
!"#$%&'()*+,-,./&#0(102(3&
4,562)&#12.2+5&71,.186&9+8-/525&:1,;<&

&
=(+&>(6?8)*&

@><8)(&'(-(5),<(&>)2(+)(&$+5AB;B(C&
>(<B(6?(1&DDE&DFGG&&
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'()*+,-,./&$+0(5B6(+B&91(85&
!! !"#"$%&'"(#")*'+,+-.(/+)01(2$"21(/+$(2(,2$-"(34567(%&11&+'(

&'(#*"('"8#(9")29"(
!! 7,552?-(&81(85&,H&2+0(5B6(+B&?(+(IJ+.&62552,+5&,H&8--&52K(5&

!! L(B()B,15&
!! #<A)8-&),8A+.5&
!! :18A+.&26<1,0(6(+B5&
!! M;-A<-(N2+.&(-(6(+B5&O&$P!5&

!! 7,552?-(&81(85&,H&2+0(5B6(+B&5<()2I)8--/&?(+(IJ+.&-81.(Q8<(1B;1(&
62552,+5&

!! R80(H1,+B&5(+52+.&8+S&),+B1,-&
!! T2.*B3(2.*B&6211,15&
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'()*+,-,./&L(0(-,<6(+B&91(85&H,1&B*(&
4,562)&#12.2+5&71,.186&@'4#7C&

!! L(B()B,15&
!! U2.*-/&5(+52A0(&S(B()B,15&8+S&-81.(&8118/5&,H&S(B()B,15&81(&H;+S86(+B8-&

B,&4,562)&#12.2+5&62552,+V5&)8<8?2-2A(5W&L(B()B,15&B*8B&3,1X&H1,6&B*(&
(NB1(6(&;-B1802,-(B&B,&B*(&5;?62--26(B(1&<,1A,+&,H&B*(&5<()B1;6&8+S&B*(21&
855,)28B(S&B()*+,-,.2(5&@(W.WE&68+;H8)B;18?2-2B/E&1(8SQ,;B&(-()B1,+2)5E&
<8)X8.2+.C&32--&?(&)12A)8-&B,&8)*2(02+.&B*(&.,8-5&,H&H;B;1(&4,562)&#12.2+5&
2+0(5A.8A,+5W&&

&
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'()*+,-,./&L(0(-,<6(+B&91(85&H,1&B*(&
4,562)&#12.2+5&71,.186&@'4#7C&

!! !-B1802,-(B&4,8A+.5&
!! $6<1,0(S&1(Y()A0(&),8A+.5&H,1&,<A)5E&<81A);-81-/&2+&B*(&;-B1802,-(B&<81B&

,H&B*(&5<()B1;6E&),;-S&/2(-S&S1868A)8--/&6,1(&5(+52A0(&2+5B1;6(+B5&8+S&
<(162B&6,1(&2+5B1;6(+B&S(52.+&H1((S,6W&$+)1(852+.&5/5B(6&B*1,;.*<;B&25&
8&0(1/&),5B&(Z()A0(&38/&B,&8)*2(0(&6,1(&5)2(+)(&8+S&,[(+&25&-(55&),5B-/&
B*8+&526<-/&;52+.&8&-81.(1&<12681/&6211,1W&>B;S2(5&,H&26<1,0(S&S(<,52A,+&
<1,)(55(5&H,1&X+,3&!"&1(Y()A0(&),8A+.5&@(W.WE&M.PDC\&2+0(5A.8A,+5&,H&
+(3&),8A+.&68B(128-5&32B*&<1,6252+.&!"&<(1H,168+)(E&8+S&(N862+8A,+&
,H&*8+S-2+.&<1,)(55(5E&),+B862+8A,+&),+B1,-\&8+S&58H(B/&<1,)(S;1(5&
1(-8B(S&B,&S(<,52A+.&),8A+.5E&5B,12+.&),8B(S&,<A)5E&2+B(.18A+.&),8B(S&
,<A)5&2+B,&Y2.*B&*81S381(&81(&8--&81(85&3*(1(&<1,.1(55&3,;-S&?(&
08-;8?-(W&



