FAst neuTral HydrOgen intensity Mapping ExpeRiment
(FATHOMER)



Filament stacking with CRAFTS HI map (Diyang Liu)

Foreground subtraction with FATHOMER (1050 - 1081 MHz)



Filament stacking with CRAFTS HImap
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Filament stacking with CRAFTS HImap
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Figure 1. Example CRAFTS maps before and after foreground re-
moval. Plotted maps are extracted slices at 1360 MHz, while show-
ing 1n a Cartesian projection rotated to (218, 42.5) deg. The middle
panel showing a slice with 30 PCA modes removal, the arPLS clean-
ing adopted a smoothness parameter at 1 = 10°.




Filament stacking with CRAFTS HImap

* CRAFTS HI map with different foreground subtraction methods

* Galaxy catalogue ( SDSS Main Sample )
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Figure 3. The probability density distribution of separation dis-
tances of the selected galaxy pairs. The red, blue, and black lines
represent the separation distances in the transversal, radial, and spa-
tial directions, respectively. The dashed vertical lines represent their
mean separation distances, at about 6.60, 1.68 and 6.38 h‘lMpc re-
spectively.



Filament stacking with CRAFTS HImap

 CRAFTS HI map with different foreground subtraction methods

Pairwise-stacked map Fitted halo contribution

* Galaxy catalogue
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Filament stacking with CRAFTS HImap

 CRAFTS HI map with different foreground subtraction methods

Pairwise-stacked map Fitted halo contribution Fila ment residual
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Filament stacl

CRAFTS HI map with differen
Galaxy catalogue
Pariwise stacking results

Halo profile subtraction
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Filament stacking with CRAFTS HImap

CRAFTS HI map with different foreground subtraction methods

Galaxy catalogue
Pariwise stacking results

Halo profile subtraction

PCA

Transverse-seclion profiles

Lenglhwise-seclicn profiles
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Foreground subtraction with FATHOMER

* 19 nights, 4 hr/night, about 110 square degrees.
* Frequency range 1050 - 1081 MHz
* Frequency resolution 122 kHz

* Redshift range 0.31-0.35

DATA_Key_ list = [
'20210314"', '20210313°', '20210305°', '20210302°', '20210306', '20210307°',
'20210309"', '20220210°', '20220211°', '20220212', '20220213', '20220214°',
120220215, '20220216', '20220217', '20220218', '20220222', '20220220',
'20220219",




Foreground subtractlon with FATHOMER
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Foreground subtraction with FATHOMER

* Maps

27700

(J2000)

'C

; 26700/

A

i

D

25700’

2500

S27°00

(J2000)

.

De

[
25°00/

00)
b2

r
-

(J20

-
~
~

De

25700

26500

‘T‘\.- ——— T L) L L) ’ Ll L} Ll L] ' A L) L] . ] L] A L] LE— _.---T’*
P e T o ! o -
g Ve B e i L cemsmmemenzetT - g2 .y : ! -
o) s o %8 R e g e —_— S, M : S - , ¥
o . . o * LA - L m— - S S ————— LT T 3 SN o & 4 . 3 h p=r . % R
L] . . 2 o gs . e, e T et =3 . . r e . ’ 3 ‘s

.; i —~—— . a . ™ . i - . . LI ® v . r » <) g .’o- * -

e PR T =k . - - . P e ® » .. 5 . s L J : __________ - [ e
-l o s . ., - T s : e . . . . g b ]
PR R s e \ et LA o > g te® - P2 e AR e XL R rar S . L

H * e B ST Y T . F T o Lttt D B TSI —— AR N | e SRR SANEEEES B WS - e e e — | » » '.-<
i) 5 iy ° “we - . ". ® S 1 [ .’ . - 2T Ty . s o \
b e o o4 o . o . » P - a . i J—— —

o S Py . . S b o H » TN R T i TS A £ S :
e TV cen i y | B 1 * i . DoA™ o F 0, SaDS Tenlo '

B T e o T . © . . . . e : b . : o gt i T S - |
e e S R T e — ! » : . 3 ! . . .. - :
[ . . 2 T TR sy 2 L - . - & : a .o [ oL — N P H
1 - T ————t & .9 e Nt T i P e B e Y N Y
L | 4 ; - ———— .‘.—-----.-'-- :—-------o-----:-‘s.-.‘ .............................. % ‘ R " ! 4

