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Fundamental Physics with the SKA 
 - a summary 

This is presented by someone who does not fully understand, or is 
working on, most of what is being talked about!

I am biased

This is incomplete… mostly.. 

It’s brief…
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ΛCDM + GR
Both are very successful

Both make testable predictions 

Both have parameters determined by experiment and not theory

Both require (maybe the same) new ideas/physics to be complete
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Understanding the Galactic gas 
cycle with MHONGOOSE 

MHONGOOSE: 
 
•  Deep observations of 30 nearby 

galaxies 
•  200 hours per galaxy; 6000 hours total 
•  25 times longer than THINGS 
•  twice as deep as HALOGAS 

High resolution: 
 
•  star formation 
•  dynamics 
•  structure of the ISM 
 
High sensitivity: 
 
•  cosmic web 
•  accretion 

KAT7	-	NGC	253:	Lucero	et	al.	2015	

Testing predictions
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DARK	MATTER:	future	of	direct	detec?on	
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DARK	MATTER	
What	if	we	don’t	find		
dark	ma<er		
in	the	next	decade(s)?	
	
So	far,	modifying	gravity	is		
ugly	and	doesn’t	work!	
	
Look	elsewhere!	
	

CLASSIFICATION

➤ Lovelock’s theorem (1971):
“The only second-order, local gravitational field equations 
derivable from an action containing solely the 4D metric tensor 
(plus related tensors) are the Einstein field equations with a 
cosmological constant.”

✦ > 2nd-order time derivatives.
✦ Non-local action ⇒ things like         .⇤�2

✦ Introduce new fields.
✦ Posit extra dimensions.
✦ Don’t derive field equations from an action.
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ALP - MACHOs
10-55 Kg - 1030 Kg !
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Figure 3. The sensitivity of SKA-mid shows considerable
improvement on the pre-cursor telescope, ASKAP. In this
Figure we show the coupling strength that could be probed
across the frequency range accessible to both ASKAP and
SKA-mid. The system temperature of the SKA is minimised
between ⇠ 2 � 7GHz, corresponding to an axion mass of
⇠ 8.26� 28.91µeVc�2 and providing a good opportunity for
detection.

bution as a good proxy for non-static pulse fields which
are available for use in the laboratory setting and for
non-static fields arising from flares in the astrophysical
environment.
The existence of non-static fields in the astrophysical

environment will result in real photons across a range of
frequencies, uniquely defined by the width of the power
spectrum |B(k� ,!� � !a)|2 for a particular source. It
also o↵ers the opportunity in the laboratory to scan
large areas of parameter space by fixing either the fre-
quency or wavelength of the field.

3. DETECTABILITY OF CDM AXION
CONVERSION

The spectral profile for axion conversion is influenced
primarily by the mass of the axion, the velocity distribu-
tion of CDM and the dispersion caused by the interstel-
lar or intra-cluster medium. In axion theory where cos-
mic strings make the same contribution to axion abun-
dance as the vacuum realignment mechanism, an axion
of mass ⇠ 2.05µeVc�2 will have an abundance equal to
the critical density of dark matter. In a static magnetic
field this will convert to a real photon with frequency
f� ⇠ 495.6MHz, and the line profile will have a natural
width of 1MHz defined by �f = 2f��a. Observations

along the Galactic Plane will then display the charac-
teristic red and blue shifting caused by the orbit of the
Sun around the Galactic Centre.
The higher CDM density and magnetic field strengths

at the Galactic Centre make this an obvious choice of
observations within the Milky Way, and with the den-
sity and magnetic field strength both dissipating radi-
ally one would expect the flux at the central frequency
of 495.6MHz to dominate the all-sky signal. There are
however additional characteristics of the Galactic Centre
that may enhance this flux further. Maxwell’s equations
require that r ·B = 0 which, when applied to Equation
1, constrains the momentum vector of the virtual pho-
ton, ~k�0 , to be perpendicular to the direction of the
classical magnetic field vector. It is then trivial to see
that in taking ~ka ⇡ 0, the direction of propagation of
the real photon must be perpendicular to the direction
of the magnetic field vector. With the Galactic Centre
displaying coherent fields in azimuthal and z directions,
this could further enhance the flux as compared to that
observed along the spiral arms.
When observing such coherent fields that are perpen-

dicular to the radial vector with Earth, in addition to
the flux being maximised, the polarisation of the real
photon should trace the direction of B as we saw in Sec-
tion 2.1. Critically, this polarisation is perpendicular
to the synchrotron radiation that will comprise a sig-
nificant portion of the foreground signal. Assuming co-
herent magnetic fields of 1mG in the Central Molecular
Zone and an average turbulent magnetic field strength
of 5µG in the Galactic Plane, we estimate the all-sky
flux at Earth to be ⇠ 0.4µJy at a central frequency of
495.6MHz.
Using the 133x15m diameter SKA1 dishes and

