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Abstract

Detecting the epoch of reionization (EoR) 21-cm signal is still very difficult due to the relevant in-
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strument effects, even after the foreground interference that is four to five orders of magnitude
higher than the EoR signal is removed. This paper is based on the low-frequency SKA array to ex-
plore the influence of polarization effects on EoR signals. In the 2° x 2° sky area in the center of the
field, we use simulation data to generate EoR sky map and two-dimensional power spectrum un-
der different polarization STOKES parameters in the 154~162 MHz frequency band. The results
indicate that two-dimensional power spectrum has a similar structure to total intensity under
various polarization STOKES parameters, which can provide theoretical cognition and experimental
basis for the elimination of subsequent polarization effects.

Keywords
SKA, EoR Signal, Polarization

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518§

FH R RATE T 58 KBIEG 4 08, IBRE—RIE R RRUE 3 — B amnE, itk
I 1EE SR R RS IR TR B, ST B R R MR E . FERE R
Wik, HESDOEETY RIEAR RS . M S XS BN FH T E RN, FHREER. i,
FH LR R RS A AR A SR B, B TR AN R AR S ) — A 5 (A 7T AR
21 em &R IEAE TR G MWL L, BEESFH R A . —J71, 21 cm & H KEKIE
MER I AR, AR Z 58 A P M (PR EE N SR MEVAN, SRS A F 400 5 7 7 F 8 P A v 5 4 5
T3, 21 em RELRATR O, FEAN RS L BOW 21 om B LR LR AN R AL AL A4S S, T LAY
ERAVE BN T G5 LU R R B R =465 B Bt AR 21 om LR 70X —HY,
DA R B R BARE I E T 1],

LA, B — ARSI KA« 587 3 F TR BRI EoR 155 R4 21 cm 3£ T REME,
LIRS P KAE A 1.5~3 K (6 BT 100~200 MHZ), 5T 5= 5 il 1 S48 5 (CMB) R 52 FE 25 5 o I 2 m]
THM EoR 55 KRB BT B FEHI 20 5l . B AR I 55 (GMRT) (KA 41 (LOFAR). 2R#F
RIS (MWA). 1 EoR FIKS 25 B4 51| (PAPER) DL K2~ 77 28 B FLFE(SKA) [2] [3] [4].

TEARATS 9% B (50~200 MHZ) R EoR [y £ 21 em B2k /2 B T S8 H AR 7812 1) B B2 A
AR SR, BT EoR 5 AEHHEs, HARIE ey 4~5 MUEL AR Tz H, RIkE
WF 7T EOR I (b I 2 PR AR 45N R0 5 TP R 5T, F 2 B A ok (9 B ST AT EOR 15 570 B SR
MFHFHEBNAA. 21 cm E5RARMPREZ, Ul fTHms 4 LR, STOKESI KEIMIR A s &
ARSI, EREERMME S, BB R RS S AETI5]. REHMCE M F— bk
5¥(STOKES Q B U 73 5) Y5 B AR T- A2, I P 0080 RE G A5 0K Hir s S ATk ey et v . [RIRT, AN
BT IE92: 5 A bR B S AR AL 2 DI, DRI 2 /0 B (~ 1 9%) A A 4 5T s ) s Bt o B L, AT X iy S A
W PR AR, BRASHT ST PR AER IR S5 40Bk . Asad A Koopmans %5 A, 15718 T LOFAR I
RN STOKES Z 4 | [1)ittFe, FH8 DI xT EoR (5 SEA R T T #EAT 1 HEEL[2]; Kohn
1 Aguirre ZE N, M PAPER 32 Rif%F5 51 R 7E AN A STOKES Z80/EH T A o0 b T 4Erh =ik, 51
STOKES Q. U A1V 5 | B RUIIEAR6] [7].
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FEASC Y, BATHI H R AR TR LI T EoR 55 HIREMT, JFEALIY ML STOKES 24T 1A%
BACR 5 X EOR {55 —HELh G (AN A ST ZE RN < FE 55 2 715 B PR X BEAR B 78— A ZE 5 T
TEPER R ICEAR . GRS LA AR ST RN 258 3 AR PRt iR FeA Tk Ak
(K155, S L 70 HT EOR 5 5 IR JAI AN — 248 Th - 4% ) 45 SR 205 EEAR AL OB 0 SKAEOR RN RZiL s 55 4 i+,
FAFIH T AT EEL @

