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Observation of spatio-temporal variations in Mercury’s sodium exosphere using
the Haleakala T60 telescope
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Mercury possesses an extremely tenuous exosphere that contains alkali metals. In particular, the resonance scattering
emissions of neutral sodium (Na) D-lines (589.0 nm, 589.6 nm) are bright enough to be observed even with ground-based
small- and medium-sized telescopes. Compared with Earth, Mercury’s smaller magnetosphere is estimated to vary on the
order of several minutes under the influence of the solar wind, and its neutral exosphere is also expected to vary on similar
timescales. Previous ground-based observations have occasionally revealed a double-peak (DP) emission structure in the Na
exosphere, with intensity maxima near both poles. The north — south intensity ratio of these peaks has been observed to vary
on timescales of about one hour and about ten minutes. These timescales are consistent with the scenario in which one of the
Na sources is ion sputtering induced by the magnetosphere.

Ground-based observations have conventionally been performed using slit spectroscopy to capture temporal and spatial
variations. However, obtaining two-dimensional spatial distributions with this technique requires slit scanning, which takes
about one hour to map the entire Mercury disk. Minute-scale variations previously detected were obtained from fixed-slit
narrow field-of-view observations. Thus, a new method is required to investigate global-scale variations.

We have been developing a fiber-fed integral-field spectrograph combined with an adaptive optics (AO) system on the 60
cm telescope (T60) at Tohoku University to capture global spatial distributions of Mercury’s Na exosphere with a temporal
resolution of several minutes. After the BepiColombo spacecraft enters Mercury orbit in late 2026, our ground-based ob-
servations will support exospheric remote sensing by the sodium emission camera MSASI onboard the Mio spacecraft, in
coordination with in-situ measurements of the solar wind and magnetosphere.

T60 is located at the summit of Haleakala, Maui, Hawai ‘i (3,040 m a.s.l.), and is capable of continuous remote opera-
tion. The fiber-fed spectrograph consists of a fiber image slicer and a high-dispersion visible spectrograph (spectral resolving
power: 67,000). The fiber image slicer provides a field of view (FOV) of 1.5" X 1.5" per fiber, with 120 fibers arranged in
a 10 X 12 grid, covering a total FOV of 15" X 18" . With an integration time of one minute, Mercury’s Na exosphere can
be observed with a signal-to-noise ratio (SNR) of “15. By coupling this system with AO, we compensate for strong daytime
seeing. In spring 2025, we achieved a spatial resolution of 1" (FWHM) in morning observations.

In our ongoing remote observations, one frame corresponds to one minute, consisting of disk observations (Disk, centered
on Mercury) and background sky observations (Sky). A single observation cycle comprises 24 Disk frames (1 min X 24),
1 Sky frame (1 min), and 4 white-light frames (30 s X 4), completed in about 30 minutes. This enables monitoring of Na
variations with one-minute temporal resolution. Under favorable weather conditions, observations can be performed for about
six hours per day (excluding the meridian), allowing up to 12 cycles (= 288 Disk frames) per day.

In spectral data, we subtract the Sky from the Disk and separate the Mercury surface reflection spectrum (continuum) and
Na exospheric emissions (Na D1, D2 lines) to derive their spatial distributions. For the continuum, we compare the data with
a Mercury reflectance model (Hapke model) using least-squares fitting to estimate the Mercury disk position and evaluate
AO-corrected seeing.

When integrating Na D1 and D2 emission lines, a reliable evaluation of the Mercury surface reflected spectrum, including
solar Fraunhofer absorption (Na D1, D2 absorption lines), is essential. The most reproducible method is to estimate this
spectrum from the scattered sunlight spectrum (Sky), and we are refining this approach. Applying this method to the obser-
vation on May 7, 2025, we successfully constructed a “data pipeline for Na emission retrieval” that separates and integrates
Mercury’s Na emission lines properly. We will apply this analysis to accumulated datasets to test its feasibility.

In future work, we will evaluate the temporal variations of Na emission spatial distributions and compare them with previ-
ous studies (Massetti et al., 2017). We aim to verify whether “10-minute scale spatiotemporal variations in the north — south
intensity ratio can also be observed, and to establish a practical scheme for Mercury Na exosphere observations and analysis.

