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21 cm All-sky Brightness Signal 



The SCI-HI antenna design is a modified four-
square we call the “Hibiscus” antenna.  

Trombone Antenna HIbiscus Antenna 
v1 

HIbiscus Antenna 
v2 
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Hibiscus Antenna: Simulate 
Design 



Build Scale model 



test scale model on antenna 
range…iterate 



Experimental Design  



To select the site, we evaluated current and 
potential experiment sites for their RFI 
environmental quality.  
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Site: Islands West of Mexico 



Hibiscus Antenna on Isla 
Guadalupe, 2013 



Use Milky Way Synchrotron 
Emission to calibrate  



Sci-HI Scanning Paths in Galactic 
Coordinates Isla 

Guadalupe 
Isla Clarion 



 Measure Beam-Average Sky 
Temperature vs Sidereal Time 
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Fig. 4.— Data calibrated using KGSM (de Oliveira-Costa et al.
2008). The top plot shows mean data from a single day of observa-
tion (⇠50 minutes integration time) binned in intervals of 2 MHz.
The best fit plot for n=2 is also shown (a0 = 3.548, a1 = �2.360,
a2 = �0.164, for June 1st). The bottom plot shows the residuals
after the fit was subtracted. A simple power law (n=1) results in
a poor fit, while n=2 substantially improves the fit.

⇠10 Kelvin. Also shown are the predictions of three cos-
mological models, obtained using the SIMFAST code (San-
tos et al. 2010) (see also Mesinger et al. (2011)). The
mean over the frequency range 60-90 MHz is subtracted
from each model spectrum since for the measured bright-
ness temperature the mean is removed by the fit.

The calibration and foreground fitting procedure can
attenuate the 21 cm signal along with the foregrounds.
To measure this attenuation, we used a simulation cal-
ibration technique (Paciga et al. 2013). We added sim-
ulated 21 cm all-sky signals of varying magnitude to the
raw data, then ran the calibration and foreground fitting
process on the combined data. By comparing the residu-
als before and after addition of the simulated signal, we
can quantify the amount of 21 cm signal that is removed
in the calibration and foregound fitting. The �2 fit for
K

GSM

is particularly pernicious at removing 21 cm spec-
tral structure from the spectra (⇠1% of an added 21 cm
signal remains in the residuals), making it less than op-
timal for extracting 21 cm information. On the other
hand, the �2 fit for K

�GSM

causes minimal loss of 21 cm
spectral structure (⇠75% of an added 21 cm signal re-
mains in the residuals). The absence of a fitting process
in the K

JNC

calibration allows full retention of the 21 cm
structure, but the larger residuals in the data make it
sub-optimal compared to the K

�GSM

technique. There-
fore, the K

�GSM

technique is our current best calibration
option.

Fig. 5.— The log of the magnitude of the combined residuals
from 4.4 hours of integration time using three di↵erent calibration
techiques. Green is the residuals from KGSM, while red is the resid-
uals from K�GSM and blue is the residuals from KJNC. Circles are
positive values and squares are negative values. K�GSM fits are
done on a smaller frequency range of 60-82 MHz. Error bars show
the daily variance of the residuals. Also shown are the predictions
from three reionization models. These models di↵er in their star
formation e�ciency and X-ray heating and the mean brightness
temperature is subtracted from each of the theoretical models.

4. DISCUSSION AND FUTURE WORK

Calibration followed by an n=2 fit to the all-sky Galac-
tic spectrum gives residuals of no more than 20 Kelvin
from 4.4 hours of integration regardless of calibration
strategy. Given a mean foreground signal that is about
2000 Kelvin at 70 MHz, residuals are <1% of the fore-
ground signal. The absence of the additional spectral
structure described in Vedantham et al. (2013) from
60-90 MHz matches the Total Electron Content (TEC)
data5 for Isla Guadalupe, which is .50 TEC Units for the
period of observation. Expansion of the analysis to fre-
quencies below 60 MHz will require consideration of the
ionospheric ducting structure they describe. The resid-
uals are also lower than those predicted by Liu et al.
(2013), particularly at lower frequencies. This implies
that the the ⇠10% variance of the GSM angular struc-
ture assumed in Liu et al. (2013) contains significant fine-
scale mapping errors such as striping due to reciever gain
drift.

