


\__/
The UMIST Database for Astrochemistry
Woodall,-Agundez, Markwick-Kemper, Mil_lar

RA TEBG - 4t publicly available version
10% bigger than rate99
cleaner than rate99
23 new species, inc. F-bearing
over 1100 new or revised rate coefficients
‘historical data’
www.udfa.net

future?



number of reactions

2250

~

Comparison of rate coefficient ‘accuracy’

3000
2750

2500

2000

1750
1500

1250

1000

750
500

250

<.25% < 50%

blue = rate99, purple = rate06

Factor of 2



S

% of database

~

Comparison of rate coefficient source

Calculated Literature Estimated Measured

blue ,5 rate99, purple = rate06



ifthelmosit
Impontant
neactions

Wbl i B shed s g vl st
athe Tabdr,| e

o KAV . K W i 1D b
B3 S P MY e

e wg
5 (LB, D
[YYon Sy

T Pt R e oo o B s
A 0 SN AN 8 A8 T B

A0 B T T

S T T

iy 4 Drntar adierh o sa il ak

U R, A X D 0
N
M

Rt b gy o g ik

Ay L W e

4 Ay

G RS T A
Fi G, et ALaAUA S R W ingl M6 5

R —

A R TRAT A F A T B
0 LR W e AL TR A

e
Vs HILK

i Oy T a2

KR ik 4 sl ¢ s ety Sy
N T T

Tra LWSET DAt do drmocianlm

sortant reactions in as

A. J. Markwick-Kemper

$
i

rochemis

s P a0 e a0 0 R g ) e Ak v Vo e
= L L
o - -
noh X .-
e e W W -
I -
s T
o & - o
v I L
YR T R ]
fraiir ma ma g me ww e ms a
Woiw s A EREECE ]
[N vl e o s e -
o - W s W W s o
S bk e M - e o
= T w-gwa wm as
- - -
. - - T
. : w ac - wa
W ahk w ma| m - -
=t - - emow
. ki b -  wa oW o
ey - -
s o W
PRI o s
W Bk a omm W
g a3 m2 @ e W
P B e e mm
TR e w2 | W W
3 ek e w oW ow o P
: =k ky a
. e - . - - " @ - |
. oo -ow “ o
ey “ mr= U “ F
wom | o - - w - .
¢ “ - “om - “ o= o LRl
o b b . - L I~ BN - - v
R - m e “
; . - T - - -
e o - - ~ “ o w ow e “ - |
P ST - .. a e -
. wiH - “ O - o, = -
B w0 s G - - . - -
I o ; B a e o - “ @ o« - - o -
o ; o s ] B & 5 - =
& o SO I - “w o - - e
y i o WM o m - -
prege @ B e a o - - - o .
PRy - o »
Ry o om om -
PR e o ou e e = . - ~
o . “ o o o o e m o« “ - e O .
A - a
e - “
[r— - - . o
. : " - o owm - ow m - e oW W
5 R o - o s 2 . e W s - - B
. g - O - n e o owlm e =W - om - - |-
Pap - . =
[T S - < o o- -
oy it - - - » v
) . P - .
i . - I T - m o -
. - “ -
. ‘ - - e m owom W ow w owm owm S oM omom o -
i T - o o - o o - . " -
W rkek - - - o - o o -
. “ ‘i - o o - s @ - w oW
; Mo - u o - e e wim -
p ‘. . -
a - - - .
W EY _— - = s w s - - =
; W - -
P - - o W oo - a o= e -
; ok - = - - -
e wlfie w = - Lo o
e : " o o= e owm a ” om o -
ey “ o « WO s - .
oy 700, -
¥ v - - - -
,‘ - - u “ o -
. - u
I i - - “o- -
; - - - 2 - oo om
3 - - < wim - -
R G ] -
. - o =
o il - - . » S w s - - -
o St - - <
= - - w-
. . - - oo wle - @ ow omm oW o= -
. - - - - “
e £
P -
B 5 a1 b - -
Eo 5 ki 7 - -
e as - - - - |
o - -
e -
e -
PR - “ “
. ol -
Rra b . ~
. p - -
T - o 2 e v s B i, B Taa o e g ST
b ¥ 1 e 4 Rl 4 6 B TS o o s



