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Water in the Galaxy

When did water first form in the
universe’?



The problem in forming early water

In the early universe
(era of first metal enrichment, z~10):

1) Metallicity (Z) was low
Less O - low H,0 formation rates

2) Low metallicity - low dust abundaces

- No shielding of far-UV dissociating radiation

On the other hand: Low metallicity = Less cooling

-> Higher temperatures

-=> Efficient warm chemistry

Who wins?
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oo * Gas-phase chemical network (+H, formation on dust)
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o far-UV photodissociation (destroy H,0O and OH)

« Dust-absorption and H, self-shielding
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* Cosmic-ray/X-ray ionization (drive the ion-mol. chemistry)

-> Species abundances as functions of
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Results

Early universe = decreasing metallicity (Z’)

-> Species abundances as functions of
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Results 1: (ion-molecule chemistry) | * lu=1 » Results
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At low 7

* OH, CH, H,0 ~ Z
Xi10” | OH becomes the most abundant molecule
- dominates over CO!
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‘ How does x(H,0) depends on temperature:

* Low Z systems are typically warmer because of less efficient cooling
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How does x(H,0) depends on temperature:

* Low Z systems are typically warmer because of less efficient cooling
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Including H2 formation
on dust grains

ion—molecule
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Summary

/ L’<<1; \

H,O (high T>250K)

L’=1
CcoO

L’<<1

\ OH (low T<1OOW

The efficient H,0 formation at high T (>200K),

compensates for the lack of metals and dust in
low Z gas, and water can form at high
abundances (>103)
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