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Fig. 2—Comparison between the Draine (1978) field and the normalized
6000 and 30,000 K blackbody curves. For 4 = 2000 A, the representation of
van Dishoeck & Black (1982) was used.
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SHIELDING FuscTions @[N(CO) N(H, T

log N(CO)
log Ni{H,) 0 13 14 15 16 17 18 19
12CO: Unattenuated Rate® k= 2039 10710 57

| I 1000 S6El—1)  TT6H—1) AU -1 013 -2) 1.295(—2) LT38(=3)  9985—35)
5 B2IS—1) To16(—1) 6160 —1) 2749 —1) 5351(-2) 1065 —2) 1.519{ = 3) BE18—5)
20......... T160(—1) G900 — 1) 53600 —1) 2359 —1) 4416 =2) 8.76% —3) 1254 —3) T.558(—15)
... 3500 —1) 3415—1) 2863 —1) 1.360{ — 1) 25004 —2) 4083 -13) 151 —4) 3.796{ - 5)
F I 4973(~2)  48TN-2)  4296(—2)  21N-2)  4958(—3)  9.245(—4)  1745—d)  837T—6)
I L30(—d)  1.293(—4)  LIGK—4)  6346(—5) 183N _5)  6B4A—6)  I62A—6)  31572A—T)

CO: Unattenuated Rate® ky, =2034 = 107207, 577

T 1000 S8R —1) Q159 1) 6485 —1) 26100 —1) 6.032—2) T.7RE(=13) 3403 —4)
19... 1B —1) BOBYN—1) 7463 —1) 3.324(—1)  21BS(=1)  4961(-2)  6431(=3)  2ESN—4)
0..... TOL—1) 6923 —1)  63B6(—1)  4540—1)  1BIS(—1)  4160(—2)  5S56—3) 2404 —4)
1. 3599 ~1) 3573 —-1) 39N-1) L1585 1) L2002 —1) 276 =2) 3389(—-3) 1,346 —4)
22... G037 —2) 5.903( - 2) 5.02% —3) 3423 —-2) 330 —2) G691 - 3) T12H —4) 1B58(—5)
Mo BOIX—4)  80I4(—4)  TOTN—4)  T64N—4)  S19N—4)  L1IS(—4)  L500—5)  6.254(—7)

C'™0: Unattenvated Rate® k,=2.035 = 107", s !

O, 1000 DRI —1) 9243 = 1) 6673 —1) 2921(—1) Q464 —2) 1451(—3) 7450 —4)
19 ... BOBE ~1) B.OO — 1) T4 —1) 5405 1) 2IB¥-1) T.6B6( =) L1944 —2) 63100 —4)
0. T032A—1)  695H—1)  647N—1)  4TOR—1)  2090(—1)  6811(—2) L042-2)  SOTH—4)
Moo, IGN—1)  358T—1)  342M(—1)  ZESH—1)  13TU(—1)  4805(—2)  6614(—3)  2.436(—4)
.. 6003 —2) GO5H—2) 6005 —2) 5590 —2) 4069 —12) 1.480( —2) 16400 — 3) 3,276 = 5)
23 SO61(—4)  9061—4) 004X —4)  BESS—4)  THI0—4)  LOER[—4)  IBIS—5  EEIH_T)

MCYE0: Unattenuated Rate® ko =2043 % 1071, 5!

TR 1.000 BRI —1) D66 —1)  TOI(—1)  SO00A—1)  263(—1) 85IA—2  1.245—73)
... BIZN 1) BIe—1)  #155(—1) 67 —1) 4640 -1) 2610 BOZV -2 118 —32)
L ——— T.298(—1) 7274 — 1) T8 —1) GO —1) 4077 1) 2.245(—1) T4 =2) 977 —3)
Moiin, 3597(—1)  35BT—1)  ASON—1)  2980(—1)  20M3(—1)  1264—1) 4384—2)  551-3)
v SRNNI 6BI8(~2) 6732}  6T0N-2)  64H-2)  55TS—2)  45IN-2) 16622  BI28(—4)
-k SOV 1O84(-3) 2984 —3) 29B4-3) 29T =3 28403 2600(—3)  9290(—4) 1765 —5)

* These shielding functions have been computed for the unmodified Draine 1978 radiation field and the following parameters:
BOOI=10kms™ ", HH, )= 3.0 km s™*, BH)=50 km 5", T, (Hy)= 10 K, T, (CO)=10 K, and N{H]} =5 » 10*® cm~ . The fixed
abundance ratios of the isotopic vareties are *23CY0 ;Y200 13C 1580 - [EPSLLYS Y L/45 1/500 ; 1/2000, The shielding of the
isolopic species is thus expressed as a function of the column density of 2C1%0),

