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Photodissociation Regions (PDRs)
Neutral regions

Atomic-to-molecular (HI-to-H,) transition

20000 au
0.1 pc

JWST

| Radiation

Hé'head nebula
(B33) ) COJ=3-2

" -?". ; -_ . - i

(£207) +BIA-Z3pUPWdH



Interstellar Radiation Field (ISRF)

Extreme-ultraviolet (EUV): hr > 13.6eV

Far-ultraviolet (FUV): 6 < hr < 13.6eV

Hil regions: regions around a bright
source, rich in EUV photons

Photodissociation Regions (PDRs):
regions rich in FUV photons. Important
for controlling the ISM chemistry.
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FUV radiation

11

The carbon cycle and the HI-to-H2 transition

HI

0.01 0.1 1 10 100
Av (mag)



The carbon cycle and the HI-to-H2 transition

HI

©,

FUV radiation

[CI](1-0) 609 pm
[CI](2-1) 370 pm

[CII] 158 pm

Av (mag)

L ——

CO J=1-0
CO J=2-1
CO J=3-2...

SJ/S{I—D]

[OI] 63 pm
[OI] 146 pm

(€T02) 191 2 1j11eD

The higher the transition, the

denser the ISM it traces.



What are “extreme”
conditions?

“Extreme” defined In contrast to the
more “typical’ ISM environments

4

«Radiation Field
vGas temperature
»Density
vPressure
«Cosmic-ray flux
«X-ray flux
»Metallicity

..etc




In the extragalactic context

Cosmic-ray
ijonization rate

Star Formation Rate

| Metallicity
FUV intensity

« Higher SFR Iincreases (_, and FUV intensities

* High FUV Intensities reflect star formation activity

* Metallicity modulates the amount of cooling

redshift
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Example: Orion A molecular cloud
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Lco/Lecoqr -0)

CO Spectral Line Energy Distributions (SLEDs)

PDR

103 E
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10" E

100
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See also review by Wolfire+ (2023)
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Elevated high-J CO SLEDs

Indicate the presence of a heating
source at high column densities
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Fiducial model

Effect of FUV intensity g-10G_

Bisbas et al. (2021)

«N(H,) is affected in the outer

parts
*N(CII) is increased

*W(CII) is highly increased in
the outer parts.
— [CII] deficit?

G=10°G,
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Exploring the origin of [CII]-deficit: thermal saturation of [ CII]}

—45-4.0«

R

Bisbas+ 22
Ebagezio+ 24

ClI-deficit in the
Trapezium

Pabst+ 21
Goicoechea+ 15
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[CII] emissivity [erg s~ cm™3]

FIR emissivity [erg s~! cm™3]
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[CII] emissivity [erg s~ cm™3]

FIR emissivity [erg s~! cm™3]

o

CIll thermal saturation

[CII] emissivity [erg s~ cm™3]

[Cll] emissivity increased ~2 times
FIR emissivity increased >7 orders of magnitude!
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Bisbas et al. (2015a, 2017b, 2021)

«N(H,) remains nearly

unchanged

*N(CII), N(CI) and W(CII)

I
and W(CI), are increased due - -
to destruction of CO by ’
cosmic-rays (Bisbas et al., o

R2: He* + CO - He + O .\ * i &
R3:C'+e - C+hv " _ —
| . s 350

*W(CO) decreases in the jtcq

outer parts but increases at 00 3

high column densities s

[CII] 158um . x K 50



Destruction of CO by CRs:
not a linear correlation!
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Bisbas et al., 2015



The crucial role of OH

OH formation is initiated by:

= Proton transfer reaction

O+ Hif — OH

+ Ho

=> Charge transfer reaction
O+H" - O™ +H

ON: Solid line
OFF: Dashed line

At moderate-to-high CRIR and in low-Z gas,

CO formation depends on the OH

Intermediary:

C -+ OH —- CO + H
CT - OH— CO"™ + H

Bisbhas et al., 2017, ApJ, 839, 90

Abundance

Abundance
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Effect of metallicity Dust-to-gas ratio
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Effect of metallicity
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Effect of metallicity
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Effect of metallicity
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|CI]-dark galaxies

6052 , (a) CO(4-3) (b) [C1)(1-0)
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Conversion factors

High density
cloud

Low density
cloud

— mes
101-5 — 1) = 10
' - m=15

::;' == Oppr=04
%’_ 107 Opor = 0.6
> .
107
10~
10
1071

Madden+ 2020

PDFchem

Bisbas+ 2019, 2023
Jiang+ submitted

Solar Metallicity

0" Ct
CF HY

A )
| | K |
i kv VAN )
e -1
_ Ty
T .
. WY
.,
» i

Low Metallicity

0
HC+

C+
a'ct

H,
%,
E

CO-free
molecular
gas




Conversion factors

Y& Bolatto+ 2013
[CIO] <0 Elmegreen+ 2013
: + Israel 1997
3"*---%%, ¢ Leroy+ 2011
R B Shi+ 2015
T~e_ 2 %0 ® Shi+ 2016
s, Ty, = PDFchem [C/O]<0
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]::O"'.,
~~~~~ >8>
I Genze/ 58 7O\
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12+log(O/H)

Best-fit CO-to-H2 conversion factor

log,y Xco = —2.611Z +42.919

Lower C/O tend to increase the CO-to-H2

factor as metallicity decreases



Conclusions and remarks

* The carbon cycle (C+/C/CO) is a non-linear function of the ISM
parameters (cosmic-rays, FUV intensities, metallicity)

* [ClI]-deficit can result from strong FUV radiation fields

* C/O is very important! 4™ basic parameter?

* Low C/O may explain [Cl]-dark galaxies
* The CO-to-H2 factor depends on the C/O ratio

| ZIIKXEE & thomasbisbas.com
&% LHEJIANG LAB X tbisbas@zhejianglab.com



	Slide 1
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34

