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H AT SKA #RESF BEF, — MR BOE sSOW0I AR & R0 w5 A= AT LOFAR,
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e MEZF, EDGES 8214 K155 7 W AEAE — WIS, X5 1 s I 0 8
A IGM BLAL, (H[E R A — S5 R, @1 55 FRIEEIES] T4 0.5 K, XL
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ROSATRT B Y X, BRI B 5. Tk, FE T I S S R A 1)
SUIECHE, FEGeHl &7 T Q43T T KEMIT R TIE, W5 2 fis.

*2 NREFUHVESE ERPRFILERMNELRAIKRE)

B4 ] B f a z R k = EnP S 2%
LK /MHz /(h-Mpc™1) /1073K? SR
175.3 7.1 0.27 A? £2.7 x10* [57]

177. . 2 A? 3.9 x10? 31

MWA 77.5 7.0 0.20 2 3.9 x10 [”]
189.3 6.5 0.59 A? £2.39 x10% [35]

189.3 6.5 0.14 (43 mK)? = 1.8 x 10° [54]

127.9 10.1 ~ 0.053 A? £ 79.67 3%

LOFAR ) ) [,,]
~140.6 ~9.1 0.075 A? <73 8]

GMRT 147.9 8.6 0.5 A? < 2487 [30]
151.1 8.4 0.15~0.5 A% £22.42 [3Y]

PAPER ) ) -
151.5 8.37 0.37 A? <200 (]
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AT A S S R R R T, ESIRE R R OR S B, H T TR H R A () O
7, CAB R BB F AR, 21CMA 2™, MWA GLEAM £ %™ %%,

TETh R & )5 T, Procopio 2 N ™ 3:F MWA [f) GLEAM &K, AIRE YR, 4
4 GMRT TGSS K 150 MHz 15, NECE RIS E . 7 — /MR, X ARG h)
PIXf EoR1 (MWA EOR SEE M = Hir¥Z —, (RA, DEC) = (4 h, —30.0°)) (%47 5
WALEE, BOKTHRE 8% MRS RS . FIFIZMA, Beardsley 2 N7 7E k = 0.27 h-Mpc ™,
» = 7.1 13524 A2 <27 K2; Barry N 16 k= 0.2 h-Mpc™?, z = 7.0 £33 A% <3.9 K2;
LiZ N™ 15 k = 0.59 h-Mpc~, z = 6.5 £33 A% <2.39 K2; Trott 2 A" ## MWA EoR I
HEds, @il seit 24000 HE, LA CHIPS &AL 5 Ih i, 7 k= 0.07 ~ 3 h-Mpc™!,
2= 6.5 ~ 8.7 HHEH T FH I, Byrne I TR AR EHE, itk
T H T B0 BoR KUERM BT 5t LR R . Patil 2 A" 7E k ~ 0.053 h-Mpc~?, z = 10.1
BE A% < 79.62 x 10-3K2; Mertens 25 N "5 T LOFAR I3 19 141 h 95U, K48 T
z~ 9.1 MABT 21 cm 55 RN E LR, XU E S8 s vk, &
Bt 2 [EH (GPR) HI 5 2% fift A1 B A N AN D 26 15 HE W7 55 057 1 #0347 7 3 K50 Bradley
2 N 21CMMC %} 3D 5285 21 om {5 597 IE AR, HE T 500008 PR F 7 4
PIEL S 4077 6] X 3. PAPER i H 41 Al %6 N #E k = 0.15 ~ 0.5 h-Mpc~?!, 2 = 8.4 135
A2 < 2242 x 1073K2; Cheng % N 3@ % H O BEAT AT SE RSB0 4007, o5t 7 2 B Al
LR Kolopanis % A™ 1 PAPER HIUHR, 451 T FEHBIIN I 21 em iR mBRE], %
AR X H i A 38 A 2 I 2 T LB IR R S8 Uk DL A T2 I8 i 7 ZAG TSP IR AT T
k. Jf HLA#EDR T PAPER Gl 45 B 5 54752 M Jacobs 25 N3 T PAPER %4,
KK T 145 MHz S D) RN w45 1, %0 & A 2k 50 B S BN K 0G5
Vi, ERSIHT S SR T HEE T 8. GMRT H T t7E T E 208 HI DS (& T
1, Paciga 2 N FIZFSAB 40 AR (SVD) (5L 22 BB BE, X BT 5% 45 M SR 5 2% 5 N
Do AT, MATEE IREA T AT SR ISR AR SR E S AE, IR TR AR
R R TR EN &, MMER T k= 0.5 h-Mpc™t, z = 8.6 i) 20 LRRAMEIEN &E
A? < 2482 x 1073K2,

FRATTR AR A ST H B 270 7 57 7 2R B W B T 22 18 AF 58 7 0 1) B R 45 SR 5 208 Tl 15 5
SRAEHEAT T A, S5 IE 4 FTR. Matias 25 A AR EISBIAS Y 21 om {5 5 HIIG(ELE
0.01 K ££4, il 4 o B ELL TR,

