
!"#$%&"'$('')

*+#($,-#.%/)""$%0(1,-2%3#-45%-6%7('()$-5()%8/039&"'$('')%%:
;<=;%!"#$>%?< @ABCA%"2D%-,>(#%)4#E(F%$"5"G+'+,+()%",%@H7



20/12/2010
Kish Island - Mid
size telescopes 2

La Palma - La Palma - EuropeEurope’’s Prime Observatory Site in the North:s Prime Observatory Site in the North:
Observatorio Roque de los Muchachos (ORM)Observatorio Roque de los Muchachos (ORM)

2.5-m INT2.5-m INT

2.5-m NOT2.5-m NOT 3.6-m TNG3.6-m TNG

1.0-m JKT1.0-m JKT
2.0-m LT2.0-m LT 1.0-m MT1.0-m MT

4.2-m WHT4.2-m WHT

10.2-m GTC10.2-m GTC

17m MAGIC 1-217m MAGIC 1-2



/)""$%0(1,-2%3#-45%-6%7('()$-5()/)""$%0(1,-2%3#-45%-6%7('()$-5()
! /03%-5(#",()%,>#((%,('()$-5()%6-#

IJ.%0K.%AL

! M'D(),.%'"#N(),%MO!%4)(#%+2),+,4,+-2
! B,%MO!%)+2$(%=PQ;

! RS<%),"T.%;U%F("#)%-5(#",+2N%,('()$-5()

! K("D+2N%)$+(2,+V$%5#-D4$,+-2

! W4##(2,'F%5'"22+2N%6-#%2(X,%=<%F("#)

!"# $%&'

/07 ;YUZ

[J7 =Y<Z%82-,%-T(#(D9
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Instrumentation

WHT developed as versatile telescope with easy
switching between focal stations
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http://www.ing.iac.es/astronomy/observing/instruments.html



\#-N#"Z%-6%C+)+,+2N%/2),#4Z(2,)\#-N#"Z%-6%C+)+,+2N%/2),#4Z(2,)
L4$$())64'%5#-N#"Z%-6%(")F
D(5'-FZ(2,%-6%5#+E",(%+2),#4Z(2,)

" LBIOM0
" \0L
" \'"2(,\-'
" AX\-
" /07A3OBK
" IK7OBWB!
" ]"),W"Z
" 3H"]"L
" L\/]L

•]4,4#(
• \BIW"Z

• BMK/%K4$^F%/Z"N(#
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7(),:G(D%6-#%A:AK7%,($>2-'-N+()7(),:G(D%6-#%A:AK7%,($>2-'-N+()

• WB0BO_%)F),(Z%6-#%Z4',+:-G`($,
"D"5,+E(%-5,+$)%8!MBM9%6-#
AB3KA%8A:AK79

• *4#>"Z.%IJB7W.%\"#+):KAL/B.
!"#)(+''(.%/03

• \>")(%B%803L9%)4$$())64'

• 0-1%5#(5"#+2N%\>")(%&.%S%K3L.
-5(2%'--5Y
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7#"+2+2N7#"+2+2N
! /03%#()+D(2,%),4D(2,%5#-N#"ZZ(

! S%\>*%),4D(2,)%)5(2D%=%F#%",%/03
! !"2"N(%"2D%)455-#,%"''%/07%-G)(#E",+-2)
! !"2F%\>*%),4D(2,)%'("#2%,-%G(%"),#-2-Z(#)%",%/03
#;<=;:=?%),4D(2,%)('($,+-2%-5(2

#*("D'+2(%;<=;%B5#+'%a
# >,,5bcc111Y+2NY+"$Y()c"),#-2-ZFc)$+(2$(c),4D(2,)>+5Y>,Z'
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W-''"G-#",+-2%1+,>%37WW-''"G-#",+-2%1+,>%37W
! B2%/03:37W%"''+"2$(%",%MO!b%,>(%!"#$%&'()*

! #+,-,!.'!%/%01)2%'3$4'#$0&567%$&3&8)$'+%&9)5:

