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SKA Science Update

• Science Operations Topics (Shari Breen)

• SRCNet and Sensitivity Calculator

• Science Meetings 

• AOB
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Science Meetings
• EAS 2023, SKAO Lunch Session, 10 – 14 July 2023, Krakow (see next 

slides)

• MWA: 10 Years of Ops, 25 – 28 July , Perth

• URSI GASS 2023, 19 – 26 August, New Facilities session, Sapporo

• Science at Low Frequencies IX, 11 – 15 Dec 2023, Amsterdam

• MeerKAT @ 5, 20 – 23 February 2024, Stellenbosch

• SKA Cosmology Conference, March 2024, Lausanne, in early planning stage

• IAU GA, August 2024, Cape Town, various SKA Science events planned

• SKA Science Conference, Summer 2025, Germany, planning still to begin in 
earnest



Lunch session ”On the road to the SKA” (LS12) 

•Friday 14 July 12h30–14h00

•~25-30 attendees
• The SKA 

• Project description and key science - Tyler Bourke (SKAO)

• Status, Operations & Data - Shari Breen (SKAO)

• SKA Science
• Extragalactic continuum - Isabella Prandoni (INAF)

• Radio stars and Planetary Nebulae - Marcin Hajduk (UWM)

• Pulsars and FRBs - Jason Hessels (UvA/ASTRON)



EAS2023 – SKAO Poland Engagement event
• Engagement event with the Polish astronomy community (Wed. eve)
• 30+ attendees

• Moderator: Agnieszka Pollo (Head of Astrophysics Division, National Center for 
Nuclear Research), with support from Mathieu Isidro

• Introduction to SKA and SKAO – Thijs Geurts (Head of International Relations, SKAO)
• Project Description, Key Science, SWGs – Tyler Bourke (Project Scientist, SKAO)
• Status, Operations & Data – Shari Breen (Head of Science Operations, SKAO)
• Personal Journey to SKAO – Bartosz Idzkowski (Electronics Engineer, SKAO; previously 

SKAO JPM SKA-Low; CTA PM; from Krakow)
• Very engaged audience; excellent initial discussions with the Polish 

community, and the path forward (future engagement e.g. Poland SKA Day)
• Many participants stayed after for discussions over drinks/food
• Poland involved in LOFAR, SALT, JIVE, ESO, CTA, HESS, Ligo-Virgo, Athena, 

Einstein, …



Any Other Business

• News from SWG Chairs?

• …



Recent Science Highlights: nano-Hz Gravitational Waves

• Coordinated publication (29 
June) of possible detection of 
the stochastic Gravitational 
Wave Background in pulsar 
timing data

• Results from Australian 
(PPTA), Chinese (CPTA), 
European (EPTA), Indian 
(InPTA) and North American 
(NANOGrav) pulsar timing 
teams

• Probes GW background of 
super massive black hole 
(107 – 109 MSun) mergers



Recent Science Highlights: nano-Hz Gravitational Waves

• Significance per individual 
PTA is still low, but should 
improve when all combined

• Gravitational strain 
amplitude, ~3x10-15, near 
max of predictions

• Still some poorly 
understood effects…
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Figure 4. Marginal posterior probability distributions for
the logarithmic amplitude and spectral index (�) of a com-
mon uncorrelated process, under our tailored single-pulsar
priors (blue) and broader equal priors (orange).

unknown spectral index and the DE440 SSE, recovering750

� = 3.87 ± 0.47 and log
10

AHD = �14.51+0.18
�0.2 , which is751

consistent with, but less precise than the measurement752

using the uncorrelated component alone. The agreement753

is unsurprising as the sensitivity of the PPTA data set is754

dominated by the auto-correlations. At a fixed spectral755

index for the assumed GWB from SMBHBs, we measure756

log
10

AGWB = �14.68 ± 0.06, which is also consistent757

with the uncorrelated noise. We have also measured the758

common noise free spectrum assuming Hellings-Downs759

correlations and find that it is consistent, at all Fourier760

frequencies considered, with the uncorrelated common761

noise (Figure 6, gold). Again this indicates that the762

cross-correlations are dominated by the auto-correlated763

component.764

To quantify whether the data supports the inclusion of765

these correlations, we estimate the Bayesian odds ratio766

for using product-space sampling (Arzoumanian et al.767

2018, 2020). Relative to a common uncorrelated process,768

we find no additional Bayesian support, for or against,769

the Hellings-Downs using this approach, with B
HD

CRN
⇠770

1.5 for a varied spectral index, and B
HD

CRN
⇠ 2 for � =771

13/3. These values are not significant.772

3.7. Search for the spatial correlations773

We directly search for the spatial correlations using774

our technique described in Section 2.2.2, instead of as-775

suming an ORF and testing for model support through a776

common noise model. The measurement of interest here777

�18

�17

�16

�15

�14

log 10
ACR

N
13/

3

6 yr slices

2006 2008 2010 2012 2014 2016 2018 2020 2022

Year

�18

�17

�16

�15

�14

log 10
ACR

N
13/

3

9 yr slices

Figure 5. Uncorrelated common-spectrum noise amplitude
as a function of time, using a 6-year (top) and 9-year (bot-
tom) sliding window (“slices”) over the data set. The spec-
tral index is fixed at �13/3. Slices with unconstrained (log)
amplitude posteriors have been re-weighted to have linear
priors in ACRN

