and NuSTAR as well as simulate data from future X-ray mis-
sions like Colibrì and XRISM. In particular, we are interested
in what high timing and spectral resolution paired with high
throughput can tell us about magnetars and X-ray binaries by
detecting weak absorption features on the surface of neutron
stars (see Fig. 7) and of outbursting magnetars, by allowing
high-resolution reverberation mapping in stellar-mass black
holes and by studying timing features and quasi-periodic os-
cillations in accretion discs around black holes and neutron
stars [66, 67].
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