! L+N2(D%;<==

! W-''"G-#",+-2%5#-`($,)
! ML/O/L%$#F-),",%8;<==%["2%e%[42(9

! B'+N2Z(2,%-6%37W%5#+Z"#F%Z+##-#
)(NZ(2,)8-2N-+2N9

! \-,(2,+"'%6-#%N#-1,>
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@H7%4)"N(.%-E(#)4G)$#+5,+-2@H7%4)"N(.%-E(#)4G)$#+5,+-2

! L5"+2%-E(#)4G)$#b%;YU:?
! O(Z"+2)%>+N>%"6,(#
"$$())+-2%,-%ALM

! CK7%-E(#)4G)$#b%?Y;
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H+N>H+N>::+Z5"$,+Z5"$,%%)$+(2,+V$)$+(2,+V$%%5#-D4$,+E+,F5#-D4$,+E+,F
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]-#,>$-Z+2N%5"5(#b

&(22%f%[+Zg2(h:K4`i2.%%;18%$&8<1
87231&')='/35>%'&%/%01)2%0'?@@?-
AB?B.%+2%5#(5Y



\'"2)\'"2)%%6-#6-#%%2(X,2(X,%%D($"D(D($"D(
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7>+2^+2N%7>+2^+2N%/03/03jj))%64,4#(%64,4#(

! /03%&-"#D

! /03%LBW

! /03%!"2"NY

! L7]W:0@M:/BW:37W%1-#^+2N%N#-45
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SZ%+2%=<Z%(#"SZ%+2%=<Z%(#"
! *-%1>",%F-4%D-%G(,,(#%,>"2%,>(%=<Z

!C84%'<%/4'30&5)$)7D
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L,#",(N+$L,#",(N+$%5'"22+2N%;<=?:;<;;%5'"22+2N%;<=?:;<;;
>,,5bcc111Y+2NY+"$Y()c"G-4,:/03c),#",(NFc

! ;<=?:;<=a
=Y !"+2,"+2%$4##(2,%Z-D('%-6%N(2(#"'%54#5-)(

,('()$-5(

;Y /2,#-D4$(%'-2N:,(#Z%5#-N#"ZZ()

?Y &4+'D.%$-ZZ+))+-2%@ABCA

! ;<=d:;<;;
! @ABCA%)4#E(F)

" O(,"+2%"$$())%,-%-,>(#%+2),#4Z(2,)%8k9
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K-2N:K-2N:,(#Z,(#Z%%5#-N#"ZZ()5#-N#"ZZ()

! AX5($,%+2$#(")(%,('()$-5(%5#-D4$,+E+,F

! M0K_%/]%D(ZZ"2D(D%GF%,>(%$-ZZ42+,F

! O(l4+#()%$>"2N()%+2%7BW%5#-$())()
! W-ZZ-2%IJ.%0K.%AL%7BW%6-#%'-2N%5#-N#"ZZ()

! ()*+,-./012+3.45/6718+2'.781
! B];c@_]]ML

" S^%O(DmWW*Y%%7>#-4N>54,c-5(#",+-2"'%+))4()

! /L/L.%K/O/L.%n

&"'$('')%%:
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;<=d:;<;;%L4#E(F)%+2%,>(%@ABCA;<=d:;<;;%L4#E(F)%+2%,>(%@ABCA
(5-$>(5-$>! @ABCA%)4#E(F).%)((%G('-1

! U<ok%%d<ok%%9::;k%,+Z(%,-%@ABCA%)4#E(F)k

! L$+(2,+V$%$-Z5'(Z(2,"#+,F%@H7%e%37W
! W'"))+$"'%b%@H7%e%+Z"N+2N.%%37W%e%L5($,#-)$-5Fkk

! B',(#2",+E(b

! L5($,#-)$-5F.%@H7b%Cp=dp;<%cc%37Wb%Cp;<:;?

