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Simultaneous Measurement of Atomic Oxygen and Ozone
Using a High Altitude Balloon BT15

By

Nobuyuki TAKEGAWA*, Naomoto IWAGAMI* and Masahiro OKABAYASHI**

Abstract: We have developed a balloon-borne resonance fluorescence instrument for in-situ
measurement of atomic oxygen ( O (*P) ) in the upper stratosphere. Performance of the
instrument was characterized by numerical simulations and laboratory tests. A simultaneous
measurement of O (*P) and ozone ( O, ) was carried out using a high altitude balloon BT]5,
launched from Sanriku (39°N ,142°E), Japan on 9 September 1997. O, was measured by a
balloon-borne optical sonde developed by Tohoku university. The measured [0 (3P))/[O,]
ratios are consistent with the calculated values within experimental uncertainties, although
the gradient of measured [O (3P)]/ [O,] ratio profile is different from the calculated. However,
a detailed discussion about the discrepancy could not be made due to the insufficient
precision and accuracy in the O (*P) measurement.
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AE
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~[ V™ Vog J =(2.498 X 10~ 1) 1 exp{_(ﬂj ] (2.5)
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v, Av,
TH5. L, GRPNYTVER cBRELFER mBBEBTOHER, c3EZETONXH, AIKBROKRE T
BETHD. 28, INSOHBIHATLIEEROKEIZLUTOED TH 5.

v,/ =16567.9, 76636.6, 76794.9 cm~' ( J=0,1,2)

re?
2

P 1

oP(v)=
g me* Av,

exp

Av=(1.075X10 vy, VT cm™

AE=12265,1585,0cm™" (J/=012) (2.6)

=0.053+0.003

REROREEBRZITI2DIE, /=012 OFEBORELEHILEND D, ZOHRELEBERICHS~
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N IVIRISE Z @ T3 )L F — IR S SR PR O KRN 3 RO VOPE) 2 W TITo 72, TOBEIEARY ML %
21Z7RY. 6VOPE IXEAKNBOEHE 5368 T, 130nm 5 TIXH AT 0.8pm & DR B REEEHED. L
MU, 2TORHBINFRL TWEBDIZA Y Y MEZRRE R RESF SN DL 0N 0 ET THlE
L. LEA>T, M2OMEARY MIVOBIIEBEEEERT I LI2k5.

WE, SEROEIBE s, (/=010%,

5= -[IJ W)dv 2.7)
EEETDE, AlEMNSRD - HEFERELD,
Sp 1515, =1:2.86(£0.02) : 4.08(£0.03) (2.8)

TH%5. F>THOO CPIATLBNOLENTA=—FELT, CQOOKMBBRELLEETILIICE/ 2 £iE
THRDOF-ERANRY ML OEGEHE I,

s is™ s =1:2.84: 408 (2.9)

LD, WEBELOMICOTMIBUAH DA, THIIBEBEOHENTH D, ZOBNAKEKRIIKIET
FEBIIXUTTHS.
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1 1 &
Coy=AX j j j Ddxdysz—L-;{ ;) jlm n eI, () W)t w)ydv @10

9(v) =exp[—n§) o_?(v) (L+L" ] % (v) =exp[—n02 o (v)(L +L')] (2.11)
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THY, TOMOXFOERIT 22 MO DBDET S, £z, ARREBOAYEAROBOBAEREESD
ERTHY, BRABLITERICHD ZERFELERTETHD. £IT, EBICOCPIZAERL THIEER
TV, OCPREE LABHEABEOMBREFNILEND S, EREATOCPIZAERTHHEICIZ2ED
EAOND, 1 DRBEBICE>TO,2EHBMSEIHETHD, OCPREEEZRET DD ERE S
ANWDHENRSS. I 1 DIF, RBEICEL > TNEFE2RESE, NOBEEF X ZMAMLUT N+NO - N,+0 @
RIMZEZODBEHED OCPIEREIVDZFETHD. BIITRTEISXSHEHOERTIRAIEDHEEZANS.
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WO O CPYKEEL, MRHEOHBE S > 7 & VUV B #E(phototube) E AW ERAIEIC IV BREL 2. Tab
B, OCPICX MM NEZD VUV RHSBH1E V&L, RIMHD LEOHNIE V ETHLE,

2
[ 1eew=nd ofw)hdv
_ = line

Vi _
2
Z -[line [J ) dv
J=0

Vo
DREBARDIED. 1=FL, IRIABETHD, TOMOXFOEHRIT 22 BLU23THIRIHDET S, Iad,
K EDOCP)O—EEMICEL TR, EiiciTbiz04 v MIE TOREERICBNTHENMD SN T S(Kita
et al,1996 ).