The most important reactions in astrochemistry

A. J. Markwick-Kemper

hefmostas

‘ I as W ee "B
+ L N - - L om - - 2 a L B B B .t
FrEes s sl - .
Som Lo om ey B S oo
< A0 3 KA Sl R § Bl Sl
= e o . .y =
M@@ﬁ@m@ u e, HEHE
‘ - S R R RN
; G omoEmomom ot DR EASE S i
- - g SEsSRSBoEAs T8
i = om s omm oo .
: W M e LEIEBRTLEETTTILL
: o oaT e ;
il m s - : ,
=h=gs = cm A E R A iaal
: mem T =
QEm et e = <) =7 AR : =B
et AR B ‘= :
o fe tE A bl
Rl R N a— -
s symsa a0 ey ) e s P - 5 wfm w
: el e el el el -
G lmm e T e om g o= , :
- - - - 24
s c|s 8 R Be® l R
= m o A T e e B R TTTTE | e
e mE B mm i mmmEEE
pr s ==u = ==
2 IR LR YV Y
£ * - R BT » el -
SEmuE R Lo LaLEE T
: il g2
::,'.::,‘:;::,...:‘-.‘ﬂ‘.““-“‘" x t‘:. E ::J : E E EE :‘-:‘ ’: :: :: !-: l: : . . =
) R AN W YA TS 3 o . - - = - 8 -
- . . et Se oot samsm s v o E . RE i
s:mple questlons momin e it RO w8 OB OB OBOLS L e B L n
- L gy .“ - - . - 2 - Y] .
r ey A 15 &
> . - . e o W o e 1 T e R R
e E LR e e it G TEE T
{ow @3B OB D BmSEE LR
‘ i A :
simple stud : = = & g =
T it it 5 i z 5
e e o N AL m L amcIseLne EBELE
. . By ..
. - - N
.. L .H‘ - - - - - - - . - e .- -
- - w - m
! : . % — . FE = R
B ey e i i ot vk madly : : . e . . = :
X : ¢
s + - s
it |
- . -
. - L] - . .-
, -
: -
References - as - — - - - .
—— KV s - - e -
4
- - Lot -
(downloadable at as:lomar.caltech.edu) ; - a
T LWST Daeatue foc drmovianemy . bl 1 iy - :. Y - - - e - -
pe -




The most important reactions in astrochemistry

A. J. Markwick-Kemper

ﬁ[ﬂi@”ﬁ’@@[ﬂ@ THITER G e
:ﬁ ZEEEEE SEi¥Bs iiaas

observers put errors on their abundances, St R
so why don’t we put errors on our siEeigraras: g n vy
calculated abundances? TEEI RETE

Tra LWSET DAt do drmocianlm -y by



i efmosit;
ﬁ[fzfapo[f@@m@
reactionsy

which reaction affects the model
abundances the most?

which reaction would | most like to be better
quantified?
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Methodology

One control model: ‘standard’ parameters

Run one model at the extremes of each reaction rate
coefficient’s tabulated uncertainty

Compute the difference between the results so obtained
g as a percentage of the control value ( = p ), on a species
by species basis.

e.g. if p = 0, there was no effect on the species
abundance by varying the reaction rate coefficient.

The bigger p is, the more significant the reaction is for
that species

'

Summing p over all species, we can work out the ‘most
important reaction’ * caveat caveat etc efc e )



What is the most important reaction
by these standards?
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OK, why isn’t it
H,+{ > H,"+e?



Forget about cosmic rays...
what is the most important reaction
by these standards?



Or.. What single reaction rate
coefficient can we measure that will
improve the overall accuracy of the

model the most?



H,* + O — OH* + H,

measured by Fehsenfeld (1976)
k=8x107 cm3s1
quoted error ‘< 50%’



Show me the whole list!!



py = the difference in the steady state abundance of species X from runs with the reaction rate at the extremes of its tabulated uncertainty. as a percentage of the control value.

