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Understanding the Lifecycle of Circumstellar  
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Gas & Dust Lifetimes : 
Giant Planet Formation and Migration 

Muto et al. 2012 

Dust properties have driven our understanding of disk dissipation,  
dust  4 Myr 
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Salyk et al. 2009  

Collisionally and Photo-excited CO 
disks remain in systems older than 
5 Myr with evolved inner dust disks  
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For disks with 
known inclinations, 
high-resolution H2 
line profiles can be 
turned into gas disk 
rotation curves 
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For disks with 
known inclinations, 
high-resolution H2 
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For disks with 
known inclinations, 
high-resolution H2 
line profiles can be 
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Exoplanet Atmospheres: Gas Giants 
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UV Spectroscopy on Late Night with  
Jimmy Fallon ? 
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Exoplanet Atmospheres: Future 
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Exoplanet Atmospheres: Future 
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Exoplanet Atmospheres: Hot Jupiters 
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Exoplanet Atmospheres: exo-Earths 
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Exoplanet Atmospheres: Exo-Earths 
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•" *(<-.$*@&6%,$.%&%-.27$'.(P/1%&$-$<(2-<$
.%=%.%)2%$'(/)6$=(.$(./M/)C%P(<+L()$(=$&6-.&$
-)1$'<-)%6-.@$&@&6%,&$
–"(./M/)4$=(.,-L()$(=$'<-)%6&W$'<-)%6-.@$&@&6%,&W$

&,-<<$?(1@$'('+<-L()&$
–"%P(<+L()4$27%,/2-<W$2(,'(&/L()-<W$-6,(&'7%./2$

1@)-,/2&W$(.?/6-<C2(<</&/()-<W$/)6%.)-<$&6.+26+.%W$
P(<2-)/&,W$,-M)%6(&'7%.%&$

•" F./(.$&'-2%$6%<%&2('%&$7-P%$2()6./?+6%1$
–"`*3W$*'/6\%.W$"A*:W$#A:W$#*5W$#!D*W$VEDFW$

`%.&27%<$
Nl$



*(<-.$*@&6%,$*2/%)2%$=.(,$*'-2%$

•" D1P-)2%&$/)$*(<-.$*@&6%,$ABC5$-&6.()(,@$-.%$
2+..%)6<@$%)-?<%1$?@$`*3$

•" *+22%&&(.$6%<%&2('%&$2-)$-<&($2()6./?+6%4$
–")%%1$,(P/)M$6-.M%6$6.-2I/)M$
–"2-)$(?&%.P%$?./M76$(?[%26&$
–""5B$w_T$-.2&%2$

•" !%,(6%$(?&%.P-L()&$(m%)$%;'<(/6$L,%Q
P-./-?<%$'.(2%&&%&$
–"M/-)6$'<-)%6$Z/)1&$-)1$&6(.,&W$(22+<6-L()&W$

-+.(.-%W$P(<2-)/&,C2.@(P(<2-)/&,W$2(,%6$%P(<+L()$
Nn$



*2/%)2%$!%]+/.%,%)6&$=(.$
3/,%QO(,-/)$*(<-.$*@&6%,$*2/%)2%$

Investigation Category 
Data type 
(wavelength regime) 

Sampling 
scales 

Campaign 
duration 

Resolution: 
R = spectral 
!! = spatial 

Giant planet zonal 
winds and vortices Atmospheres Imaging 

(O) 

Hours, single 
target rotation 
period 

Years ! ! 0.05" 

Cloud/storm 
evolution and 
variability 

Atmospheres Imaging, spectroscopy 
(O, IR) Hours, days Days, years R " 2500 

! ! 0.05" 

Occultations Atmospheres 
Photometry, 
spectroscopy 
(UV, O, IR) 

Milliseconds Hours R " 100–1000 

Aurorae, 
magnetospheres 

Atmospheres/ 
space science 

Imaging, spectroscopy 
(UV) Minutes, hours Years, hours R " 500 

! ! 0.05" 

