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Republic of astrophysics
Type: ldentity card number: 054059-022730
1) Concentration of gas and dust
2) isolated in projection on the sky and in Doppler velocity
3) hierarchical structures and turbulence
4) weakly ionized: e-/H,=10 to 104
5) magnetic field coupled to gas via charged particles only
6) physical & chemical state far from equilibrium
7) composition: H, He, CO, O, H, dust + great variety of
molecules/atoms/ions
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Hlumination:;
- UV-FUV:

(6ev=> 13.6ev)

- X-rays:

(> 1keV)

- CRs:
(=100MeV)
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xford

Ih_vsicS l. Influence of CR on such clouds ?

- ionisation: produce electrons

Total
Ioniza-
E tion
(MeV) Ratio f(H.*) fMH*) NMH) T(E€V) h(eV)
(¢)) ) (3) 4) &) (6) @)

I..... 144 0.970 0.030 2.06 4.2 6.3
2..... 1.50 0.971 0.029 2.12 4.4 6.6
10.... 1.6l 0.970 0.030 2.25 4.7 7.0
20.... 1.65 0.970 0.030 2.30 4.8 7.2
50.... 171 0.969 0.031 2.36 5.0 7.5
100... 1.74 0.969 0.031 2.40 5.1 7.6

Note.—Column (2) gives the ratio of the total and primary
ionization rates in Hy; columns (3) and (4), the fractions f
of H,* and H* ions; column (5), the number N (H) of hydro-
gen atoms; column (6), the kinetic energy T (eV) of the neu-
tral hydrogen atoms; column (7), the heat # (eV) deposited
into a gas of low fractional ionization per primary ionization
event. '

CRISM2011, June, Montpellier

The cosmic ray
jonization

rate is a per second
ionization rate from
protons :

{yH+CRP->H*+e +
CRP
{,: Hy + CRP -> H,* + &
+ CRP

., = 1.53,

CR protons up to 100 MeV listed: H, ionization,
while 1-20 GeV CRs responsible for bulk of
n® mesons — 2y and, e.g., pp—pntr*
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- ionisation: produce electrons

PrROTON IMPACT IONIZATION CROSS SECTIONS
a;(E) IN cm? AND MEAN ENERGIES w; IN
eV OF THE SECONDARY ELECTRONS

E (MeV) a; (cm?) w; (eV)

1.. 4.0 x 10-27 243
20000 2.3 x 10717 - 26.0
10....... 57 x 10~ 30.4
20....... 3.1 x 1018 32.1
50....... 1.4 x 10718 34.1
100. 7.2 x 10~ 35.6

5 .
{H(Np) = 1.8 X 3 X drnoiu(E) jic(E, Ng)dE
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- drive arapid ion-neutral chemistry even at T<10 K
- heating: excess energy of secondary electron

- pressure (Tom Hartquist)

- destroy or modify dust particles

ll. Key tracers of CRDRs ?

- Mostly ions due to the increase of ionisation and
especially O-bearing species affected such H,0O*,
H,O*, OH*.



M2011, June, Montpellier

Frequency [GHzZ]

800 1000 1200 1400

600

SPIRE
van der Werf et al. (2010)

B 1 1 1 1 _ 1 1 1 _ 1 1 — 1 1 1
- 21-81=l 0D
B Vi, €2 2
11-21=F 0D =8 K
= OHI:H—.OU — My 0%y o2y
i : 15,22, o2y
5 6-01=l 0D ®e—"%¢ o'l
B mdnlm.ﬁm ONE
— 8—-8=r 0D R
I g :o\ — '1-%% oy
. — '0-%1 .HO

I L—8= 0D '0-°1 +HO
| 9-4=r 0D
| — m.cml_._m 0%H
i G-9=r 0D

L
™
| ¥—G=r 0D

X
- r .
| =

1 1 1 1 _ 1 1 1 1 _ 1 1 _ 1 1 1
T@] o T@] (@]

30 40 20

Wavenumber [cm™!]

20



(prord
hysics

Hlumination:;
- UV-FUV:

(6ev=> 13.6ev)

- X-rays:

(> 1keV)

- CRs:
(=100MeV)

)
)

)

[
‘”

‘.L‘

c

p=—%

x
=

[

107

10

10+

10°

10+

107

10°*

CRISM2 - ontpellier

3 H \
 —r-
- Diffuse Diffuse
- atomic molecular
- e
4 v
E
L

axio”

I / | T 3
/HE !:\
oL
E
I I 13
I zZ
. =0
-I-- J_: =
! Translucent | Dense 1<
t molecularj =
e
=0
=y
1.5
-
el
<€
|_
0p)




xford

sics

10000

o
o
o

100

Temperature (K)

o

10000

1000

100

Temperature (K)

o

10000

1000

100

Temperature (K)