Reaction C:H CiH:  CiHsOH Ca Ci;H: CH;CCH CH;CN CH;0H CN CS H;QD H.S HC:N HC:N HCN  HCO™ HCS™ HN.™ HNC NH; 0. S0, Procai
He —=He™ +e- ~ | S SN SN 62 SEE S50 250 o8] oo WS W22m 533 @ MSNM 70l o WSS 7o WM 201 260 BESI | 3ss042
5 H; e 1628 1823 695 [03M [0S0 047 048 <25 [EEN 12 WSS G17 NGEE B2 76 G 92 | s
Hi +0 —OH™ +Hy ™ 7166 231 270 119 197 [66@ (%69 588 |70 49 09 |24 289 07 877 1658 | 38265
€ +Hy — CHy # Iy 22 [N §523 OOl W2 oW WSeW W oz 2 [@25E 1 WSS 2SeE 27 05 30 14 13 20 | 392
C 40, — 07+ CO B8 472 (320 [22 96 698 372 161 157 226 218 111 606l BB 123 04 227 31 174 45 26 145 | 17289
0, —0+0 754 406 570 941 527  [59.1 04 413 269 279 209 232 263 |98 173 48 256 72 273 241 | 16801
CHy — CH3+H 549 49 547 (B3 PB4 HO8E oo 07 05 209 06 B B 2 05 03 04 | 12932
CH, — CH+H 152 [{08 269 [684 [0 371 0.3 0.2 04 02 [679 |iEEEl 03 05 12634
He™ +CO —C™ +0+He 40 367 266 488 456 [528 195 175 77 124 182 50 o4y [62E 12 141 21 B89 97 32 44 | 12477
H; +N —NH; +H {07 815 215 878 163  [346 - 126 886 78 89 18 74 247 [988 13 56 202 [684| [@0 91 185 | 114
CGH; = CH+H, 122 447 168 439 |45 |23 0.2 04 02 426 g6l 0.3 05
C 40, —CO™ +0 200 218 168 289 279 |81 208 105 128 98 19 %08 62 @86 13 B0 05 B2 23 19 12 | 7652
CH; + Hy == CHZ + hy 230 231 04 « 220 233 [453 |HEE WEE o0: 02 231 234 449 19 0.5 04 | 7646
Hy —H" +e +H 297 138 281 460 132 19 [94 %08 128 164 04 50 BB 180 148 BB 245 [78 4641 136 257 | 7516
CHy —— CHa+ Hy 804l 302 305 201 (302 B9l 35 21 03 05 178 305 590 o6 0305 /ooa | 7o
He®+H, — H; + He 214 193 199 303 248 283 164 133 61 94 B89 43 205 40 B 13 Pi 21 B2 16 19, 52 | se62
H; ~——H+H+H 200 163242 [347 256 226 B4 147 125 104 120 48 174 1898 12 132 32 198 [78 38 74 117 | 6638
H; +C0O — HCO™ +H. 260 195 137 346 27.0 18 105 181 93 15 150 405 105 273 250 106 78 133 | 6632
N; = N+N 28.1 B8 B8M 42 200 286 09 26 @74 225 BB oo 173 474 {467 475 13 04 | 6005
C" +CHy —,CoH; +H B8 200 B8 206 04 02 22 o1 287 [BE@ 0 03 05 | 5839
He™ + 03— 0"+ 0+He 156 145 214 137 42 61 B3 67 44 166 331 8o 10 72 13 60 | 5192
CH; —— CH; + Hs 207 204 203 415 a4 #0.3 B4 o2 203 @0 06 05 4939
C+0; —CO+0 14 02 1.2 69 49 B8 40 105 [B5 424 o6 245 05 03 36 | 4170
H:0" =~ OH+H +H 75 315 11.3 93 461 2.1 4.9 21 1.6 23.0 26 2.1 36 B3 11 19 12 | 398
CH; S~ CH+H 07 |4 04 é 29 405 3872
C+CH — Cs+H 16 08 08 06 02 16 539 03 05 3659
C0—=C+0 = 23 0.7 69 4.0 42 281 36 88 47 348 200 05 0.3 32 | 3577
GH; = CHi+H 14 197 26 | 02 04 0.1 189 376 05 3461
C+CHy —=C;H+H 21 32 08 13 0.2 01 68 466 0.3 05 3453
€+ CH— CH T+ 106 132 227 75 02 09 132 258 0.5 2844
H; +CHy — C3Hy+H, 18 32 08 13 58 208 05 2775
NH <~ NH +H+H 37 43 213 31 [@80 14 266 154 04 50 145 118 888 oo 85 21 [59 07 16 | 2630
CH; S~ CH,+H 1.3 77111 109 226 36 01 111" 219 05 2627
T S—=NH:;+H 37 43 26.9 25 @68 14 261 152 04 48 145 112 (34 09 B85 26 [342 [3986 16 | 2551
Hy +S — HS™ +H; f 09 1130.6 1.1 05 04 | 2519
H; +N; — HNGFH; 78 59 66 B8 04 42 B4 28 36 18 42 12437 26 B o: 38 19 40 | 23
07+ Cilly—— HsG,0™ +hv | 62 27 38 .09 B2 163 0.5 2342
C+CH — GH +H 09 14 04 06 89 360 p 05 2339
CH; +C0 — HCO™ +CH, 99 98 20.1 3.1 0.1 0.0 19.7 05 2328