(2.13)

BTFEBRIIE A 0.1Torr, HE 205K OLHET Tirbhiz, Z0OLED O CPKEE SRRIEREOHERZ
41TRT. EHIREROH IR C, THO, BEFT—FEMNTT 1 v FFHIETEDER A ZREL
7= &5z, K210 CIRASE DENBLTREEEHT D Z LIk DB SN, AEROBRERKORHERL
2E512FT. BE 40km 2B 3REEREIIN 1.7X107 cps/(atomscm™)TH B NS, ZOF/ETD O (CP)
BEES 1X100cm? &35 L, HAENT D MIT 1T0cps BE L7582 2 &Mnh 5.
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BREIEWEEZ TXN,
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BIHS, 1, PEEZBEHT D ERTERN SR, O &, (5L O, DRIEIE I RFEEA 2 11 & FHUL) O
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HRARBHRE/DZENTEL, ThOZ2RRACERIG T IENINASOBRETH S, £/-, BEEEH
fELODERBZERIL T, JVEBVEEELETERTESLDITHIEHEEO—DTHS. SEDOERTHE
ALEEEEKIRBTIS KD ESICABOERESER BTI20 13, # 10kg OBIEE#E# L THE 50km ¥ T
ETESLD, {ROIIZOKIREHNTHEE 40~50km I2B1F 5 OCPIE OX SIS HME DR E) DR
FREIEZITS 2 EMNTEIL, HANICHHDORVERICEERFT —INEBLNDETHSS.

This document is provided by JAXA.



54 FHERZHRAMAE BRE BH5

T
|

44

43 i

T

42 .

T

41 ]

T

Altitude (km)

40

39

T
L

T
1

38

S [ - T

O; number density (Cm'z) [><101 ]]

7. SHBMNCLYVBONLEE 35~44km 125175 O, DEENT.

45—

T
1

44

T

43

T

42-

41

T

Altitude (km)

40

1

systematic error |

39

T

SO TTT0002 T 0004 0006 0008
[OCP)}/[05]

8. SHENICLUBONZ[O CP0ttE, EFIEHEICEUBOSNAIO CP)OJtEEDLLE. BA LHEREVEME
Loy AERBDBETIVHEME 5,00 €RT.

This document is provided by JAXA.



1999 €3 A EEELIRBTIS L DBERT - 4V RRAE 55

& ¥
HERHAEB LUREEBROL2MKICIED, Resonance Ltd.® WHMorrow K, RUEFAZH2H OB T
DEBNETENE I ECHMEEERT D, HEF 1 O N—ICBIT DKRIEER TR FHEBEHZER O DA B 84S &4
REE, £/25 272X MVBIE TREL RV —IE SRS O FEN BB ORI &8~ 3512, =
BETOZIRERTIE, FHAEHEROL LBEE, RREEZNDETIAGRERT N —TDOH L, RU=kk
RIIREBRFTDO S 2 DG HETEN ., ZZRB#HOEEET 5.

2 £ X MW

Anderson, J. G., The absolute concentration of O () in the earth’s stratosphere, Geophys. Res. Lett., 2, 231-234, 1975.

Anderson, J. G., H. J. Grassl, R. E. Shetter, and J. J. Margitan, Stratospheric free chlorine mea-sured by balloon-borne in
situ resonance fluorescence, J. Geophys. Res., 85, 2869-2887, 1980.

CIRA:1986, COSPAR International Reference Atmosphere, Edited by D. Rees, J. J. Burnett and K. Labitzke, Adv. Space
Res., 10(12), 336-339, 1990.

DeMore, W. B., S. P. Sander, D. M. Golden, R. F. Hampson, M. J. Kurylo, C. J. Howard, A. R. Ravishankara, C. E. Kolb,
and M. J. Molina, Chemical kinetics and photochemical data for use in stratospheric modeling, Evaluation No.12,
JPL Pub. 1997

Eluszkiewicz, J and M. Allen, A global analysis of the ozone deficit in the upper stratosphere and lower mesosphere, oJ.
Geophys. Hes., 98, 1069-1082, 1993.

dJenkins, D. B., G. Watkin, Wareing, G. H. C. Freeman, P. H. G. Dickinson, and D. J. Mackinnon, Resolved line profiles of
atomic oxygen resonance lamps used in the upper atmosphere, J. Quant. Spectrosc. Radiat. Transfer, 34, 123-132,
1985.

Kita, K., T. Imamura, N. Iwagami, W. H. Morrow, T. Ogawa, Rocket observation of atomic oxygen and night airglow :
Measurement of concentration with an improved resonance fluorescence technique, Ann. Geophysicae, 14, 227-237,
1996.

HH &% HO B, WME E— &8 & SEEKHRERAFEY-ICL5REEA Y > OBRN, FHAEMARBERE,
%325, 105-111, 1995.

Siskind, D. E., B. J. Connor, R. S. Eckman, E. E. Remsberg, J. J. Tsou, and Alan Parrish, An inter-comparison of model
ozone deficits in the upper stratosphere and mesosphere from two data sets, J. Geophys. Res., 100, 11,191-11,201,
1995.

Zuber, A., Resonance light sources and their use in atmospheric research, Department of Meteo-rology, University of

Stockholm, 1989.

This document is provided by JAXA.