! @H7c@ABCA%$-ZG+2(D%1+,>%37Wc!A3BOB

! \-1(#64'%-55-#,42+,+()%6-#%L5"2+)>%"),#-2-ZF
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@ABCA@ABCA

/2),#4Z(2,%W-2$(5,/2),#4Z(2,%W-2$(5,

3"E+2%*"',-2%8OBKL5"$(cMX6-#D9

O/B%WBHBcMO!%;?c?c=;
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&"$^N#-42D&"$^N#-42D
! W-ZZ42+,F%D+)$4))+-2%Z((,+2N)%+2%("#'F%;<=<

" 8)((%!"#$j)%,"'^%6#-Z%F(),(#D"F9
" C(#F%),#-2N%$")(%6-#%1+D(:V('D%!ML
" L4ZZ"#+)(D%+2%&"'$('')%(,%"'Y%;<=<%8L\/A9
" MG`($,+E(%,-%D(E('-5%"%5-1(#64'%G4,%#("'+),+$%+2),#4Z(2,%6-#%,>(

2(X,%5>")(%-6%,>(%@H7Y

! /2),#4Z(2,%$-2)-#,+4Z%5>")(%B%JM%[4'F%;<=<%,+Z('+2(%6-#
^(F%qE+)+G+'+,Fj%5#-5-)"')%+2%["2%;<==Y
" IJb%7-5%#"2^(D%1+D(%V('D%!ML%5#-5-)"'%8E)%&+N:&MLL.%L4G"#4:

\]L.%S!ML7.%!MM0L.%Cr*L%n%9
" 0Kb%J(F%#"2^+2N%+2%-E(#"''%),#",(N+$%5'"2%8D($"D"'%)4#E(F9Y

! W#+,+$"'%),#",(N+$%D($+)+-2)%-2%/03%'-2N%,(#Z%5'"2
>"55(2+2N%2-1Y
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\>")(%&%,+Z('+2(\>")(%&%,+Z('+2(

! JM%L(5,(ZG(#%;;:;?cP%;<==

! L$+(2$(%#(l4+#(Z(2,)%$'-)(D:-4,%*($%;<==

" ]'-1%D-12%,-%)4G)F),(Z%)5($+V$",+-2)%"2D
+2),#4Z(2,%D()+N2Y

" M2N-+2N%D(E('-5Z(2,%-6%)$+(2$(%$")()%"2D%)4#E(F
5'"22+2N%-2$(%#(l4+#(Z(2,)%VX(DY

! \#('+Z+2"#F%*()+N2%O(E+(1%["2c](G%;<=;Y

" L,"N(:N",(%6-#%642D+2NY
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;<

3(2(#"'%K"F-4,%-6%@H73(2(#"'%K"F-4,%-6%@H7

GHRIL enclosure,
WEAVE
spectrograph

Current
top-end
flip-ring
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/2),#4Z(2,%ME(#E+(1/2),#4Z(2,%ME(#E+(1
! 0(1%,-5%(2D%"2D%;s%]MC%5#+Z(%6-$4)%$-##($,-#

" 0-%+Z5"$,%-2%$4##(2,%@H7%642$,+-2"'+,Fc+2),#4Z(2,)

&"'$('')%%:
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Prime Focus Corrector

•2 degree diameter field of view (f/2.7)
•940mm first lens
•290mm back focal distance
•Counter-rotating ADC
•Polychromatic image quality degrades
by only 0.1” at 55 degrees ZD with ADC.
•Flat focal plane with tolerable non-
telecentricity

&"'$('')%%:
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W-##($,-#b%S<j%E)%;%D(N



;:D(N%$-##($,-#%;:D(N%$-##($,-#%ee%G'4(%,>#-4N>54,%G'4(%,>#-4N>54,



;S

\#+Z(%]-$4)%W-##($,-#%f%B*W\#+Z(%]-$4)%W-##($,-#%f%B*W
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/2),#4Z(2,%ME(#E+(1/2),#4Z(2,%ME(#E+(1
! 0(1%,-5%(2D%"2D%;s%]MC%5#+Z(%6-$4)%$-##($,-#

