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J#$,+=#$+6$#D;+<6E$<.#3K$

L $G#$()#$-6$/"#$=#)E#$-8$;-6M).+6E$3-.#$-8$/"#$.-3/$)#=-,'<-6()1$

$$/"#-)+#3$-8$/"#$,(3/$;#6/')1$

L $G#$M6B$;,'#3$(3$/-$G"#/"#)$/"#3#$/"#-)+#3$()#$;-.5,#/#$-)$6-/$

L $G#$.(1$M6B$($G(1$/-$B#3;)+N#$,()E#$(6B$3.(,,$3;(,#3$G+/"$-6#$/"#-)1$

L $G#$()#$(N-'/$/-$/)(;#$/"#$;-.5,#/#$"+3/-)1$-8$/"#$'6+=#)3#$

L $G#$()#$(N-'/$/-$3/'B1$#D/)(L3-,()$G-),B3$(6B$C()/"L,+O#$5,(6#/3$
L $G#$()#$(N-'/$/-$-5#6$($/)',1$6#G$G+6B-G$/-$/"#$F6+=#)3#$(6B$+/3$
$$$G-6B#)8',$;-63</'#6/3$$$
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J#$,+=#$+6$#D;+<6E$<.#3K$

L $G#$()#$-6$/"#$=#)E#$-8$;-6M).+6E$3-.#$-8$/"#$.-3/$)#=-,'<-6()1$

$$/"#-)+#3$-8$/"#$,(3/$;#6/')1$

L $G#$M6B$;,'#3$(3$/-$G"#/"#)$/"#3#$/"#-)+#3$()#$;-.5,#/#$-)$6-/$

L $G#$.(1$M6B$($G(1$/-$B#3;)+N#$,()E#$(6B$3.(,,$3;(,#3$G+/"$-6#$/"#-)1$

L $G#$()#$(N-'/$/-$/)(;#$/"#$;-.5,#/#$"+3/-)1$-8$/"#$'6+=#)3#$

L $G#$()#$(N-'/$/-$3/'B1$#D/)(L3-,()$G-),B3$(6B$C()/"L,+O#$5,(6#/3$
L $G#$()#$(N-'/$/-$-5#6$($/)',1$6#G$G+6B-G$/-$/"#$F6+=#)3#$(6B$+/3$
$$$G-6B#)8',$;-63</'#6/3$$$

I'/PQ$$?/$/(O#3$+6;)#(3+6E$#R-)/3$/-$.(O#$3';"$8'6B(.#6/(,$(6B$$

$$$$$$$$$$+.5-)/(6/$B+3;-=#)+#3$9$+/$6##B3$S/15+;(,,1T$I?:$.(;"+6#3$

$

!"#1$()#$=#)1$#D5#63+=#$(6B$)#&'+)#$.',<L6(<-6(,UE,-N(,$;-,,(N-)(<-63$
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•  The Square Kilometre Array 

•  Progress, status & timeline  

•  Science 

•  German activities 
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VA?:?X%$
$
! X#'/)(,$"1B)-E#6$+6$/"#$'6+=#)3#$9$
$$$$8)-.$/"#$C5-;"$-8$A#L+-6+3(<-6$/-$6-G$

$
J"#6$B+B$/"#$M)3/$3/()3$(6B$E(,(D+#3$8-).Y$
Z-G$B+B$E(,(D+#3$#=-,=#Y$
J"(/$()#$W()O$C6#)E1$7$W()O$>([#)Y$

$
! 03/)-LN+-,-E1$

$$
$
$
\FXW0>CX!0]$\VA^C%$
$
! 2',3()34$:#6#)(,$A#,(<=+/1$7$E)(=+/(<-6(,$G(=#3$

! V)+E+6$7$#=-,'<-6$-8$;-3.+;$.(E6#<3.$
$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$
XCJ$2ZCXV>CX0$S+6;,Q$!)(63+#6/3T$

!"#$%"$&'#()&()$&!*+,-$&
.#/01$(-$&2--,3$
S_``a4$#B3Q$^Q$^()+,,+$7$%Q$
A(G,+6E34$4$'&25(-0%6&7$864$abT$
$

$
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In a nutshell:  The SKA is! 

