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	A
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ets

H
yakutak

e,H
alley,and

A
ustin:

im
plications

for
the

photochem
istry

ofO
H

J.P.M
orgenthaler,W
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arris(U
.W

ashingtonD
ept.ofE

arth&
S

paceS
ciences),F.S

cherb(U
.W

isconsinD
eptofP

hysics).M
.R

.
C

om
bi(U

.M
ichigan

D
ept.ofA

tm
.,O

ceanand
S

paceS
ciences)

A
B

S
T

R
A

C
T

T
he

6300
	A

com
ponentofthe

oxygen(

�D
)

doubletis
a

bright,easilyobserved
line

in
com

etarycom
æ

thatresultsprim
arily

from
the

photodissociationof
w

ater
and

its
daughter,O

H
.If

the
com

etaryem
issioncan

be
separatedfrom

foreground
airglow

,
eitherby

foreground
subtractionor

spectralresolutioncom
parableto

the
geocentricvelocity

of
the

com
et,[O

I]
photom

etryshould,in
principle

m
ake

an
excellentproxy

for
Q

(H

� O
).W

ith
com

etarygeocentricvelocities
frequently

less
than

60
km

s

�

�,spectralseparationrequiresinstrum
entsw

ith
resolvingpow

ersof

�

10000,w
hich

forconventionalgratingspectrographs,im
pliesa

slitw
idth

oforder
onearcsecond.M

axim
um

slitlength,lim
ited

by
practicalconsiderationsis

therefore
ofordera

few
arcm

inutes.Fora
typicalgeocentricdistanceof1

A
U

,[O
I]em

ission
in

thisF
O

V
is

dom
inatedby

w
aterphotodissociation,sow

ith
only

know
ledgeofw

a-
terphotochem

istryand
an

estim
ateofthe

aperturecorrectionfrom
the

distribution
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–
alongthe

slit,w
aterproductionratescanbe

derived
(e.g.,F

ink
&

D
iS

anti1990).In-
terferom

etrictechniques,suchasFabry-Ṕerot,M
ichelson,and

S
patialH

eterodyne
S

pectroscopy
(S

H
S

)achieve
very

high
spectralresolutionoverF

O
V

s
ofarcm

inutes
to

degrees.U
sing

the
1 �

F
O

V
W

isconsinH
-alphaM

apper(W
H

A
M

),
w

e
recorded

im
agesand

spectraof
com

etH
ale-B

oppthatencom
passedthe

entire
[O

I]
com

a.
In

this
case,the

em
issionw

asdom
inatedby

O
H

photodissociation.U
sing

conven-
tionalO

H
photochem

istry,ourderived
Q

(H

� O
)valuesw

ere
a

factorof3–4
higher

thanthe
acceptedvalues,suggestinga

revision
to

the
O

H
photochem

istryis
needed

(M
orgenthaleretal.

2001).
In

this
w

ork,w
e

w
ill

revisit
ourlarge

aperture[O
I]

m
easurem

entsofcom
ets1P

/H
alley,C

/1989X
1A

ustin,and
C

/1996B
2

H
yakutake

andshow
thatrevision

ofthe
O

H
photochem

istryis
necessaryto

bring
theseresults

into
agreem

entw
ith

acceptedQ
(H

� O
)values.
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B
ackground

�

Table
1

show
s

the
photodissociationpathwaysof

�

���

�

O
H

rotationaltransitionsare
observablein

the
radio

at18
cm

–
thesetransitionsare

easilyquenched(e.g.S
chloerb1988)

�

O
H

resonant�uorescenceis
observed

in
the

nearU
V

at3080
	A

–
interpretationis

com
plicatedby

a
velocity

dependent

	 -factor(e.g.S
chleicher&

A
'H

earn
1988)

�

�




�

�

� decaysprom
ptly

to
the

m
etastable�




�




� state

�

T
he

forbidden

�
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�

to
O

(
�P
)

transition
occursin

�

�

�

�

s
(F

roeseF
ischer&

S
aha

1983)via
the

brightforbidden6300,6363
	A

doublet

–
M

uch
lessquenchingthan

radio
transitions

–
N

o
com

plex

	 -factor
–

Q
(

�

� �

)dependsonly
on

aperturephotom
etryandbranchingratios:

�




�

���
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�

�

�




�
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Table
1.

