Imperial Astrophysics
PhD Open Day
Welcome!
Dave Clements

What Happens Today
•

Brief intro about the group and overall
applications process

•

Brief presentations on each proposed
project

•

Breakout rooms to meet potential
supervisors and ask questions

•

Breakout room with current PhD students
(and no supervisors) so you can ask what
the place is really like - warts and all!

Introduction to the group
Prof Andrew Jaffe
(on behalf of Head of Group
Prof Alan Heavens)

The Imperial Astro Group
• Cover a wide range of research interests
• Cosmology to the Sun
• Planet formation to the search for life
• Wide range of techniques and facilities
• Numerical modelling
• Data analysis
• Space missions
• Ground-based observing - small & large facilities

Planet formation, white dwarfs, brown dwarfs

The Atmosphere of the Sun
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Cosmic Shear and large-scale structure

Microwave background radiation

Deep surveys

Euclid telescope

21cm radiation

Square Kilometre Array

Astrostatistics

More on projects later
Now something about the
application process

Applications
• Must use the College application form found on the Imperial Website
• A research proposal is not needed, just a preference for supervisor or area of study
• Entry requirements:
• Master’s degree in a related subject either a postgraduate MSc or an undergraduate
MSci/MPhys

• A minimum of a 2.1 (or overseas equivalent) for your first degree
• College requires proof of competence in English. If your first degree was taken

overseas in a non-English speaking country, you need to provide an acceptable result
in a recognised English language test

• Two references should be provided, at least one of which should be academic. Forms
are provided as part of the online application process

Funding
•

We expect 2-3 STFC funded PhD places for 2022 entry. These cover fees
and maintenance for UK students.

•

Applications for STFC places should reach us by 16 Feb with interviews
(probably remote) taking place on 2 March

•

International students may be eligible for STFC funding in some cases

•

Initial oﬀers about a week after interviews, deadline for acceptance 31 March

•

If you can’t get an STFC award there are scholarships available, some via
the single selection process, some via separate application

•

A scholarship finding tool is available on the IC application page

Any questions?

Projects

universe then entered a period termed the ‘Dark Ages’2 until the first stars
formed from overdense clouds of hydrogen gas that cooled and collapsed
within early cosmic structures. Observations of distant quasars3
demonstrate that the IGM has been highly ionized since the universe was
~1 billion years old, and the transition from a neutral medium is
popularly interpreted as arising from ionizing photons with energies
greater than 13.6eV (wavelength λ<91.2 nm) generated by primitive stars
and galaxies4 (Fig. 1).
Astronomers wish to confirm the connection between early galaxies
and reionization because detailed studies of this period of cosmic history
will reveal the physical processes that originally shaped the galaxies of
various luminosities and masses we see around us today. Alternative
sources of reionizing photons include material collapsing onto early black

galaxies. Astronomers desire accurate measurements of the abundance of
early galaxies and the distribution of their luminosities to quantify the
number of sources producing energetic photons, as well as a
determination of the mixture of stars, gas, and dust in galaxies to
ascertain the likelihood the UV radiation can escape to ionize the IGM5,6.
The Lyman α emission line, detectable using spectrographs on large
ground-based telescopes, is a valuable additional diagnostic given it is
easily erased by neutral gas outside galaxies7-12. Its observed strength in
distant galaxies is therefore a sensitive gauge of the latest time when
reionization was completed.
In this primarily observational review, we discuss substantial progress
that now points towards a fundamental connection between early galaxies
and reionization. Recent observations with the Hubble Space Telescope

Figure 1: Cosmic Reionization The transition from the neutral
intergalactic medium (IGM) left after the universe recombined at z~1100
to the fully ionized IGM observed today is termed cosmic reionization.
After recombination, when the cosmic background radiation (CBR)
currently observed in microwaves was released, hydrogen in the IGM
remained neutral until the first stars and galaxies2,4 formed at z~15-30.
These primordial systems released energetic ultraviolet photons capable

of ionizing local bubbles of hydrogen gas. As the abundance of these
early galaxies increased, the bubbles increasingly overlapped and
progressively larger volumes became ionized. This reionization process
completed at z~6-8, approximately 1 Gyr after the Big Bang. At lower
redshifts, the IGM remains highly ionized through radiation provided by
star-forming galaxies and the gas accretion onto supermassive black
holes that powers quasars.

Jonathan
Pritchard

Exploring the topology of the epoch of
reionization with the 21cm signal

The unobserved first billion years: The Epoch of Reionization
Much unknown about first galaxies, first black holes, cosmology
Solution: new field of low-frequency 21cm radio observations

Modelling

Statistics

Emulation
Semi-num sims
Galaxy models
…

P(k)
Bispectrum
TCF
Minkowski F
…

Machine
Learning

Bayesian Inference
Neural Networks
…

Science!

