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This presentation is based on the following papers:

1. Bisbas, Papadopoulos & Viti, 2015, ApJ, 803, 37

2. Bisbas, van Dishoeck, Papadopoulos, Szücs, Bialy & Zhang, 2017, ApJ, submitted

3. Bisbas, Tanaka, Tan & Wu, in preparation

A. Cosmic-ray induced CO destruction

B. Three dimensional astrochemical simulations

C. Synthetic observations of CI and CO in and their connection with molecular gas.

Collaborators: Ewine van Dishoeck, Jonathan Tan, Padelis Papadopoulos, Zhi-Yu 
Zhang, Shmuel Bialy, Laszlo Szucs, Kei Tanaka, Benjamin Wu, Stella Offner, Serena 
Viti.

Not yet on 
astro-ph! 



  

We present an investigation of how 
cosmic rays (CRs) affect the CO/H2 
ratio, starting with the ISM of 
metal-rich star-forming galaxies. 
We assume that CRs fully penetrate 
the molecular clouds. 

We perform a grid of one-
dimensional uniform-density clouds 
in which we vary the density (nH) 
from 102 – 105 cm-3 and the cosmic 
ray ionization rate (ζCR) from 
10-17 – 10-13 s-1. We also consider 
G = 0 Go and solar metallicity.

The CO-destruction effect The CO-destruction effect (Bisbas, Papadopoulos & Viti, 2015, ApJ)(Bisbas, Papadopoulos & Viti, 2015, ApJ)



  

We find that H2 is invisible via the 
standard method using CO as a 
tracer for ordinary boosts of CRs , 
because CO is more effectively 
destroyed by cosmic rays in a 
specific range of densities and ζCR 
ionization rates.

The CO-destruction effect The CO-destruction effect (Bisbas, Papadopoulos & Viti, 2015, ApJ)(Bisbas, Papadopoulos & Viti, 2015, ApJ)



  

Total H-nucleus column density

Astrochemical simulationsAstrochemical simulations

We perform 4 different astrochemical runs with 3D-
PDR (Bisbas et al. 2012). We used a chemical 
network with 58 species and >600 reactions.

Fractal molecular cloud with 
Radius = 10 pc
Mass = 105 Mo
<n

H
> ~ 750 cm-3

We embed the cloud in an isotropic radiation field 
(χ/χ

ο
=1 Draine) and consider four different cosmic-

ray ionization rates (1 to 103 MW).

ζ' = ζ
CR

/ζ
MW

ζ
MW

=10-17 s-1

This cloud structure has been used in a series of 
papers by Walch et al. (2012, 2013, 2015) to study 
expanding HII regions
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Column densitiesColumn densities



  

GMC-GMC collisionGMC-GMC collision

Application: Cloud-Cloud collision (Wu et al., 2015, 
2017). Hydrodynamic simulations using ENZO 
coupled with basic PDR chemistry tables (PyPDR by 
S. Bruderer)

CII signature for GMC-GMC collision (Bisbas et al., in 
preparation).

Side note: GMC-GMC 
collision signatures from CII 
158μm emission
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Emission mapsEmission maps



  

Offner, Bisbas, Bell & Viti, 2014, MNRAS, 440L, 81

Conversion factors: 3D ISM simulationsConversion factors: 3D ISM simulations



  

ALMA detects high CI(1-0)/CO(1-0) ratio in NGC253ALMA detects high CI(1-0)/CO(1-0) ratio in NGC253

Krips et al., 2016, A&A, 592L, 3



  

ConclusionsConclusions

1. The H
2
 column density and the corresponding total H

2
 gas mass remains nearly constant 

with increasing the CR-ionization rate even at boosts of 1000xGalactic. On the other hand 
there is a significant reduction of the CO/H

2
 abundance ratio even at boosts of 

~10xGalactic, a value expected for the ISM of many star-forming galaxies.

2. At CR-rates of >100xGalactic the CO molecule is destroyed so thoroughly that only the 
densest parts of the GMC remain CO-rich. The abundances of CI and CII increase with the 
latter to become particularly important at ~1000xGalactic CR rates. Atomic Carbon is the 
species the proves to be the most abundant `marking' most of the H

2
 mass of the cloud over 

a large range of CR ionization rates. 

3. Our calculations show that the gas temperature remains at ~10 K for CR rates up to 
10xGalactic. For CR-rates >100xGalactic, the gas temperature can be ~30-50 K. This is of 
particular importance for understanding the initial mass function (IMF) in such star-forming  
environments.
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