64x13.5m diameter MEERKAT dishes planned for SKA
Phase 1, we calculate the axion antenna temperature
for SKA1-mid to be ⇠ 0.005mK. The total collection
area for Phase 1 is ⇠ (180m)2 using this configuration,
and with an assumed increase in this collecting area to
(1km)2 in Phase 2, this axion antenna temperature could
increase by 2 orders of magnitude to ⇠ 0.2mK. The abil-
ity to make such observations will be highly dependent
on the sensitivity that can be achieved by SKA-mid. Us-
ing a system temperature of 12K and an integration time
of only 24 hours, we calculate the sensitivity limit to be
0.04mK. However with our need for sensitivity rather
than spatial resolution, the optimal configuration will
arise from using the telescopes as an array, improving
the sensitivity of SKA1-mid by a factor of 14 and reduc-
ing the limiting sensitivity to 0.002mK. Figure 3 shows
the full axion parameter space and the coupling strength
that could be probed with observations of the Galactic
Centre using SKA-mid, ranging from an axion mass of
⇠ 1.65 to 57.01µeVc�2.
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first	clouds	
							21cm		

Kleban+	2007	

Power	spectrum:	CMB	vs	21cm	

Many	more	modes		
at	21cm	

CMB	has	only			l   ~	103	
or	~	106	modes	
fnlδφ		>	1/√N	~	10-3√N	
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Pulsar-BH	Binaries	
“The	Holy	Grail	of	Astrophysics”	

Ready-made	laboratory	to	study	quantum	gravity	

•  A	variety	of	possible	resolu]ons	of	the	informa]on	

loss	paradox	have	been	proposed		which	include	an	

apparent	nonlocality	on	horizon	or	larger	scales.		

•  Most	recent	proposals	preserve	unitary	quantum	

evolu]on	and	conjecture	some	novel	mechanism	to	

allow	informa]on	to	emerge	from	behind	the	horizon.		

•  Some	of	these,	however,	require	dras]c	phenomena,	

such	as	en]rely	replacing	the	geometry	near	the	

horizon	with	a		firewall.		

•  Giddings	(2012)	proposed	a	modifica]on	of	local	

quantum	field	theory	that	appears	as	long-wavelength	

fluctua]ons	set	by	the	Schwarzschild	scale	rather	than	

the	Planck	scale.			

•  These	are	strong	but	low-energy	fluctua]ons,	with	a	
large	amplitude	and	a	mild	impact.	As	a	result,	this	

proposal	is	termed	“nonviolent	nonlocality.”	

Non-violent	non-locality		

(Giddings	2016)	
Observing	non-violent	non-locality	in	a	binary	
system		
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Things learned
The return of the Primordial 
BHs as a TESTABLE DM 
candidate
The possibility of macro 
quantum gravity physics and 
TEST
The need for, and value of, 
synergetic approaches
The worth of cross-
community meetings 

More theory - not 
telescopes?

Mauritius has/had a radio 
telescope and a radio 
astronomy heritage
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AENEAS                        1    INFRASUPP-03-2016 

 
 

A proposal in response to H2020 INFRASUPP-3-2016-2017 (Part A)  
 

Design and specification of a distributed, European Science Data Centre (ESDC) to support the 
pan-European astronomical community in achieving the scientific goals of the SKA. 

 

List of participants 

Participant No.  Participant organisation name Country 
1 (Coordinator) Netherlands Institute for Radio Astronomy (ASTRON) NL 
2  University of Manchester (UMAN) UK 
3 University of Cambridge (UCAM) UK 
4 Istituto Nazionale di Astrofisica (INAF) IT 
5 Chalmers University (Chalmers) SE 
6 GEANT LTD EU 
7 EGI.eu EU 
8 Max Planck Institute for Radio Astronomy (MPIfR) DE 
9 Forschungszentrum Jülich (Jülich) DE 
10 SKA Organization (SKAO) UK 
11 Science & Technology Facility Council (STFC) UK 
12 Agencia Estatal Consejo Superior de Investigaciones Científicas 

(CSIC) 
ES 

13 Instituto de Telecomunicações (IT) PT 
14 Centre National de la Recherche Scientifique (CNRS) FR 
15 GRNET GR 
16 Stichting Fundamenteel Onderzoek der Materie (FOM) NL 
17 Joint Institute for VLBI ERIC (JIV-ERIC) EU 
18 International LOFAR Telescope (ILT) EU 
19 Swedish National Infrastructure for Computing (SNIC) SE 

1 2

3

5

7

4

6

8

Advanced European Network of E-infrastructures 
for Astronomy with the SKA

Advanced European Network of E-infrastructures 
for Astronomy with the SKA

Aeneas

Advanced European Network of E-infrastructures 
for Astronomy with the SKA

Advanced European Network of E-infrastructures 
for Astronomy with the SKA

Advanced European Network of E-infrastructures 
for Astronomy with the SKA

Aeneas

Advanced European Network of E-infrastructures 
for Astronomy with the SKA

Aeneas
Advanced European Network of E-infrastructures 

for Astronomy with the SKA

Aeneas

Advanced European Network of E-infrastructures 
for Astronomy with the SKA

Exascale Research Infrastructure for Data in  
Asian-Pacific astroNonomy Using the SKA
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