! \+$^:"2D:5'"$(%VG(#%5-)+,+-2(#%8;D]:'+^(9

" K-1%$-),.%'-1%#+)^%)-'4,+-2%1+,>%M7L%$-Z5-2(2,)Y

&"'$('')%%:
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Total positioner mass
~600kg (including anti-vibration counterweights)

Obstruction diameter
~1.5m

Tumbler clears corrector by
~30mm

Positioner Fits inside the available vertical space
envelope… (just clears the crane
gantry)

Positioner 1

Positioner 2

Sky Camera

Fibre wrap
&"'$('')%%:
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Positioner concept similar to AF2/2dF, but all COTS components…
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FIELD SIMULATION

Random target
distribution,
oversampled
(1800 targets)

970 targets allocated

8300 fibre crossings

Reconfiguration
simulations imply ~1600
moves to reconfigure…,
but some optimisation
still to be done…
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@ABCA%@ABCA%/]I)/]I)
! I)(%,>(%64''%"E"+'"G'(%)'+,%'(2N,>%-6%,>(%)5($,#-N#"5>Y

! ;<:?<%)Z"''%V('D%/]I).%)"Z(%VG#(%)+h(%")%!ML

! U<:?<%VG#()c42+,.%(YNY

! K"#N(%)+2N'(:V('D%/]I%4)()%64''%)'+,%'(2N,>%+2%"%)+2N'(%/]I%'-$",(D%",%P<s%,4ZG'(#
5-)+,+-2

1.
5”

14.
7”

9”

IFUs stored on one
MOS field plate, at
the cost of a small
number of MOS
science fibres.

Physical size of IFU
unit still governed by
57µm/” plate scale,
so still only a few mm
button size.

12.4”

7.8
”

1.3”

&"'$('')%%:
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*4"':&("Z%L5($,#-N#"5>%A"#'F%*()+N2%8OBKcBL7OM09*4"':&("Z%L5($,#-N#"5>%A"#'F%*()+N2%8OBKcBL7OM09

Slit

Collimator
mirror

Dichroic

Blue collimator
corrector lenses

Blue camera

Red camera

Red collimator
corrector lenses

• B)5>(#+$%)'+,%5'"2(
• L5>(#+$"'%$-''+Z",-#%Z+##-#
• *+$>#-+$%"6,(#%$-''+Z",-#%Z+##-#
• ]4)(D%)+'+$"%$-##($,-#%1+,>%,1-%")5>(#()

• P%('(Z(2,%$"Z(#"%1+,>%-2(%")5>(#(
• !"X%'(2)%D+"%R%?U<%ZZ
• M>"#"%+:'+2(%8"E"+'"G'(%,-%?<<%ZZ%D+"9%"2D

L$>-,,%#($-ZZ(2D(D%'"#N(%N'"))%,F5()

! L+N2%-6%G'4(%"2D%#(D%D+T#"$,+-2%-#D(#)
Z",$>(D%,-%"''-1%"%),#"+N>,%)'+,%+2%G-,>
D(,($,-#)

! M,>(#%6-'D%$-2VN4#",+-2)%"#(%5-))+G'(

f/3.0 input, f/1.75 camera, 180mm beam diameter. 2x8kx3k e2V
CCDs in each camera.

?;@ABCA%"2D%-,>(#%)4#E(F%$"5"G+'+,+()%",%@H7



WEAVE throughput
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@ABCA%)$+(2$(%5#+-#+,+()@ABCA%)$+(2$(%5#+-#+,+()
! W'"))+$"'%)$+(2$(%$")()%6-#%@]%!MLb