First galaxies
Cosmic History
Cosmology
…

Preparing for Square Kilometre Array (tomography) & REACH (global)

Jonathan
Pritchard

Exploring the topology of the epoch of
reionization with the 21cm signal

Gaussian statistics - power spectrum
Non- Gaussian statistics - bispectrum, etc
Topological data analysis: Betti number, Minkowski
Functionals, etc
Interested in whether there are robust ways for
measuring and interpreting them for 21cm observations

Dgm0 (f ) = {{0, 5}, {0, 5}, {0, 1}} and Dgm1 (f ) = {8, 8}, corroborating
Figure 11.
2.3.4

A less trivial example

Simplices

Of course, our standard exemplar complex X is, by design, fairly trivial. To
Points
illustrate this construction in a slightly less trivial setting, consider now the
small dataset D ⇢ R2 , pictured in Figure 12. The barcode for D as ✏ ranges

Betti number, bk

Measure of holes and
filaments in medium

Murugan & Robertson
[arXiv:1904.11044]

Figure 12: A small dataset D in R2 .

from 0 to 8 is depicted in Figure 13. We see that the first edge
VR of the VR-complex of the dataset D, as ✏ increases.
Figurein
14:the
Evolution
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Dave Clements: DSFGs in Protoclusters
•

Dusty star-forming galaxies are objects
that form stars rapidly (100s of Msun per
year) but they are so dusty this can’t be
seen in the optical

•

Rare in the local universe but may make
up ~1/2 the SFR at cosmic dawn (z~2.5)

•

What triggers this activity, what role do
they play in galaxy evolution, why are they
forming stars so rapidly?

•

A particular issue is their role in galaxy
cluster formation

ophysical Journal Letters, 844:L23 (7pp), 2017 August 1

Chiang et al.

L. Bassini et al.: Star formation in protoclusters

we checked that the choice of the aperture does not a↵ect our
results. Indeed, the results obtained using an aperture of 30
and 50 pkpc are in agreement within 30% at z = 0. Also in
processes like starvation, ram-pressure stripping, and
this case, numerical simulations appear to be an order of magtidal disruption.
nitude above observations. Similar results were also found by
Due to the extreme hierarchical nature of cluster assembly,
otherformed
groups.
the far majority of the stars in present-day clusters
in Davies et al. (2019) showed that Eagle simulation
the extended protocluster regions, mainly during
the second
presents
a sSFR ⇠10 11 yr 1 at M200 ⇠ 1014 M and z = 0,
phase outlined above. Only 15% of the stellar mass formed
12
and
that
IllustrisTNG
BCGs
have
a
sSFR
of
⇠2.5
⇥
10
at
“in situ” in cores (this calculation takes into account mass loss
1014 M , which is a factor of three higher than the
M200
during stellar evolution), which makes the core
halos ⇠
underrepresentative during the main epoch of cluster median
(galaxy) growth
value of the McDonald et al. (2018) BCGs. Moreover,
at cosmic noon.
considering that the BCG sSFR is an increasing function of
6. Discussion
mass in IllustrisTNG (see Fig. 12 of Davies et al. 2019) and
that thein sample
of McDonald et al. (2018) is of massive clusBased on two recent SAMs, we have demonstrated
this
44
1
Letter that the fraction of the cosmic SFR density
associated
ters (L
X > 3.3 ⇥ 10 erg s ), the factor of approximately three
with the formation of present-day clusters is as high as 20% at
is probably
z=2 and 50% at z=10. Protocluster galaxies
are thus a a lower limit.
nearly dominant population at Cosmic Dawn, and
Forremain
our simulations, a possible solution to this missigniﬁcant at Cosmic Noon.
match could be a more e↵ective AGN feedback. However,
We outlined three stages that describe the early history of
Ragone-Figueroa
et al. (2018) found a very similar result
cluster formation, which began with an inside-out
growth phase

Middle panel: average total SFR per protocluster. Bottom panel: The fractions of the total SFR (black curves) and stellar mass (red curves) occurring in the
The dashed lines at high redshift in the bottom panel illustrate the dependence of the upturn of core dominance on the limiting galaxy stellar mass. The rise
he total SFR of protoclusters and the reversed trend found for the cores motivates the three-stage scenario for cluster formation illustrated in the top panel.

