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UtahStateUniversity An axial time-of-flight mass spectrometer for upper atmospheric measurements
department of physics

Space Dynamics

E. A. Everett!?2, W. Sanderson?, D. Allen'?, J. Dyer?, B. Smith2, M. Watson?, C.J. Mertens3, E. A. Syrstad? A 5 e
lUtah State University (Logan, UT), 2Space Dynamics Laboratory (North Logan, UT), 3NASA Langley Research Center (Hampton, VA) Utah State University Research Foundation

Research objectives in the upper atmosphere Predicted performance Uncertainty analysis
* Design a time-of-flight mass spectrometer (TOFMS) for accurate measurements of charged and neutral particles in the Bradbury-Nielsen Gate (BNG) ngl defined ion p uls.es are r.equn’ed for sucgessful TOFMS in the MLT.
Mesosh /L th h MLT Y This can be accomplished with a Bradbury-Nielsen gate (BNG) : . . . .
pere/Lower thermosphere ( ) di Iv behind the i 1 . . A BNG ) f The uncertainty in the number density of NO is given as an Several factors affect the uncertainty and hence,
* Test microchannel plate (MCP) detectors in the laboratory to determine high pressure operating characteristics . ) irectly behund the lon acce grat1on region. consists ° two . example of uncertainty analysis: sensitivity, of the instrument. Among them are:
«Achieve unit mass resolution of atmospheric species of interest with TOFMS : 1nter-1eav.ed sets of wires Wl,uch’ When set to the same p otent1a}1 as the Reflectron TOF Linear TOF ‘Detector background
* Model instrument sensitivity and performance for a typical sounding rocket flight to the MLT . accgleratmn rqesh, allow unlnhlblted'pasiage of charged pgrucles.. g N p N Begin with the variance for NO, which depends on: *Stray UV photons
: The ion beam is mod.ulated by applylpg tVito egch set of wires, which Neutral particles, 200K Neutral particles, 200K «the uncertainty in the m = 30 peak, *Dissociation of molecules
: . serves to deflect the ion beam. The microscope image to the left shows 28.29.30.32 LE+8 - 28 29.30.32 -the uncertainty due to N,(30)
Introduction 75 pm spacing, 10 a BNG fabricated “in house.” 1.E+8 - 14,16,17,18 | ' 14,16,17,18 “p" 7 . oy 2 nts §
- — . — . : Beam um gold-plated “Two interleaved sets of 10 di ¢ ld-plated t ¢ . " | » LE+6 - the uncertainty due to counts from stray UV
As the “shoreline” of the Earth’s atmosphere, the mesosphere/lower thermosphere (MLT) region is home to many interesting and Off’ tungsten wire o interleaved sets o um diameter gold-plated tungsten wire, £ LE+6 40,44 2 40,44 , , ) ) m/z Peak contributors
important phenomena, the most visible of which are the auroras. Geomagnetic storms, in addition to causing very intense auroral electrically isolated from each other 3 LE+4 m/z=4 3 LE+4 qm/z=4 Ono = O30t Onago) T Ouv
activity, also deposit large amounts of energy into the earth’s ionosphere. Recent analysis of data from the Sounding of the Atmosphere / *15 um spacing between wires _ o 1.E42 1 l 1.B+2 7 For a function, f =aA , the variance of f is given by S
using Broadband Emission Radiometry (SABER) instrument aboard the Thermosphere-lonosphere-Mesosphere Energetics and *Very well defined, short pulses (>23ns pulse width, <8ns rise time) 1.E+0 —— % 1E+0 +— — T 1" 2 _ g2 2 14 N (from atomic N, dissociated N, and, NO)
. . . . . . . . . . . . G —_— 6
