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= "CBUrce count estimation | : based on VLA 74 MHz
Survey with many assumptions

Linear fit plot of the VLSS (A. Cohen 2004)
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The source count can be represented by a power-law in Flux Density S:
N(>S) =CSP

For VLA 74MHz Survey, C=1.14 B=-1.3:
N(>S) =1.14S13  (in units of Jy and sq-degree)
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== Estifriate number density power law at 1 MHz

From the VLSS number density power law at 74MHz:
e 1.5 source / sg-degree at 0.8lJy
e 0.16 source / sq-degree at 4.5Jy
* Assuming that the flux density follows a power-law of
S, x v«
where the spectral index a is assumed to be 0.4 between
1MHz and 74 MHz (E. B. Fomalont, AJ 1991)
The flux density range of the VLA linear fit plot: 0.8Jy to 4.5 Jy
* Asource of 0.8Jy at 74 MHz is 4.5Jy at 1MHz
* Asource of 4.5Jy at 74 MHz is 25.2)y at 1MHz
* |f we assume all sources detected at 74MHz band and at 1MHz
band have 1-to-1 relation, we’d have:

Ny, (>S) = 10.7 §713
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‘The source number density for source
countindex f =-1.3
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ESB@F@‘"E‘)WUHB estimation Il : based on Parkes Catalog 1990 (PKSCAT90)

There are 8264 sources in PKSCAT90. 847 sources have
flux density at both 80MHz and 178 MHz.
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Extrapolated 1 MHz flux density

Source counts distribution of flux density at 1MHz
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Source counts in different flux density bins at 1 MHz

Flux Density Source counts  Percentage Source per Whole Sky
square deg. Sources

>104 90 11% 0.01 360

103 -10* 277 33% 0.03 1108

100 - 103 317 37% 0.03 1268

10-100 124 14% 0.01 496

1-10 32 4% 0.003 128

<1 7 1% 0.0007 28

Total 847 100% 0.08 3388

95% sources forS>10Jy 99% sources forS>1Jy
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— Poweér=Taw fitting of source counts vs flux density at 1MHz based on

PKSCAT90
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Power-law fitting for S > 1000 Jy yields: N(> S) = 5.5 §7%7
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Comparison of the two methods

1 MHz source counts estimation
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DRAO 10MHz Survey (Caswell 1976)

1950 coordinates
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ro=MHz flux densities of discrete radio source:
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Comparison to VLA and PKS extrapolated to 10MHz

10 MHz source counts estimation

10
(1.8,1.5)
1 m
VLSS 74MHz
3 N=3.2513
g (10, 0.16)
© N
@ 01 - :
(1] N
= S
O
[7,]
S
Q
Q
&
2 o001 .
2 S
N=16S513
0.001 - prRa0 +
(360, 0.001) ™
0.0001 \ \ \ \ \
0.1 1 10 100 1000 10000
S (Jy)

2015-2-1 Source Count and concusion limit.DSL-2015 Science Workshop, Dwomgeloo, NL, NAOC



S SN AA B wd \e> 2 2
"N\ YRR ZIREE s 4
NAOC T
naoc!

NATIONAL ASTRONOMICAL OBSERVATORIES
CHINESE ACADEMY OF SCIENCES

Confusion effect

Confusion occurs when there is on average one source in every m synthesized
beam areas:

0°mN(s)~1

(The standard rule of thumb) 1/30 of a source per beam is regarded as the limit
of identifying and measuring individual sources(Hogg, AJ 2001).

Taking B=-1.3,m =30
The source counts can be represented by a power-law:

N(S) =CsP

Combining and setting S to be equal to the confusion limit:

~1
0. = (§2mC) /F
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Confusion limit from VLSS

If the maximum baseline is 100 km, the resolution is ~10
arcmin. We have the following confusion limit based on
number density estimation from VLSS:

6. =56Jy (C=10.7,=—1.3,m = 30)

From the next page, three antennas with 0.1MHz
bandwidth are sufficient to achieve the confusion limit
(5.6Jy) in 90 days.

There is not a lot of room to improve sensitivity to have
more than 3 antennas at 1IMHz.
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Number of sources in PKSCATI90 that can be detected with different

survey parameters at IMHz

Number of Bandwidth Sensitivity Percent of
antenna (MHz) (Jy) 847 sources
2 7.9 97%

3 0.1 4.4 98%

10 1.1 99%

2 2.4 99%

3 1 1.3 99%

10 0.37 99%

In the calculations we assume that: 2 polarizations for each antenna, 90 days
observation period , 1/3 duty cycle (observe only when shielded), and 1-bit

sampling (36% sensitivity loss).



by I\ LA Zw> D\&> 7 2
/’\ vy /,/!,,; A [//i,//-(_ F Z /
Naoc NATIONAL ASTRONOMICAL OBSERVATORIES
CHINESE ACADEMY OF SCIENCES

 For 10 MHz, confusion limits won’t be reached in 2
years with 10 antennas (1 MHz BW)

* The confusion effect can only be reduced by

observing with longer baselines.

* It’'s recommended to extend the longest baseline,
even at the expense of reduced number of

antennas.
0.1 MHz 103 arcmin 489)y
1 MHz 10.3 arcmin 5.6Jy

10 MHz 1 arcmin 65mly
m=30

Spectral index -0.4

1963Jy
11.3ly
65mly

m=12.9

Spectral index -0.7
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1MHz Confusion limit

- For PKSCAT90, we have: o.=10Jy (C=5.58=-0.7,m=30)

e ~10%sources
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* However the power law from linear fit (S>1000Jy) may not be valid for faint sources, which tend to be
far and young galaxies, due to cosmological history of galaxy and star formation. Further study is
needed to improve assumption of dN/dS at the faint end.
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2015-2-1
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Then there are IPM / ISM scattering effects

* Are scattering / smearing effect sof ISM and IPM
homogeneous in angular space and in time?

Source Count and concusion limit.DSL-2015
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summary

e Extrapolation of VLA VLSS 74 MHz survey and
Parkes PKSCAT90 catalog agree well in dN/dS slope
at 10 MHz

e With a 100 km baseline

e At 1 MHz 1.1 source / sg. deg can be resolved without
confusion. The confusion limit and 5.6 Jy. A maximum of
10% sources can be detected.

e At 10 MHz the limits are 110 source/ sq. deg and 0.065
Jy.
* There is not a lot of room to improve sensitivity to
have more than three antennas at 1MHz.

* Extending the longest baseline significantly beyond
100 km is recommended.
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thanks
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Number of sources in PKSCATI90 that can be detected with different
survey parameters at I0MHz

Number of Bandwidth Sensitivity

antenna (MHz) (Jy)
2 3.5
3 1 2.0
10 0.5
2 1.1
3 10 0.6
10 0.2

In the calculations we assume that: 2 polarizations for each antenna, 90 days
observation period , 1/3 duty cycle (observe only when shielded), and 1-bit
sampling (36% sensitivity loss).