?E ,F#F'=)//)9-62

! GHIJBBB'=)5'53483/'K%/)18&8%0'98&L'%55)50'M'N':7O0

! GHABJBBB'=)5'1L%7813/'P&3>>8$>Q

AE ,3/3RD'%K)/6&8)$

! S98&L'/35>%'#T*J'78$8-#T*0U

! T)//)9-62')='621)78$>'065K%D0'SVWTFGJ'X3$-;!FGG;U

NE .)07)/)>D'5%40L8=&'065K%D0

;<==:<Q:?= ?S/-B%W"ZG#+DN(



L4#E(F%\#-V'(L4#E(F%\#-V'(
! 3"+"%'-1:#()%)4#E(F%+2%N#(FcG#+N>,Y%8d<<%2+N>,)9

! H+N>%O()%)4#E(F%+2%G#+N>,%,+Z(Y%8Q<%2+N>,)9

! KM]BOcB\AO7/]%)4#E(F)%+2%D"#^%,+Z(.%G4,%$-ZG+2(%1+,>
-4,(#%>"'-%),"#)%8Q<<%2+N>,)9

! U%F("#%5#-N#"ZZ(
! L+Z4',"2(-4)%(X($4,+-2%"''%)4#E(F)%m%\/%5#-`($,)

! A"$>%$-42,#F%$-4'D%#(,"+2%"%G+,%-6%,+Z(%6-#%)Z"''%5#-`($,)

&"'$('') ;<=;%](G%;;%%%3#"2"D"%HArB%@-#^)>-5 ?U



@ABCA%W-),@ABCA%W-),

! H"#D1"#(%tU;d<^.%+2$'4D+2N%$-##($,-#%"2D%,-5:(2D
Z-D+V$",+-2)Y

! AT-#,b%Sd%]7A)

! 7-,"'%+2),#4Z(2,b%t=;!

! ]42D+2Nb
! IJ.%0K.%AL.

! 0-2:/03%5"#,2(#)b%]#"2$(.%3(#Z"2F%8-2N-+2N%D+)$4))+-2)9

! BL7OM0A7%5'"22+2N%)$>(Z()%6-#%$#-)):A4#-5("2%642D+2N%)$>(Z()

! W4##(2,%642D+2N%),",4)b

" 7-%\*O%80Ku%L7]Wu%/039

&"'$('') ;<=;%](G%;;%%%3#"2"D"%HArB%@-#^)>-5 ?a



@ABCA@ABCA
<,'. =>?6,86@7 A@18

3"E+2%*"',-2 WR=)54OGFV \Y/Y

*"E+D%W"#,(# V8K%52))/'YE(E *(54,F%\Y/Y

*-2%W"#'-)%BG#"Z) #+, \#-`($,%!"2"N(#

L$-,,%7#"N(# ,5)$8$>%$ \#-`($,%L$+(2,+),

W>#+)%AE"2) *Z'F!. /2),#4Z(2,%L$+(2,+),

\>+'%O(() *Z'F!. LF),(Z)%L$+(2,+),

A,BC,*. D7186828.

L5($,#-N#"5>%-5,+$) WR=)54OGFV

L5($,#-N#"5>%Z($>"2+$) +W[F

]+G#() X3580

\-)+,+-2(#%#-G-, WR=)54

BDE"2$(D%5-)+,+-2(#) *Z'F!.

*(,($,-#).%('($,#-2+$) V8K%52))/'YE(E

LF),(Z)%(2N+2((#+2N *Z'F!.

@H7%,-5%(2D.%\]%$-##($,-# #+,J'+81%

A'($,#-2+$).%L-6,1"#( #F.J'#+,
&"'$('') ?d;<=;%](G%;;%%%3#"2"D"%HArB%@-#^)>-5



@ABCA%7/!AK/0A@ABCA%7/!AK/0A

! ](G%;<=?b%\*O%c%W-##($,-#%]*O

! ;<=db%3-"'%+)%,-%$-Z5'(,(%$-2),#4$,+-2%"2D%G(
-2:)^F%6-#%)$+(2$(Y

! U%F("#)%-6%-5(#",+-2)%=Y?X=<d%)5($,#"v

&"'$('')%%:
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L4ZZ"#FL4ZZ"#Fb%b%)4#E(F)4#E(F%%$"5"G+'+,+()$"5"G+'+,+()%",%@H7%",%@H7
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