COPAG Workshop - 22-Sep-2011 Sembach # 5 

'()*+,-,./&L(0(-,<6(+B&91(85&H,1&B*(&
4,562)&#12.2+5&71,.186&@'4#7C&

!! 9S08+)(S&],168-&$+)2S(+)(&#<A)5&
!! M2552,+5&32B*2+&B*(&4,562)&#12.2+5&71,.186&1(-/&*(802-/&,+&B*(21&8?2-2B/&B,&

),--()B&(+,;.*&-2.*B&(+(1./&32B*&8<<1,<128B(&8+.;-81&1(5,-;A,+&B,&8SS1(55&
26<,1B8+B&4,562)&#12.2+5&^;(5A,+5W&'*(1(H,1(E&8&<1(62;6&25&<-8)(S&,+&
B*(&8?2-2B/&B,&68+;H8)B;1(E&B(5B&8+S&),+B1,-&,<A)5&,H&52K(5&.1(8B(1&B*8+&
_D&6(B(15&2+&S286(B(1W&=(/5&B,&8S08+)(6(+B5&2+&B*25&81(+8&81(&+(3&
B()*+2^;(5&8+S&B()*+,-,.2(5&H,1&1(S;)2+.&81(8-&S(+52B/&,H&,<A)5E&
<1,S;)A,+&A6(5\&68+;H8)B;12+.&;-B18Q<1()25(E&-,3Q6855&S(<-,/8?-(&
5B1;)B;1(5&B,&1(S;)(&-8;+)*&0,-;6(&H,1&-81.(Q8<(1B;1(&5<8)(&B(-(5),<(5&
8+S&2+B(1H(1,6(B(15\&)1/,.(+2)&,<A)5\&8+S&6()*8+2565&8+S&6(B*,S5&H,1&
26<1,02+.&),+B1,-&,H&B*(&5;1H8)(&I.;1(W&&
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>9'O4#%&>(-()A,+5&2+&P`GD&
@>-2S(&H1,6&M812,&7(1(KE&]9>9&UaC&
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$+)1(852+.&'*1,;.*<;B&
!! '*(&B*1,;.*<;B&,H&,<A)8-&5/5B(65&8B&;-B1802,-(B&380(-(+.B*5&

*85&),+52S(18?-(&*(8S1,,6&H,1&.1,3B*W&
!! b0(+&#<A)8-O$%&S(52.+5&)8+&?(&26<1,0(S&028&6;-A<-(N2+.W&
!! '()*+,-,./&2+0(5B6(+B5&)8+&?(&B18S(S&8.82+5B&8<(1B;1(&52K(W&

!! $+0(5B6(+B5&3,;-S&?(+(IB&8--&62552,+&52K(5&@>Mbc&M$LbcE&71,?(Q4-855E&P-8.5*2<C&
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L(B()B,15&@GOdC&
!! $6<1,02+.&!"&^;8+B;6&(e)2(+)/&25&8&X(/&255;(&

!! 781A);-81-/E&?8+SQ80(18.(S&08-;(5&
!! M8B)*2+.&B,&,<A)8-&!5&25&26<,1B8+B&H,1&S8B8&^;8-2B/&

;+2H,162B/&3*(+&(N<,52+.&H,1&5262-81&A6(5&&&

COS FUV MCP"

1216 Å" ~34%"

1300 Å" ~30%"

1400 Å" ~23%"

1500 Å" ~20%"

1600 Å" ~13%"

1750 Å" ~ 10%"

COS NUV MAMA"

2000 Å" ~10%"

2500 Å" ~9%"

3000 Å" ~4%"Blades et al. 2001"
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L(B()B,15&@DOdC&
!! #B*(1&X(/&S(B()B,1&255;(5&

!! f(g(1&<*,B,)8B*,S(&68B(128-5&81(&+((S(S&
!! bN86<-(h&9-:8]E&:8]&5*,3&.1(8B&<1,625(&&@ab5&i&jFk&8B&GDD&+6C&?;B&*80(&

*2.*&S81X&+,25(&8+S&81(&+,B&/(B&5;2B8?-(&H,1&-81.(&H,168B5&
!! 4,+52S(18?-(&3,1X&25&+((S(S&B,&(NB(+S&1(5;-B5&B,&5(62QB18+5<81(+B&6,S(&

,1&B,&;5(&2+&,<8^;(&6,S(&,+&62)1,)*8++(-&<-8B(5&
&
!! P-8l2(-S5&&

(Left) HST-COS flat field image of a 10 x 13 mm area of the far-ultraviolet MCP detector.  The 
fiber bundles imprint an obvious fixed-pattern noise features in the image.  (Right)  A new glass 
process MCP flat field for a similar image area, demonstrating the absence of fixed-pattern noise 
(Siegmund et al. 2007).!

