77 rijksuniversiteit faculteit wiskunde en kapteyn instituut
Py / groningen / natuurwetenschappen /
Cosmic Dawn & Epoch of Reionization
with SKA|-low: SWG & Science Team

Léon V.E. Koopmans
(Kapteyn Astronomical Institute)

First .
stars

c w.lu.;l
hydroger

DARK AGFS E?OCHOF 1

LEIONIZATH
q’:L o ﬁz

Ovnli

years yoors R ','--:ur, ,,,,,,,

NL-SKA May 24, 2018



g I‘ij l{SuniverSiteit faculteit wiskunde en kapteyn instituut
- groningen natuurwetenschappen

Science Goals
SKA EoR/CD SWG/ST

NL-SKA May 24, 2018



30-200

Why and How Study the Universe’s First Gyr?

Dark Ages

DM power-spectrum evolution
DM annihilation physics
Baryonic Bulk Flows

Physics of Gravity/GR

2030+

Space/Lupar based
Interferpmeters

(e.g. DEX)

\_

12-30

6-12

0-6

Cosmic Dawn

Reionization

Post-
\/ Reionization

Appearance of first stars/BHs (Poplll?)
Ly-& radiation field

Impact of Baryonic Bulk Flows

First X-ray heating sources

Reionization by stars & mini-quasars
IGM feedback (e.g. metals)

Poplll - Popll transition

Emergence of the visible universe

BAO - DE EoS/Gravity
Intensity Mapping - DE EoS/Gravity
Galaxy Counts - Mass function ++

~2020+

SKA/H ERATJ WST

2015
A

Present day
Teles¢opes

v

y



Studying HI Through Cosmic Time

The tomography of HI emission is a treasure trove of information
for (astro)physics, cosmology & fundamental physics.

Post-Reionization Dark Ages/Cosmic Dawn/Reionization
HI is found largely in galaxies < HI has a filling factor of order unity
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CD/EoR Survey Designs

Wider versus Deeper

A three tiered-survey (3x5,000hrs):
e DEEP: 100sdq with 1000hr/pointing
e MEDIUM: 1000sqd with 100hr/pointing
e SHALLOW: 10000sqd with |0hr/pointing

Deeper is better on small scales
(less thermal noise; bubbles)
Wider is better on large scales
(less sample variance)

Both are needed (PS+Tomography)
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EoR/CD: 21-cm Power-Spectrum
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Direct EoR Imaging: 21-cm Tomography
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Topology of EoR provides
much more information
on the sources than a
power-spectrum, but
requires a lot more
sensitivity.
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Global 21-cm Signal Detection?

Correct redshift but 2.5x deeper than

possible in standard model.
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Figure 2 | Best-fitting 21-cm absorption profiles for each hardware case,
Each profile for the brightness temperature T, is added to its residuals and
plotted ageinst the redshill z and the corresponding age of the Universe,
The thick black line 1s the model il for the hardware and analysis
configuration with the haghest signal-to-noise ratio (cqual to 52; H2;

see Mcethods), processed using 60-99 MHz and a four-term pelynomial
{(sce equation (2) in Methods) for the foreground model. The thin solid
lines are the best fits from each of the other hardware configurations

(HI1, H3-H&). The dash-dotted Line [P8), which extends to z = 26, is
reproduced from Fig. le and uses the same data as for the thick black line
(H2), but a different foreground model and the tull frequency band.

Spectacular but needs confirmation

(b)

(e.g. by SARAS2).

EDGES2

Bowman et al. 2018



Current 21-cm Power-Spectrum Detection Experiments
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Current 21-cm Power-Spectrum Detection Experiments
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Current 21-cm Power-Spectrum
Detection Experiments

By far the deepest 21-cm power spectrum results to date

Credit: Florent Mertens
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SWG/
Science Team

Our SWG (advices SKAQO) mirrors a single Science Team
(prepares for KSP) that aims to transition to a single Key Science
Project Team with internally various science goals/groups. No split!
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Science Working Group/Science Team

https://sites.google.com/site/skacdeorscienceteam/

SKA CD/EOR SCIEI"\CE Team Search this site

Home Membership Focus Groups Data Documente Meetings Projects Page  Statutes  Sitemap

Home

Welcome to the Google Site for the SKA CD/EoR Science team. This ste wil be used as central information hub where we wil! place any information,
documents, ete relevant for the SKA CR/FoR Sclence Team.