Measured residuals are dependent on calibration
scheme. Calibration using an external noise source
(K

JNC

), similar to the Bowman et al. (2008) experiment
technique, yields the largest residuals. This technique
also has the greatest sensitivity to errors in the mea-
surement of the transmission e�ciency ⌘(⌫), which con-
tribute to the residual signal. Conversely, calibration
using the GSM model is relatively insensitive to errors
in ⌘(⌫); but is more sensitive to di↵erences between the
simulated antenna beam and the actual antenna beam.

Beam errors contribute more to K
�GSM

(⌫) than
K

GSM

(⌫). For full days of data the K
�GSM

technique
essentially compares the peak of the Galactic brightness
at LST=18hrs with the minium at LST=11hrs. How-

5 Data found on the National Geophysical Data Center website
(http://www.ngdc.noaa.gov/stp/IONO/USTEC/)

60 90 
MHz 



Johnson Noise Calibration  
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KJNC 
calibrated 
average of 
all 
calibration 
data taken 
over a 
single day. 



Antenna efficiency was calculated using 
reflectance data collected on-site for the 
antenna and first stage amplifier.  
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Even with this simple foreground model, 
residuals were dominated by system noise. 

KJNC Calibrated 

KΔGSM 
Calibrated 

Predicted 21-cm 
Signal Models 
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Results are significantly below foregrounds but 
still above model differentiation levels.  

Foregrounds 

Current Best 
Results (KΔGSM)  

Predicted 21-cm  
Models 
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Improvements to SCIHI since 
first paper 

•  Plan to move to Isla Clarion and Marion Island – 
should allow observation in FM band 

•  Built second scaled antenna 
•  Operate on portable Generator rather than Battery—

will allow multiple complete 24 cycles. 
•  Improved data taking efficiency from 10% to 33% 
•  Improved Faraday Cage by > 30 db. 
•  Will deploy to Marion Island very soon 



Approved for deployment to 
Marion Island for the next 

three years!! 



Base houses 13 winter-overs 

Station may be a 
source of noise 

Ship leaves April 
6, 2015 



Looking forward…more elaborate 
instruments 

•  Approach 1: use an external blackbody 
calibrator (like FIRAS) 
– Choose antenna that works well with the 

calibrator. 
•  Approach 2: use many extragalactic 

radio sources. 
– An aperture array can measure the 

spectrum using a digitally-formed 
frequency-independent beam, while 
simultaneously calibrating frequency 
response using bright radio sources. 



Approach 1: Set of scaled 
corrugated horns, with external 

blackbody calibrators 

350K270K



Material with very low surface 
reflection is available. 

•  TDK IB-017 





H-Plane measured antenna 
patterns 



Tests of a blackbody calibrator 



Blackbody	  
Reflec.on	  Test	   blue	  foam:	  

microwave-‐
absorbing	  foam	  

Pink	  stryrofoam:	  	  
not	  microwave-‐
absorbing	  



Approach 2: Aperture Plane 
Array 

Wide apodiztion for low frequency

Spacing: 
lambda/4 

Size: 16x16 

Use a wide apodization 
at low freq. 



Point sources can be used to 
measure gain of each antenna 

LEDA at Owens Valley is testing this concept 



Conclusions 

•  SCI-Hi systematics at 10 kelvin level  
•  Isla Guadalupe west of Mexico is very 

quiet 
•  Marion or Clarion Island may be much 

quieter 
•  Even this ‘stage-1’ experiment may be 

capable of detecting the first-stars dip. 
•  Larger instruments have the potential to 

make a precise measurement 