2. {&3% SKA R IR X TRiS

S LTI R 9 ) S A AN R AR AL S8R 71124 EOR RN — AN R 3R, B R AR B TP AT 5k,
HETIE R — T 21l T SR TP, Bk, 7ERHSUE IS R, B 785 25 ER AR AL BN
K A RTEGHT ) SKAL-Low FEFIAR R, 383 WP 045 2 i R AT WIS L, 1 — B3R
XA ) SKAL-Low MK . SKAL-Low F#EFEF Y 512 ANl 2 ik, B4 uh s 256 AR K
2, A 131072 iR L. AU AR EAE 35 m METE Xk, 256 HR K LB 5340 H v I HLIw 2 fe /)N 1]
B dmin = 1.5 Ko 512 /Nl s 0947 77 2050 9 P A 400«
o IO XA R<500 m): BENLIMAG 224 ANk s
o O IXIHZ Ab: RT Y 288 Nk AR G 48 ANk 5 I (BEANHETH 6 Nk s, A AT TE 3 2% 4%k 35 km
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Figure 1. The layout of sites in the central area and the layout of sites outside the central area [1]

1. hREEH R BRI 2 S5 =76 B[]

1(a) g S X Ak gt siAT =y, A% d D d < 1700 m, BLHE 224 ASBEHLA A ERZ O X 4(d < 500 m)
st £, BLK 12 DN ATERZ O IX IR ARt i s 1 1(0) b e X3z Aot A s, EEE AT 7E 3
MRS L1 36 />l s A1 18]

2.1. MMBLR

BRI A% 5 H B B 20 AR/ B IR T S B R R R ELAR R0, R B RR ) 17 L0008 1 R 2 A B e
W HERe . BAVFIEM DR S BR G EARR L, HETGEEAMA, MW, Bimgm
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YU RE TR . (A2 R T 24 57 0 A DMbKF S 8 1 ELAR 3 e LUA B 2 B2, SRAIFH 24N
MR ST B AT T I 5 mT B, o] DR B A R
AR Lo S — A =g A R R R ] W HOE 5RO R
+oo +00A I m ) {2ni[ul+vm+le—l2—m2)-1}
u v, W dldm 1

=I. [ h . 1)
o, A(1,m) & J7 i) 4 5% ¥ 285 (Direction Dependent Effects, DDE) 3= % 2 4% 4 2 i Al K < 38,
V (U, v, W) 2 TR | (1, m) ST A e (u,v, w) A (1, m, ) 43 0 7E i B4 I A0 B 2 1] o 4% L AT
RN T MR 5%4[9] [10].

2.2. IREEE

RICFVFZ A, AT FEoKk B 02 2 18] AR Ak rUR e o AE BB, AR AR AE TAH T HE S R
PEUA S ARAR T8, Aty TR0 B Bl i AR SR e, T8 S s ik, DA T Fe R B
EFHYBE T WRIE T Z B BRAE LS P RAER M, Kb E DOBHE C R LEAR
(X, y,2) T 2 B8R, WTEROROA[1L]

E(t,z)=E(0,0)cos(wt—kz—-O) 2

tARE, o AASE, k=ofc, GREZBML, HTHHRERET 2, WHE(LZ)HHN(XY)
gri. fRER, WEEz=0. WHEEBE() L xy FHMACE, REHx My 28
E, (t)=E, (0)cos(at-2,) 3)

E, (t): E, (O)Cos(wt_gz) 4

D, REAMERARRL, y RN E(t) 55 x BhZ W (A, Wi 4177 1), B f i E, (0)
E,(0), @, HXMES .
xFFetktl, 0, =0,NEHo, =2,=0, f
E, (t)=E, (0)cos(at) ®)
E, (t)=E, (0)cos(wt) (6)

E Jr ek T E, (0) FIE, (0) KAN, HRHAITER, MLy NEE. i R&mL, mis ye[0,n],
LARAAE xy SFIHARR &, WAL T 7 [ (B AT ey 45, AR T e SRR A AE xy P 1 b AL
BEARKE[2].