Dynamics (TIMED) satellite sugggsts that 5.3|Jm-e'm1ssmn fro+m vibrationally excited NO is t-he main -method of energy d1§s1pat1on from Challenges to taking mass spectrometer measurements in the MLT include: § — | . 8 12 16 20 24 28 4 8 12 16 f A 16  O(from atomic O, dissociated O,, NO and
energy deposited by geomagnetic storms. Additionally, NO* has been shown to be the major contributor to geomagnetic storm -Pressure: Pressures in the mesosphere/lower thermosphere can reach into the 10’s of 160 ~mosphericspecies altitude profile Time-of-flight (us) Time-of-flight (us) CO,)
. . . . . - —NO il il 2 . . 2
induced 4.3um nighttime emission. mtorr. This is a challenge for two reasons (1) a sufficiently long mean free path mustbe | | —o \ g ~ ¢ For @nz@o , the variance is 17 OHand 70
maintained inside the instrument and (2) pressure must be low enough to ensure £130 N 4 . h 4 ] N 2 _ 2R 2 _ 10 _2 ahal
In order to better physically understand these two large sources of geomagnetic storm energy dissipation, a sounding rocket mission, successful MCP operation @p d P e Neutral particles, 800K Neutral particles, 800K ON2@o) = (0'0037 ) Ona(2s) = (1'874X1O )JN 2(28) 18  '80(from atomic 20, dissociated O,, NO, and
. . . . . . . 2 ’ 27 ’
BOCKet-borge Storrr} Energetics of Auroral Dosing In the E-region (ROCK-STEADE) is being p?oposed.' The ROCK-STEADE ‘Bow shock: High speed rocket flight causes a bow shock to form (see figures, below and |< 0 Vd o 1.E+8 1416 17 18 28,29,30,32 1.E+8 - 14,16,17,18 2&29,30,32 where the factor of 0.0037 is the isotopic abundance of 15N. CO,)
instrument suite cons1st§ of several phot.ometers, an 1nterferom§t.er, an IR spectrometer, and two time-of-flight mass spectrometers right). Bow shock causes enhanced densities and pressures at the instrument entrance o] St 03 o 1E+6 " » 1.E+6 - 40,44 The uncertainty in a number of counts, N, is given by . '
(TOFMS). The TOFMS will measure the ion and neutral compositions in the atmosphere as the sounding rocket travels through the aperture. Bow shock heating can also cause dissociation of ambient molecules, thus Lo s 1e40 1ees ‘g’ 1.E+4 .y 40,44 ‘g’ 1Esa | m/z=4 28 N, and CO from dissociated CO,
. epe . . ’ ensity (cm3 o - m/z= o O, =4/ N q q
MLT. making difficult the accurate measurement of ambient species. - pensiy et g © 12 C 1.E+2 - ll A A 29 N, (with one °N) and CO(with one '*C from
Due to th ¢ mi h 1 plate (MCP) detectors in TOFMS £ th 1 chall t I (s in the MLT *Resolution of thin layers: Certain atmospheric species form thin layers with - N 1.E+0 : 1] : 1.E+0 +— —l | — | which leads to dissociated CO,)
ue to the use of microchannel plate etectors in , one of the major challenges to making measurements in the is thicknesses of ub to several km. High instrument dutv cvcle and mass range are Bow shock enhancement - , 5
the high ambient pressure. Other challenges and sources of error and background include stray UV photons, scattering of gas necessary to re s]ilv e these layers g LA g 16: ] 8 12 16 20 24 28 4 8 12 16 Ono = \/ Ny, + (1.874 x10 10)N N2e28) T Ny 30 NO and N, (with two ‘°N atoms)
. . . * * . A : " = 14 . . . . . . . . . . . g