* The unattenuated rate is the value that would apply for a cloud illuminated on one side only. For equal illumination of both
sides of a finite slab, the boundary rate should be 1,2 times the listed unattenvated rate,
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madel (&) Photodissociation rates of '2CO as functions of linear depth computed at four different levels of approximation. Sofid curve - full calculation including
self-shielding, mutual shielding, shielding by lines of H and Hy and dust attenuation for all CO lines up to J7 = 9. Short-dashed curve: calculation including only the
R(0) lines of CO and H, lines with 7* = 0 and 1. Long-dashed line: caleulation in which only self-shielding in the CO R(0) lines and dust attenuation is taken into
aceount, Dask-dorred line - calculation using the shielding functions presented in Table 5.
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TABLE 2
PHOTMONIZATION ANT» INSSOCIATION RATES FOR DIFFERENT BLACKBODY RADIATION FIELDS WITH Gy = |

Tepy in K

6000 8000 10,000 14,000 18,000 24,000 30,000
Reaction a b a b a b a b 2 B Py b a b

C - COF 4 e 2.82(-15) 3.27 2.70(-13) 3.30 3.50(-12) 3.33 492(-11) 3.36 1.63(-10) 3.38 3.42(-10) 3.39 4.50(-10) 3.40
CH*' — ¢ + Ht 3.86(-13) 135 1L17(-12) 141 3.24(-12) 159 212(-11) 202 6.90(-11) 2.31 1.62(-10) 2.57 2.36(-10) 2M
OH - 0O + H 6.66(-13) 1.81  T.70(-12) 1.0 8.12(-11) 1.94 1.28(-10) 2.00 230{-10) 2.05 3.00(-10) .10 3.08(-10) 2.14
CH -+ C + H B.30(-11) 1.32 2.10(-10) 1.37 3.60(-10) 143 6.62(-10) 1.56 8.32(-10) 1.65 &.20(-10) 1.74 T.18(-10) 1.78
CH - CHY 4+ e B.12(-15) 3.10 T7.08(-13) 3.16 B.80{-12) 3.20 L.19(-10) 3.25 A.88(-10) 3.28 &.02(-10) 330 1.05(-9)  3.32
H:0 —- OH 4+ H 1.66(-12) 1.84 1.82(-11) 1.86 T.28(-11) 1.9 2.T6(-10) 1.94 4.78(-10) 1.99 6.14(-10) 205 6.30(-10) 210
CH; - CH + H L15(-11) 2.00 8.78(-11) 1.99 2.50(-10) 1.98 6.42(-10) 1.98 8.56(-10) 1.98 8.42(-10) 200 7.32(-10) 2.01
Mg - Mgt + & L66(-11) 1.85 2.48(-12) 1.96 1.05(-11) 1.98 416(-11) 200 7.92(-11) 2.01 &06(-11) 203 T7.58(-11) 2.04
Si0 —+ 5 + 0 1.62(-13) 217 3.62(-12) 208 L.84(-11) 2.1% 9.90(-11) 2.21 1.87(-10) 222 2.42(-10) 223 2.40(-10) 2.24
Fe — Fet 4+ e 2.12(-13) 208 4.30(-12) 202 2.24(-11) 214 1.13(-10) 217 213-10) 2.1% 274(-10) 221 2.72-10) 222
g - gt + e 120(-14) 278 7.50(-13) 284 T.64(-12) 289 0.10(-11) 295 2.80(-10) 3.00 5.58(-10) 205 T.20{-10) 3.07
Oy - 0O + 0O 1.13(-12) 1.88 1.B6(-11) 2,01 B.46(-11) 2.03 3.64(-10) 2.06 6.40(-10) 2.08 T.88(-10) 210 T.72(-10) 212
Si - St 4 e LT7(-12) 203 3.80(-11) 215 240(-10) 217 LOT(-9) 221 210(-%) 223 2.84(-8) 2.26 2.92(-9) 2.27
164 - H + Ht 3.78(-13) 195 5.40(-12) 2.01 2.84(-11) 207 1.49(-10) 216 3.08(-10) 2.22 448(-10) 228 4.88(-10) 2.32
H; - H + H 2.02(-17) 2.50 2.72(-15) 2.50 4.48(-14) 250 9.25(-13) 2.50 4.55(-12) 2.50 1.68(-11) 250 3.41(-11) 2.50
CO - 0 + 0O 9.20(-17) 3.20 1.05(-14) 3.20 1.62(-13) 3.20 3.39(-12) 3.20 1.74(-11) 320 T.16(-11) 3.20 1.60(-10) 3.20

Momes.—The reaction rates are parameterized by @ and b according to R = a = ™%, where a is the unattenuated rate. The exponent b reflects only the attenuvation due io dust, but not
that due to self-shiclding or shielding by H, ,
t Motice that this reaction differs from the one given in THES, Table 5, p. 742,
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_IKalfmenietals1999; Spaans 1996; Sternberg

3 [DalgBieM995; Storzer et al. 1995; Spaans

tal. 994 AWolfireet al. 1993; le Bourlot et

“al. 1993 Tielens et al. 1993; Boisse’ 1990;

- van Dishoeck & Black 1988; Sternberg 1988;
Black & van Dishoeck 1987; de Jong et al.
1980; Black & Dalgarno 1976

Maloney et al. 1996
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