Probing the arcsecond structure
in the Galactic Warm lonized
Medium

S. R. Kulkarni
Cornell University
(on leave from Caltech)






The Warm lonized Medium

* First revealed by low frequency
observations from Tasmania

e Ubiquitous dispersion of pulsar
signals

* wide-spread H-alpha line
emission

* Scale height of 1 kpc (or more)
* T=8000 K, n=0.2 cm-3, x,=90%




The Warm lonized Medium (WIM)

* WIM hosts 90% of the ionized gas in the Milky Way
* HIl regions are bright but total up to 10% of the ionized gas

* WIM is pervasive
* filling factor of 0.25 in the Galactic disk & lower halo

* WIM is responsible for

 dispersion of pulsar signals and Faraday rotation
* free absorption & emission
 diffuse Ha emission all over the sky

* WIM is turbulent
* revealed via interstellar scattering & scintillation



Wisconsin H-alpha Mapper (WHAM)

= e Fabry-Perot Imager
' * Beam: 1 degree diameter
| e 1-sigma: 0.1 Rayleigh
= . Work horses: Ha, [NIl], [SII]

e Other optical lines:
 [Ol], [NI], [Oll], [OllI]
e [Nelll], [SHI], [ArllI]
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Lines: Nebular & Fine Structure
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Fine structure lines with JWST
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JWST Background model

10°

equivalent in-field sky radiance (M)y/SR)

— Total background
—_ In-field (from inside FOV)
Stray light (from outside FOV)
——  Thermal self-emission
Requirements on stray light
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MIRI-Medium Resolution Spectrometer (MRS
5-29 microns

G2B

Wheel 2
N

Detector 1 Detector 2

22 12
F1G. 8.—SMO cross section of the camera symmetry plane in the spatial direction. Light arrives at the gratings (GIA, G2A, G3A, G4A) from the IFU output colli- We' I IS et d I . 20 15



HD166433: Calibrator star
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Wisconsin H-alpha Mapper (WHAM)

40 WHAM beam is 1-degree across!
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[Nell]
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[SIH]

[SHI]
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Conclusions

* From [Nell] emission deduced EM=(8/x..) cm® pc
* Emission from the WIM (not a tiny HIl region etc)

* Net*/Ne* < 0.6 (3-sigma)
* Ne*is the dominant species

e S*+/Ne*t=0.13

* Rapid fall off in ionization with increasing energy
* |onization Potential (SIl = SlII, 23.3 eV; Nel =» Nell, 21.6 eV)

* This would suggest that helium is lightly ionized in the WIM, x,. = 0.15 (RRL)



Table 2. Detectability with MIRI-MRS

species A ChB R ¢ n B, o(R) S/EM S/o

Nell] 12.81 3A 2880 6.1 0.11 30 0.17  1.85&ne+  10.9&n.+EM
Nelll] 1555 3B 2560 6.1 0.11 60 025 4.73(xess 18.86ye+2EM
ATl 698 1C 3300 3.7 014 3 007 09164+ 12.564.+EM
ATl 899 2B 2850 4.6 0.13 5  0.08 0.666s42 7.86x,42EM
ArITl] 21.83 4B 1700 7.8 0.02 300 127 0.126s42 0.0965,+2EM
SIT 1871 4A 1610 7.8 0.03 160 0.78 30.33¢gs2  39.0fg+2EM
SIV] 1051 2C 3000 4.6 0.134 20 0.16 15.52g+s  96.1€g+3EM

Assuming 1-hour integration (typical background)
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ABSTRACT

The Warm Ionized Medium (WIM) hosts most of the ionized gas in the Galaxy and occupies
perhaps a quarter of the volume of the Galactic disk. Decoding the spectrum of the Galactic diffuse
ionizing field is of fundamental interest. This can be done via direct measurements of ionization
fractions of various elements. Based on current physical models for the WIM we predicted that mid-IR
fine structure lines of Ne, Ar and S would be within the grasp of the Mid-Infrared Imager-Medium
Resolution Spectrometer (MIRI-MRS), an Integral Field Unit (IFU) spectrograph, aboard the James
Webb Space Telescope (JWST). Motivated thus we analyzed a pair of commissioning datasets and
detectcted [Nell] 12.81 ym, [SIII] 18.71 ym and possibly [SIV]10.51 um. The inferred emission measure
for these detections is about 10cm™6 pc, typical of the WIM. These detections are broadly consistent
with expectations of physical models for the WIM. The current detections are limited by spectral
baseline systematics. In due course, we expect, as with other IFUs, the calibration pipeline to
deliver photon-noise-limited spectra. These detections bode well for the study of the WIM. Along
most lines-of-sight hour long MIRI-MRS observations should detect line emission from the WIM.
When combined with optical observations by modern IFUs with high spectral resolution on large
ground-based telescopes, the ionization fraction and temperature of neon and sulfur can be robustly
inferred. Unlike past WIM studies, the field-of-view of MIRI-MRS and ground-based IFUs is a few
arcseconds. These findings open up a new cottage industry of studying the WIM on arcsecond scales.

Shortly will be submitted to PASP
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Joint JWST-Keck studies
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Projects

* Any hour-long observation of MIRI-MRS is “grist for the WIM mill”

I”

 “commensal” observations

 Combine this with Keck/KCI observations of the same field
* nebular lines yield EM and T
* a long-lived cottage industry

* NEW: study of WIM on arcsecond scales
« WIM studies to date have been on tens of arcminutes scale

* tiny nebulae have not been studied (e.g., faint ionized nebulae of A stars in
the CNM or white dwarfs in the WNM)

e filling factor of WNM!



