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• The SKA will kick off the “radio 
precision cosmology” era 

• Competitive with optical (e.g. 
Euclid) at z<3 

• Unique and transformational 
science at high redshifts (z>3) 

pRecision COSMOLOGY IN THE RADIO

Precision radio cosmology 

• Large sky “HI billion galaxy 
survey” with SKA2 

• Intensity mapping 

• New, transformative technologies!



galaxies
IM map

21cm IM surveys: GBT, BINGO, CHIME, HIRAX, MeerKLASS, SKA!

[Battye et al 2004, Chang et al 2008, Peterson et al 2009, Seo et al 2010, …]

THE INTENSITY MAPPING (IM) METHOD

• HI galaxy detection hard  

•  Cosmological information is on large 
scales (beyond galaxy) 

• Get intensity map of the HI 21cm 
emission line - like CMB but 3D! 

• Excellent redshift resolution  

• Challenge: Foregrounds

GOALS: Probe HI evolution, dark energy, gravity, inflation, …



• Frequencies 400-1500 MHz, dense AA, e.g. 
EMBRACE pathfinder [Torchinski et al 2016] 

• Advantage wrt dishes: Very large FoV, multi-
beams, very fast! 

• Also great for IM, e.g. MANTIS: MFAA 
Transient and Intensity Mapping System 
[Cappellen et al 2016]

Mid-frequency aperture arrays
www.skatelescope.org

www.skatelescope.org

PHASED ARRAY FEEDS  & WIDE-BAND SINGLE-PIXEL FEEDS
• Dishes with single beam wide-band feed 

systems (1-10 GHz) 

• PAFs at intermediate frequencies (0.3-1 
GHz) extending the FoV, e.g. ASKAP

www.skatelescope.org



• SKA1-Mid: 200 dishes, can do 
precision cosmology using IM / 
same for ASKAP  

• BAOs, RSDs, weak lensing, 
primordial non-gaussianity, GR 
tests, …  

• SKA2-Mid: 10x SKA1 sensitivity, 
orders of magnitude  in speed 

• MFAA is great for both “billion 
galaxy survey” and intensity 
mapping (out to z=2-3) 

• FoV is key

cosmology with the ska
Cosmology with SKA HI IM surveys Mario G. Santos

Figure 6: Left: Predicted constraints from SKA on dynamical dark energy parameters. We show predicted
constraints from SKA1 IM and SKA2 galaxy, compared with predictions for Euclid. Right: Predicted
constraints from SKA on the unparameterized growth function f s8 from the SKA1 (galaxy and IM) and
the SKA2 galaxy survey, compared with predicted constraints coming from the Euclid galaxy survey. Both
constraints include Planck+BOSS priors.

7.2 Growth of structure

Viewed in redshift space, the matter distribution is anisotropic due to the distorting effect of
peculiar velocities in the line of sight direction. Coherent peculiar velocities on large scales encode
information about the history of the growth of structure in the Universe through their dependence
on the linear growth rate, f (z), which can be measured from the degree of anisotropy of the redshift-
space correlation function. The growth rate is directly related to the strength of gravity, and so is an
extremely useful tool for probing possible deviations from general relativity that have been invoked
as an alternative to dark energy to explain cosmic acceleration.

Intensity mapping and galaxy surveys do not measure the linear growth rate directly, but are
instead sensitive to simple combinations of f (z), the bias b(z), and the overall normalisation of
the power spectrum s8(z). A reasonable choice of parametrisation is to take the combinations
( f s8,bs8). As shown in Raccanelli et al. (2014), a 10,000 hour and 25,000 deg2 SKA phase 1
intensity mapping autocorrelation survey will be capable of measuring f s8 with high precision
over a wide redshift range, obtaining sub-1% constraints in the range 0.05 . z . 1.0 with Band 2
of SKA1-MID or SUR, and reaching out to z⇡ 2.0 with ⇠ 4% precision using Band 1 of MID/SUR
(see Fig. 6).

At low redshifts, these figures are highly complementary to (e.g.) a Euclid galaxy redshift
survey, which should obtain ⇠ 0.5% measurements of f s8 in the interval 0.7 . z . 2.0. By com-
parison, SKA1-MID/SUR will have ⇠ 0.5% measurements for z ⇡ 0.3 – 0.7.