P($,()E#$)(B+-$/#,#3;-5#$8-)$/)(638-).(<-6(,$3;+#6;#$$$$

L$'5$/-$c$.+,,+-6$._$;-,,#;<6E$()#($B+3/)+N'/#B$-=#)$($B+3/(6;#$-8$d```e$O.$$

L$-5#)(<6E$(3$(6$+6/#)8#)-.#/#)$(/$8)#&'#6;+#3$8)-.$f`$>Zg$/-$hc`$:Zg$$$$

$$Sa.Ld;.T$G+/"$/G-$-)$.-)#$B#/#;/-)$/#;"6-,-E+#3$

L$;-66#;/#B$/-$($3+E6(,$5)-;#33-)$(6B$"+E"$5#)8-).(6;#$;-.5'<6E$313/#.$

$$N1$(6$-5<;(,$MN)#$6#/G-)O$

$

$

$
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In a nutshell:  The SKA is! 

P($,()E#$)(B+-$/#,#3;-5#$8-)$/)(638-).(<-6(,$3;+#6;#$$$$

L$'5$/-$c$.+,,+-6$._$;-,,#;<6E$()#($B+3/)+N'/#B$-=#)$($B+3/(6;#$-8$d```e$O.$$

L$-5#)(<6E$(3$(6$+6/#)8#)-.#/#)$(/$8)#&'#6;+#3$8)-.$f`$>Zg$/-$hc`$:Zg$$$$

$$Sa.Ld;.T$G+/"$/G-$-)$.-)#$B#/#;/-)$/#;"6-,-E+#3$

L$;-66#;/#B$/-$($3+E6(,$5)-;#33-)$(6B$"+E"$5#)8-).(6;#$;-.5'<6E$313/#.$

$$N1$(6$-5<;(,$MN)#$6#/G-)O$

P5)-=+B+6E$$
$$L$c``$D$CR#,3N#)E4$(6B$c`$D$0)#;+N-4$(6B$

$$L$(/$,#(3/$c`4```$D$3')=#1$35##B$-8$;'))#6/$/#,#3;-5#3$

$

$

$

HST  
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In a nutshell:  The SKA is! 

P($,()E#$)(B+-$/#,#3;-5#$8-)$/)(638-).(<-6(,$3;+#6;#$$$$

L$'5$/-$c$.+,,+-6$._$;-,,#;<6E$()#($B+3/)+N'/#B$-=#)$($B+3/(6;#$-8$d```e$O.$$

L$-5#)(<6E$(3$(6$+6/#)8#)-.#/#)$(/$8)#&'#6;+#3$8)-.$f`$>Zg$/-$hc`$:Zg$$$$

$$Sa.Ld;.T$G+/"$/G-$-)$.-)#$B#/#;/-)$/#;"6-,-E+#3$

L$;-66#;/#B$/-$($3+E6(,$5)-;#33-)$(6B$"+E"$5#)8-).(6;#$;-.5'<6E$313/#.$

$$N1$(6$-5<;(,$MN)#$6#/G-)O$

P5)-=+B+6E$$
$$L$c``$D$CR#,3N#)E4$(6B$c`$D$0)#;+N-4$(6B$

$$L$(/$,#(3/$c`4```$D$3')=#1$35##B$-8$;'))#6/$/#,#3;-5#3$

$

Pif$+63</'/#3$+6$_`$;-'6/)+#3$()#$5()<;+5(<6E$

$$$L$-6$C%\A?$]+3/$(3$-6,1$E,-N(,$5)-j#;/$S3#,#;/#B$8-)$;-63/)';<-6T$

$$$L$G+/"$CLC]!$3#,#;/#B$8-)$"+E"#3/$5)+-)+/1$-6$0%!AVXC!$)-(B.(5$

$$$L$0%!AV_`c`K$k,-6EL/#).$8'/')#$-8$)(B+-$(3/)-6-.1l$

$$$L$^(6(B+(6$]-6ELA(6E#$2,(6K$%*0$6#D/$5)+-)+/1$N#"+6B$!>!$Sc`mnT$

$$$L$08)+;(6$F6+-6$Z#(B3$-8$%/(/#$(;O6-G,#BE#$+.5-)/(6;#$$

$$$L$0'3/)(,+($(6B$%-'/"$08)+;($+6=#3/$(N-'/$o_``>$#(;"$

$

$
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• ̂ -63/)';<-6$G+,,$5)-;##B$+6$/G-$5"(3#3K$$$%*0c$"$%*0_$

