
National Aeronautics and 
Space Administration!
Cosmic Origins!
Program Office"

!"#$!%&'()&%$*+,,-./%&$
0$!-'/1$*2/%)2%$*+,,-./%&$

3('/24$*5-.&$
!"#$%&'()&$*+(,,-$

.&/$0"1'1)1)$*2&3,1)-$
%4)"/$5#678$*916/1)-$

06:"$.;/&:1$
<1/$=&)>1/71)$

$
6$



National Aeronautics and 
Space Administration!
Cosmic Origins!
Program Office"

!"#$!%&'()&%$*+,,-./%&$
0$!-'/1$*2/%)2%$*+,,-./%&$

3('/24$*5-.&$
!"#$%&'()&$*+(,,-$

.&/$0"1'1)1)$*2&3,1)-$
%4)"/$5#678$*916/1)-$

06:"$.;/&:1$
<1/$=&)>1/71)$

$
7$



8(9$1($,(:%2+:%&$
-)1$1+&5$;(.,$/)$5<%$
/)5%.-2=)>$9/)1&$(;$
,-&&/?%$&5-.&@$

3%1$A+::$BCD*DEA*"FG$
3(,$H-1+.-$BCII$A*"FG$$

J$



K+&5$"(.,-=()$
•" L/>$'/25+.%$$
–"K+&5$)+2:%/$-)1$,(:%2+:%&$-.%$%M'%::%1$/)$5<%$9/)1&$-)1$
%N%25-$(;$,-&&/?%$&5-.&O$P<-5$-.%$5<%$2()1/=()&$:%-1/)>$
5($5</&$1+&5E,(:%2+:%$;(.,-=()@$

–"K+&5$':-Q&$-)$/)5./)&/2$.(:%$%?%)$-5$</><$.%1&</R&$9<%.%$
,-&&/?%$&5-.&$-.%$5<%$&(+.2%OO$

•" SM-,':%$(;$9<-5$<-&$T%%)$1()%$+'$5($)(9@$
–"8*3E*3#*$&5+1/%&$(;$S5-$F-. &$/)5%.-2=)>$9/)1&$?/-$
;(.T/11%)$%,/&&/()$:/)%&$/)$?/&/T:%$.%>/()$

U$



"/>+.%$6V$A+::$%5$-:O$7W66V$D'X$YUJV$ZJ$

"/>+.%$6V$H-1+.-$%5$-:O$7W67V$
HC!D*$U7WV$7W[U$

0$



K+&5$"(.,-=()$
•" L/>$'/25+.%$$
–"K+&5$)+2:%/$-)1$,(:%2+:%&$-.%$%M'%::%1$/)$5<%$9/)1&$-)1$
%N%25-$(;$,-&&/?%$&5-.&O$P<-5$-.%$5<%$2()1/=()&$:%-1/)>$
5($5</&$1+&5E,(:%2+:%$;(.,-=()@$

–"K+&5$':-Q&$-)$/)5./)&/2$.(:%$%?%)$-5$</><$.%1&</R&$9<%.%$
,-&&/?%$&5-.&$-.%$5<%$&(+.2%OO$

•" SM-,':%$(;$9<-5$<-&$T%%)$1()%$+'$5($)(9@$
–"8*3E*3#*$&5+1/%&$(;$S5-$F-. &$/)5%.-2=)>$9/)1&$?/-$
;(.T/11%)$%,/&&/()$:/)%&$/)$?/&/T:%$.%>/()$

–"J\K$=,%\1%'%)1%)5$<Q1.($-)1$.-1/-=?%$5.-)&;%.$,(1%:&]$
(T&O$9E$,(1%:&$:%1$5($J\K$(./%)5-=()$(;$T/)-.Q$(.T/5$$

[$



"/>+.%$JV$A+::$%5$-:O$7W66V$D'X$YUJV$ZJ$ $$$$$$$$$$$"/>+.%$67V$H-1+.-$%5$-:O$7W67V$HC!D*$U7WV$7W[U$

Y$



K+&5$"(.,-=()$
•" L/>$'/25+.%$$
–"K+&5$)+2:%/$-)1$,(:%2+:%&$-.%$%M'%::%1$/)$5<%$9/)1&$-)1$
%N%25-$(;$,-&&/?%$&5-.&O$P<-5$-.%$5<%$2()1/=()&$:%-1/)>$
5($5</&$1+&5E,(:%2+:%$;(.,-=()@$