STOKES &%

P RIARARES 7T LU =AML i Sk F R, kI E, (0) M E, (0) ARARNLE 6 = 9, — ¢« — T
Ty RICHMZE XS Hesm B, MARISIRNE. Bk, 8RR R R AR AT T8, RRAE 3R a2
T U HE 7 T (STOKES) 2 8. — ki, STOKES Z#(7] LI 1,Q,U,V F£IR[13].

= () () @
o (E2)-(E}) ®
U =2(E,E,coss) 9)
V =2(E,E,sins) (10)
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| RBEIGREE . 240 Q Al x My FsREE 2 R, ISR SR EE . S8 U BT
PN A R Z B S, 5 x fly AAARRE 45°F1 135° 1 (5 1 x Sl IEA), MIMIRMLEMR A . i
J&, BNV R RNT FE AL R

X ERAE, Bt S B B E IR R R

12=Q*+U?+V? (11)

K, 0] S EEE D B =4 B L R — NG I LB R AN AR AR ZS #OG I P8 i Bk
ER A

B A P T 3E I T 25 i X AT A

2 2 2
P VT +U“+V (12)

|
WRP=1, WI12=Q*+U?+V?, SLHI Al LLULIRATHRLE R e WA W P <1, WS
At

2.3. Bl - 4ThRiE

TYETH AR E YIRS B TR AR TR A SE G sk T, AT T R A, 1 H e
THRALERA 53T R G (Morales %N, 2012). Parsons %5 N FIFELL ij HJLFATAEIR 7, =b(t)-$(1,m)/c &R
FEI (8] t ALV BN AT WAEV; (v,t) o BB AR 8 SORHT SRl K w] DA F) 08 37 - AR 36 6] -

Vi (z.t) = [dw (v.t)e*™ (13)

AT LK B 27 rpr B A AR AN B 2 AR R Dh 2R Th 23, 70 e TR S 75k Ak 8o
e xy (e Y

(k)= ) a9

Horp B2 9E, Q=M (R SRR L), X A 52 Parsons 5 AN+ T 208 HObR & .
%Tﬂ%ﬁiM (r,t)|2 o EGRNASUMR, KSR R R e T, R

Ny (2 =y (2000, (.t )=t (19

Hr At =107, 6 o (AL) I8 2 1 b2 i s EARTE o %77 VR 1N 18 G e 75 i B AR D)0, (HAEE K
H2L (PAPER BC B AVEL B 1% 4 28) Lt AT RAERT, N [H] I SRAE ZE A [H] 11 k 35,

3. SCER

BAVE—A 58N 8 MHz (154~162 MHZ)HE |, Ril5r T 101 AMIRKIEIE, BT B 4 5
N 80 KHz. &l 2, #EAE—AMHIRIEIE, BB EoR E 5 AE, A OSKAR HAFRlaEK K &
AT DL, AT AR S WSclean A4 BORH BRI AR A VLI B . i 7E OSKAR W5 &
HEAT AL, PR A OSKAR BAEXT % K EINN SKA BEF IAH A ER B8, it — DAL A i mT
DPEE . o, BLUEHEY 6 h, SR HO B T [-3 h, 3 h] [14].

FHT WSclean SAGH A8 T w #EE CLEAN Sfg54[15] [16], &EH TSR %, CfF
LOFAR 1 MWA Z510 H gl iz A6, DA L AE ST 2 m 0L R8s f5 , FRAT 148 WiSclean BG4 2k T
ANEHIHAL STOKES S84 skt B W B [17] . 72l fE b Briggs AUE, JF Hikka it
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Figure 2. Simulated SKAZ1-Low observation flow chart
Bl 2. &3 SKAL-Low JLMRIEE

3.1 {’IR=RLE R

TERIAEE] EoR {5511 fits 145, HE4T OSAKR KA M (646 L K N SKAL-Low Wil %1,
BRNBRATH AT W HE, B aidid WSclean %52 1] WS BUE T2 — Hitg, 53347 EoR 5 S EA
[EIH 4k STOKES 240 K ) SKAL_ low M E % . % 1 3=4E T A HMEAR AL K %5 OSKAR MM A S 4.