7.3 Probing ultra-large scales

As briefly mentioned above, there is important information that can be extracted from the
ultra-large scale modes of order and above the cosmological horizon (see Fig. 5, right panel). We
refer the reader to Camera et al. (2014) and references therein for an extensive description of the
ultra-large scale effects briefly mentioned here, as well as to the ways by which the SKA will be
able to tackle successfully the technical problems arising when trying to access those scales.
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[SKA Science Book, Santos et al]

dark energy 



cosmology with the ska

[SKA Science Book, Zhao et al ]

PCA of dark energy and modified gravity parameters

Figure 4: The forecasted 68%CL error on the coefficients of the principal components of µ(k,z) for different
data combinations shown in the legend.

volume in the radial (z) direction is limited by the dimming of distant objects and, ultimately, the
fact that structures only exist at relatively low z. Also, it is related to us considering only linear
perturbations in our analysis, since at small z the observable volume is too small to fit the small
k-modes that are still in the linear regime. Hence, there is more volume available for studying the
spatial distribution of structure than the radial distribution.

For Planck+DES, we see a clear degeneracy in the k and z dependences of the modes. This
is because changing µ at some point (k,z) should have the same impact on the observables as a
change at a larger scale but later time. Interestingly, this k and z dependence goes away when SKA
is combined. This is simply because SKA constrains µ very well via the RSD effect, which means
that data can well distinguish the effect between the variation of µ in k and in z.

4. Conclusion and Discussions

In this work we apply the PCA method to investigate the constraint on dark energy and mod-
ified gravity using the future SKA HI redshift surveys, combined with CMB (Planck) and WL
(DES) surveys. The PCA method is ideal to investigate dark energy and modified gravity in a non-
parametric way, which efficiently minimises the theoretical bias stemming from choosing ad hoc
functional forms for unknown functions.

We study dark energy and modified gravity separately. For dark energy equation-of-state, we
find that SKA Phase 1 (2) can well constrain 3 and 5 eigenmodes of w(z) respectively. The errors
on the best measured modes can be reduced to 0.04 and 0.023 for SKA1 and SKA2 respectively,
making it possible to probe dark energy dynamics (Zhao et al. 2012). On the other hand, for mod-
ified gravity constraints, SKA1 (2) can constrain 7 (20) eigenmodes of µ(k,z) respectively within
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modified gravity



cosmology with the ska

[SKA Science Book, Brown et al]

Weak lensing with the Square Kilometre Array M. L. Brown

Figure 3: As Fig. 1 but for a 3p steradian weak lensing survey requiring 2 years observing time on SKA2.
Also shown for comparison are the n(z) distribution and forecasted power spectrum constraints for the 15000
deg2 Euclid satellite mission.

for 50% of the z < 2.0 population. The forecasts presented in Fig. 4 account for these redshift
uncertainties.

We see from Fig. 4 that even the SKA1-early survey targeting the smallest sky area can provide
competitive constraints on cosmological parameters — the forecasted constraints for the 1000 deg2

SKA1-early survey are a factor of ⇠5 better than the tomographic weak lensing analysis of the
current state-of-the-art CFHTLenS data (Heymans et al. 2013). We also see large improvements in
the constraints obtainable with each subsequent stage of the SKA — the constraints obtainable with
SKA1 are broadly comparable with the KiDS and DES optical surveys while SKA2 is competitive
with Euclid.

Fig. 4 also demonstrates that our nominal choice of target survey areas for the three stages of
the SKA are, broadly speaking, optimal choices from the point of view of constraining these cos-
mological parameters — for SKA1-early the 1000 deg2 survey provides the strongest constraints,
for SKA1 the 5000 deg2 survey performs the best while for SKA2, the 3p steradian survey provides
the best constraints.

2.2 The promise of radio observations to suppress weak lensing systematics

Optical and radio surveys, such as Euclid and/or LSST and the SKA, have a particularly useful
synergy in reducing and quantifying the impact of systematic effects which may dominate each
survey alone on some scales. By cross-correlating the shear estimators from one of these surveys
with those of the other, several systematic errors are mitigated.