–"K+&5$':-Q&$-)$/)5./)&/2$.(:%$%?%)$-5$</><$.%1&</R&$9<%.%$
,-&&/?%$&5-.&$-.%$5<%$&(+.2%OO$

•" SM-,':%$(;$9<-5$<-&$T%%)$1()%$+'$5($)(9@$
–"8*3E*3#*$&5+1/%&$(;$S5-$F-. &$/)5%.-2=)>$9/)1&$?/-$
;(.T/11%)$%,/&&/()$:/)%&$/)$?/&/T:%$.%>/()$

–"J\K$=,%\1%'%)1%)5$<Q1.($-)1$.-1/-=?%$5.-)&;%.$,(1%:&]$
(T&O$9E$,(1%:&$:%1$5($J\K$(./%)5-=()$(;$T/)-.Q$(.T/5$$

–"8%.&2<%:$%?/1%)2%$;(.$,(:%2+:%&V$1%&'/5%$F$^$_$1%':%=()$
`$



$ $$$P%$)%%1$5($.%&(:?%$5<%$T/)-.Q$(.T/5O$
–" Z/,/5-=()&$(;$-)>+:-.$.%&(:+=()$2(,T/)%1$9/5<$
&'%25.-:$.%&(:?/)>$'(9%.$a6WVWWWO$

$

b$



#)?%&=>-5%$'<Q&/2-:$2()1/=()&$/)$,-&&/?%$&5-.$
9/)1&V$%&'%2/-::Q$9/)1\9/)1$2(::/&/()&O$

P<-5$-.%$)%M5$&5%'&$)%%1%1@$
–" Z-.>%.$-'%.5+.%$5%:%&2('%$9E/,->/)>$&'%25.(&2('QV$
/,'.(?%1$5<.(+><'+5$TQ$)%9$('=2-:$1%&/>)&4$
1%5%25(.V$('=2&V$'<(5()/2&@$

–"H(.%$1%5-/:%1$J\K$,(1%:/)>$(;$9/)1\9/)1$
/)5%.-2=()&$9E.-1/-=?%$5.-)&;%.$

6W$



*2/%)2%$!%c+/.%,%)5&$

•" #,->/)>$WOW6 E$*'%25.(&2('Q$!$d$6WU$?/&/T:%$E$3/,%$K(,-/)$&-,':%$
-2.(&&$1%2-1%$B0O0\Q%-.$T/)-.Q$'%./(1G$

•" "/%:1B&G$(;$e/%9$f7 $
•" D)>+:-.$.%&(:+=()4$

–" !%c+/.%1$WOWJ $E$K%&/.%1$WOWW0 $
•" *'%25.-:$.%&(:+=()$

–" !%c+/.%14$!$d$6WU$
•" P-?%:%)>5<$T-)1B&G$

–" !%c+/.%1$e/&/T:%$E$K%&/.%1$C#!$
•" *%)&/=?/5Q$

–" *Q&5%,$5<.(+><'+5$g$0Wh$/)2:+1/)>$1%5%25(.$c+-)5+,$%i2/%)2Q$
•" KQ)-,/2$!-)>%$$

–" */)>:%$'<(5()$2(+)=)>$9E$</><$1Q)-,/2$.-)>%$/)$2(+)=)>$.-5%$^$2()5.-&5$
•" _5<%.$.%c+/.%,%)5B&G$

–" H+:=':%$?/&/5&$;(.$=,%$?-./-T/:/5Q$

66$



National Aeronautics and 
Space Administration!
Cosmic Origins!
Program Office"

!"#$!%&'()&%$*+,,-./%&$
0$!-'/1$*2/%)2%$*+,,-./%&$

3('/24$*5-.&$
!"#$%&'()&$*+(,,-$

.&/$0"1'1)1)$*2&3,1)-$
%4)"/$5#678$*916/1)-$

06:"$.;/&:1$
<1/$=&)>1/71)$

$
67$



The Origin of the Elements Heavier Than Iron

Ian U. Roederer
Carnegie Observatories

Jennifer S. Sobeck
U. Chicago; Obs. Côte d!Azur

James E. Lawler
U. Wisconsin, Madison

Inese I. Ivans
U. Utah

Timothy C. Beers
NOAO

John J. Cowan
U. Oklahoma

Anna Frebel
MIT

Hendrik Schatz
Michigan State U.