L$%*0c$G+,,$N#$($3'N3#/$Spc`mT$-8$%*0_$

L$>(j-)$3;+#6;#$-N3#)=(<-63$(,)#(B1$5-33+N,#$G+/"$%*0c$+6$_`_`K$

$

L  L$X#'/)(,$"1B)-E#6$+6$/"#$'6+=#)3#$8)-.$C5-;"$-8$A#L+-6+3(<-6$/-$6-G$

L  L$\'6B(.#6/(,$8-);#3K$5',3()34$E)(=+/1$(6B$E)(=+/(<-6(,$G(=#3$

L  L$.';"$.-)#$3;+#6;#$5-33+N,#Pn$

$

L$2"(3#B$;-63/)';<-6$(,,-G3$.(D+.'.$'3#$-8$(B=(6;#3$+6$/#;"6-,-E1K$

$

$$$$$2"(3#$?K$$%*0c$;(6$N#$N'+,/$6-G$G+/"$5)-=#6$(6B$3#;')#$/#;"6-,-E1$SN(3#,+6#T$

$$$$$2"(3#$??K$%*0_$;(6$.(O#$'3#$-8$6#G4$8'/')#$.(/')#B$/#;"6-,-E1$S0?2T$
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Operations 
Centre

Site Entrance

Antenna Clusters:
Dishes & AA-low 

Central Cores:
 175 dishes, 35 AA-low Stns

Roads

Dishes

AA-low Stations
Additional Core

(not used for SKA1)

Central SKA1 Site

Approx. Line of
Spiral Arm
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!%$$$$
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#$$$

%$$$$

%#$$$

"$$$$

"#$$$

!"#$$$ !"$$$$ !%#$$$ !%$$$$ !#$$$ $ #$$$ %$$$$ %#$$$ "$$$$ "#$$$

Operations 
Centre

Site Entrance

Antenna Clusters 

Central Cores (~50 km2):
900 dishes, 165 AA-mid, 

165 AA-low

Roads (200 km)

Dishes

Aperture Arrays 
(Low)

Aperture Arrays 
(High)

Central SKA2 Site

Phase 1 Arm

Phase 1 Arm

Phase 1 Arm
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%*0$%13/#.$W#3+E6$S_``fL_`c_T$