We can see this by writing the contributions to an optical (o) or radio (r) shear estimator:

g(o) = ggrav + g(o)int + g(o)sys (2.1)

g(r) = ggrav + g(r)int + g(r)sys, (2.2)

where ggrav is the gravitational shear we are seeking, gint is the intrinsic ellipticity of the object,
and gsys are systematic errors induced by the telescope. If we correlate optical shears with optical

7

weak lensing



DES

Euclid

CROSS-CORRELATIONS
Less systematics to worry about: the cosmic shear case 

w0

w
a

[SC, Harrison, Bonaldi & Brown, 2016]
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Synergies vs Systematics 
The case for radio-optical cosmic shear

Stefano Camera                    Fundamental Cosmology with SKA Synergies                  Mauritius, 2 · v · 2017

Full SKA 
Euclid 
Full SKA ✕ Euclid

SKA weak lensing III: mitigating systematics 4751

Figure 3. Marginal joint 1σ error contours in the dark energy equation-of-state parameter plane. The black cross indicates the "CDM fiducial values for dark
energy parameters, namely {w0, wa} = {−1, 0}. Blue, red and green ellipses are for radio and optical/near-IR surveys and their cross-correlation, respectively.
The left-hand (right-hand) panel is for Stage III(IV) DETF cosmic shear surveys. Dashed, dot–dashed and dotted contours refer to amplitudes of the residual
systematic power spectrum with variance σ 2

sys = 10−7, 10−6 and 5 × 10−5, respectively. All contours but those for the cross-correlation are biased (i.e. they
are not centred on the black cross) due to the presence of residual, additive experimental systematics (Section 3.1).

previous case of residual (or additive) systematics. First, a calibra-
tion error term will be also present in the cross-correlation power
spectrum. This is because this multiplicative systematic term, be-
ing attached to the cosmological signal in the fashion of an overall
amplitude, will not cancel out when correlating data sets obtained
in different bands of the electromagnetic spectrum – opposite to
what will happen for the residual (additive) systematic effect dis-
cussed in Section 3.1. Secondly, such a term will most likely present
a redshift-bin dependence, inherited from γ mul(z). Nevertheless, it
is important to emphasize that the multiplicative calibration er-
ror γ mul(z) will be different for radio and optical/near-IR, and the
cross-correlation of the measurements will bear a combination of
the two. Therefore, in the worst case scenario where the calibration
error is so severe as to seriously threaten the precision of parame-
ter estimation, the confidence regions for radio or optical/near-IR
autocorrelations (shown for instance in Fig. 3) will be scattered
around the parameter space with no apparent correlation, whereas
the cross-correlation of the two will contain information on both
calibration errors. Hence, an a posteriori reconstruction can be per-
formed, where we could iteratively try to remove two multiplicative
systematic effects, i.e. for radio and optical/near-IR data, by using
three variables, namely the two autocorrelation cosmic shear power
spectra and their cross-correlation.

To illustrate this, we generate 20 random calibration errors
γ mul

X,i , 10 for the 10 radio redshift bins and 10 for the 10
optical/near-IR bins, (uniformly) randomly picked in the range
0 per cent, 10 per cent. By doing so, we construct a matrix M, with
entries

Mij = Amul

!
γ mul

Xi
+ γ mul

Yj

"
, (11)

Figure 4. Same as the right-hand panels of Fig. 3, but for calibration errors
(Section 3.2). Note that, in this case, the contours obtained via the cross-
correlation of DES and SKA1 too is biased. Conversely, the self-calibrated
combination of all auto- and cross-correlations, with the inclusion of nui-
sance parameters for calibration errors, is not (black ellipse).

and overall amplitude parameter Amul, which we marginalize over.
This matrix multiplies the cosmic shear tomographic matrix CXY

ℓ .
The results are presented in Fig. 4, where, as opposed to Fig. 3, the
green ellipse of the cross-correlation of radio and optical/near-IR

MNRAS 464, 4747–4760 (2017)

[Camera et al 2016]



  

Clustering redshifts with IM

Raw performance comparable to next-generation spectroscopic surveys 
(at a much lower price!)

✔ Sensitivity concentrated on relevant cosmological scales
✔ Maximum area overlap
✔ Good sensitivity at high redshifts

Synergies between intensity mapping and photometric surveys

DA et al 1704.01941

SKA INTENSITY MAPPING
• Important requirements for MFAA: 

Short baselines < 5 m to probe the 
large scales, compact core, big volume 

• Constraints competitive with Stage IV 
optical

[Bull et al 2015]

⌦K = 0.0± 0.0014

⌦DE = 0.684± 0.009

� = 0.55± 0.03

w0 = �1.0± 0.06

[Alonso et al 2017]

!

