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Redshifted 21cm emission
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Spins parallel, higher energy Spins antiparallel, lower energy

21-cm photon

 Hyperfne transition in neutral hydrogen produees 1-ce  (-.4 GHz)c radiation (no e ission 
fro   oleeular or ionized hydrogen)c

 Forbidden transition, lifeti e of exeited state ~-0  illion years

 1-ce  e ission serves as a natural redshift  arker for  apping hydrogen in the universe, 
traeer of large seale strueture



Fluctuations vs global signals

Planek, WMAP, ete COBE/FIRAS

HERA, LOFAR, ete
Global 1-e  experi ents

1-e  signal evolution is a “ther o eter” that ean probe heating proeesses and energy injeetion in 
the early universe, depends on neutral hydrogen fraetion and spin/kinetie te perature eoupling



Global 21cm signal evolution

HI gas kinetie te p (TK) 
below TCMB. Collisions 
eouple TK and TS at frst.  
Later, CMB photons drive 
TS → TCMB.

First stars for , 
Lyα photons 
eouple TK and TS 
via Wouthuysenc
Field  eehanis 

Heating by Xcrays, 
ga  a rays fro  
frst sourees drives 
TK above TCMB

Image: Pritchard and Loeb, Nature,  2010

Reionization erases 
HI signal

δTb ∝ xHI (1+z)1/2 (Ts – TCMB) / Ts



Experimentalist's perspective...

Image: Pritchard and Loeb, Nature,  2010

δTb ∝ xHI (1+z)1/2 (Ts – TCMB) / Ts

Seareh for dip in the global sky signal, eonstrain  odels of frst stars

6 < z < 17 eorresponds to 100 – 50 MHz

Only need a few days' integration ti e (without syste aties...)c



Global 21cm experiments

LEDA
30 – 88 MHz
Owens Valley

SARAS2
87.5 – -75 MHz

Gauribidanur Obs., India

BIGHORNS
50 – 100 MHz

Western Australia

HYPERION
30 – -10 MHz
Owens Valley

EDGES
50 – -00, -00 – 100 MHz
Murehison Radio Obs.



PRIZM: Probing Radio Intensity at high-Z from Marion
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The PRIZM instrument

70 MHz antenna

Command module
100 MHz antenna



PRIZM block diagram

Meehanieal 
switeh

Noise 50 oh 

-00 oh 

Antenna

LNA

LNA

Attenuator

30 – 100 MHz 
band pass

LNA

SNAP board, 
500 MSa p/s

Front end 
eleetronies

~50  eoax
Baek end 
Faraday eage

-1 VDC 
batteries

-1 VDC 
regulated 
output

Power 
distribution 
for RF 

eo ponents

Single polarization shown above

Short



PRIZM antennas

Modifed fourcsquare design 
inherited fro  SCIcHI

Mini ize bea  strueture and 
variation within frequeney range

Two antennas at 70, -00 MHz 
operating si ultaneously



Front end RF electronics



SNAP board data acquisition

1x SNAP boards with external ADCs, 
seeond stage a ps, and housekeeping 
eleetronies in RF tight enelosure with 
fltered inputs

Speetro eter fr ware on SNAPs:
0 – 150 MHz
4096 ehannels (6- kHz)c
500 Msa p/s sa pling

Total syste  power draw ~65 W, run ti e 
>- week on 8x lead erystal 100cAh 
batteries

Whole asse bly is plaeed ~50   fro  the 
antenna to reduee selfcgenerated RFI

SNAP boards also used for HERA; UKZN 
PRIZM run was the frst feld deploy ent



Marion Island

Marion Island base is operated by the
South Afriean National Antaretie Progra  e

1000 k  fro  nearest eontinental land ass

PRIZM = frst astro experi ent on Marion!
10-6 engineering run, seienee ops sinee 10-7

Challenges:

Aeeess onee per year

3 week deploy ent window

Roaring Forties weather

Mires and lava roeks

@#$%  iee

SKA @ Karoo

Marion Island
46°54′45″S  37°44′37″E



RFI surveying and site selection

Marion Base
PRIZM siteHelo eo  s

-13 MHz

PRIZM site
Junior's Kop

Marion base

4 km

Site require ents: large distanee 
fro  base for redueed RFI, but 
elose enough for regular hiking.  
Flat spaee and workable terrain.

Final PRIZM site is shielded by 
Junior's Kop.  Bonus helieopter 
trans ission shows ~60 dB 
signal suppression fro  base.



Three-week deployment in three slides

Arrival at Marion base
April 12

RFI surveying and site selection
April 14 – 15

Container delivery
April 19

Departure from Cape Town
April 6



Three-week deployment in three slides

First light
April 21

70 MHz assembly
April 22

All systems go!
April 22

100 MHz assembly
April 20



Three-week deployment in three slides

Penguin break
May 3

Last day of summer ops
May 4

Departure from Marion
May 5

Mouseproofng, robustifying...
April 23 – May 4



10-7 overwinterer
Kagiso Malepe

Winter operations

10-8 overwinterer
Vhuli Manukha



Preliminary PRIZM raw data

NorthcSouth EastcWest

70
 M
H
z

-0
0
 M
H
z

Frequency (70 – 130 MHz)

Time
(12 hrs)

Instrument paper:
L. Philip et al.   arXiv:1806.09531



RFI comparison with Karoo

Marion versus Karoo

Only deteetable feature 
at Marion is Orbeo   
satellites (-37–-38 MHz)c

KAT-7KAT-7 HERAHERA

MeerKATMeerKAT

Instrument paper:
L. Philip et al.   arXiv:1806.09531



Future PRIZM plans

 SANAP proposal has been renewed through 1010

 PRIZM upgrades: i prove eurrent antennas and eontinue to run, instru ent eharaeterization

 Expansion to lower frequeneies, push toward dark ages!  Deploy antennas at hut stations, 
write lowest -0–10 MHz baseband to disk, eorrelate afterward.

 Ionosphere eauses attenuation and refraetion,
te poral variation adds noise.  Ionosphere  odel
(IRI)c predieted -.7 MHz plas a frequeney during
last solar  ini u , next one is eo ing up.

Last ~1 MHz  easure ents were fro 
Grote Reber, -968, Tas ania
(~5 deg resolution)c

8' FWHM 
synthesized 
beam @ 5 MHz



Pathfnder low frequency antennas

 Two LWA antennas installed on Marion in 10-8

 Operating frequeney: -.1 – 80 MHz

 Measure all erossceorrelations between 1 antennas x 1 polarizations



First fringes from low freq antennas

T
i 
e 
(d
ay
s)c

Frequeney (MHz)c



Summary & future prospects

 We're beginning to explore uneharted territory in the universe's history using 
redshifted 1-ce  observations

 PRIZM is a dedieated experi ent for exploring eos ie dawn, searehing for dip in 
average sky te perature within 9 < z < 15

 First PRIZM seienee run started in 10-7 Austral winter, operations eontinue

 Two pathfnder low frequeney antennas installed in 10-8

 Marion Island is an exeellent new loeation for low frequeney radio astrono y, and 
we'll see how low we ean go!
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