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Plan of the talk"

•  Introduction"

•  The Epoch of Recombination"

•  Motivation"
"
•  APSERa"
"
•  Thesis plan of action"
"



What I mean by ‘ripples’"
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~nK level!! 
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Cosmic Ionization History"



Cosmic Ionization History"







The CMB spectrum"



Thermalization"
•  Bremsstrahlung"
" "e- + X ßà e- + X + γ"
•  Compton"

"e- + γ ßà e- + γ "
•  Double Compton"
" "e- + γ ßà e- + γ + γ

zth = z = 2 × 106 or T ≈ 5 × 106 K "

"



Not a perfect blackbody!!"

•  Small distortions in CMB 
spectrum are allowed!"



The Epoch of Recombination"

•  What is/was it?"
–        e- + p+ à H + γ"

"
•  When was it?"

– " " HeIII → HeII " 5000 ≤ z ≤ 8000"
–   "HeII → HeI " " 1600 ≤ z ≤ 3500"
–   "HII → HI " " " 500 ≤ z ≤ 2000 "

Beyond the surface of last scattering!"





Conditions during Epoch 
of Recombination"

•  z ~ 1400"

•  Te = Tγ ~ 3815 K "

•  ne = 500 cm-3"

•  nγ = 1.1 x 1012 cm-3"
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• Recombination occurs at 
redshifts z < 104"

• Thermalization not effective "

• There should be some small 
spectral distortion due to the  
photons released during 
recombination! "



Predicted recombination lines"

H-α" Ly-α"P-α"



Predicted recombination lines"



To get a sense of scale"
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To get a sense of scale"

~ 9 ORDERS OF MAGNITUDE!!

Be
st
	  S
N
R	  

-‐27.5	  -‐18	  



WHY DO IT ?!"
•  Confront our detailed 
understanding"

"
"
•  Additional way to  determine key 
parameters of the Universe"
•  Pre-stellar Helium abundance!"

"
•  Thermal & Ionization history"







A P S E R a	

•  Array of Precision Spectrometers 

for the Epoch of RecombinAtion – 
APSERa"

•  Array of 128 small telescopes"
•  2-6 GHz range"
•  Radio receivers - designed and 

built at the Raman Research 
Institute"

http://www.rri.res.in/apsera"



What we are looking for"



Challenges"

•  It’s a tiny signal"

•  Foreground estimation and subtraction"
o  It’s a broad signal"

•  Need to accurately model, estimate 
systematics –"

o Careful receiver design "
o Intelligent calibration scheme(s)"
o Choice of site – minimal RFI"

"



Thesis plan"

•  Feasibility Study"

•  Potential of SKA"

•  Real-World Issues"

•  Prototype Design"
"
•  Prototype Deployment"



Time line"

•  Feasibility Study   "--   Mid July 2014"
"
•  Potential of SKA "-- "End December 2014"
"
•  Real-World Issues "-- "End December 2015"
"
•  Prototype Design" "-- "Mid July 2016"
"
•  Prototype Deployment "-- "March 2017"
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