Chris Sneden
U. Texas at Austin

Our collaborators include:

6J$



Understanding the origin of the elements 
is one of the major challenges of modern astrophysics.

Cosmic Origins science goals related to this science: 
How did the first stars influence their environment?
How were the chemical elements dispersed through the circum-galactic 
      medium?
How did galaxies (and their stars) form and evolve?

Our goal:
Detect (and measure) as many heavy* elements as possible in stars 
whose atmospheres retain a fossil record of the evolving composition of 
the ISM. This constrains the physical conditions of nucleosynthesis and 
the frequency of the astrophysical sites producing these elements.  A 
major, unsolved problem is the definitive identification of the site(s) of the 
r-process.

* Elements heavier than the iron-group, i.e., Z > 30
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This is what successful UV detections look like.

The spectra show one metal-poor star, HD 160617, observed at 
R ~ 110,000 and S/N ~ 20-40 in 13 hours with HST+STIS.  

Roederer, I.U.  &  Lawler, J.E.,  Astrophys. J., 750, 76, (2012)

Model with no As I present

Best-fit

x 2

x 1/2
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Other than overall efficiency, STIS is nearly ideal for this kind of work, 
but the need for high spectral resolution and high S/N limits HST+STIS 

to only the brightest metal-poor stars in the sky (V < 9 or so). 
There are many more interesting stars fainter than this limit 

that are inaccessible to HST+STIS.  

Requirements for future improvement:

(1) Wavelength coverage from 1900 Å < ! < 3100 Å (or !1/2 of that) in a single 
     exposure.

(2) Spectral resolution R ~ 60,000 is sufficient.  Lower (R ~ 30,000) and
     higher- (R ~ 100,000) resolution settings would be helpful.

(3) An improvement in sensitivity over HST+STIS by ~10 or more would push 
     the frontier.  Sensitivity comparable to HST+STIS would still allow 
     investigations that cannot be done by any other facility.

(4) Multiplexing offers little advantage (but ~10' x 10' for ~10+ stars could be of 
     limited use).
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Time Series and 
Polarimetric Data 

!/2<-.1$#>)-2%$
I<Q&/2&$^$D&5.()(,Q$

S-&5$3%))%&&%%$*5-5%$j)/?%.&/5Q$

70$



L.(-1$*2/%)2%$F()5%M5$
•" !"#$%&&'()#*+,'-&'()#'$.+$(-*/0$1*022%+$()3*(3)'4+

5-6$.+074+&0,7'1$&+)'8)'$'7(+&07%+-9+(/'+*3))'7(+
*/022'7,'$+(-+-3)+374')$(074#7,+-9+$('220)+0$()-8/%$#*$:+++

•" ;-20)#&'()%+0$+0+<--2+
–" ?)"@1$"A$;1"#17)44$$)%5$'(:-./k-=()$(;$+).%&(:?%1$&(+.2%&$
/,,%1/-5%:Q$/,':/%&$)()\&'<%./2/5Q$

–" ?)"@1$"A$">&:6744$$;(.$%M-,':%V$%:%25.()$&2-l%./)>$/&$>.-Q$
–" ?)"@1$"A$#&;/1B:$C1,'D4$$m%%,-)$/)$:/)%&$

•" </'+=&8-)(07*'+-9+<#&'+>')#'$+?0(0+
–" *+.?%Q&$:/n%$5<(&%$;(.$,/2.(:%)&/)>$-)1$o%':%.$
–" #,'(.5-)2%$(;$)(5$'%)-:/k/)>$2()&5.-/)%1$(T&%.?-=()&V$T+5$
-25+-::Q$%)2(+.->/)>$5<%,$

7[$



National Aeronautics and 
Space Administration!
Cosmic Origins!
Program Office"

!"#$!%&'()&%$*+,,-./%&$
0$!-'/1$*2/%)2%$*+,,-./%&$

3('/24$*5-.&$
!"#$%&'()&$*+(,,-$

.&/$0"1'1)1)$*2&3,1)-$
%4)"/$5#678$*916/1)-$

06:"$.;/&:1$
<1/$=&)>1/71)$

$
7Y$



!"##$%&"'#()&*$+&),-##-#$"'.$*/-0&$
1)2-#$0'$*/-$3)&4"5)'6$7*&8,*8&-6$"'.$
9:)285)'$);$7*"&#$"'.$7*-22"&$7<#*-4#!