^-6/)+N'<6E$5)-E)(.3$$

$$$C^$\2i$%*0$W#3+E6$%/'B1$S%*0W%T$

$$$C^$\2f$2)#5()(/-)1$2"(3#$S2)#5%*0T$

$$$F%$!#;"6-,-E1$W#=#,-5.#6/$2)-E)(.$$

$$$k2)#;')3-)l$/#,#3;-5#3$-6$/"#$;(6B+B(/#$3+/#3$S0%*024$>##)*0!T$

$$$k2(/"M6B#)l$/#,#3;-5#3$,+O#$]V\0A4$02CA!?\$

$$$$$$$$"$($,-/$-8$3;+#6;#$(6B$/#;"6+&'#3$;(6$(,)#(B1$N#$,#()6/$

$$$$$$$$$$$$$$(,3-$;-6B#63(<-6$;-)#$(6B$8-;'3$5-+6/$-8$:#).(6$;-..'6+/1$

$

]V\0A$SC')-5#T$ 0%*02$S0'3/)(,+(T$*0!LfU>##)*0!$S%0T$



!-5$,#=#,$3;"#B',#$8-)$/"#$%*0$$

!#;"6+;(,$

_``bLc_$/#,#3;-5#$313/#.$B#3+E6$(6B$;-3/$$

_`cdLcq$B#/(+,#B$B#3+E6$+6$/"#$5)#L;-63/)';<-6$5"(3#$

_`ciLcr$2"(3#$c$;-63/)';<-6$

_`ci $ $0B=(6;#B$?63/)'.#6/(<-6$2)-E)(.$B#;+3+-6$

_`cbL_d$2"(3#$_$;-63/)';<-6$$

_`_`# $ $8',,$3;+#6;#$-5#)(<-63$G+/"$2"(3#$c$

_`_a# $ $8',,$3;+#6;#$-5#)(<-63$G+/"$2"(3#$_$

$

2)-E)(..(<;$

_`cc $$ $(55)-=#$8'6B+6E$8-)$5)#L;-63/)';<-6$5"(3#$

$ $ $ $#3/(N,+3"$%*0$-)E(6+3(<-6$(3$($,#E(,$#6</1$

$ $ $ $3#,#;/$,-;(<-6$8-)$%*0$2)-j#;/$Vs;#$

_`c_ $ $3+/#$3#,#;<-6$

_`ca $ $(55)-=#$;-63/)';<-6$8'6B+6E$8-)$2"(3#$c$Sdq`$>o4$_``fT$

_`cb $ $(55)-=#$;-63/)';<-6$8'6B+6E$8-)$2"(3#$_$ScQ_$Io4$_``fT$

$

$

$

$



W#/(+,#B$!+.#,+6#$

$$2)#5()(/-)1$2"(3#$#$2)#;-63/)';<-6$2"(3#$#$%*0c$^-63/)';<-6$$

Project 
Milestones

SKA1 
Baseline 
Design

Site decision
Costed 
system 
design

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Baseline 
Design for 

SKA2

Phase 1 Construction, Verification, Commissioning, 
Acceptance, Integration & First SciencePhase 1 Pre-Construction Phase SKA Preparatory Phase

Start of SKA1 
Construction

Concept
SKA1 System Testing

SRRCoDR

SKA1 Systems integration
PDR CDR

Detailed 
Design

REV REV
Science 
SKA2

DRM 
Development

REV

REV REV

Science / Engineering tradeoffs

Continuous Performance Evaluation

SKA1 
construction 

approval

Preliminary 
Design

Definition*ConceptSKA1

SKA2

Sys Eng
& Change management

dCoDR

Preliminary Design

PDR

Demonstration 
& testingAIP definition, development and fabricationAIP

AIP Decision

REV

Science 
SKA1

DRM 
Development

(Ph 1 part)

REV

Refinement of 
Early Science 

Shared 
Risk 

Science

REV

Science / Engineering 
Tradeoffs

Early Science Proposals

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

SKA1 User 
Tech. 

Requirements

Initial SKA2 
User Tech. 

Requirements

Early Preliminary 
Design System Definition (includes non-science requirements)

System

Rev B
2010-12-20

* Includes definition of non-science requirements.

Extraction of detailed SKA2 requirements

REV

^'))#6/$/(3O$+6$_`cc$(6B$_`c_$+3$/-$;-6=#)/$/"+3$%*0L)#,#=(6/$B#3+E6$(6B$$
B#=#,-5.#6/$+6/-$2WAL)#(B1$%*0L35#;+M;$B#3+E63$(6B$;-3/3$

Total resources proposed (4 years): 90.9 M" $
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Example: 
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$$ %*0c$^-63/)';<-6#$%*0_$;-63/)';<-6$



\-).#)$E-=#)6(6;#$3/)';/')#K$$$05)+,$_``b$9$>();"$_`cc$

Agencies SKA 
Group (ASG) 

SKA Science & 
Engineering 

Committee (SSEC) 

Membership 
Committee 

SKA Program 
Development Office 

International 
Engineering Advisory 

Committee 

Executive Committee 

PrepSKA Board 



?6/#)+.$E-=#)6(6;#$S05)+,L6-GT$

SKA Science & 
Engineering 

Committee (SSEC) 

Membership 
Committee 

SKA Program 
Development Office 

International 
Engineering Advisory 

Committee 

Executive Committee 

PrepSKA Board 

Founding Members 
Board 

!"#$%&$'()"*+%(,&'$*-"+&./(
$

0'3/)(,+($
^"+6($

\)(6;#$
:#).(61$

?/(,1$

X#/"#),(6B3$
X#G$t#(,(6B$

%-'/"$08)+;($

F*$

0*/1/(
$

cQ$C3/(N,+3"$($,#E(,$#6</1$8-)$/"#$
$$$$$%*0$V)E(6+3(<-6$N1$u',1$_`cc$

_Q$W#;+B#$,-;(<-6$-8$/"#$%*0$$
$$$$2)-j#;/$Vs;#$

$

$
$



%*0$:-=#)6(6;#K$u(6'()1$_`c_$#$$

SKA Organisation 
Governing Board  

Advisory 
Committees 

Advisory 
Committees 

Director General 

SKA Project Office 
(SPO) 