Qur can be faund ay clickirg here.
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Science Working Group/Science Team

Focus Groups

This page lists the focus groups and a short description of their focus. The full list can found in the List of Focus Groups document

A) Theory/Numerical Simulations
A1. Theory/Physics for understanding mode!l space/subgrid physics
AZ2: Full numerical simulations for calibration
A3: Fast simulations for analysis

A4: Foreground Studies and simulations

B) Observational Strategies W ———
B1: Interferometric == S
B2: Global Signal :

B3: 21cm Forest

g T g W o 6 - LG ..?r_S. )y

!gnw‘iitzzsg!i'

C) Data Processing

C1: RFI Excision

C2: Calibration/lonosphere

C3: Imaging/Sky-model building

C4: Foreground Fitting/Removal

C5: New Algorithmic Development

C6. Computational and Olher Resources

D) Signal Extraction and Error Analysis
E) Signal Analysis and Interpretation

F) Synergy (SKA + Other instruments)

G) End-to-End (Data) Simulations




1. Core Members 2. Associate Members .
Membership/Dutch Involvment
Ahn Kyungjin  |<R Vermbes
Barkana Rennen S nee .
Benardi Gianni SA Aug. and |eade|"5h|P
Bonaldi Anna K Aubart Dominique |FR 2016
Che Emma UK Al
Che:man Xuelei CN Fiore Faonzo 1] 'ilj‘f
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Herranz ol =S Cathering  Wakinson |UK Aug
0 = 2016 . .
- ian K o - o all CD/EoR researchers (email Chair
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Regular SWG/Science Team Meetings

Current Focus: Data Challenges from raw data to 21-cm signal

First challenge will be announced in Sept.2018

SKA CD/EoR Science Team Search this site

Homre Membershp Tocus Groups Data  Decuments  Meetings  Projects Pege  Statutes  Sitemep

Moeetings >

5th EoR/CD science team meeting - London, UK

Rayal Astronomical Society, Londan, UK
September 24-25, 2018

Thz meeting will begin on Monday morning (24 Sept) and finish on Tuesday efterroon (25 Sept). If there's interest, space will be ava'lable on the Wednzsscay (26th] for anvone wanting to stay longer for informal
collanoratior,

If you are planning to attend please add your name to this list:
hitps:/fdocs geogle.cam/doumentd/13XbSGM-TmbjI3CovI_i eCBo SAuG jqpe QI AN IAIM w/edil?u sp= sharing

Location:

Reye! Astronomical Society
Burlington Housa

Piccadilly

London W11 0BG

Unitec Kingdom

The RAS building is lacated dosa to Piccad lly Circas {Picad lly Lina) and Graan Park (District Line) undarground stations.
(https://www.ros.ormg.uk/about the ras/burington nouse/240 welcome to-burlirgton house)

Program:
TGD - days start at 10am, end at Spr. Lunch and coffee provided,

Workshop dinner:
1B

Accommodation:
1BD

Contacts:
Jonathan Pritchard (j.pritchard@imperial.acuk)



Contributions SWG/ST to SKA | -low

* Propose (adopted) SKA1-low baselines design (Mellema, LVEK et al. 2013)

* Play central role in define HPSCs (High Priority Science Cases)

- Play central role in the (first) re-baselining effort, ensuring SKA1-low remains
able to do transformational science (21-cm tomography, Cosmic Dawn)

- Help define many aspects (bandpass smoothness, layout, station size, etc)
 Help develop some of the data processing/analysis tools (NL Roadmap
contribution by e.g. Koopmans++, DIRAC project by Yatawatta++, etc.)

 Help define transition point in SDP from SKAO -> Community

 Develop distributed processing/calibration/imaging (e.g. SageCal-CO can now
run globally distributed, with successful test between NL-AU) and other

processing tools/algorithms. Use lessons from LOFAR & MWA.



Challenges

- A 3 tiered survey will take ~5 years and collect ~1 exabyte of data !!

* Processing requires 10s-100s Pflops for many years with current algorithms.

- Where to place the data, centrally/distributed? Distribute per over time of over
frequency? Task for SKA Regional Centres ?

- What algorithms/tools are needed to get the data to the ~thermal noise level
on the shortest baselines (are current algorithms good enough)

* Incorporate lessons learned from all precursors/pathfinders in to a design/
processing chain. SKA1-low is LOFAR on steroids! Perfect pathfinder!
« We are involved in SKAO “Data Challenge” discussion (reality check!)

- SWG/ST plans its own end-to-end “Data Challenges” in the next years that
increase in complexity. Challenges on simulated data, real (LOFAR/MWA) data
and also on early-science/release data from SKA1-low.

 Lack of people-power as always!



Issues

- A 3 tiered EoOR/CD Survey program would be ~1 exabyte of data. SKA
project will not be able to process this to mK depths w/o help from
experts in the EOR community. SKAO does not have this expertise.

- Data processing needs handover point to community (either on SKA HPC
or externally). What point? Discussion with SDP ongoing.

- Difficult sometimes to transfer knowledge from precursors/pathfinders to
the SKAO (e.g. Roadmap/DIRAC/LOFAR-EOR, etc). Lack of people to
handle all of this at SKAO and in external teams.

» We need clarity on KSPs sooner rather than later to start requesting
resources (e.g. ERC, etc). Pre-allocation (w/clear requirements) would be
extremely helpful to obtain these resources. Data in role-out phase
Is already useful to obtain power-spectra on large scales, but not
for tomography.



