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1. Brief description of the primary objectives and scope of the project

The primary science goal of this project is to measure the Carbon and total baryon content of the Milky Way’s CGM and to 
reject or accept the hypothesis that the Milky Way is consistent with the observed C IV absorption seen in the CGMs of 
external galaxies. To do so, we have obtained G160M COS spectra of 30 blue horizontal branch stars well above the Milky 
Way disk (d > 7 kpc), which are along matched lines of sight to quasars that have existing observations in the COS archive. 
In total, this amounts to 60 separate COS spectra that must be reduced and analyzed using the same framework. Our work 
features the development of a new analysis method to provide a “difference \ spectrum” including proper error propagation. 
The primary transitions we will analyze include: Si II (1526), Fe II (1608, 1611), Al II (1670), Si IV (1393, 1402), and C IV 
(1548, 1550).

2. Brief description of the findings

Since all the data have now been taken for this program, we have been able to reduce and analyze the spectra for 28 /30 BHB
/QSO pairs. We have generated the difference spectra, and find the following as pertains to our science goal #1 ("Isolating 
the CIV absorption beyond 10 kpc in the MW halo "):

  
For Galactic CGM at low-velocity (<150 km/s) we place an upper limit of logN_{CIV,LVCGM} < 13.39 cm^{-2} on the 
median CIV column density and find a covering fraction of only 21% -- a significantly lower detection rate than similar 
measurements of external galaxies.

  
Our results suggest that either the Milky Way's CGM is anomalously low in warm, ionized material compared to other 
nearby L* galaxy halos, or that the bulk of Milky Way's warm CGM remains unobserved at low Galactic latitudes (|b| < 30 
degrees).

  
We are now moving on to a kinematic analysis of the gas, which is also anomalous for the Milky Way, indicating most of the 
material beyond 10 kpc is associated with the Magellanic Stream at ~-270 km/s!

3. Name and date (or anticipated date) of the publication of results

[Redacted] 2020 ApJ -- the paper is in active preparation for submission in September 2020 and will likely be published by 
the end of this year!

  
There are at least two additional papers in preparation - one on ionization modeling and the total bayonic content beyond 
10kpc and another on the gas dynamics of MW material beyond 10kpc

4. Suggestions and additional comments
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1. Brief description of the primary objectives and scope of the project

The primary science goal of this project is to measure the Carbon and total baryon content of the Milky Way’s CGM and to 
reject or accept the hypothesis that the Milky Way is consistent with the observed C IV absorption seen in the CGMs of 
external galaxies. To do so, we have obtained G160M COS spectra of 30 blue horizontal branch stars well above the Milky 
Way disk (d > 7 kpc), which are along matched lines of sight to quasars that have existing observations in the COS archive. 
In total, this amounts to 60 separate COS spectra that must be reduced and analyzed using the same framework. Our work 
features the development of a new analysis method to provide a “difference \ spectrum” including proper error propagation. 
The primary transitions we will analyze include: Si II (1526), Fe II (1608, 1611), Al II (1670), Si IV (1393, 1402), and C IV 
(1548, 1550).

2. Brief description of the findings

Last year, we reported our initial finding using the difference spectra that either the Milky Way's CGM is anomalously low 
in warm, ionized material compared to other nearby L* galaxy halos, or that the bulk of Milky Way's warm CGM remains 
unobserved at low Galactic latitudes, with a submitted paper. That paper has been published as  et al. 2021.[Redacted]

  
We have been actively working on a kinematic analysis of the gas that is both complex, and features the addition of hundreds 
of archival lines of sight. Graduate student , who is funded by the grant, has been leading the analysis. We are [Redacted]
working with the  postdoc,  to present a kinematic model of the material in the inner halo of the Milky [Redacted] [Redacted]
Way. Our results are seeming to favor something we are calling "the sandwich model" in which the disk-halo interface of the 
Milky Way is characterized by ionized layers of co-rotating and accreting material (the bread of the sandwich) that enclose 
its denser ISM in the center (the meat of the sandwich). We are working on finalizing the observational and modeling 
analysis and expect to submit another paper focused on kinematic modeling by the end of the calendar year. This paper will 
again be led by  graduate student . There may be an associated modeling-only paper led by  [Redacted] [Redacted] [Redacted]
postdoc  as well, depending on the model complexity.[Redacted]

3. Name and date (or anticipated date) of the publication of results

[Redacted] et al. expected January 2022 publication date.
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1. Brief description of the primary objectives and scope of the project

The primary science goal of this project is to measure the Carbon and total baryon content of the Milky Way’s CGM and to 
reject or accept the hypothesis that the Milky Way is consistent with the observed C IV absorption seen in the CGMs of 
external galaxies. To do so, we have obtained G160M COS spectra of 30 blue horizontal branch stars well above the Milky 
Way disk (d > 7 kpc), which are along matched lines of sight to quasars that have existing observations in the COS archive. 
In total, this amounts to 60 separate COS spectra that must be reduced and analyzed using the same framework. Our work 
features the development of a new analysis method to provide a “difference \ spectrum” including proper error propagation. 
The primary transitions we will analyze include: Si II (1526), Fe II (1608, 1611), Al II (1670), Si IV (1393, 1402), and C IV 
(1548, 1550).

2. Brief description of the findings

We published the difference spectra and the results on the extended baryonic content of the Milky Way's CGM in  [Redacted]
et al. 2021. Our results suggest that either the Milky Way's CGM is anomalously low in warm, ionized material compared to 
other nearby L* galaxy halos, or that the bulk of Milky Way's warm CGM remains unobserved at low Galactic latitudes (|b| 
< 30 degrees). We placed an upper limit on the CIV content of the Milky Way CGM, and found that it is nearly a factor of 4 
lower than previous works have found for low-redshift Milky Way analogs.

  
Our analysis of the kinematic data is now also complete, and we have discovered a differential infall rate between warm and 
cool ionized material in the inner halo. Cool gas appears to be piling up near the disk as it falls into the disk. We also find 
that when you include low-velocity infalling and outfalling material in the inner halo, their total contribution to the mass 
flow rates is approximately equal to the mass flow rates in high and intermediate-velocity material, indicating that the 
galactic fountain does not prefer a single velocity range and that this material at v < 60 km/s is contributing equally to the 
fuel for star formation in the Milky Way disk.

3. Name and date (or anticipated date) of the publication of results

[Redacted]
[Redacted] (anticipated publication later this year).

4. Suggestions and additional comments

This grant supported the Ph.D. thesis of  graduate student , who will obtain  Ph.D. this July [Redacted] [Redacted] [Redacted]
(2022). The null results in the first part of this work (ionized content of extended Milky Way CGM) inspired another GO 
investigation using Quasars along the plane of the Milky Way to look for material at low galactic latitudes. That work is 
currently funded under .[Redacted]
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