Volcanic trace 
gases 

Atmospheres/ 
geology/ 
astrobiology 

Spectroscopy, imaging 
(UV, O, IR) Days Years R " 500–10000 

Volcanic plumes Geology Imaging, spectroscopy 
(O, IR) Days, hours Years R " 2500 

! ! 0.025" 

Cryovolcanism Geology/ 
astrobiology 

Imaging, spectroscopy 
(UV, O, IR) Days Years R " 2500 

! ! 0.025" 
Mutual events, 
lightcurves Small bodies Photometry 

(O) 
Milliseconds, 
minutes Hours, months R " 5 

! > 10" 
Cometary 
evolution Small bodies Imaging, spectroscopy 

(UV, O, IR) Hours Days R " 5 
! ! 0.05"  

Nr$
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!"#$#%#&'#()#$*(+$#,#(-.*/$
#,0/.-10($02$/12#

• !"#$3(1,#&4#$1($-"#$&*('#$56789

:;$<#-*//1)$#,0/.-10($02$-"#$=(-#&'*/*)-1)$<#+1.%;$

9;$!"#$>"?41)4$*(+$)0(-#(-$02$'*/*)-1)$"*/0#4;$@14A8"*/0$)0((#)-10(;

B;$!"#$#,0/.-10($02$3C$1&&*+1*-#+$#(,1&0(%#(-4$1(,0/,#+$1($/12#$#%#&'#()#;

• D1%1-#+$4-.+1#4$E*4#+$0($FG!H$IJDKL$*(+$M3GK

:;$M#N$/1(#4$02$41'"-$0E4#&,#+;$=(#221)1#(-$4>#)-&04)0>1)$%#-"0+4;

9;$3C$1%*'1('$N1-"$4>*-1*/$&#40/.-10($98B$*&)4#)$*(+$/0N$4#(41-1,1-?;

B;$I00+$4>#)-&04)0>1)$1(20&%*-10($1($-"#$::O8B97$(%$&*('#$N1-"$FG!PQRG;$
C#&?$4)*&)#$1(20&%*-10($*-$4"0&-#&$N*,#/#('-"4;$C#&?$4)*&)#$1(20&%*-10($0($
-#%>0&*/$4)*/#4;
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!"#$%&%$'!$%#($#')(*#+,%-.,%/(

• 01.,'$.((/,'2#'3/(#'(/45

– 6%-1'+#(+%,%*%,78'(.99/4'2.(3':;'%<.-%(-=

– )<.-%(-'/9'+"#$,9/+$/"7'2#>/4'??@A'B(-+,9/<+',/',1#'6#')'9#+/(.($#',9.(+%,%/(+=

– 6%-1'+#(+%,%*%,78'1%-1'9#+/>C,%/('DEA=AF'.9$+#$G'%<.-%(-=

– H%3I,/I>/(-',#9<'</(%,/9%(-+'/&',.9-#,+'%(',1#'C>,9.*%/>#,

• 01.,'.9#'(#J,'+,#"+'(##3#35

– K.9-#9'$/>>#$,%(-'+C9&.$#+8'#&&%$%#(,'.(3'>.9-#'"1/,/(I$/C(,%(-''3#,#$,/9+8'
,#$1(/>/-%#+'$/(,9/>>%(-'>%-1,'3%&&C+%/('/('(.(/<#,#9'+$.>#+'D$/.,%(-+G8'9#+#.9$1'
/('<.,#9%.>+',9.(+".9#(,',/':;'9.3%.,%/('.(3'<.,#9%.>+'&/9':;'/",%$+'
D<%99/9+8-9.,%(-+8'$/.,%(-+8'-9%+<+G''>#++'+#(+%,%*#',/',1#'L.9,1'#(*%9/(<#(,.>'
$/(3%,%/(+',/'3#$9#.+#',1#',#+,'.(3'%(,#-9.,%/('$/+,+'/&':;'%(+,9C<#(,.,%/(=

