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Epoch of

Reionization

-The Big Bang occurs

-300,000 years later neutral
hydrogen forms.

-About 500 million years after
the Big Bang, the stars and
galaxies began to form, emitting
ultra-violet radiation.

-This period is known as the
Epoch of Reionization (EoR)

- Redshifted 21cm emission line
of neutral hydrogen



Redshifted 21cm Hydrogen Line
-



EDGES Project

The Experiment to Detect the Global EoR Step (EDGES)
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Required Measurements for a Calibration

of the Sky Noise Spectrum
S

1 Measurement of balun loss.
1 Accurate measurements of balun s-parameters.

1 Accurate measurements of antenna reflection

coefficient.

71 Flat Spectrum noise source.



Measurements and Calibrations




Measurements and Calibrations

Measurements of Balun S-Parameters

-Show loss for back-to-back measurment
-Loss for one balun is half the amplitude



Measurements and Calibrations

Antenna Impedance
e

1 Location

O MIT Haystack

O Not optimal location

1 Problems

O Ground Plane (cement vs.

Aluminum)

1 Comparisons

O Types of ground planes



Measurements and Calibrations

Effect of Ground Plane



An'l'enn d I m ped ance Measurements and Calibrations

Balun Corrections

Jp——— -Feko provides us with the impedance z,,;

S12521ant
1-822Ignt

Cont+par = S11 + -S-parameters from balun



copper tape
e

Detail of resistor termination

4"x2.5"x1.5" aluminum box

75 ohm
bw
heater resistor

50.0 ohm
precision

SMA
film resistor So-0.141 output

low tempCo < 50ppm/K |
Caddock MSI26-50.0-1% |







-Difficulties finding radio
quiet zone O

-West Forks, ME

-Hopes for Trip

A / red = West Forks, ME
Yellow = MIT Haystack

West Forks Trip



West Forks Tri
Ground Plane Placement "

Antenna and ground
plane

-Map of field where data was
taken.

-Black = ground plane, white =
antenna. not to scale

Ground plane wire=——>



West Forks Trip

Antenna S, Return Loss

Feko —>

MIT

West
Fork

-West Forks vs. Haystack
-Difference in Ground Planes
-West Forks return loss test



Data Anaylsis
-]

0 Brightness temperature power law Tgg, & v~

0 Model for brightness temperature

Tsiey (V) = Tsp (L)_ﬁ

Uso
Tsg is the temperature at v5g = S0MHzZ.



Data Analysis

Missing

/ Digital TV

Digital
TV

FM Stations

Best fit lines results

Teo = 5060 K, B = 2.51 + 0.05



Conclusion / Future Work
-

Better balun measurements

O Mutli-port balun measurements

O Mutli-port VNA

Calibration of hot noise source
Better radio quiet zones

Test antenna in Mileura Station in Western Australia
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Sky Spectrum Calculations

Psky(f)_Pload(f)
Pcal(f)_Pload(f)

Tu(f) = [ :‘72a1'+

7&0ad

Pgyy Power spectrum on the sky

Py, 44 Power spectrum on the load

P.,; Power spectrum on the load
and calibration

T, Internal calibration spectrum
in K

T10aa Ambient temperature of the
load

T, Uncorrected sky temperature

7;ky —
Tu_Tamb(l—L)_Tamb(l_L)|F|2L
(1-|T|*)L
(Lg+La+Lp)

L= 10 10

_(Lp=Lr)

T2 = 10 10
L, ground loss = 0.2 dB

L, attenuator = 6.0 dB
Ly balun loss = 0.3 dB

L, antenna return loss measured
through balun in dB positive for loss

Tymp ambient temperature