What about obvious important
species, like CO, SO or H,0?



There is no single reaction for which
p>1.2for CO, orp > 16.5 for SO. For
water, p,.., = 48.0 for dissociative
recombination of H;0".



What is the largest single value of p?



it’'s 19580, for C4H:* and the reaction
He + { = He* + e

‘end chain’ species



What about other times in the model,
for example at ‘early time’?



The results are similar.

The uncertainties are always
less than at steady state.

The cri reactions for H, and He switch places.

The top non cr reactions are still
H;*+ O - OH* + H,
and
C*+H, - CH," + hv



Won'’t all these errors cancel out?






Should we be careful comparing
models with observations?



bsolutely.

Simple species are OK
but bigger molecules are definitely not

e.g. HC,N abundance uncertain to an order of
magnitude because of a single rate!

For HCy4N, p,..., = 5521!

For most species with n. >2, p,..., ~ 500



How many reactions were found to be
totally unimportant by this method?



P:.:. = 0 for about a third of them.

But that doesn’t mean those
reactions will never be important 1\
under any conditions



How can we get a handle on {?



py = the difference in the steady state abundance of species X from runs with the reaction rate at the extremes of its tabulated uncertainty. as a percentage of the control value.

Reaction C:H CiH:  CiHsOH Ca Ci;H: CH;CCH CH;CN CH;0H CN CS H;QD H.S HC:N HC:N HCN  HCO™ HCS™ HN.™ HNC NH; 0. S0, Procai
He —=He™ +e- ~ | S SN SN 62 SEE S50 250 o8] oo WS W22m 533 @ MSNM 70l o WSS 7o WM 201 260 BESI | 3ss042
5 H; e 1628 1823 695 [03M [0S0 047 048 <25 [EEN 12 WSS G17 NGEE B2 76 G 92 | s
Hi +0 —OH™ +Hy ™ 7166 231 270 119 197 [66@ (%69 588 |70 49 09 |24 289 07 877 1658 | 38265
€ +Hy — CHy # Iy 22 [N §523 OOl W2 oW WSeW W oz 2 [@25E 1 WSS 2SeE 27 05 30 14 13 20 | 392
C 40, — 07+ CO B8 472 (320 [22 96 698 372 161 157 226 218 111 606l BB 123 04 227 31 174 45 26 145 | 17289
0, —0+0 754 406 570 941 527  [59.1 04 413 269 279 209 232 263 |98 173 48 256 72 273 241 | 16801
CHy — CH3+H 549 49 547 (B3 PB4 HO8E oo 07 05 209 06 B B 2 05 03 04 | 12932
CH, — CH+H 152 [{08 269 [684 [0 371 0.3 0.2 04 02 [679 |iEEEl 03 05 12634
He™ +CO —C™ +0+He 40 367 266 488 456 [528 195 175 77 124 182 50 o4y [62E 12 141 21 B89 97 32 44 | 12477
H; +N —NH; +H {07 815 215 878 163  [346 - 126 886 78 89 18 74 247 [988 13 56 202 [684| [@0 91 185 | 114
CGH; = CH+H, 122 447 168 439 |45 |23 0.2 04 02 426 g6l 0.3 05
C 40, —CO™ +0 200 218 168 289 279 |81 208 105 128 98 19 %08 62 @86 13 B0 05 B2 23 19 12 | 7652