Work package 
Contractor 

Work package 
Contractor 

Work package 
Contractor  

Industry POs 

Public Company (UK): 
Full members: 
1M" over 4 yrs 
 
Aspiring members: 
50k"/yr (max 2 yrs) 
 
Each member country 
 = one vote 

- Currently:  Australia, New Zealand  South Africa, UK, 
  Netherlands, Canada, China – so far: 60-90M" 
 



2"13+;(,$)#&'+)#.#6/3$

CD/)#.#,1$)(B+-$&'+#/$#6=+)-6.#6/$

0/$,#(3/$d```$O.$+6$#D/#6/$

]-G$+-6-35"#)+;$/')N',#6;#$

]-G$/)-5-35"#)+;$/')N',#6;#$

$

!G-$;(6B+B(/#3$3"-)/L,+3/#B$+6$_``iK$J#3/#)6$0'3/)(,+($(6B$%-'/"#)6$08)+;($

$

$

$

%+/#$3#,#;<-6$5)-;#33$

V6#$-8$/"#$M)3/$B#;+3+-63K$%+/#$3#,#;<-6$

%+/#$;"()(;/#)+3(<-6$

_`c`$ _`cc$ _`c_$

3#,#;<-6$
;)+/#)+($$$

+68-$(;&'+3+<-6$7$
(6(,13+3$

#=(,'(/L
+-6$

B#;+3+-6$

_`c`$ _`cc$ _`c_$



J#3/#)6$0'3/)(,+($7$X#G$t#(,(6B$
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:#).(6$(;<=+<#3K$I-66$G(3$5)-5-3#B$(3$%*0$Zv$

]-;(<-6(,$(B=(6/(E#3$(/$($E,(6;#K$

•  0$=#)1$+6/#)6(<-6(,$;+/1$+6$/"#$"#()/$-8$C')-5#$

•  J-)BL;,(33$+68)(3/)';/')#$(6B$8(;+,+<#3$

•  2()/$-8$-6#$-8$C')-5#H3$,()E#3/$.#/)-5-,+/(6$()#($

•  %'5#)N,1$;-66#;/#B$/-$C')-5#(6$(6B$E,-N(,$B#3<6(<-63$

•  2)-D+.+/1$/-$G-),BL;,(33$(;(B#.+($(6B$)#3#();"$8(;+,+<#3$

•  ]-6E$/)(B+<-6$-8$-'/3/(6B+6E$)(B+-$(3/)-6-.+;(,$#D5#)<3#$

•  w+;+6+/1$/-$6(<-6(,$(6B$C')-5#(6$+63</'<-63$7$8'6B+6E$(E#6;+#3$

•  0;;#33$/-$+6/#)6(<-6(,$3#)=+;#3$(6B$3;"--,3$

•  \',,$-8$"+3/-)1$(6B$;',/')#$

•  :)#(/$5,(;#$/-$,+8#$G+/"$,-/3$-8$E)##6$(6B$6(/')(,$)#3#)=#3$

Proposal to host the SKA HQ and SPO in Bonn, Germany 7 

 

2)-5-3(,$/-$"-3/$5)#L;-63/)';<-6$%*0$Zv$



:#).(6$(;<=+<#3K$I-66$G(3$5)-5-3#B$(3$%*0$Zv$
Proposal to host the SKA HQ and SPO in Bonn, Germany 7 

 

2)-5-3(,$/-$"-3/$5)#L;-63/)';<-6$%*0$Zv$

•  Max Planck Institut für Radioastronomie (MPIfR) 
•  Argelander Institut für Astronomie (AIfA) 

Supported by: 