molecules from.the 1nter10r. sur-faces of the instrument, Q.1ss001at1on of molecules in the boYV shock caused by the supersonic rocket -Wide variety of particles: Particles of interest include both neutrals and ions. Particles £ o | Time-of-flight (us) Time-of-flight (us) Dividing by Ny, gives the relative standard deviation (%) 32 0O,,NO (with one '80)
flight, and reactive ‘recombmatlon at the surfaces of the 1nst1Tumfant. Methods of dealing with these challenges include: range in mass from individual atoms (several amu) to smoke and dust particles % o] > < > < 34 0, (two 'O atoms)
* Recent advances in MCP technology allowing MCP operation into the mtorr range h £ £ ] 10
« Cooling the front surface of the TOFMS using liquid He to eliminate the bow shock (thus making possible the direct sampling of the (thousands of amu) < g0 { *Temperatre lons, 200K lons, 200K Ngo +{1.874 %1077 N 506 + Ny 40 Ar
ambientgatmosphere) giq gp ping °Bacquound: Sources of backgr'ounc?. include UV photons, detector dark counts and o | """‘I""be’ "f“s'ty . . . . 1.E46 - i 30 i 28,30,32 Ono = 100- N
: _ , , , o , , , scattering of molecules from the interior walls of the detector. 0 2 a 6 m/z =14 32 1.E44 mjz =14 NO 4 CO,
* Cryogenically cooling the interior of the instrument to eliminate scattering of gas from instrument walls and therefore also reducing -Reactive species: The largest contributor is O, which can react with contaminants on the Enhancement ratio £ 1E+4 - -
. . . . . . ’ L ) c ° "E p -
thg contribution of reaqtlve recombination ' . walls of the instrument and subsequently be detected, leading to inaccurate 3 1.E+2 - 6 28 3 1.E+2 - 6 An':f::fa's ':(?:I;I:I)isssl;l:::::i:‘ D:;?sitti\c/s!.ler;;ﬁ;:?ii:sii\!u(jelr(‘:nerlr::;if:zgg:‘zns e lon TOF-MS Number Density Uncertainty (1 km Integration) N
° ngorous error anaIYSIS to account for the background Contrlbutlon Of Stray UV interpretation of ambient Species and number densities_ (&) . n A (&) n 1000 y g H LEo2 100 - Analysis based on Poisson counting statistics; excludes instrument error contributions
] —[H] 3
. . . . . 1-E 1 1 1 L . } 1 1 B 1 ] ] — N
ROC K'ST EADE Mass SQ eCtrometer Images from Direct Simulation Monte Carlo modeling (below) show the number density enhancement that forms on the +0 1.E+0 j :[';; \ LE03 ] —10+]
ram side of an instrument on a sounding rocket. ROCK-STEADE will use liquid He to cool the front plates of the mass 15 17 19 21 23 9 11 13 15 £ / ) \ - |8 O e
MCP detector(Photonis): Pinhole aperture: size tailored to maximize TOFMS spectrometers, as well as the interior walls of the instruments. This application of cryogen will effectively eliminate the Time-of-flight (us) Time-of-flight (us) £ 100 \ N ~on LE04 E || £ 10 5 — —— |0
high gain(107) and sensitivity while minimizing atmospheric gas load bow shock while also pumping the instrument and adsorbing any stray gas molecules that impact the interior walls. ~ ~ B - g oo 3 g ] —
| idth e N e N E —los3 - LEOS § - \
narrow pulse widt / ) o | | . — , y lons, 800K lons, 800K o ARE
te ryogenically coole lonizer(neutral TOFMS only): Bow shock transmission at 140km ¢ e 06 B K
Instrument arrangement W vos ycooee r ) V) 18 1 oo g 100.0% LE+6 1 /1, 30 28,30,32 g M7 o eos 2l gt ~
‘ ,:lﬁ'_'» ront plate and interior convert incoming neutrals to = o smae of 8 m/z = 5 Lisa | miz=12 : : \’A"\\ F g —
/ =1 g walls: eliminate bow ions via electron impact £14 - 99'6; ; £ 1.E+4 - £ ' \ Tt oy =
A ' shock and provide g R 3 16 28 3 1.E42 - 6 '
