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51 years ago… 
The ultraviolet spectrum of zeta Tauri

Sara Heap
Goddard Space Flight Center

This report describes a study of the ultraviolet spectrum of the R-shcll star, 
zeta T auri. The observational material consists of high-dispersion 
spectrograms obtained from a rocket experiment launched in November 
1972. The spectra cover the wavelength interval, 1100-2050 A, with a 
resolution of about 0.1 A. The u.v. stellar lines indicate that (1) the star has 
an effective temperature as high as 27000K, (2) the stellar atmosphere 
appears to have serious abundance deficiencies in carbon and silicon, (3) 
the velocity field in the atmosphere is complicated but shows evidence for 
out ward acceleration and differential rotation. 

Sara Heap attended the UVEX 2023 workshop!

Sara Heap



What is the goal of UVEX?



UVEX: How does the Universe work

• The Metal Poor Universe: early Universe, dwarf galaxies
• The Pan-chromatic Universe: FUV through radio
• Understanding comes through through spectroscopy



The landscape
Spektr-UF (Russia) 
Chinese Space Station Telescope (China)
CASTOR/INSIST (Canada, India)



FUV: critical & unique diagnostics



Todd Tripp
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Figure 1: Illustration of the diagnostic power of the rest-frame ultraviolet band for low-density
gas studies. The uppermost panel (a) shows the strength (= element abundance + atomic data )
of resonance transitions of various ions vs. the rest wavelength ! r of the line (each individual
transition is shown with a vertical line; taller lines are stronger), color coded by ionization stage
(see legend in middle panel b). The atomic data are from Verner et al. (1994,1996). These lines
have been detected in CASBaH, DLA/sub-DLA, or HVC absorbers. THERE IS A TREMENDOUS
AMOUNT OF INFORMATION IN THE (LARGELY UNTAPPED) DISCOVERY SPACE AT ! r ! 912 Å.
Panel (b): same as a, but showing only oxygen ions. (c): Minimum redshift at which a transition
at ! r can be detected from the ground (black curve) or in space (purple curve). The gray box
shows the redshift and ! r region where blending with the Ly" forest becomes severe or prohibitive.
Lowermost panels illustrate the abundance of interesting species vs. T in collisional ionization
equilibrium (Gnat & Sternberg 2007), including warm-hot gas tracers (d) and oxygen ions (e).
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Spectroscopy on demand 



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

! !"#$%&'()%**%+,) #-"./0%1)%2)3'%/.456".#%56%78%9"3%0:'#%;**<=>%"3%'):3#%;**6>%

! ?56)%05:@6"#$5A#B%C)#"6:6A)%$3:6#5$5"6#%;-5@-%0)6#5$'D%EF+>%%G%H"31500)6%/56)#%;/"I%0)6#5$'J%E+!>

! K6'%-"()%$"%56A/.0)%!@**LMNN%56%$-)%78%#()A$3"@3:(-O%

! 78%3:6@)%A35$5A:/%$"%A"6#$3:56%1"/"4)$35A%/.456"#5$'%PQ%+,%RS6@56)T%%;50)://'%6))0%U<3:'V78V"($5A:/V*C>

! 78%3:6@)%5#%)##)6$5:/%$"%3)2):/%56$)3:A$5"6%PQ%4:##%/"##%W%E+!

! C:(50<3)#("6#)%$"%A:$A-%$-)%+,%I-5/)%-"$%:60%/.456".#

! X1#)32)%93"4%):3/'%$"%/:$)%$54)#%;I560WE+!%"6%://%#A:/)#O>

! H"//"I%://%A"3)<A"//:(#)%+,%$'()#%;<Q%/:$)<$54)%56$)3:A$5"6>

! +$3"6@%052)3#5$'%"9%+,) 56%"($5A:/%PQ%=3"1:1/'%-.@)%56%78

! 78%#()A$3:B%:6%.6A-:3$)0%$)335$"3'%9"3%$3:6#5)6$#%%
Dessart

Supernovae 



UVEX: low(est) background 



The spectrum of the sky as seen by HST 

notice strong airglow lines OI, NI, geo-coronal Lyman-alpha 
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332 M. Hayes

Fig. 4.4 The ultraviolet spectrum of BL Lac object 1ES1553+113, taken with the HST/COS.Left
shows a zoom around the Ly! wavelength, andright shows an extended range in wavelength and
ßux.These data were obtained from the HST Spectroscopic Legacy Archive (HSLA)

in Sect.4.1.1.2this atomic halo gas has column densities above! 1020 cm" 2 on
almost all sightlines [66], which will obviously absorb some/all of the Ly! emitted
by an extragalactic source (Eq.4.2).

The second feature is the emission line at" = 1216 •. This is Ly! emission but
has nothing to do with the target: it arises in the outer atmosphere of the Earth (the
ÔgeocoronaÕ) and is many times brighter than the Ly! emission from any extragalactic
object. Should a Ly! line from a galaxy fall close in wavelength to the geocoronal
feature it will be swamped by this emission. Theright panel shows a larger range in
wavelength and ßux to illustrate just how strong the geocoronal Ly! line is.

The solution to this is straightforward: to only target galaxies that lie at sufÞcient
cosmological redshift to well separate the target Ly! from the Galactic and geo-
coronal features. As above, to fully avoid the damping wing the recession velocity
needs to exceedcz ! 2500 km s" 1. Unfortunately this has an important observa-
tional consequence: that it excludes all galaxies within a distance of about 40 Mpc.
This limit is far outside the local volume, and excludes a large number of extremely
interesting possible targets: the Magellanic Clouds, M82, Arp220, and many other
local galaxies cannot be directly studied in Ly! .

4.2 Observational Facilities: The Contributors to
Low-Redshift Ly! Science

Most ground-based optical telescopes are capable of observing Ly! at high-z in one
capacity or another. However because of the expense and varied optimizations of
satellite missions, our observations at low-z are assembled from a small number of







Swan-Soho
Baliukin et al. 
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