!
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L(B()B,15&@dOdC&
!! #B*(1&X(/&S(B()B,1&255;(5&

!! P,168B&
!! T,+.&M47&S(B()B,15&@G5B&,1S(1&8<<5C&
!! T81.(QH,168B&!"Q5(+52A0(&44L5&
!! bNB1(6(-/&-81.(&H,168B&,<A)8-O]$%&&
&&&&S(B()B,15&

!! f8)X.1,;+S5&@<*,B,+&),;+A+.C&

!! %8S28A,+&*81S+(55&
!! 4*81.(&B18+5H(1&(e)2(+)/&<126812-/&8+&255;(&H,1&-81.(&44L5&2+&5<8)(&
!! <Q)*8++(-&05W&+Q)*8++(-&)8+&*(-<&
!! 4M#>&@,1&97>C&S(02)(5&*,-S&.1(8B&<1,625(&?;B&);11(+B-/&*80(&*2.*(1&1(8S&

+,25(&8+S&-,3(1&ab&B*8+&),+0(+A,+8-&44L5\&+((S&S(0(-,<6(+B&

!! #<(18A,+&8B& 1,,6 &B(6<(18B;1(&
!! 4,+B862+8A,+&,H&!"&,<A)5&8+S&S(B()B,15&25&8&68m,1&),+)(1+&8B&)1/,.(+2)&

B(6<(18B;1(5&

HST-COS far-ultraviolet detector showing the two 
abutting microchannel plate detector segments 
(each 85 x 10 mm) curved to the focal plane of the 
spectrograph. 
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#<A)8-&4,8A+.5&
!! '()*+,-,.2)8-& B8--&<,-(5 &

!! >6,,B*+(55E&5;1H8)(&^;8-2B/O;+2H,162B/E&<,-812K8A,+&
!! U2.*&1(Y()A02B/&@inFkC&),8A+.5&,0(1&-81.(&?8+S<855(5&@GFF&+6&o&Gµ6C&

!! 4,6<8A?2-2B/&32B*&;5(&8B&!"&380(-(+.B*5&25&*2.*-/&S(5218?-(&
!! 4,8A+.5&-2X(&9-pT2P&68/&?(&S2e);-B&B,&*8+S-(&,+&-81.(&,<A)5&&&

HST!
Al+MgF2!

HST OTA!
1150 Å! 26%!
1200 Å! 41%!
1500 Å! 41%!
2000 Å! 49%!
2500 Å ! 60%!
3000 Å! 61%!

:&-*#(,+11(/$+%(;*$""(<=>($"?")@+'1(A(;"'(B=>($"?")@+'1(A(;C"'#.D5'"(BE>($"?")@+'1((
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Large Mirrors 

~3x 

16x 
30x 

Lightweight Mirrors 

VLT! HST! JWST! AMT!
20,000 

kg"
7,000 

kg"
1,250 

kg"
650 "
kg"

How much would an 8-m mirror weigh?!

VLT Mirror!

HST Mirror!

AMT Prototypes!

JWST Mirrors!
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#<A)8-&L(52.+5&&
!! M;-A<-(N2+.&)8+&26<1,0(&(e)2(+)/&?/&,1S(15&,H&

68.+2B;S( &&
!! >-2B-(55&5<()B1,5),</&
!! M;-AQ,?m()B&8<(1B;1(&8118/5&
!! $+B(.18-&I(-S&;+2B5&

&@(0(+&8--Q1(Y()A+.&$P!5&2+&!"C&

!! qR>'&25&B8X2+.&8S08+B8.(&,H&5<()B1,5),<2)&6;-A<-(N2+.&

!! :1256&5<()B1,5),</&32B*&U>'QRP4d&25&?(2+.&8<<-2(S&B,&
I(-S5&18+.2+.&H1,6&bN,7-8+(B5&B,&4,56,-,./&

WFC3 IR!

WFC3 UVIS!

STIS!
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=(/&7,2+B5&
!! $6<1,0(6(+B5&2+&B*1,;.*<;B&<1(5(+B&+(3&5)2(+)(&,<<,1B;+2A(5&

!! f12+.2+.&!"&B*1,;.*<;B&,+&<81&32B*&,<A)8-O]$%&380(-(+.B*5&32--&1(^;21(&
?(g(1&S(B()B,15&8+S&,<A)8-&),8A+.5&

!! $6<1,0(6(+B5&2+&!"&B*1,;.*<;B&)8+&?(&),5B&(Z()A0(&
!! P8)B,1&,H&r&5*,;-S&?(&8)*2(08?-(&@(^;208-(+B&B,&S,;?-2+.&<12681/C&

!! L(B()B,15&+((S&S(S2)8B(S&2+0(5B6(+B&5B18B(./&
!! ab&26<1,0(6(+B5E&<*,B,+Q),;+A+.E&-81.(&H,168B5E&(+021,+6(+B8-&

B,-(18+)(&2+&!"&
!! T81.(&H,)8-&<-8+(5E&-,3&1(8S+,25(E&.,,S&),56(A)5&2+&,<A)8-O]$%&

!! #<A)5&8+S&),8A+.5&+((S&B,&?(&26<1,0(S&85&3(--&&
!! %(Y()A,+5&@);11(+B-/C&),5B&S(81-/&2+&B*(&;-B1802,-(B&
!! $+5B1;6(+B&S(52.+&<,552?2-2A(5&8?,;+S&32B*&*2.*(1&1(Y()A02B/&