•  Max Planck Institut für Astrophysik (MPA) 
•  Max Planck Institut für Gravitationsphysik (AEI) 
•  Astrophysikalisches Institut Potsdam (AIP) 
•  Forschungszentrum Jülich (FZ) 
•  Fraunhofer Institut für Solare Energiesysteme (ISE) 

•  University of Bochum 
•  Jacobs University of Bremen 
•  University of Cologne 
•  Thüringer Landessternwarte Tautenburg 
•  German Long Wavelength Consortium (GLOW) 

     BUT given to Jodrell Bank, Manchester (UK) 



%*0$*#1$%;+#6;#K$_c3/$^#6/')1$03/)-5"13+;3$

^-3.-,-E1$7$\'6B(.#6/(,$2"13+;3$

$  :)(=+/1$
$  ?3$:A$-')$,(3/$G-)B$+6$

'6B#)3/(6B+6E$E)(=+/1Y$

$  ^(6$G#$-N3#)=#$3/)-6E$E)(=+/1$+6$
(;<-6Y$

$  J"(/$()#$/"#$5)-5#)<#3$-8$N,(;O$

"-,#3$(6B$E)(=+/(<-6(,$G(=#3Y$

$  J"(/$+3$B()O$.([#)$(6B$B()O$

#6#)E1Y$$

$  >(E6#<3.$

$  %/)-6E$8-);#$
X';,#()$#&'(<-6$-8$3/(/#$

$$$$$$$$$$$$:(,(D+#3$0;)-33$^-3.+;$!+.#4$$$$$$$$$$$$$$$$$$
!"#$:(,(;<;$X#+E"N-)"--B4$%/#,,()$(6B$

2,(6#/()1$\-).(<-6$

$ $$:(,(D+#3$(6B$/"#$F6+=#)3#$
$ Z-G$B+B$/"#$F6+=#)3#$#.#)E#$8)-.$+/3$W()O$0E#3Y$

$ Z-G$B+B$/"#$3/)';/')#$-8$/"#$;-3.+;$G#N$#=-,=#Y$

$ J"#)#$()#$.-3/$-8$/"#$.#/(,3$/")-'E"-'/$;-3.+;$

<.#Y$

$ Z-G$G#)#$E(,(D+#3$(33#.N,#BY$

$ $$%/()34$2,(6#/34$(6B$]+8#$
$ Z-G$B-$5,(6#/()1$313/#.3$8-).$(6B$#=-,=#Y$

$ J"(/$+3$/"#$,+8#L;1;,#$-8$/"#$+6/#)3/#,,()$.#B+'.$
(6B$3/()3Y$SN+-.-,#;',#3T$

$ ?3$/"#)#$#=+B#6;#$8-)$,+8#$-6$#D-5,(6#/3Y$S%C!?T$

!"#$%%$&'&(")%$*+,&-./,01&23345&But MUCH more science possible:  



2',3#$())+=(,$<.#3$G+,,$N#$(R#;/#B$N1$,-GL8)#&'#6;1$$

E)(=+/(<-6(,$G(=#3$9$;-))#,(/#B$(;)-33$3O1n$

$

?6$($$k2',3()$!+.+6E$0))(1l$$S2!0T$5',3()3$(;/$(3$/"#$().3$$

-8$($;-3.+;$E)(=+/(<-6(,$G(=#$B#/#;/-)K$

$

Pulsar 
 Timing 
   Array 

2',3()3$(3$E)(=+/(<-6(,$G(=#$B#/#;/-)3$

[ Hellings & Downs 1983 ] 



2',3()3$(3$:)(=+/(<-6(,$J(=#$W#/#;/-)3$

x $$$2!0$+3$3#63+<=#$/-$$
$$$$6Zg$E)(=+/(<-6(,$G(=#3$

x $^-.5,#.#6/()1$/-$]?%04$

$$$$$]?:V$(6B$^>IL5-,$N(6B$

x $$$$CD5#;/#B$3-');#3K$
$$$$$$L$N+6()1$3'5#)L.(33+=#$

$$$$$$$$N,(;O$"-,#3$+6$#(),1$

$$$$$$$$:(,(D1$#=-,'<-6$

$$$$$L$$^-3.+;$3/)+6E3$

$$$$$L$$^-3.-,-E+;(,$3-');#3$

x $$$!15#3$-8$3+E6(,3K$
$$$$$L$3/-;"(3<;$S.',<5,#T$

$$$$$L$5#)+-B+;$S3+6E,#T$

$$$$$L$N')3/$S3+6E,#T$

(Kramer et al. 2004) 
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:(,(;<;$;#63'3$G+/"$/"#$%*0$