– :;'+C9*#7'/&',1#'-.>.$,%$'">.(#

– B$$#++%2>#'3.,.'2.+#'/('</>#$C>.9'#>#$,9/(%$',9.(+%,%/(+'&/9'+".$#'.2C(3.(,'.(3'
>%&#'.++/$%.,#3'</>#$C>#+
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HD*35!$Q$*2/%)2%$H()6%;6$

•" t/M$'/26+.%$$
–">%%1$=(.$Z/1%Q^%<1$7/M7Q.%&(<+L()$&+.P%@&$
–"*+''(.6$O:COE$&2/%)2%4$+)/=(.,$7/M7$.%&(<+L()$
–"*(,%$F#$'.(M.-,&$%)P/&-M%1$
–"*</6<%&&$&'%26.-$-$&/,'<%$('L()$

•" V7-6$7-&$?%%)$1()%$+'$6($)(ZX$
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–"K%-.)%1$67%$P-<+%$(=$-$Z/1%$^%<1$/,-M%.$/)$&'-2%$
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•" V7-6$2-)$?%$1()%$)(Z$$
$$$$$$$$3%27)(<(M@$%;/&6&$=(.$,%1/+,Q2(&6$,/&&/()$

–"!/&I$.%L.%,%)6W$1%&/M)W$2((<%.W$('&$)%%1$Z(.I$$

•" V7-6$-.%$)%;6$&6%'&$)%%1%1X$
–"F7-&%$D$&6+1/%&$
–"F-.6)%.&7/'&$
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Survey$

Area 
(deg2)$

Mode$ UVlim 
(mag)$

ulim 
(mag)$

glim 
(mag)$

T 
(years)$

Wide* 5000* contiguous* 25.79* 27.10* 27.78* 1.8*
Deep* 40* contiguous* 29.35* 29.84* 29.90* 0.4*

Nearby Galaxies* N ! 125* pointed* 26.82* 28.00* 28.44* 0.15*
Nearby Clusters* 150* contiguous* 26.82* 28.00* 28.44* 0.15*

Survey strategies 
and comparisons 

_T$
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$
•" "/%<1a&b$(=$B/%Z$$$9CN$&]+-.%$1%M.%%&$a8d80$;$d_nb$
$
•" F7@&/2-<$C$-)M+<-.$.%&(<+L()a&b$$$$$$$Td8_ $

$
•" *'%26.-<$.%&(<+L()$$$8TTQlTT$=+<<Q^%<1$&</6<%&&$

$
•" V-P%<%)M67$?-)1a&b$$$$$$8_TQ__T$),$/)$N$?-)1&$

$
•" *%)&/LP/6@$>AB$90Q9r$,-M$'(/)6$&(+.2%$=(.$&7-<<(ZC1%%'$&+.P%@&$

$
•" O@)-,/2$!-)M%$-&$'%.$HHO&$

$
•" 567%.$.%]+/.%,%)6a&b$ylTT$E%M-'/;%<&W$w8lTGt$'%.$1-@W$nTg$%s2/%)2@$

•" O%&/M)$2()2%'6$8,$-'%.6+.%W$&/)M<%$,%27-)/&,$Q$/,-M/)M$6($&'%26.-$
$
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Unique Astrophysics in the Lyman Ultraviolet!
Jason Tumlinson (STScI)!

 for!
Co-authors: Alessandra Aloisi, Jerry Kriss, Kevin France!

Signers: Ken Sembach, Andrew Fox, Todd Tripp, Edward Jenkins, Matthew 
Beasley, Charles Danforth, Michael Shull, John Stocke, Nicolas Lehner, 

Christopher Howk, Cynthia Froning, James Green, Cristina Oliveira, Alex 
Fullerton, Bill Blair, Jeff Kruk, George Sonneborn, Steven Penton, Bart 

Wakker, Xavier Prochaska, John Vallerga, Paul Scowen!

!Short Version: "
There is no astrophysical reason to break 

spectroscopic wavelength coverage anywhere 
between the atmospheric cutoff (3100 Å) and the 

Lyman limit (912 Å)."

+! =   Awesome!

55 



A Band Rich in Physical Diagnostics!