Table 1. Some observation settings for EoR simulation
7= 1. EoR =M B 2 WNiZ B

24 18
HRRUR 52428.8
AT 0.5
WAL ALRY Full
FAAL LA bR (0°,-27°)
VAR LK 154.00
SR 162.00
g ] 0.08
TR F]F 3 150.0

BT X 43 EoR 15 5 Rl & 11l S5t G4 IR OB L ORAIEE 1 et P, DRI FRATI/E LR A T WSclean )
1% 253 1 2 % 5 (joined-channeldeconvolution) 5 R[17], KT — - BB A F M4k STOKES &%, 1
154~162 MHz 1 101 Nl ) BE s — A2, DAAS 2R LR B0 EUR LTy, 7RG RE Al b PR & A
SRR IX 20 x 200 [EII, FRATAT AR BUE AL TT, TR e s e e i Th Ak, DME S —
1537 o

3.2. EoOR [E S G ER B 5h
FATK A BT SKAL-Low M4 4 JEARHL T EoR 155 A5 H LI 4%, - AE U0 il (i A2 P 5 N
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Figure 3. The result of imaging of EoR signal under different polarization STOKES parameters. From top left to bottom
right are: (a) Imaging results under the action of STOKES I; (b) Imaging results under the action of STOKES Q; (c) Imaging
results under the action of STOKES U; (d) Imaging results under the action of STOKES V The imaging result under the ac-

tion. All images are captured in the central 2° x 2° sky area
3. EOR {E SEREMRIL STOKES SH THIGHIER . NELEZER TS AA: () 7£ STOKES| 1’|5FF]TH’JEJZ1%ZE‘.%
(b) 7£ STOKES Q fEFA FHIRIRLER ; (c) 7E STOKES U fEF THIRIGLER ; (d) 7E STOKES V 1ERA THIRIRLE

FrEEGERPR 2" x 2° KX

[ET, FRA1FIF CASA T imstat 530 5 K147 77 (93 77 H(RMS) . 1448 (PEAK) FIEN TG I (DYN
RANGE), HfARZ:HE L% 2.

20, FEEGREAEH T EoR (5 5 BUR M) A TG HAR X T AR AL 7 NE /N, X WAFE CASA
B IR HE . WSS aRE T, 76 STOKES Q /1 EoR 155 K BT R E /N — N2,
STOKES U fEF T EoR 155 K B TR E /N 2~3 NMESL; /£ STOKES V /EH T EoR {55 K BB 7R
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Table 2. EoR signal RMS, PEAK and DYNRANGE values under different polarization STOKES parameters (unit K)
5 2. TEIHRL STOKES £# T EoR {52 RMS, PEAK #1 DYNRANGE & (%1 K)

| Q U \%
RMS 1.456e—-03 1.697e—04 4.846e—06 6.221e—08
PEAK 1.116e—03 3.373e—04 1.013e—05 1.515e—07
DYN RANGE 0.766 1.986 2.089 2.436

FE_L T AL, FATGEHEA RN AL STOKES Z8U/EMT, X EoR KIERil FEVa (52 m, Jfik
ITAT AL ERAE, S RN 4,

0.006 MAX. 0.004391499

3-2‘0)‘2‘ MAX.0001127425
o 2. MAX. 1.37E-06
) Q U \%
0.002 MIN. -0.00053413sMIN: -[.32E-05 MIN. -1.40E-06
-0.004
-0.006
-0.008
-0.01 MIN. -0.009453756
0012

"MAX=MIN

Figure 4. The influence of different polarization STOKES parameters on the
brightness temperature range of the EoR signal (unit k)
4. TEIRIL STOKES S# 3t EoR 155 =im B ESE BRI FZ (24 k)

Vel 4 o, AEAFAL STOKES ZAUMAERIT, MZHRAL B4k 5 2K EoR 15 5 2 5 B A A Uk
590 FEXIN EOR 155 70 B SIS, 1T EoR {5 5 @S 559, AHECTHRR 2 N AN A1 ARt s s as . ik
SRR AL 75 IR S0 EoR {55 MIBIE, T & AR5 5 A0E A5 L2 R, T EoR 15 54 g
PEEAE Tl A FLR AR AR, SEEESFRAERA N, i RIL —MACH R ARG R . 2
TORBATR A LETh W, DB ARSI X EoR {55 —4EDh SR KM .