104

• Expect protocluster cores to be most apparent at z~6, but recent
Figure 3. Images of 500-risers. i band i

plies a relatively top-heavy stellar mass function in
nse regions.
ween z∼5 and z∼1.5, the entire Lagrangian
umes of protoclusters contain numerous halos of
1
–1012.5 M . This allows protocluster galaxies to grow
a total SFR of about 1000 M yr 1 for a prolonged
iod of time, which contributes to about 65% of the
al stellar mass seen in present-day clusters. Depending
the magnitude of the initial overdensity, some
toclusters may already contain signiﬁcant group- or
ster-sized cores near the end of this epoch. These cores
uld be the ﬁrst regions to show evidence of galaxy
enching or dense intracluster gas.
er z∼1.5, the fraction of Må contained in protocluster
es starts to increase as the cluster is being assembled.
e fraction of SFR in the cores lags behind its mass
wth, implying that the growth of the cores is achieved
inly by incorporating externally formed stars from
alling galaxies. The violent gravitational collapse
gures 2 and 3) proceeds in an inside-out manner as
inner shells of a centrally peaked overdensity

• Getting the observations to do this will be the job of this PhD
11
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•

observations finding them at z~4 & lower with SFRs too high secure optical identifications for nearly
which10come from the CFHT Lensing Su
Herschel/Planck selection finds candidates but need
confirmation, and properties fully examined to see how they fit
galaxy formation & evolution models
3

7 DISCUSSION
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Fig. 6. Star formation rate of protocluster regions at z ⇠ 2 in

DC & Ingo Mueller-Wodarg: Molecules in Venus
•

Discovery of phosphine in the atmosphere of
Venus by JCMT & ALMA was a surprise

•

Suggests unexpected chemistry or even life!

•

Awarded 200 hours of JCMT long term time
over 3 years to follow this up & examine
variation of phosphine & other molecules

•

This is a large international project in which
the student will play an important role in
reducing and analysing the data

• Produce variability plots

PH3

with hour to year timescales

HDO

• More sensitive PH3 data

will allow altitude of
absorption to be measured

• Will also work on modelling
the atmosphere of Venus
and the chemistry
underway in it

• Examining variability of PH3
& other molecules may
provide indicate the origin
of PH3

SO2

Short & long term variability of SO2

Simulated spectrum from
Figure 5: Left:new
Simulation
of ’Ū’ū wideband spectrum of H
observations
Figure 4: Left: The variation of S02 abundance
in the atmosphere of Venus (Rimmer, private
from left to right). The assumed abundances are PH : 10
3

nication). Right: The long-term variation 25
of ppb.
the These
UV albedo
of Venus
and thethe(possibly
abundances
are all towards
lower end co
of
change in the atmospheric circulation speedprevious
(Imai,JCMT
private
communication).
data.
Right: A simulation (in red) of 1 ppb o

from our co-added LP data, compared to the limit from Sa
similar H2 SO4 transition. Sulphuric acid is a major compone
not been detected, with wildly di↵erent models, e.g 10 ppb
2012) in the literature. This legacy data is simulated for the 2
in the technical case.

Theory PhDs in Exoplanets, Planet Formation and
Accretion Discs
James Owen
Planets at formation

Observed exoplanets

Unobserved

~Myrs

Time

~Gyrs

Possible project areas
Accretion Disc Structures

Atmospheric dynamics on hot exoplanets

Young Exoplanets

Accretion discs around white dwarfs
Physics of planetary accretion

Dust Grains to Mature Planets:
End-to-End Planet Formation Model

Subu is away:
please refer to
James Owen
for this project
and his own

Subhanjoy Mohanty
Richard Booth + James Owen
●

Current data ⟹ Nearly every star harbours one or more planets ⟹ billions of planets in galaxy

●

Most of these exoplanets are of a type not found in the Solar System:
Earth to super-Earth sized rocky planets orbiting very close to the central star
(in orbits smaller than Mercury’s! see example above left)

OPEN QUESTION: How Do These Small Close-In Planets Form?
Vital for understanding planet formation in general, and also for understanding planet habitability
Planets form out of the
discs of gas and dust
around newborn stars

Our work so far: Steady-state model of gas in the disc close to the star
BUT must include:
● Time-evolution of disc!
● Dust grains to form solid planets!
⟹ Dynamical co-evolution
of gas and dust

HL Tau (ALMA image)

Some results of our work (details not important here)

Project
Step 1. Dynamical Co-evolution of Gas and Dust: Hydrodynamical Simulations
Dust-gas interactions make grains drift radially inwards,
fragment, grow, and vertically settle
Grains accumulate in
the inner disc regions

DUST GRAIN

CLUMPY GRAIN
CONCENTRATION

PLANETESIMAL

Accumulated large grains form
clumps via dust-gas instabilities,
finally producing planetesimals
(10-100 km sized rocky bodies)
Snapshot of simulation (credit: Jake Simon)
Cartoon of disc grain processes (credit: Testi et al, PPVI)

Step 2. Growth of Planetesimals into Planets: N-Body Simulations
Planetesimals grow via
collisions aided by
gravitational interactions,
ultimately forming a
distribution of planets
FORMING PLANET

SEA OF PLANETESIMALS

Snapshot of N-body simulation (credit: Sean Raymond)

First time all these processes will be studied
together in detail, to construct the first endto-end planet formation model.
Require of student: solid knowledge of
university-level hydrodynamics;
programming skill (e.g., in python) desirable;
Experience in numerical sims a plus