• IM also great for photo-z 
calibration 

• This would be a great 
science case in synergy with 
DES and LSST



SKA INTENSITY MAPPING
PAFs: In “single-dish” mode they greatly 
increase the signal-to-noise ratio 

• E.g. SKA1-SUR-like survey can beat 
Stage IV optical galaxy surveys on DE 
constraints via BAOs and RSDs 
measurements  

• Ultra-large scales, high sensitivity at 
high z  

• Relativistic corrections 

• Spatial curvature 

• Isotropy tests 

• Multiple tracers (more later) 

P
N

/ 1

N
d

N
b

t
tot

fNL

In interferometer mode they 
increase instantaneous FOV and 
smaller scales can be probed.



The primordial Universe with MeerKAT and DES 5

Figure 3. Marginal error in measuring fNL, against the surveyed area for di↵erent configurations, with fixed MeerKAT observing time of 4000 hr. Left:
MeerKAT with L-band (dashed, blue) and UHF-band (dot-dashed, red). Right: DES on its own (solid, green); multi-tracer MeerKAT L-band ⇥ DES (dashed,
blue); multi-tracer MeerKAT UHF-band ⇥ DES (dot-dashed, red).

Eq. 26 is also valid when di↵erent redshift bins overlap, which is
the case we consider. Note that if we consider a top-hat window
function, we recover the result commonly found in the literature
NG

ii = 1/NG
i .

3.3 HI–G cross-noise

We also take into account the possible shot-noise cross power spec-
trum. This is due to an overlap in the halo mass range which the
tracers probe. Even if this is small, it might be important for the
multi-tracer, since this is the only component in the noise matrix
(30) corresponding to the cross-correlation between tracers. We
are assuming Poisson noise. Simulations have shown that non-
overlapping mass ranges can exhibit o↵-diagonal shot-noise, and
mass-dependent weighting schemes can suppress the total shot-
noise contamination (Hamaus et al. 2010). However, the error in
estimating the cross-correlation between tracers is dominated by
the individual noises in each tracer, so that our Poisson assumption
is not unreasonable. Then the cross-shot-noise is given by (Fonseca
et al. 2015)

NHI,G
i j =

Z
dz W̄
�
z, zi;�zi,�

z
i
�
W
�
z, z j;�z j,�

z
j
� T HI(z)
⇢HI(z)NG

j

⇥
Z

dMh MHI(Mh)⇥ (Mh, z)
dNh

dMh
(Mh, z) = NG,HI

ji , (29)

where ⇢HI is the HI density, MHI is the mass of HI in a halo of mass
Mh, and dNh/dMh is the halo mass function. If the halo masses
probed by the two surveys overlap, then ⇥(Mh) = 1, otherwise it
is zero. For further details on the halo mass range for HI intensity
mapping, see Santos et al. (2015). The mass range for a photometric
survey is found by matching the number of galaxies given by the
halo mass function with the number given by the selection func-
tion. Note that the two windows have similar shapes but di↵erent
normalizations, i.e., W̄ / W. While W is given by Eq. (28), W̄ is
the same as in equation (16) and is normalised to 1.

Including all noise contributions, we can write the multi-tracer
noise angular power spectrum matrix as

NAB
i j =

0
BBBBBBBBB@

NHI
i j NHI,G

i j

NG,HI
i j NG

i j

1
CCCCCCCCCA
. (30)

Note that it is independent of the multipole `.

4 RESULTS

We perform the Fisher forecast analysis as described in section 2
for the set of parameters

#↵ = {ln As, ln⌦cdm, fNL, ln ns, ln⌦b,w, bA
i , "WL, "GR}, (31)

where ⌦cdm is the density parameter of cold dark matter, ⌦b is the
density parameter of baryonic matter and w is the dark energy equa-
tion of state parameter. We assume a fiducial concordance flat cos-
mology with H0 = 67.74 km/s/Mpc, ⌦cdm = 0.26, ⌦b = 0.05,
As = 2.142 ⇥ 10�9, ns = 0.967, w = �1 and fNL = 0. The bias
parameters bA

i in each bin have fiducial values shown in Fig. 1. The
last two parameters in (31) have fiducial values "WL = 1 = "GR, and
are defined so as to isolate the weak lensing and general relativistic
terms in (7):

�A
` = �

A
` (density + RSD) + "WL�

A
` (WL) + "GR�

A
` (GR). (32)

These parameters take into account that we do not have full know-
ledge of the evolution and magnification biases in (7).

To compute the multi-tracer angular power spectrum we mod-
ified the code camb sources (Challinor & Lewis 2011) so that it
computes both auto- and cross-tracer correlations with the correct
selection function. We also changed it to compute the correct evol-
ution bias of each tracer and to have di↵erent window functions
as options. The output is in the same format as camb sources. The
modified code is available on GitHub8.