13/3 (orange), and the 95% confidence upper lim-
its are denoted with vertical arrows. Slices with constrained
measurements of log

10
ACRN

13/3 are colored in blue. For refer-

ence, the dashed horizontal line indicates the 1⇥10�15 upper
limit set by (Shannon et al. 2015), using an older solar sys-
tem ephemeris (DE421). The solid horizontal line and grey
band indicates the measured log

10
ACRN

13/3 of �14.69 and its
68% confidence interval from our full PPTA-DR3 analysis.

is the correlation coe�cient � of a � = 13/3 process,778

and we obtain one measurement (the posterior proba-779

bility density) for each of the 435 unique pulsar pairs780

in our array. These measurements are informed by the781

cross-correlations only and assume a common distribu-782

tion for log
10

A13/3. The parameters in the single pul-783

sar noise models have also been accounted for in each784

pair. The numerically marginalized single-pulsar noise785

properties are self-consistent, meaning that the observed786

noise characteristics of a pulsar is independent of which787

pulsar it is paired with.788

Reardon et al (PPTA) 2023
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Fig. 4: The measured correlation coefficients (y-axis) as a function of the pulsar-pair separation angle (x-

axis). Red dots denote the measured correlation coefficients between all pulsar-pairs without the auto-

correlation. The blue curves with error bars represent the binned average red dots, which only serve to

aid the visual inspection. The error bars are the standard error of binned average value estimated using

the binned red dots. The solid red curves depict the theoretical HD curve. The top row three panels show

simulations without the GWB signal injection, where the data was simulated to match exactly the times and

frequencies of the real CPTA DR1. Each panel from left to right corresponds to f = 1/T, 1.5/T , and 2/T ,

respectively.

as demonstrated by numerical simulations of Zic et al. (2022) and the toy model in Appendix A. One

needs to be cautious about the application and interpretation of the Bayes factors for the current problem of

measuring or detecting the statistical variance of stochastic signals with spatial correlations.

5 DISCUSSION AND CONCLUSION

In this paper, we show that the inferred GWB characteristic amplitude is log Ac = �14.4+1.0
�2.8 for a spectral

index in the range ↵ 2 [�1.8, 1.5], and log Ac = �14.7+0.9
�1.9 if fixing ↵ = �2/3. The measured GWB

amplitude agrees with theoretical expectation (Sesana 2013; McWilliams et al. 2014). However, because of

A&A proofs: manuscript no. eptadr2_gwb_25psr

Fig. 5: Binned overlap reduction function. Blue is for DR2full while orange is for DR2new. The left panel shows violins of the
posterior of the correlation coe�cients averaged at ten bins of angular separations with 30 pulsar pairs each. The black line is the
HD curve based on theoretical expectation of a GWB signal. The grey histogram is the arbitrarily normalised distribution of the
number of pulsar pairs at di↵erent angular separations. The right panel is the corresponding 2D posterior for the amplitude and
spectral index of the common correlated signal, showing 1/2/3 � contours.

Fig. 6: Constraints on the overlap reduction function from the
optimal statistic. Blue and orange points indicate the results for
DR2full and DR2new respectively. The correlation coe�cients
for each pair of pulsars are weighted and averaged following the
description in Allen & Romano (2022) and grouped in the same
way as those in Figure 5 for comparison. The HD correlation is
plotted as a black line for reference.

4.3. Significance tests

To quantitatively estimate the significance of the hypothesis that
a GWB signal with HD correlation is present in the data, the null
hypothesis distribution need to be constructed. Many repetitions
of an experiment need to be performed in order to define a strict
p-value. This is, unfortunately, not possible for PTAs. Thus, we
can only attempt to find a good proxy to estimate the true statis-
tical p-value for the null hypothesis. In the following, we refer
to the estimated value from our proxy methods as p-values for
simplicity. The respective distributions can be constructed in two
di↵erent ways, by introducing random phase shifts in the Fourier
basis of the common red noise process (Taylor et al. 2017) or
by moving the positions of the pulsars in the sky via a random
scramble (Cornish & Sampson 2016). The aim of both methods

is to e↵ectively destroy the distinctive cross-pulsar correlations,
unique to the GWB signal, while retaining the individual pulsar
noise characteristics. One should emphasise that both methods
should be robust against any mismodelled features in the data
set, therefore they, in general, provide more conservative esti-
mates of the significance in comparison to the possibly oversim-
plified noise simulation bootstrapping.