$

$L$pd`4```$6-).(,$5',3()3$

$L$p_4```$.+,,+3#;-6B$53)3$$

$L$pc``$)#,$N+6()+#3$

$L$M)3/$5',3()3$+6$:(,(;<;$^#6/)#$

$L$M)3/$#D/)(E(,(;<;$5',3()3$

S*)(.#)$#/$(,Q$_``a4$%.+/3$#/$(,Q$_``bT$

J+/"$/"#$%*0’%$;-,,#;<6E$()#($$(6B$+6;)#(3#$+6$3')=#1$35##BK$

" $G+/"$3#63+<=+/1$(,3-$<.+6E$5)#;+3+-6$+3$#D5#;/#B$$/-$+6;)#(3#$N1$8(;/-)$pc``$

" $)()#$(6B$#D-<;$5',3()3$(6B$N+6()1$313/#.3K$+6;,'B+6E$2%ALIZ$313/#.3n$



I,(;O$Z-,#$5)-5#)<#3$$$$

IZ$35+6K$

! 

" #
c
G

S
M 2

%$y$(6E',()$.-.#6/'.$

x $A#,(<=+3<;$35+6L-)N+/$;-'5,+6EK$
$$$L$2)#;#33+-6$-8$/"#$-)N+/$

$$$$$"+E"#)$-)B#)$B#)+=(<=#3$+6$3#.+L$

$$$$$.(j-)$(D+3$(6B$,-6E+/'B#$-8$$

$$$$$5#)+(3/)-6$

x $\-)$(,,$;-.5(;/$.(33+=#4$IZL,+O#$-Nj#;/34$$
$$G#H,,$N#$(N,#$/-$.#(3')#$35+6$z$=#)1$5)#;+3#,1$

x $?6$:A4$8-)$*#))LIZ$G#$#D5#;/K$
1!"

k^-3.+;$^#63-)3"+5$^-6j#;/')#l$S2#6)-3#$crirT$

IZ$&'(B)'5-,#$.-.#6/K$

Q = quadrupole moment 

32

4

M
Q

G
cq!

^,(33+;(,$35+6L-)N+/$;-'5,+6EK$
$$$L$;"()(;/#)+3<;$3+E6(,3$+6$<.+6E$)#3+B'(,3$

$$$$
x $\-)$*#))LIZ$G#$#D5#;/K$

2!"=q
k6-L"(+)l$/"#-)#.$

9:,53;&<0-&=>?@&

A&B,/,"C"&D$%(-$@&



2',3()$-)N+<6E$%:A$0{$

\+6B+6E$#=#6$($$k3+.5,#l$6-).(,$3,-G$5',3()4$G#$;(6$.#(3')#$/"#$IZ$G+/"$(.(g+6E$5)#;+3+-6K$

(Johnston et al. 2006 

 & unpublished Parkes & Effelsberg data,  

See also Deneva et al. 2009) 