We computed forecasts for the single surveys and the com-
bined surveys, with the following configurations:

MeerKAT L-Band: 24 bins of width 20 MHz between 1380 MHz
and 920 MHz; sky coverage from 1000 to 30000 deg2; a smooth
top-hat window function.

MeerKAT UHF-Band: 21 bins of width 20 MHz between
1000 MHz and 600 MHz; sky coverage from 1000 to 30000 deg2; a
smooth top-hat window function.

DES: 8 bins in the redshift range z = 0 � 2, each with the same
number of galaxies; sky coverage from 1000 to 5000 deg2; an error
window function.

8 https://github.com/ZeFon/CAMB sources MT

MNRAS 000, 1–7 (0000)

Cross-correlations & MULTI-TRACERS

• Multi-tracers technique for large scales - no 
cosmic variance! 

• Potentially revolutionising… 

• Needs tracers with very different biases 

• Radio and optical communities need to 
work together on this!

[Fonseca et 
al 2017]

• Cross-correlate everything… 

• Extremely useful for systematics mitigation 

• Robust systematics-free constraints 

• Multi-wavelength cosmological tests! 

• Need large volume covered fast - new 
SKA technologies!

[AP 2016]

LSST/SKA2 x CMB lensing

MeerKLASS x DES



Wolz et al 2017; 1703.08268ASKAP DINGO forecast

HI and galaxy evolution

• Cross-shot noise scales as 
average HI mass of gal 
sample  

• Probes the HI content of 
optical galaxies 

• Constrain HI-SFR scaling 
relations for wide redshifts 

• Large FOV very important!

• Study the cross-correlation shot noise of Intensity Maps 
with galaxy samples 

• Cross shot noise scales as average HI mass of galaxy 
sample 

• Divide galaxies according to star formation rate and 
estimate the cross shot noise for each bin 

• HI mass to star formation rate correlations

SN =
3hc3A10

32⇡mHkB⌫221

(1 + z)2

H(z)

1

N

X

i

N(xi)M(xi) =
THI,g

ng



HI and galaxy evolution

• HI abundance and bias are 
currently poorly constrained 

• Important for galaxy evolution 
and cosmology alike! 

[AP 2017, c.f. Crighton et al 2015]



HI and galaxy evolution
• HI abundance and bias are currently 

poorly constrained 

• Important for galaxy evolution and 
cosmology! 

• Can get good constraints with SKA1 IM 

• SKA2 unmatched!

[SKA1 IM x DES] [AP et al 2016]

HI abundance x bias
 Radio continuum survey [see Jess’ talk] 

• Wide field, high-resolution, 3 billion galaxies! 

• Star formation at high z 

• Weak/Strong lensing, ISW effect 

• Combine with HI gal/IM survey to get 
redshifts!

[AP et al 2016]



[Chapman, AP, Pritchard, Wolz 2017]

• Can get IM maps with 
SKA-Low at 200-350 MHz 

• Use them to constrain HI 
and cosmology 

• Synergies with SKA-Mid, 
BOSS Ly-α, … 

• Large sky IM survey with 
SKA2-Low could do 
transformational 
neutrino science

Intensity Mapping Survey with SKA1-Low at 3<z<5

COSMOLOGY WITH SKA1-LOW

[AP & Pritchard]



Combine 21cm intensity mapping, optical galaxy, and CMB surveys, to 
constrain the inflationary parameters  
!
• Need to reach 

CMB + high-z intensity mapping survey can severely 
constrain single-field inflation (via first running). 

Also great for neutrino constraints!

COSMOLOGY WITH SKA-low

Synergistic tests of inflation

Alkistis Pourtsidou⇤

Institute of Cosmology & Gravitation, University of Portsmouth,
Dennis Sciama Building, Burnaby Road, Portsmouth, PO1 3FX, United Kingdom

We investigate the possibility of utilising 21cm intensity mapping, optical galaxy, and Cosmic
Microwave Background (CMB) surveys to constrain the power spectrum of primordial fluctuations
predicted by single-field slow-roll inflation models. Implementing a Fisher forecast analysis, we derive
constraints on the spectral tilt parameter n

s

and its first and second runnings (↵
s

,�
s

). We show
that 21cm intensity mapping surveys with instruments like the Square Kilometre Array, CHIME,
and HIRAX, can be powerful probes of the primordial features. We combine our forecasts with the
ones derived for a COrE-like CMB survey, as well as for a Stage IV optical galaxy survey similar to
Euclid. The synergies between different surveys can be exploited to rule out a large fraction of the
available inflationary models.