10
10

Bayet et al.,

A,= 3 mag

A= 8 mag

A= 20 mag

-18 10L|6 10;14 10-12
Cosmic ray ionisation rate

2011a, MNRAS, 414,1583

log (n(X)/n_H) log (n(X)/n_H) log (n(X)/n_H)

log (n(X)/n_H)

10° 107 My T
1072
107 o :
107°F 107°
-8
10lo 1510
10”
10712 107"
107 107
1076 1078
1078} 1078
107'° 107"
10712 107"
1078 1077
10-9 10-8
107'° to™*
-11 10-10 ]
10 101
107" 10712}
107"3 1073
1077 1078
1078 107%k \\
-9 H2CS \ 5
10 ' S0 < 1 1070} HCS.-, \\ 1
107"k ocs - \\ 1 CRY
o soz\‘ \ 107"} HS ]
107 F o \v ! oH
107"} S\\\\\ \..\ { 107y 30! 3
10"13 N 10713 ]

10-18

10-16
Cosmic ray ionisation rate

107"

10—]2 10-18 10-]5 10—]4 10-12
Cosmic ray ionisation rate

oellier



(prord CRISM2011, June, Montpellier
hysics

- What's Special about 10-14 s-17?

What is happening at about 10-14 s-1?

Most abundances eventually decrease with an increasing {7?

— Because, as the electron fraction rises, electron recombination
increases, and this depletes the ions.

Why at 10-14 s-1?

— At this point, atomic hydrogen becomes ionized very rapidly,
increasing the electron fraction substantially.
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- drive arapid ion-neutral chemistry even at T<10 K
- heating: excess energy of secondary electron
- pressure

- destroy or modify dust particles

ll. Key tracers of CRDRs ?

- Mostly ions due to the increase of ionisation and
especially O-bearing species affected such H,0O*,
H,O*, OH*.

- Except these species, it is very difficult to
disentangle CR-driven chemistry from X-ray one.
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You know that you have sometimes all the energies (photons // particles)
involved at the same time: UV-FUV (PDR), X-rays (XDR), Cosmic-rays
(CRDR), (+shocks)

=» identify a combination of species or single species able to disentangle the
mechanisms of excitation, with strong enough signals to be detected not only

in ULIRGS!
N ’ < 7 = C,H, HCO* and CN
Model aH CaH CN CN HCOT™ HCOT
FParameters centre  filament  centre  filament  centre  filament
hModel A: I low, H hugh, { hizh . - - - [ 3] -
Model B: I low, H low, £ low - - . - &) &)
MModel C: I lugh, H low, £ low - - . - 8] [d]
Model D I low, H lngh, ¢ low - - + + I3 ey

Model E: I low. H lowr. g ||i-_':|| . . Iah i i I i

H from 10-19-10-22 erg cm3 s-', a 103cm-3 cloud receives similar heating from H=10-1° erg cm- s-"
than from CR~10-13 s

Conselice et al., 2001
Bayet et al., 2010, A&A, 521, 16
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fodel o H CaH CN CN HCO™ HCO™
Parameters centre  filament  centre  filament  centre  filament
Model A: T low., H lngh, { high + + - - (3 -
Model B: I low, H low, £ low - - + + (8] (3]
Model C: I ligh, H low, £ low - - + + (8] (3]
MModel D T low., H high, ¢ low - - + + (a3 (3
Model E: I low. H low, L ||i-_':|| . ; Lok i i iai

- Complementary sets of observations of C,H, HCO* and CN +
iIsotopologues at low frequencies to infer better physical and chemical
(abundances) conditions.

- Is there any star formation in CRDRs i.e. in filaments + central galaxies?
= Quest for dense gas (CH;CN, CH;0H, CS etc...)

- High resolution: access to energy sources positions but ALMA-ES not
possible! Declination a bit too high...
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Theory:

- CR are the major drivers of the chemistry in dense molecular gas + set the
physical conditions such as temperature (where UV, FUV photons can not
penetrate).

- CR ionise the gas

- CR increase O-bearing ions abundance when CR ionisation rate is high

- Difficult to disentangle XDR from CRDR when CR ionisation rate is not high
Observations:

- Can help disentangling heating mechanisms in galaxy cluster hence help
constraining the influence of the feedback mechanism from AGN on the

surrounding material (which is responsible of the creation of these filaments)

- CRs can dominate gas heating for SFR > 100 Mo/yr; think of Mkr231/Arp220
and IMF can be also better understood (Papadopoulos 2010).
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- CR ionise the gas

- CR increase O-bearing ions abundance when CR ionisation rate is high

- Difficult to disentangle XDR from CRDR when CR ionisation rate is not high
Observations:

- Can help disentangling heating mechanisms in galaxy cluster hence help
constraining the influence of the feedback mechanism from AGN on the

surrounding material (which is responsible of the creation of these filaments)

- CRs can dominate gas heating for SFR > 100 Mo/yr; think of Mkr231/Arp220
and IMF can be also better understood (Papadopoulos 2010).

- CRDRs: do they form stars? Which stars?

Thank you! &
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