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Redshift Resolution
Unlike Optical / IR for 21cm

Redshift Determination is Easy and Cheap

FFT RF spectral analyzer of incoming signal (1GHz).
Imaging and spectroscopy in same observation.
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O~A/D
Angular Resolution is more challenging for 21cm

than for optical / IR because of diffraction limit.

Need 100m telescope for only 10’ resolution!

Fortunately cost per unit area is small.
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INTENSITY MAPPING
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do not resolve galaxies do resolve LSS / BAO
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Peterson et al 2006 :
Wang et al 2006 8 " L el
Seo et al. 2010. :

Expensive to resolve individual galaxies (e.g. SKA)

iInstead only resolve what is needed for BAO features!
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Foreground Subtraction
AB=10 D (Mo

2500 2450 2400 2350 300 2250 2200

lllllllllllllllllllllllllllll

21cm-polynomial  3x106}

| =~
- i k=
21 cm+synch-polynomial £
E
5
. 6|
residual g 2X10 <
. g
5
£
1x10°%} g
0
680 690 00 710 720 730 740
v (MHz2)
\ . —— e ————— e

Tuesday, May 7, 13



Foreground Subtraction

More detailed simulation = iy e
of residual foreground  w} :
contamination fora %
cylinder telescope =
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Better Together
spectral resolution of HI intensity mapping survey
angular resolution photometric optical / IR survey
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Better Together
spectral resolution of HI intensity mapping survey
angular resolution photometric optical / IR survey

Naive Combination:

iInverse variance weighted estimates in k-space
Op/p(k) = (Topt(k)* OP/PHI(k) + THiI(k)? BP/Popt(K))/ (Topt(k)? + THi(k)?)
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Better Together
spectral resolution of HI intensity mapping survey
angular resolution photometric optical / IR survey

Naive Combination:

iInverse variance weighted estimates in k-space
Op/p(k) = (Topt(k)* OP/PHI(k) + THiI(k)? BP/Popt(K))/ (Topt(k)? + THi(k)?)
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K.
In linear (homogeneous Gaussian) theory this is opti7mal.
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NON-GAUSSIAN INTENSITY MAPS




NON-GAUSSIAN INTENSITY MAPS
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NON-GAUSSIAN INTENSITY MAPS
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We can nearly resolve galaxy structures in redshift space.
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Alfalfa Survey

Giovanelli, Haynes, ++ 2005++
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Alfalfa Survey

Giovanelli, Haynes, ++ 2005++
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Rules of Thumb
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Rules of Thumb

e |F there is more than one “line” per galaxy/
group AND more than one galaxy/group per

line THEN there wi
e |F the HI profile AN

| be ambiguity.

D/OR the galaxy angular

distribution is non-Gaussian THEN one will
improve upon the Gaussian k-mode analysis.

e |mproved maps are obtained with

e better HI angular resolution
e better photometric redshifts

e better estimates of My from optical/IR properties
e better knowledge of H| galaxy clustering properties

e ALFALFA has improved our knowledge of HI
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Slice Through ALFALFA Catalog
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Slice through ALFALFA w/ Linewidth




ALFALFA @ z=1 w/ 10" beam




ALFALFA slice @ z=1 w/ 0, = 0.01




z=1, 0= 0.1 ALFALFA distribution




Composite: HI + Optical w/ Answers
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Where to go from here
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Where to go from here

e For oz = 0.01 there are only a very few “lines”
per galaxy

e In this case the HI intensity maps would
significantly improve upon photometric redshitts.

* HOWEVER 0z = 0.05 @ z=1 is more realistic for

LSST, 0z = 0.1 for DES - meaning many “line”s per
galaxy.

e This would lessen photo-z improvements - but
further investigation is warranted.

e More precise inferences can be obtained using,
e.g. a Monte Carlo Markov Chain.

e A photo-z enhancers (MKIDS?) could help!
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Loss From Polynomial Subtraction
gt = (2] prare o) 1
polyr;omial order = none, 0, 1, 2, 3, 41, 3.0

1.0} a - O O L P SO T

suppression
O S
(o)) o0

S
N

-
o

o
=
s
r
r
|

1520

-
N
-

If“ =(v/w)? Zf,;o aj In[v)’ 2 Vio

Tuesday, May 7, 13



Optical Analog
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