P
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atios

R
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B
R

�
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un
A
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un
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#

#

#

M

�H
,H

uebneretal.(1992);V
,van

D
ishoeck&

D
algarno(1984);

M
,

M
orgenthaleretal.(2001).T

hevan
D

ishoeck&
D

algarno
O

H
crosssectionshave

beencalculatedfor
a

heliocentricvelocity
of

-14
km

s

�

�,appropriatefor
H

ale-B
opp1997

earlyM
arch.
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P
roblem

U
sing

radio,optical,and
U

V
derived

Q
(

�

�
�

)
valuesfrom

com
etH

alley,S
chleicheretal.

(1998)found:“R
esultsderived

from
observationsofthe

forbiddenoxygenlinesarepartic-
ularly

discrepant,nearly
alw

ays
yielding

w
aterproductionrateslargerthan

thosederived
from

otherdatasets.”

If
[O

I]
6300

	A
observationsare

so
easy,w

hy
do

w
e

getit
w

rong?

O
bservationaldif�culties:

�

M
ustseparatecom

etary[O
I]

from
com

etaryN
H

�

(

&

'

�

�(

)

	A)
and

airglow
[O

I]
(geocentricvelocity

dependent)

–
M

inim
um

spectralresolvingpow
eris

'

*

&

'

�

%

�

�

�

or80
km

s

�

�

–
B

ackgroundsubtractionw
orks

if
airglow

stable

–
S

pectralseparation(need

�

�

� +

,

-

�

�resolution)

�

C
onventionalnarrow

-band
�lters

don't
w

ork
–

if
narrow

enough,lose
too

m
uch

to
com

etaryredshiftvariation
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O
bservationaldif�culties

have
beensolved

�

M
edium

-to
high-resolutionlong-slitorm

ulti-objectspectroscopy
(e.g.,F

ink
&

H
icks

1996;C
om

bietal.1999,�g.
1)

�

Fabry-Ṕerotim
aging

andspectroscopy
�gs.

1–2

.

�

Fouriertransform
spectroscopy

(e.g.M
ichelsonorS

patialH
eterodyneS

pectroscopy)

.

.

B
onus:high

sensitivity
due

to
large

F
O

V
and

ability
to

m
atchF

O
V

to
com

asize,even
at

high
resolvingpow

er

P
roblem

intensi�es
and

suggestsa
solution

�

W
ide-�eld

[O
I]

6300
	A

observationsofH
ale-B

oppyielded
Q

(

�

�
�

)
valuesa

factorof
3–4

tim
eshigherthanothertechniques(M

orgenthaleretal.2001,seereprint)

�

W
H

A
M

spectroscopicobservationsw
ere

sensitive
enough(0.1

R
sensitivity

lim
it

in
30

s
exposures)to

detectallthe
[O

I]
em

issioncom
ingfrom

H
ale-B

opp

�

W
H

A
M

observations
corroboratedby

[O
I]

observations
of

three
otherinstrum

ents
(M

orgenthaleretal.2001)
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N
o

m
odeldependentaperturecorrectionneeded

–
O

nly
errorcould

be
in

the
branchingratios(E

quation1)

�

M
orgenthaleretal.

usethis
asevidenceto

proposea
m

odi�cation
to

the
w

idely
used

theoreticalO
H

photodissociative
crosssectionofvan

D
ishoeck&

D
algarno(1984)used

to
derive

the
branchingratiosB

R
3

andB
R

4
in

Table
1

�

M
odi�ed

O
H

crosssectionresultsin
a

shorterO
H

lifetim
e

(85
ks

vs.120
ks)