FUSE needed to exist because 
the Hubble optics are coated 

with MgF2, which has very 
poor reflectivity below 1150 

Å. !

The Lyman Ultraviolet  between the Lyman limit (912 Å) and Lyman alpha (1216 Å) 
contains many astrophysical vital diagnostics of gas density, metallicity, and kinematics:!

- molecular hydrogen (H2), in dense interstellar gas. !
- O VI, in highly ionized, metal enriched ISM, CGM, or IGM. !

- O I (neutral oxygen) lines that are sensitive metallcity indicators. !
- the Lyman limit itself, which reveals the escape of ionizing radiation from galaxies.!

!

rest-frame wavelengths (Å)!

These lines can be observed with redshift, but that sacrifices their use in the all-
important Local Universe.! 56 



The Circumgalactic Medium (CGM) in High Fidelity!
COS has been very successful at studying the CGM using LUV lines redshifted into 

the COS band at > 1150 Å.!
The COS-Halos program has found that the CGM has as much metal content as the 

ISM, as traced by O VI !!1032,1038 observed at z > 0.15.!
But COS is severely limited in the number of galaxies it can probe with this 

technique: many more QSO/galaxy pairs are available at z < 0.1.!
!

A new spectrograph on an 8 m telescope could observe HI and O VI 
with ~10 QSOs behind all of the galaxies in the local 10 Mpc volume.!

!
57 



Diverse Science Enabled by the LUV!
Chemical Abundances in Star Forming Galaxies!
 - uses a range of weaker oxygen lines and Lyman series to nail down accurate H.!
 - 100x HST sensitivity means that OB star observed at S/N ~ 10 in ~ 50 HST orbits at 
1 Mpc (Local Group), could be detected in all SFGs inside the 10 Mpc Local Volume. !
A UV-band IFU or ~100-fold MOS capability would achieve a 1000-10,000 fold 
gain over HST that would allow us to map all the gas phases of the ISM at 100 
pc scales in all star-forming galaxies within a 10 Mpc Volume. !

Effect of UV Radiation on Exoplanet Biosignatures (and Habitibility)!
- Abiotic O2 production (via CO2 dissociation) and the subsequent formation of O3 
depend on the LUV through NUV radiation of the host stars. !
- FUV/LUV measurements of O VI and Fe XVIII are excellent tracers of the LUV AND 
X-ray flux incident on the upper atmospheres. !
Without direct measurements of stellar UV emission, we will not be able to 
assess the potential of false positives for biomarkers that may be detected in 
the coming decade. !

Reionization and the Escape of Ionizing Radiation!
- Lyman continuum (LyC) is a major uncertainty in understanding reionization at z ~ 6. !

- Sweet spot for direct measurements of LyC escape is at z < 0.4, in the LUV. !
LyC escape and it spatial variation in resolved galaxies can be measured 
directly - informing all high-z studies of reionization, but only in the Local 
Universe and in the LUV.!

58 



Requirements and Recommendations!
Resolving Power !

R = "! / ! = 30,000 at minimum!

50,000-100,000 is desired for resolving lines from cold gas.!
!

Sensitivity / Effective Area!

Minimum 10x better than HST/COS in the same time!

Aeff  20,000 cm-2!
!

Wavelength Coverage!

from 912 Å to atmospheric cutoff!

For the science in this RFI, LUV and FUV are more important than NUV (>2000 Å)!
!

Multiplexing!

Though not necessarily linked uniquely to the LUV, 10-100x MOS capability in the LUV/FUV would 
revolutionize studies of the ISM and star formation in the Local Universe.!

!

Tradeoffs !

1000 Å is often mentioned: this brings in H2 and OVI, !

but not the higher Lyman series, C III, weak O I, or the LyC in the Local Universe. !
!

Recommendations !

1) Support development of optical coatings (LiF, thinner MgF2) than can cover the LUV. !

2) Consider LUV wavelengths as part of any UV-focused mission concept. Don t leave out the LUV 
by default, or just because of history!! 59 
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