I. INTRODUCTION

Inflation is a period of accelerated expansion in the
very early Universe, and it is currently the most com-
pelling candidate theory in order to explain the origin
of structure in the cosmos (for a review, see [1, 2] and
references therein). Vanilla inflation generally predicts a
homogenous, isotropic, and spatially flat Universe with
nearly scale invariant primordial power spectrum and
nearly gaussian density fluctuations.

To be more specific, let us assume a perturbed FRW
Universe and denote the scalar perturbations power spec-
trum as P⇣(k). We can define the dimensionless power
spectrum as

Ps(k) ⌘
k3

2⇡2
P⇣(k) . (1)

Then we can write

Ps(k) = As

✓
k

k?

◆n
s

�1+ 1

2

↵
s

ln(k/k?)+
1

6

�
s

ln2(k/k?)

. (2)

Here As is the amplitude of the scalar perturbations
and k? is the pivot scale where the spectral index ns ⌘
dlnPs/dlnk and its runnings are defined and measured.
The spectral index ns is measured by Planck to be close,
but not equal, to unity: ns = 0.968 ± 0.006 [3]. The
first running is defined as ↵s ⌘ dns/dlnk, and its Planck
measurement is consistent with zero: ↵s = �0.003±0.007
[3]. Note that a (tentative) non-zero positive second run-
ning �s ⌘ d↵s/dlnk was found in the analysis of [4]:
�s = 0.027 ± 0.013. The pivot scale for these measure-
ments is k? = 0.05Mpc�1.

In the absence of evidence for non-minimal exten-
sions of the inflationary scenario (we have not observed
primordial non-Gaussianities or isocurvature perturba-
tions, for example), single-field slow-roll models are gen-
erally favoured. Unfortunately this means that there is a

⇤
E-mail: alkistis.pourtsidou@port.ac.uk

plethora of allowed models and finding the most favoured
one requires high precision new data and advanced sta-
tistical methods [5].

In the simplest, single-field slow-roll inflationary mod-
els, the inflaton field that drives inflation is a canonical
scalar field �. The inflaton potential V (�) and its deriva-
tives can be directly related to As, ns, and its runnings,
as well as to the amplitude and index of the tensor per-
turbations. Defining the slow-roll parameters (evaluated
at the field value �? where the pivot scale k? exits the
Hubble radius during inflation)

✏ =
M2

pl

2

✓
V 0

V

◆2

⌘ = M2
pl

✓
V 00

V

◆

⇠ = M4
pl

✓
V 0V 000

V 2

◆
, (3)

where Mpl is the reduced Planck mass and a prime de-
notes differentiation with respect to the field �, we get

1� ns = 2⌘ � 6✏+ ...

↵s = �2⇠ + 16⌘✏� 24✏2 + ... , (4)

therefore ns � 1 is first order in slow-roll parameters, ↵s

second order and similarly �s is third order (see [6, 7]
for details). During slow roll, these parameters are very
small, ✏ ⌧ 1 and |⌘| ⌧ 1. The above formalism gives
a general prediction for the size and hierarchy of the
runnings. That is, |↵s| ⇠ 0.001 and |�s| ⇠ 10�5. Any
significant deviation from these values would disfavour
single-field slow-roll inflation.

In this work we are going to use the Fisher matrix ap-
proach to forecast how well future 21cm intensity map-
ping (IM), optical galaxy, and CMB surveys, can con-
strain the spectral index and its runnings. CMB tem-
perature and polarization measurements probe the pri-
mordial power spectrum Ps(k) and constrain the various
quantities it depends on. In our CMB forecasts we will
constrain the six ⇤CDM parameters, namely the baryon
and cold dark matter densities wb ⌘ ⌦bh

2, wc ⌘ ⌦ch
2,

Planck

COrE SKA1-Mid
SKA2-Mid

HIRAX

Euclid

SKA2-Low

COrE + 

k

P(k)

[AP arXiv:1612.05138]



outlook

• New technologies will revolutionise the capabilities of SKA for 
cosmology 

• Large FoV is great! 

• Key large-scale cosmology cases: Dark Energy, Gravity, Inflation 
(non-gaussianity), Neutrinos 

• Synergies with optical, mainly Euclid and LSST 

• What about uniqueness? SKA-Low - not just EoR, but also post-
EoR (3<z<6) can result to transformational science!