•  >#(3')#$35+6$-8$%:A$0{$/-$5)#;+3+-6$-8$c`La$/-$c`Ld$K$^-3.+;$^#63-)3"+5n$

•  >#(3')#$&'(B)'5-,#$.-.#6/$/-$c`Ld$/-$c`L_$$K$X-$"(+)n$$S]+'$#/$(,Q$3'N.+[#BT$



V)+E+6$7$C=-,'<-6$-8$^-3.+;$>(E6#<3.$

•  >(E6#<;$M#,B3$()#$8'6B(.#6/(,4$N'/$5--),1$;-63/)(+6#B$(6B$/"#+)$-)+E+6$,+[,#$'6B#)3/--B$$

– 0R#;/3$E(,(D14$;,'3/#)$#=-,'<-6Y$

– 0R#;/3$5)-5(E(<-6$-8$;-3.+;$)(13$+6$?%>$(6B$?:>$

•  0,,L3O1$)-/(<-6$.#(3')#$3')=#13$5)-=+B#$)$M#,B3$(,-6E$,+6#3$-8$3+E"/$
•  ^-6<6''.$+6$?4$v4$(6B$Fn$

Xw%%$S!(1,-)$#/$(,QT$ CR#,3N#)EUw]0$SI#;O$#/$(,QT$



:#).(6$%*0$^-..'6+/1$7$C6E(E#.#6/$

•  0,)#(B1$/G-$*%23$S;-LT$,#(B$N1$:#).(6$3;+#6<3/3$9$N'/$.';"$G+B#)$+6/#)#3/U#D5#)<3#$

•  :]VJ$(3$;-6B#63(<-6$;-)#4$(,)#(B1$#D;#,,#6/$)#5)#3#6/(<-6$8)-.$

$$$$$$$F6+=#)3+<#34$Z#,."-,/g4$\)('6"-8#)4$]#+N6+g$'6B$>(DL2,(6;O$?63</'/#3$

•  I'+,B$-6$#D5#)+#6;#3$G+/"$]V\0A$$

•  ?6$5)#5()(<-6K$:#).(6$%*0$^-63-)<'.$

•  !"#$>2?8A$"-3/3$/"#$C')-5#(6$%*0$2)-j#;/$%;+#6<3/$Z#+6-$\(,;O#$$

•  $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$(6B$w+;#L2)-j#;/$%;+#6<3/$Z(63LA(+6#)$*,|;O6#)$

•  I#E'6K$J"+/#$2(5#)$/-$;(5/')#$:#).(6$3;+#6;#$+6/#)#3/3$(6B$;-6/)+N'<-6$/-$$

$$$$$$X(<-6(,$A-(B.(5K$

$$$$$$$$$$L$N)-(B$3;+#6;#$/-5+;3$9$6-/$-6,1$(3/)-6-.1n$9$^-.5'<6E4$#6#)E1$#/;Q$

$$$$$$$$$$L$N)-(B$)#5)#3#6/(<-6$S('/"-)3$8-).$(N-'/$d`$B+R#)#6/$+63</'<-63T$

$$$$$$$$$$L$CB+/-)3K$\(,;O#4$*,|;O6#)4$C;O()/4$*('R.(664$%;"G()g$#/$(,Q$

•  \')/"#)$;-..'6+/1$#6E(E#.#6/$6##B#Bn$

GLOW 
 
And others 



^-6;,'3+-63$

•  X-/#K$!"#)#$G(36H/$<.#$/-$/(,O$(N-'/$:#).(6$0%*024$>##)*0!$#/;Q$+6=-,=#.#6/$

•  ]-/3$/"+6E3$()#$"(55#6+6E$+6$(,,$()#(3$-8$%*0$/#;"6-,-E1$(6B$3;+#6;#$

•  J#$()#$E#}6E$($E,+.53#$-8$/"#$#D;+<6E$3;+#6;#$N1$/#3<6E$%*0$

$$$$$$/#;"6-,-E1$-6$#D+3<6E$/#,#3;-5#$S#QEQ$G+B#LN(6BG+B/"$8##B$-6$CR#,3N#)E4$

$$$$$02CA!?\$-6$J#3/#)N-)OT$-)$6#G$/#,#3;-5#3$,+O#$]V\0AQ$

•  %*0c$G+,,$N#$($3'5#)N$G-),BL;,(33$+63/)'.#6/$+6$+/3$-G6$)+E"/n$

•  %*0_$G+,,$N#$-=#)G"#,.+6EK$($)#=-,'<-6$+6$=()+-'3$G(13$

•  :#).(6$;-..'6+/1$(,)#(B1$+6=-,=#B$N'/$N+E$5()<;+5(<-6$+6$%*0$5)-5#)$.+33+6E$

•  2-,+<;(,,14$/"+6E3$()#$.-=+6E$8(3/$(6B$B#;+3+-63$()#$.(B#$6-G$

$

•  ]#/H3$#6E(E#$-6$"-G$/-$.-=#$/"+6E3$8-)G()BPn$$%'EE3<-63YYY$

$

$$$$$