The distributions of BFs under the null hypothesis (PSRN +
CURN) were constructed for DR2full and DR2new using about
200 and 2000 phase shifts, respectively and are displayed in the
upper panel of Figure 7. The DR2full measured BF from Ta-
ble 5 lies within the 2� range of the null hypothesis distribu-
tion with a p-value of 0.04. The p-value for the BF derived with
the DR2new data set reaches a statistically interesting value of
0.0005, which corresponds to the 3� level of significance (’ev-
idence’). The analysis was performed using both ENTERPRISE
and FORTYTWO and shows consistent results between the two
software packages. This significance test was repeated for the
OS S/N values for the HD correlation and results are shown in
the bottom panel of Figure 7. For DR2full a p-value of 0.07
is found. None of the 10000 realisations produced a S/N that is
comparable to what has been found in DR2new. Therefore, only
an upper limit can be set for the p-value < 0.0001, which corre-
sponds to a significance of > 3.5�.

Figure 8 shows the null distribution obtained with sky scram-
bles in the OS analysis in the top panel. A matching threshold of
0.2 for any two sky scrambles was imposed to produce about
5000 samples. A large di↵erence particularly in the high S/N
tail of the density functions can be found between DR2full and
DR2new. The p-value for DR2full of 0.08 is comparable to that
obtained with the phase shifts. This could indicate that in the low
S/N regime, both methods produce reliable null distributions. In
the high S/N regime, however, with DR2new the sky scramble
p-value of 0.004 is not consistent with the phase shift method.

The bottom panel of Figure 8 compares p-values from sim-
ulations, theoretical computation and the two methods. A null
distribution was generated using a set of realistic simulations re-
sembling the statistical properties of the real DR2new data set
and with the injected CURN only. The noise parameters as well

Article number, page 10 of 23

4 The NANOGrav Collaboration

(a) (c)

(b) (d)

2.5 3.0 3.5 4.0 4.5
gGWB

�
14

.8�
14

.6�
14

.4�
14

.2�
14

.0�
13

.8

lo
g 1

0
A G

W
B

fref = 1 yr�1 32 nHz
fref = 0.1 yr�1 3.2 nHz

GWB= 13/3      !      

≈
≈

Figure 1. Summary of the main Bayesian and optimal-statistic analyses presented in this paper, which establish multiple lines
of evidence for the presence of Hellings–Downs correlations in the 15-year NANOGrav data set. Throughout we refer to the
68.3%, 95.4%, and 99.7% regions of distributions as 1/2/3� regions, even in two dimensions. (a): Bayesian “free-spectrum”
analysis, showing posteriors (gray violins) of independent variance parameters for a Hellings–Downs-correlated stochastic process
at frequencies i/T , with T the total data set time span. The blue represents the posterior median and 1/2� posterior bandsa

for a power-law model; the dashed black line corresponds to a � = 13/3 (SMBHB-like) power-law, plotted with the median
posterior amplitude. See §3 for more details. (b): Posterior probability distribution of GWB amplitude and spectral exponent
in a HD power-law model, showing 1/2/3� credible regions. The value �GWB = 13/3 (dashed black line) is included in the 99%
credible region. The amplitude is referenced to fref = 1yr�1 (blue) and 0.1 yr�1 (orange). The dashed blue and orange curves
in the log

10
AGWB subpanel shows its marginal posterior density for a � = 13/3 model, with fref = 1yr�1 and fref = 0.1 yr�1,

respectively. See §3 for more details. (c): Angular-separation–binned inter-pulsar correlations, measured from 2,211 distinct
pairings in our 67-pulsar array using the frequentist optimal statistic, assuming maximum-a-posteriori pulsar noise parameters
and � = 13/3 common-process amplitude from a Bayesian inference analysis. The bin widths are chosen so that each includes
approximately the same number of pulsar pairs, and central bin locations avoid zeros of the Hellings–Downs curve. This binned
reconstruction accounts for correlations between pulsar pairs (Romano et al. 2021; Allen & Romano 2022). The dashed black
line shows the Hellings–Downs correlation pattern, and the binned points are normalized by the amplitude of the � = 13/3
common process to be on the same scale. Note that we do not employ binning of inter-pulsar correlations in our detection
statistics; this panel serves as a visual consistency check only. See §4 for more frequentist results. (d): Bayesian reconstruction
of normalized inter-pulsar correlations, modeled as a cubic spline within a variable-exponent power-law model. The violins plot
the marginal posterior densities (plus median and 68% credible values) of the correlations at the knots. The knot positions are
fixed, and are chosen on the basis of features of the Hellings–Downs curve (also shown as a dashed black line for reference): they
include the maximum and minimum angular separations, the two zero crossings of the Hellings–Downs curve, and the position
of minimum correlation. See §3 for more details.

Antoniadis et al (EPTA+InPTA) 2023

Agazie et al (NANOGrav) 2023

Xu et al (CPTA) 2023

Reardon et al (PPTA) 2023
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