T e Lo i i | L T

10]1301:1 o™ 9I13( 1
R.A. (J2000)
T‘..... - L - L) L] L ' L] L L L] ' L] LJ L] L] ' L] L] . - ._.._.——'1
B e A R T = e i e e NP 1 A iy
-~ T DL e g o S W i =, - il O Y S — = =
- f » ! e ee . HREE e ... L B P - - - it it e an il v, o = . t -l
; B : o - - L y 3 Pap® 5. s°8. BornrmensonBanrgraanmr—ia = H 3

- - - - - e ager . —rmrepeecms—-—— s " '

[ . y o ra 2 e . ® = L ¢ veid . i » 3 4 -
! L L , . o | '@ . . - i . ‘ P

i P al s g e v y $ . é o o g o e 9,4

- ! ’ O T G - o . L . i © ey y B

i = P— . . » ™ H . . H v o — - . .
= » » Ry L - . o e » -
-:, ’ L™ - - 3 ™a e L O a . g - . P o Py T el = B ] e ‘:_

(| ™ 8 ' - 3 i - 9 - g s i = i ~ » » \
e = S 4 ® S . : . a = ' ® . 2 ..I. ........... r
1 Bt St L “e - . ‘é o 0 G ¢ o a . S 7 1
L i g ——i-. s * ' [ e . ™ - o (. » ¢ = ! o ®. LY S - - B
o ) s RS gt mabeen SSRGS N .- . . i o ¢ . e i - B e e - -
2l S hes ol Y "%~ e . ' v * e T - 1. l*g p
o iatay . H > . . J

- o e A A i 'l s 1 L L A L l 'S 1 1 pomegmene

oo™
R.A. (J2000)

12830

-----

il

W T Tl s

apanmamse=

COU B

.
: 2600 e

...........

-
c—t—
v
Secmem.

()“lll
R.A.(J2000]

' e ——

.-
e el T
Rt —
T ——

[
™

1.11

—0.02

1.11

1429.73

095.91

-
-~

1
2.06

T K

o
-

oo™
LA (J2000)

12830m

112300

428.27

91.16

T K



Foreground subtraction with FATHOMER

* Maps
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Foreground subtraction with FATHOMER

* PCA foreground subtraction

 Subtract the first mode
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Foreground subtraction with FATHOMER

* PCA foreground subtraction

* Subtract the first § modes
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Foreground subtraction with FATHOMER

* PCA foreground subtraction

o Subtract the first 10 modes
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Foreground subtraction with FATHOMER

* PCA foreground subtraction

* Subtract the first 1§ modes
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Foreground subtraction with FATHOMER

* PCA foreground subtraction

o Subtract the first 20 modes
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Foreground subtraction with FATHOMER

* PCA foreground subtraction

* Subtract the first 25 modes
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Foreground subtraction with FATHOMER

* PCA foreground subtraction

* Subtract the first 30 modes
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Singular Value
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* Auto-power spectrum

AT (%) = %(T(uo L Twy) — %(T(Vz) +Tw),  (38)

where v, <v, <3<y, are the four adjacent frequency
channels and 7 = (v; + v, + v3 + 14)/4 is the reduced
frequency of the residual data. This can remove most of the
continuum emission from the sky that is linear across the
frequencies. The rms of the residual data is related to the
original data rms via

o(p) = \/ i(az(w) + o2(wy) + i(dz(l/z) + o). (39)

10"

10" -

1 E

1 ———

2 10°

P(k) ml
2

] lll["l] 1 lll""] L

titt

cleanmap OOmode
cleanmap 05mode
cleanmap 10mode
cleanmap 20mode
clecanmap 30mode

Pn(kle = 7.5mK) « B(k) -

P_HI(k)

k [Mpc™'h)




* Auto-power spectrum
* More data in a larger field
 Different time subset map

 Correct beam differences
between feeds.

titt

cleanmap 00Omode
cleanmap 0O5mode E
cleanmap 10mode ]
cleanmap 20mode
cleanmap 30mode E
Puikle = 7.5mK) « B(k) -
P_HI(k) |




* Correct beam differences across 19 feeds
A _ —1 _
m=(ALNT"Ag)  ALNT'd,

Where A includes both pointing and the feed-dependent
beam-matching kernel.

Innercicle Middle-circle
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