How to Measure He
Formation?

L.z, Heiles, Goldsmith, Dawson

+PRIMO
Tang, Nguyen, Xu, McClure-Griffith, Dickey, Yue,

Stanimirovic, Murray, Dickey, Burton, Robishaw, Koo,

\\ Bronfmann, Mardones, Finger etc.

I AR v

ng‘ Y

& o ,@



Stars and Molecules

SF: Complex Processes involving gravity, radiation,
turbulence, magnetic field, and feedback
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Chemical evolution
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Formation of H2

on grains by one ot various processes all of which depend on the
orain surface area and the density of atomic H.

(1) An H atom hits and sticks to grain
(2) Another H atom does the same

(3) H atoms hop or tunnel around grain surface until find another
(4) Two H atoms form H» , then desorb from grain surtface

Thermal

Hopping #f_\_xl'unnelling <
// :P - A q,::\ﬁ‘ F7,7~’ m_*-fqit /
Mobile Physisorbed .‘,f" Grain @ ~
H Atom J

Surface Chemisorhed '
s -
/ HAtom °
y \

(1) Cosmic rays rate { ~ 5x10!7 st within well-shielded regions, though may be
greater at cloud edges/diffuse clouds

(2) UV at cloud edges and in translucent/diffuse clouds. Critical parameters

are the UV enhancement relative to ISRF and the total H column density. The
latter is critical due to self-shielding,

H2 Formation time scale ~ 109/nu
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HINSA Reveals Cold HI
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HI Narrow Self-Absorption
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Molecular Cloud Formation

= H, Formation On Dust Grains
Production rate (stem™)

1
R, = EngnlovSn

R, =2.1x10"%nn, T

Hollenbach & Salpeter 1970,
Buch & Zhang 1991

Destruction Rate(cm™ s1)

DH =§n29

where & = 3x107" s

1s the cosmic ray 1onization rate.

H, Dissociation By Cosmic Rays
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Dark Cloud Age> 10Myr




Confirming the Classical Picture of H> Formation
in A Young Dark Cloud

Zuo, L1, Peek et al. 2017 submitted
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HINSA Constrains
Cosmological Simulations

ACDM+H, formation Gnedin & Kravtsov 2010
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The Start of the “Chain”

HI + Dust => H>»

Tielens 2007 Lucas and Liszt 1996

Ho + cosmicray — HS

H3} + Hy —> HF + H

Hf + O — Hs + OH™

OHY +~ Ho — OHS + H

OHS + Ho — H30" + H
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Dark Molecular Gas (DMG)
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“Missing” OH?

A SEARCH FOR THERMAL HYDROXYL EMISSION IN NEARBY GALAXIES
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A survey of 63 nearby spiral galaxies for hydroxyl emission has been completed using the 305 m
telescope of the Arecibo Observatory. We were hoping to detect the main lines at 1667 and 1665 MHz
in LTE emission as observed in dark clouds and most GMCs in our own galaxy. No OH emission was
detected, but limits have been set on the OH column densities of these galaxies.
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The “Millennium Survey”

Heiles & Troland 2003
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PRIMO

Pacific Rim Interstellar Matter Observers
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OH Excitation
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Dark Gas Probe: HITOH+CO

Li, Tang, Nguyen, Dawson, +PRIMO 2017
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DMG Statistics
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ISM Evolution

D




Dec

Taurus Edge
Catching the Hi-H2 Transition
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CH AS A MOLECULAR GAS TRACER AND C-SHOCK TRACER ACROSS A MOLECULAR CLOUD
BOUNDARY IN TAURUS
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DNM (Intermediate Av ~ 0.1-2)
Gas Evolution
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Conclusions

= HINSA traces cold HI mixed with CO and clock the
chemical age of dark clouds at 10 Myr

= Dark Molecular Gas (DMG) dominates intermediate
extinction gas (Av 0.2 - 1.5)

DGF = 0.90 x exp( (A*' 0‘7‘}79)2).

= Simple hydrides, OH and CH, are better tracers of H>
than CO.

Xcn = 1.0 x 10%2 cm™/(K kms)
Xon = 5.2x 10% cm=/(K kmst)

= Absorption measurements from Areczbo, EAST, ATCA,
T.A, ALMA, and SKA will quantity ‘cold” ISM,
including both CNM and DMG.




