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Context: open questions

e Cosmic-rays (CR) induce spectrum at the acceleration General goals:
major modifications in the it ¢ Constrain the initial low-energy (ionizing) CR flux, from
physical conditions, dynamical e Observational evidence of millimetefr observation.s . |
evolution and chemical compo- CR interaction with molec- e Constrain propagation properties of CR with respect to energy
sition of molecular clouds ular clouds: e Identify new tracers of the ionization in molecular clouds
e Supernova remnants (SNR) to 1. 2 GeV CR: v-ray emis- This poster:
be confirmed as low-energy- sion through 7°-decay ¢ Determine the ionization fraction of the molecular gas
CR accelerators 9 < eV CR: ionization of e Determine CR ionization rate ¢ of the cloud due to the nearby
¢ Unknown initial CR energy the dense oas SNR, with DCO™ and HCO™ as molecular tracers
Observations Source
o Observations with IRAM 30m radiotelescope Molecular clouds nearby W28: HAHTEH J=1-o'j 10-20 km/s
e Data reduction with CLASS package of GILDAS software e Complex massive-star forming 100
e Linear spatial resolution < 0.13 pc (beam size < 29") region at the edge of the SNR
o Dete.rmine abundances and abundance ratios of the following e Density ~ 103 — 10% cm =3 "
species: o I'~10—-25 K

e Overlapping bright TeV

Species kreq. emission observed with HESS
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telescope |
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C0(2 - 1) 219:560 (yellow box) clouds
+ {E :}_-. J 1800 C I' m-lm'i (hrs
DCO™(2—1) 144.077 Tonization About SNR W28- 1, (NSRRI e ¥
H™COT(1-0) 86.754 -
| (Kaspi et al. 1993 |ApJ 409, L57]) ?fé“ésofeﬁﬁfcSigel?;‘éelgrﬁé’nfﬁfiioEvi‘?fip}i’ffé
1. CO isotopologues to determine the physical conditions e Distance 2-3 kg)c "“CO NANTEN observations (background).
2} HCO—I_, DCO—l- as tracers of the ionization Y Age 35-150 10 VT From Aharonian et al. (2008) |[A&A 481, 401].

Method

e Derive physical conditions from observa- I I ~ [_n(H,)=5e+03 cm ", T=15 K, R, =505
tions of CO isotopologues, by means of a large 107k - - - NHp)=5e+03 Cm_s’ T=15 K Hy=1e-03
velocity gradient (LVG): density n(Hs), temper- R "fmoesdTem L 1229 Byme0y
ature T, column density of *CO and emitting e L T (M meerdS om - 1215 H=sem0s,
region size. CI U e S

e Use simple deuterated chemical network, i "
following Guélin et al. (1977) |ApJ 217, L165| 10_17f Sendardvalue T ~-.'".'::_‘;'::;-.-,_,_,;
and Caselli et al. (1998) [ApJ 499, 234]. T 5

e Derive the ionization fraction o8l . . . . .

z(e) = n(e~)/n(Hy) and CR  ioniza- 0.002 0.004 0.006 oNooEch)l /|(\)|'O|1-T08T4 0.016 0.018 0.02

tion rate ( from physical conditions and - ( | /N _) | |
Chemical network O P v L RD _ [DCO_|_]/[HCO_|_] and Sofrildli?:?(;rzl?non rate ( as a function of Rp, with different physical

RH — [HCO+]/[CO] Green diamonds represent the ¢ values in points where DCO™ is

detected and orange diamonds lower limits from the non-detections.

Results and conclusions

M WMO2+EQ0 e Physical conditions characteristic of dense clouds (Ay > 10 mag) and consistent
1o WoB ey E with published values of adjacent clouds (Lefloch et al. 2008 |[A&A 489, 157]).
¢ DCO™" emission detected in only two positions; upper limits derived for other
10-15 2 A _ positions give lower limits on ¢ (table).
— - Ll | 3 : e Partially enhanced CR ionization rates compared to standard average
‘" ] = ¢ H _ —17 —1
— oo, MozeCOotSL LTy T o =107 s
= - TR ®
b
W98+C00 b Pos  n(Hs) 1T Ry Rp
P T —3 —4
P : (em=%)  (K) (107
z ¢ . : NI  4e+03 15 043 < 0.0092
N N3 3e+03 10 0.23 < 0.0088
10% 10%' 10% 10% 10% 10% N5 oe+03 15 0.47 0.016
N(H,) [em ] N6 2e+03 20  0.37 0.0093
Models and data points for as a function of Hs column density, from
Padovani et al. (2011)3, in pressg. Overplotted are t2he new data foz W28: N7 2e+03 15 0.24 < 0.014
green diamonds represent the ¢ values in points Wh.ere DCOT is detected and SE1 de-+03 25 0.17 < 0.0059
orange diamonds lower limits from the non-detections.
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