KERTAH) EBEELIEFEICTFEELRIBERSZE LTV, KoM Na o D #5 (589.0nm, 589.6nm) 2 & %
HISHELRCEIH 2 <, #Hi Lo/ NORERFTHEMATRETH 5, HBRY IR L TS WKERKEZ. KRR E
WEDBOOA—K—TEHLTWBeHEIN, PHEONERKDFARORFE R 7 — L TEE T2 FHINh2, Zh
FToOH EEEITIX, /KE Na A B AKICHILOWIc Y — 27 2R & 7L —2 (DP) BEBEROGNZ b, %
OFALEE T | BRBED Ry —1r 10 HBED R — LV TET 3, ZORB Ry —nid, NaERERD 1 25



WREHRDA A2y R LB T25E5DZFRE—HL S %,

PERDH FEEBFBBITIZ, 2V v NI & o TR - REZHBIRZ SN TE 2, TOFET 2 RITeM otz
WZBITERY v b AF 5 UPRET, KERIROSHIREBBENIIN 1 REEEST 2, (CRENTHREBINTERR
B —X—DEEFNIRY v MIBEEEE L PEHENTE O N2 b DT, 2RO MOEEBIINIEH 72 2 TR
%5,

=Bk, HALKZ 60cm g (T60) 127 7 4 N—[H77 N8R & fifEYEY¥ (Adaptive Optics) ¥ X7 L ZHEH
B, KE Na NABAROLIHREMSFEOLE 2O A7 — L THZI 2 I 2 BIE LR EED TE7, 2026 FERKD
BepiColombo FRAEHE DK E & [RIHER ABRITIE, Mio PREFICHER S 117z Na FEOLBIHI A X 5 MSASLIC X 2 HHERK Y
T— MEME R 2, FABEEMKIC L 2 KGR - 5 in-situ B3 2 17538 L2827 5 FETH 5,

T60 ZNT A - =T A BALTHZIUTE (B 3,040m) (2HiE L. EEIRIE TR TTRETH 3, ZOWE
BICEE L7 7 A N—HDHEZE. 7 7 A N—HEFERBEB LS LTHESHSEE (HESEEE: 67,000) 2257
2o T2 AN—MBEMEBI L 774 N=5H72D 1.5 X 1.DHEZHL, 120 K07 74 N—% 225 (10 X 12) I
BLHI LT 157X 18" DR EE DT 5. 1 TDIEDTKED Na B KRG Z2ESHEE (SNR) ISEETEHlT2 L
MAJRETH 5, ARIEEIZ AO P AT L E2EEXE, BEIOTNTZ—A4 Y7 2MIEL TWb, 2025 FEHEIIEE T OEH
T FWHM 12 D 22 /5 fRRe % 32/ L 7=,

BAEZATHR O —HOEREHI T, WEFRMKEZRZ 28 (Disk) EIEREERZ 28 (Sky). zhz
N1D%217L—262LT05, BHElOo1 ¥4 27013, Disk: 24 7L —24 (143X 24) = Sky: 1 7L—24 (14) —H
B4 7L —2 BOBX4) THEXATED, 30 0 TRKT 2, ZHTED 1 ORI RAET/KE Na DZEH)H
BUAIFTRETH 3, RIEMSHEIIET 2R X BRI TR 6 RMEEOBEIMARET. 1 HIZEKR 1294271 24 X 12 7
L—2) BEOKEBHIAIREL 725,

INBHDHHT — X TiE, Disk 225 Sky ZFRELZ LT, KERAOKFRARS ML GEDE) 2IKENBERKD
Na ¥t (NaD1, D2 ##) 208 L. ZNZENOHSHEEH T 5, #iet T — it Uik, KERFEET L (Hapke
EFN) RN REZHWTHE T 2 22T, BHIEOKET + Z76BE AO MiEHRD S —4 ¥ ZiHiiZ{T5,

NaD1, D2 MO IO ORIcIE, KB 7 5w v h—7 7 —RIX (NaD1, D2 TINED) % & Te/K BERERSHED
ARY MVOMEERBFHESLEL 25, Z4UTiE, HIERKGDORELEA RS bv (Sky) 206 BEED 2 A0 RS BN
BHH., FEOBEREZEDTVE, S0, 2025F 5 A 7 HOBHFT— 2 L TZoaERZEM L. KE Na Bz 5
BELUEYNCHES RITZ % TNa B HDF— &4 IS5 4 > ) BRI L, TAETEBEINTELBHF— &I
Z OFFENTIEZEH U, ERREL RS 2D T <,

S, Na FOLH 26 ORERIZE) & 51l L. JofTHi%E (Massetti et al., 2017) ¥ QK EITS FETH %, SLITHF
ey [FRRICRIALEEE LRI 10 0 2 7 — VIEE ORFEBZEES R ON 2 R HAE L, AKEEN - 7 2 ¥ — 2 0FEFLZE
HTWVL,