CH; + Hy == CHZ + hy 230 231 04 « 220 233 [453 |HEE WEE o0: 02 231 234 449 19 0.5 04 | 7646
Hy —H" +e +H 297 138 281 460 132 19 [94 %08 128 164 04 50 BB 180 148 BB 245 [78 4641 136 257 | 7516
CHy —— CHa+ Hy 804l 302 305 201 (302 B9l 35 21 03 05 178 305 590 o6 0305 /ooa | 7o
He®+H, — H; + He 214 193 199 303 248 283 164 133 61 94 B89 43 205 40 B 13 Pi 21 B2 16 19, 52 | se62
H; ~——H+H+H 200 163242 [347 256 226 B4 147 125 104 120 48 174 1898 12 132 32 198 [78 38 74 117 | 6638
H; +C0O — HCO™ +H. 260 195 137 346 27.0 18 105 181 93 15 150 405 105 273 250 106 78 133 | 6632
N; = N+N 28.1 B8 B8M 42 200 286 09 26 @74 225 BB oo 173 474 {467 475 13 04 | 6005
C" +CHy —,CoH; +H B8 200 B8 206 04 02 22 o1 287 [BE@ 0 03 05 | 5839
He™ + 03— 0"+ 0+He 156 145 214 137 42 61 B3 67 44 166 331 8o 10 72 13 60 | 5192
CH; —— CH; + Hs 207 204 203 415 a4 #0.3 B4 o2 203 @0 06 05 4939
C+0; —CO+0 14 02 1.2 69 49 B8 40 105 [B5 424 o6 245 05 03 36 | 4170
H:0" =~ OH+H +H 75 315 11.3 93 461 2.1 4.9 21 1.6 23.0 26 2.1 36 B3 11 19 12 | 398
CH; S~ CH+H 07 |4 04 é 29 405 3872
C+CH — Cs+H 16 08 08 06 02 16 539 03 05 3659
C0—=C+0 = 23 0.7 69 4.0 42 281 36 88 47 348 200 05 0.3 32 | 3577
GH; = CHi+H 14 197 26 | 02 04 0.1 189 376 05 3461
C+CHy —=C;H+H 21 32 08 13 0.2 01 68 466 0.3 05 3453
€+ CH— CH T+ 106 132 227 75 02 09 132 258 0.5 2844
H; +CHy — C3Hy+H, 18 32 08 13 58 208 05 2775
NH <~ NH +H+H 37 43 213 31 [@80 14 266 154 04 50 145 118 888 oo 85 21 [59 07 16 | 2630
CH; S~ CH,+H 1.3 77111 109 226 36 01 111" 219 05 2627
T S—=NH:;+H 37 43 26.9 25 @68 14 261 152 04 48 145 112 (34 09 B85 26 [342 [3986 16 | 2551
Hy +S — HS™ +H; f 09 1130.6 1.1 05 04 | 2519
H; +N; — HNGFH; 78 59 66 B8 04 42 B4 28 36 18 42 12437 26 B o: 38 19 40 | 23
07+ Cilly—— HsG,0™ +hv | 62 27 38 .09 B2 163 0.5 2342
C+CH — GH +H 09 14 04 06 89 360 p 05 2339
CH; +C0 — HCO™ +CH, 99 98 20.1 3.1 0.1 0.0 19.7 05 2328




Maybe with HCO*

Maybe we should actually measure
fractional abundances rel. HCO*



AN
Some random thoughts in conclusion

Sensitivity analysis squared:
how sensitive is a sensitivity analysis?

Not clear that any results are transferrable
What IS an important reaction / species ?

Matching observations?



g
He —> He' +e

& @S s
HY +0 —>OH' +H;

C* ,
+H, — CH; +hv

ﬁ@” W@m @ C* +§o; 0" +CO

0, > 0+0

EAC LIONS sk
Czlj”-' > CoH+H —
) CHy + Hy—= CHJ +hv
" H2 —S_ZHWL_*_C—_{_H
;‘ CH";CHZ‘}‘Hw
He++H2_—’H~T~+He
; +CO —— HCO"
. +H,
2 =5 N+N
He' 40, —+ 0" + 0+ He

¢

CHJ —~— CH; + H,
C"*’Oz ——CO+0

4+ ¢
H;O" — OH+H+ H