/A > moing to instrument <10  meanfree path [ 994% § O 1.E+2 - S * 0.1 T e e 1.E-08 01 ' ' ' ' '
/ | PU P' g 1o Instrume g _ o o 99.2% g A ,’\ 70 80 90 100 110 120 130 140 150 160 100 110 120 130 140 150 160
/ "".u interior . , —IUndlsturb(-:d transmlssllon fraction 09.0% g 1.E+0 | - : —L il 1.E+0 | ' " | ) § Altitude (km) JIRS Altitude (km) )
i 0 0.05' 0.1 0.15 0.2 0.25 g 15 17 19 21 23 9 11 13 15
Distance from front plate (m) [
- g Time-of-flight (us) Time-of-flight (us) CO“CIUS'O“S
. tormy ( ) : I . : \ J \ > . . . e . : :
Mass :}eflec‘tron. :i:‘ orally 10000 . VICP background Mc';r':‘f':i ::‘::'tt_‘;:’ri:':;gg;\t/‘)""s' _ MCP discharge under gas backfill The simulations and experiments presented in this poster show the possibility of operating a simple TOF mass
| ocus fons at the . ) 5.644 1 I R Sy spectrometer as part of an instrument suite on a sounding rocket mission to the mesosphere/lower thermosphere.
Photometers spectrometers detector Acceleration mesh: 1000 . — i . . . g
\ A accelerates ions to 2 100 ] g o Simulated instrument performance for number densities found at ~120km altitude. At 120km, ambient A compact t1r:1e-;>f-tﬂ1ght E‘St?“mem. sucl; fast the 1tns;rum§fm I;II es:lelnted canltbe Empiﬁyid to make fast, accurate
LN2 tank__: < ass spectrometer ion beam 1] § 2ea — pestsrut, Y g " w2 800K to show the peak spreading that results from higher KE of particles at high temperatures. e . Ly operat P : g g
5 ] - e Postmeut lows £ 02 *Mass resolution in our instrument is greatly improved by employing a reflectron
1] . e ] e o o . . .
FWIR Bradbury-NiE|Sen ’ 1.E-08 1.E-06 1.E-04 1.E-02 1.E+00 0.E+0 S et ; , 0.1 —/—mm—m—r—+— 7t T —TTTTT—TT .Reﬂectron TOFMS drift lengths Were .IHStIument Sens:ltlv:lty W111 a.].].OW accurate measurement Of atmospherlc SpeCIes
interferometer Mass spec electronics: send start pulses gate: modulates ion pressure (torr] 0001 o e . 1950 2050 z:;oc . ;\2/5)0 2350 250 _20cm before and after the reflectron A
to BNG, as well as process pulses. beam (>25ns pulse - / Rl = : - 0
; Amplifies, digitizes, and counts MCP width ( <Sns rise time *High pressure MCP performance characteristics were demonstrated for N, O, Ar, He, and ambient lab air. _-10cm penetration depth in the reflectron cknowledgments
Idnter ero—nEEgL pulses with high temporal precision at < +2'OV) *Background count rates as a function of pressure show favorable MCP performance, even into the 10 mtorr range *Linear TOPMES dilft length was 50cm. This work has been supported by NASA grant # NNX09AH97G. We would also like to acknowledge Dr. Charles
ewar (100ps) at high count rates (up to 1 GHz) T *The pressures at which the MCP discharged for various gases was recorded. Note that all discharges occurred at *Rocket velocity = 9(10m/ S ' Swenson, Scott Schicker, and Ben Sampson for input, lab help and many interesting and thought-provoking
Entrance aperture and ionizer pressures above the expected operating pressures of the instrument. "Aperture diameter = 1.5mm for neutral measurements and 25um for ion measurements conversations. DSMC gas flow simulations were conducted using the DS2V program version 4.5.06, from Professor
*Pre- and post-scrub pulse amplitudes were recorded for our MCP, at a potential of -2000V. Graeme Bird.
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