–
M

odelsconstrainedby
radialpro�le

dataw
ould

needhigherout�o
w

velocities

–
M

odels
constrainedby

high-resolutionline
pro�le

data
w

ould
needto

be
adjusted

to
re�ectsm

allersam
pledvolum

e

�

D
oesm

odi�cation
ofB

R
3

andB
R

4
im

prove
Q

(

�

���

)valuesfrom
[O

I]observationsof
allcom

ets?
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C
om

etC
/1995

O
1

H
ale-B

opp
�

H
aser(1957)m

odelsare
notsophisticatedenoughto

handlethe
detailsofthe

com
plex

changesin
out�o

w
velocity

observed
in

com
ets(e.g.,C

om
bietal.1999,2000)

�

H
aserm

odelsprovide
adequate�ts

for
determ

iningaperturecorrections

�

G
ood�ts

to
[O

I]6300
	A

andO
H

pro�les
areobtainedw

ith
M

orgenthaleretal.(2001)
O

H
crosssectionandreasonableout�o

w
velocities(see�gures)

C
om

etC
/1996

B
2

H
yakutak

e

�

H
yakutake

w
as

observed
using

the
W

isconsin
H

-alpha
M

apper(W
H

A
M

)
telescope

during
the

W
H

A
M

com
m

issioningphaseatP
ine

B
luff

O
bservatory,W

isconsin(Tufte
1997)

�

P
relim

inaryreductionofdataperform
edby

high
schoolinternsM

ichelle
K

rok
(spectral

�tting
to

determ
ineproductionrates)andK

yle
R

ipp
(im

agereductionforradialpro�les)
arew

ell�t
by

H
aserm

odelsusingthe
M

orgenthaleretal.(2001)O
H

crosssectionand
out�o

w
velocitiesfrom

(C
om

bietal.1999)
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C
/1989X

1
A

ustin
�

S
chultzetal.(1993)had

too
sm

alla
projectedF

O
V

to
detect[O

I]
from

O
H

photodis-
sociation

C
om

et1P
/H

alley

�

(M
agee-S

aueretal.
1988)m

easuredtw
o

points
beyond

the

�

���

scalelength,w
hich

are
now

�t
w

ith
the

M
orgenthaleretal.(2001)O

H
crosssection(�g.

6)

�

M
agee-S

aueretal.(1990)Q
(

�

�!�

)ratesarelow
becauseofvery

long
O

H
lifetim

e
used

for
aperturecorrection



–
10

–

F
ig.1.—

W
isconsinH

-alphaM
apper(W

H
A

M
)

spectrum
(left)andim

age(right)ofC
om

et
H

ale-B
opp,from

1997
M

arch
5

show
ing

relative
easeof[O

I]
6300

	A
detectioneven

over
an

airglow
-dom

inated1 �

F
O

V
.R

esolvingpow
erofthe

W
H

A
M

Fabry-Ṕerotis

�

30,000,
or10

km
s

�

�,(Tufte
1997;M

orgenthaleretal.2001;H
affneretal.2003).
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C
onclusions

�

[O
I]

6300
	A

radialpro�les
of

com
etsH

ale-B
opp,H

yakutake,and
H

alley
are

rea-
sonablyw

ell�t
by

sim
ple

tw
o-com

ponentH
aserm

odels(K
rishna-S

wam
y

&
B

randt
1986)usingthe

O
H

phtodisosciative
branchingratio

andlifetim
e

ofM
orgenthaleretal.

(2001)

�

A
n

unexpetedresultofusing
the

M
orgenthaleretal.

O
H

crosssectionis
the

ability
to

returnofthe

�

�8�

�

�
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�

$

� quenchingrateto
the

valueof �
(

�

4

�

�

�

�

5

9

,

�

-

�

�

found
in

S
treitetal.(1976)

�

M
ore

sophisticatedcom
am

odelsare
neededfor

precise�tting
ofradialdistributions

�

C
arefulevaluation

of
expansionvelocity

data
is

neededto
verify

the
low

ering
of

the
O

H
lifetim

e
to

85
ks

sincelifetim
e

and
out�o

w
velocity

are
intim

ately
linked
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