3.3. NZHThRIEAE

AT AR R R ARVEM TS (G SKA. LOFAR. MWA 2526545 /1 T B, AR TPl
FH AL DL T 2R M R AT A3 13 G 7] W, I 25X 14 FRATE 154~162
MHz #5324 % EoR 155 i) —4ETh =ik . %} T4:4> STOKES w] W%, BATHEAT BN [ FES:AR 5, IF
DA [] P35 6 25 SR A AL 2] K 22 (8] 2 T 78 0 R ARG 5 200 T EoR {5 S4B A5 4%, FRATRHE
AFIAY STOKES Z41EH FIET EoR {55 MR, FIET MG Mg A — i Th#eil, Zdt—D it
BAEANEIR AL 7 A EH R X EoR - 4ETh R 3 (1 520

FATH) EoR 15 5 7E 8 MHz (154~162 MHz) 1) R 56 4513 N FE 0T P i o tH I R BR AR, X {fiff 4
i Fourier 28 f5 23 IR 2 155, B2 FRAT1 BS54k 5 6 AT sy, e HIl— 2880k
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Figure 5. Two-dimensional power spectrum of EoR signal under different polarization modes. From top left to bottom right
are: (a) The result under the action of STOKES I; (b) The result under the action of STOKES Q; (c) The result under the ac-
tion of STOKES U; (d) The result under the action of STOKES V result

5. EOR ESERERUARIEA TR Z_HINEEL. NELZERTHHIA: (a) £ STOKES | {EA THLER; (b) &
STOKES Q fER THIZER; (c) 7 STOKES UER THILER; (d) #£ STOKES V EA THILER

FAILL 154~162 MHz #ia A, K 5 R T EoR {E S EAEMAL STOKES ZHH/EH T 2D
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DhEili Pk, k) o WHCABRRE TR0, ARATIOLIRILQ, UYIIERI T, X EoR {500 —4EDh%il
RN, i TFHRAL I ER STOKES Q fEFI T A Mt —4ETh it 15 My FHEA — 5, X AR AL ALAY
W A0 7E IR 67758V HOFERT L T A D 27k, ~ 0.7 Mpe™ FRE (I8 2 H B LR A
SEIY BN — B

4, g5ig

WAL HT SR B SR S 5, 2N EoR {55 19— R ELREAT . £ IR /KA EoR 15 5 5 B AH 2
BUBLME S AT e, A — DI K T X EoR 5 SRIIMREAT, SKAL_Low [41 3= 2Rl 2% H br 4R
EoR {55, RULIRATTH Z LML T EoR 15 5 HISEMT, B RE BRI 7E 383 EoR {5 5 1 i
Wbt 5

A G RIS AL SKAL_Low FEFIRLM, ZHARFEARIHALT7 :U(STOKES I, Q, U, V)Xt EoR 155 K A
DAS T2l iy goma o Gl SR aG, fEIRATRE NS S RKIER AL EoR 55 B GE T U (1 AH A 38 R
(FERAMACB), DUE T FL 23 (B HE T R A OC Y EoR (5 S 4uih ki, JErEdbhLnl Fgt—D4R S
BAVW G LR T 24k BES51 EoR 155 BB ZUAT 5 o 70 B HAH DG SESS . FRATISLIR R, RIS
B RFA TR FAAKT EoR 155 4R M BEM B 58 (10— I8 o AHIF 78 AT AR N J5 SRR A0 0N 1 175 B3R R AH 56 S84
BERRIR NN SIS A

E&WmE

5 E R R34 (11963003), SKA -1 %% B1(2020SKA0110300), 5 5 i 4 11-%1(2018 Y FA0404602),
BN K25 HE A A RIFIE 4 (5: KA FE S 7(2018)60 5), Hi K28 & Wi H (5t K1 B [2020]76 5).
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