3.3 EHMR

AR SKA ARAIFEFIAL BE XS 55 B B A5 Sl AT DRkl &, 0 B &0 5 i FE el
G ST G R RIRE T, SERURAU BT R malEs. 2R AR A A,
WA BT T H M. SIS s, X7 s R R E R A X
AT B UGN, w] DUBE g BB M B B DX K K /NI AE S 0 EE A5 S X 5 A4S 20 °F
J7 BE R DX AT VR B R AS UL A2 AR R SKA R AT ) 1 220 B AR 2 —

SKA AR 10 MER A T @i Wi R m KRG BB m sy, ahkf T
BORANE. FEAE S g ER AR 8 /N KBS FL T X3, B2 A 7E 3000 km 75 Fl N 2 2500
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---- AT=0.01 K
3001 e MWA
e LOFAR
e GMRT
2501 ® e PAPER
200F
e
g
~
S| 1501
<
1001 + +
50t * +
— R ’ ___________
0

65 70 75 80 85 90 95 100

zZ

Ve T MWA, %05/ LOFAR, 3 GMRT, %4/t PAPER. i£%H% 20. Matias 2 A KR4
HIEHAEE 21 cm 5 MEHETE 0.01 K A4, WREEELITR.

4 IhFENEBERLE(5R2WE—K)

15 m FARIIE @R 2k, 250 km 6 Bl A 1) 250 N ELAE2 60 m BIBUEFLAERES (F45) LA
Fe 130 I BUE IR R SRR B ALAERE S (RA) 4Lk, LA RIS IR~ U7 2 B4,
AR S5 YEFEA 50 MHz ~ 20 GHzo SKA 73 RE R HESIT B (2012—2021 4F). @ —H
Bt (SKAL, 2021-2028 4F) A B BBt (SKA2, 2028 4EJ5). SKA ¥ ZR% Hirz —
AR A HI 21 cm 15 5347 EoR UG, LLA AT CD/EoR & ikill&E. 5HATIEE
IEAT I SKA RIS UHAHLE, SKAL RSS2 ME—rT L3 EoR UG MM Seae e s, A
AHERIIPIEE L SKA RMFEF 1)K ALK K IE T LG T8 6 ~ 27 1 21 cm (55
Dk, o5 HI SR =4t A, HIEEFEMWEZ08 100, B3k = (0.02 ~ 0.1) h-Mpc~1s
ARk, SKA2 ¥R K2 w2 Hre f R, 250 KR REJEHE A X CD/EoR #E4T S A5
M. BT 5 21 om 5 SIS, DR T R AT K I [ A 00 0 Sk B AR e . A
SKA R E AT F B 51 HEAT HE L8 5 R IX BRI I, AT DASE 5 3 1 i i S5 i vt A%
RN, S A AR ) VRS, TR A v AR M PE o T 2R s T B ) 5 R
E DR AL T AT RE TR, XX TAEAN AR A SKA ARSI IR I 4 i 5 5 R &
REEN]. SKA FHATE 100 ~ 200 MHz K13 5 —IF 58 B S I B S, B d
BB, AT X HE BRI, Zheng 25 N7 XTI i F SR AU T P 0000
BEAT TP, i S T AR WA P R B R B BRI iR M i BIRIE R X
SKAI A S BMAEAER 3 . HATS SKA 78 55 55 B BA 6 55 e 82 32 45 F 00 00 3R, fgi 88 ot
Lol 5 Frow, EIEREE PR SKA 4121 (SKA Organization, SKAOT),

Phttps://www.skatelescope.org/key-documents/SKA Phase 1 Construction Proposal
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%= 3 SKAl FEHARIEHRR

ZH SKAL - low SKA1 - mid
MR JEH /GHz 0.05 ~ 0.35 0.35 ~ 20
FEMESZ /GHz 0.11 1.67
RIUPE (Acsr/Teys) /(m® K1) (FEAESIAR) 550 1500 (f135 MeerKAT)
W/ (°)? (FHESIER) 14 0.33
R /(1) (FEHESTR) 7 0.25
L IGREF 324556 Bl / GHz 0.1 ~0.2 0.35 ~ 20
BICRESI R /m 35 15
L Y71 gE| 512 (M%), 476 (S2ji) 133 + 64 (MeerKAT), 130 (5Zifi)
(L Y TIFR % 256 1
KL /km 65 (BLEI), 40 (Szjti) 154 (BEI), 120 (52)t)
:1 LA ‘ T T T T T T1TT I T T T T 11T I T T T 17T !:
i : SKA1-MID ]
I SKA1-LOW - l
L] R et -
S ]
E GMRT
@ 100:_”“”“””1”;; ””” u “““““““ R Y =
g > LOFAR HBA ]
= C s ]
L0l T— S—