"#$$#%&!'(!)*+,#$%#+!-./0/1'02)34!5*+6*+7%*!"*+89:;*!-)</34!!
)*+8=>:!?(!0@&+7A9#+!-B5/C)34!)*+8=!/(!'+*DE!-F>+#;*!0@7#$GH@34!!

I8$*=D!?(!/==#$!-0C0@J34!/=#K*$D#+!L+8M$!-N)8=834!0%#9#$!I(!)+*$O#+!-)</34!
/$D+#*!"(!P>,+##!-)</34!.*$@E!I(!F9*$:!-)</34!!

FDM*+D!2(!'>7$*$!-Q7==*$89*!N(34!'+*&*O!R*+,#+!-C)P1JF34!!
/$%87$#!B*S#E+7#!-)8==#6#!D#!2+*$@#34!?#T+#E!B7$:;E!-N)8=834!

!'#+*=D7$#!?(!U#%#+:!-N0)34!/;7!I8S#+6#!-./0/1'02)34!0%#9#$!R(!0**+!-)</34!
'#8+6#!08$$#S8+$!-./0/1'02)34!*$D!2+#D#+7@;!5(!V*=%#+!-0N.W3!

Presented at the UVIS COR RFI Workshop at STScI, 18 September, 2012 

7`$



!"#$%"$&'(%)$*)&
•! !"#$%"$&+,#-$,.&/0-1%"$&(2,&2%0$,3)1%0#%4&(5&)6$&

5(,718(%9&3),2")2,$9&1%0&$-(:28(%&(5&3)1,3&1%0&

3)$::1,&3;3)$73&

–! <6$&$-(:28(%&(5&3),2")2,$&1%0&),1%3=(,)&(5&71>$,&

?#)6#%9&5,(79&1%0&@$)?$$%&3)1,3&1,$&"(%),(::$0&@;&

0;%17#"&=,("$33$39&32"6&13&-1,#1@:$&714%$8"&A$:03&

B1%0&-1,#1@:$&714%$8"&1"8-#);C9&1"",$8(%9&

"(%-$"8(%9&36("D39&=2:318(%39&?#%039&1%0&E$)3F&&

–! <6$3$&0;%17#"&=,("$33$3&"1%&@$&3)20#$0&#%&0$)1#:&

(%:;&?#)6&1&0,1718"&#%",$13$&#%&1%42:1,&,$3(:28(%&

(-$,&)61)&"2,,$%):;&1-1#:1@:$9&)(&)6$&32@G713&:$-$:&H&

"(7=1,1@:$&)(&)6$&:$1=&5,(7&I1:#:$(J3&)$:$3"(=$&)(&

K!<F&

–! <6$3$&#%-$38418(%3&1,$&1&=,$G,$L2#3#)$&)(&

2%0$,3)1%0#%4&3#7#:1,&=6;3#"1:&=,("$33$3&(%&72"6&

:1,4$,&3"1:$3&)6,(246(2)&)6$&M%#-$,3$F&

!

•! N,$-#(23&?(,D.&

–! O%-$3841)(,3&23#%4&@()6&4,(2%0G@13$0&1%0&3=1"$G@13$0&51"#:#8$3&61-$&710$&

3#4%#A"1%)&=,(4,$339&@2)&)6$&%$*)&L21%)27&:$1=&#%&(2,&2%0$,3)1%0#%4&,$L2#,$3&

3=$"),1:&#714#%4&?6#"6&,$3(:-$3&3)$::1,&0#3D3&1%0&)6$&32,51"$&71%#5$3)18(%3&

(5&714%$8"&1"8-#);&#%&)6$#,&1)7(3=6$,$3&&1%0&)6$&7133&P(?3&)(9&5,(79&

1,(2%09&1%0&@$)?$$%&3)1,3&

!

Evolution of the Sun in time 

Environs of Young Stars 
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Simulation of Mass transfer in  
Algol System (Richards/Ratliff 1998) 

Large convective cells on M-supergiant 
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Minimum time interval between 
successive images required to resolve 
the motion of a feature moving at 
different speeds, as a function of the 
object’s distance. 
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