T T T T TT1TT
1 IIIIIII|

/« TLOFAR LBA

\I\\Ill[ II\\IIl 1 Jllll\l 1 | I I |

0.1 1 10
A% /GHz

5 B#TS SKA BHFRBMNSTRETHRNINREE (kE SKAO)

1 B A KA AR R AR SR SKA AR A B4 A B rb i s 1) 3 22 ) /L2 —. 2 R
K SKA KM MG K2 K, At TR AUEER et g i A4 1 9% LR AR SKA IR
R S R L. FAEARBER R SKA KRG RE T, fERHE. mshds, iR
W REPORTE R, B %. HEJZESOE DU E PR IR B ) e b, #5077 72 R XE 5 8k
i KM H NS T RERSEEE IO B KRR, #REEDT . E,
B AR T AR A, DR o AN DRI 5 TR EAT A AR HE R S i v L. HAl, 2T
(peeling) ™ W [KIRE 7 5 R M — A 20000, BT 75 Ak 9T 2 AN T AU B AR S48 e B 2 5
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1ei J R 1) PR 5 i 2 WD I S P 0 20 A A B AR R BUARCK AR A ST AR
B REEE. SREUH R S A ERRAT SRR T SKA R R B, EREELRE
o EARYE R EL AN I AT AR AL A B8 s 2@ W SE TR DL T, AR I 1) g 1 B A
bt, BRI (] AR DR E 1 S AR E AR UEAE DRAE BAR AN S e EA T2 18] A BR E

4 HsHRRE

5 22 B R T R A A 3 e R T R 4 RE R BRIT A AR 21 em 15 SR BT
F—ARRIERAE R = AR Bt fEe i T3 B ZL BN B I A HI 21 em 15 5 AR 1455,
DT S 76 T 55 25 B LA S B50HR A B () 4 AN 11T R AR AR AR 3 R ME RN B AR 5 o B IR H 55 I 3
PR FE Sy = AT7 A ERETRNE, TR & DL BERET 7. SRAFNEH
BAR LR TER, v I A0 B B AT AL e A AT B 27 58 Rl (IR ATUSSS R B 1 T LA e VR
AR, TR ELROR, SEIRM R, £ 50 ~ 200 MHz KA B (EPZLF2 T 6
~ 27) GEiT3RAS 57 A 2L O AN T A B SR FT Dh R, 5 AL WA R R A ) Th R )
GNP TTIA): GEIE LR AT RS Y, WETE RS SRE SR, EENEYR
B, I 7R Th 2R R A (AR AL T T R S S AR 1, R GRS RIORL R A 5T G X
BRI T H AR EN G S DRSNS H T2 SKA RAER S & B e 2R 22 H
bz —, BTS2 REERMpPRRE], BT SKA BREEE FEFIA H & BB A8l i1
BEJTo AR SKA AT FRE 3EAT 57 1 7 2 A 1 D 23 1l ) o A AR T 7, B 48 52 i 1)
PSS X E B R . SThRENEA LG, 6 F A 2 i A A R B AR X AT BB
FRAGOMIN, AT DABE Ay B M AR ECRE B Xk R R /INRREAE . AR SC R BT IR T 7R T i 2RI
BN PRI R o6 T AT S R bR BB AL EE VAR G R, DA AR e T B AR A R B TR
DS, ThERuE I & 7 TH R T .

R AT B B 75 R B AN oy B b g d ey, DA R o R R REE A4 R A SF 11 5040 Ak 2
A RIS R, A e RN 21 5 T B IR RN R M5 B T RE PRt TR . 2 T AR A RN
Ef RN T T R A = o o 28— AR R AR Qo] T B PR RR e B T BT, R S A X PR ROBE A
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Progress on the Exploration of the Cosmic Dawn and

the Epoch of Reionization

ZHAO Bi-xuan', ZHENG Qian'?, ZHANG Ze-kang'3,
GUO Quan'?, SHAN Huan-yuan!?3

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
2. Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Nanjing 210033, China; 3. Uni-
versity of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The cosmic dawn (CD) and epoch of reionization (EoR) are two of the most
important missing pictures in the history of the Universe. The first luminous objects were
formed during the CD/EoR period and thus marked the end of the dark ages. Detecting
the redshifted 21cm hyperfine transition line of neutral hydrogen is regarded as the most
promising and effective one to probe the CD/EoR. It includes three aspects: the total pow-
er measurement of the CD/EoR, the statistical measurement of the CD/EoR signal and
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perform imaging observations on the reionization area directly. Recently, a lot of related
works have been done on both theories and observations, including i) theories and numerical
simulations on the IGM evolution history during EoR; ii) data processing methods includ-
ing radio frequency interference (RFI) removal, data calibration, techniques of foregrounds
removal, etc. It makes great progress on the global detections and statistic measurements of
the CD/EoR signals. As the largest radio telescope ever built, the Square Kilometer Array
(SKA) will enable us a better understanding of the history and morphology of the CD/EoR.
This work will provide a brief overview of the related research progress of CD/EoR detection

in recent years.

Key words: cosmology; the cosmic dawn and the epoch of reionization; radio interference

array
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