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Metal-poor brown dwarf

* BD preserves original element ingredients
* Halo/thick disk population (Pop.Il) are as old as our Galaxy.

* We want to know the Galaxy evolution, cosmic dawn chemistry

* We want to know the metal-poor substellar evolution model & metal-
poor ultracool atmospheric model

* They are metal-poor, namely subdwarf: sd

* Extreme: esd
e Ultra: usd



Metal-poor brown dwarfs are few...

* BDs are small and cold * Till today
- * ~20 metal-poor sdT candidates
* Metal-poor BDs are old, no H-fusion ~ ° 1 metal-poor sd¥
> even colder & fainter (T, Y) * Mainly discovered by WISE
* Halo/thick disk members are rare -
searching radius limited to 100pc -
* Halo/thick disk members e
(>1"/yr) w



Our target

* WISEA J181006.18-101000.5
* |dentified as high-proper-motion
candidates in NeoWISE survey

* Discovered in the Backyard Worlds

~0.5 00 05 1.0 1.5 2.0 25 :
W1-W2

* Peculiar colors

Schneider et al. 2021




Our closest

Based on the catalog of stars, brown dwarfs and planets
described in "The 10 pe sample in the Gaia era”,
Reylé, Jardine et al, Astronomy & Astrophysics (2021).

Galaxy Map

Twitter: @galaxy_map
License: CC BY-5A 3.0 160

Lodieu et al. 2022

m
©
S
. 5
5 Best solution
GPS
— PanSTARSS
VIRCAM
ALFOSC
OSIRIS
EMIR
Omega2000
HiPERCAM
* 8.9 pc from a robust parallax measurement vl
L] dRA (mas)
Best solution
GPS
PanSTARSS
VIRCAM
. The Closest Stars
B0+20 2465) vy BIAAZ0SH Wolt 424 OSIRIS
- B 161412) .
WO B3Z3D K - EMIR
(Grosmbridge 1618) The Sun and the other star systems within 5 parsecs Omega2000
- (16 light years) HiPERCAM
P 731-58 i A Guide circles in the galactic plane, every 1 parsec.
Vir
LHS 292]
(s [Ross 126] Star positions are not exact and may have been
adjusted slightly to aid in visualization.
Stars with light green circles have the stated number
KD 95735 N
|La|anneazlf85] & B[DBngg.::s of confirmed exoplanets.
0 Cne
[651-15) Wil 353 Walf 1061
. [CN Les) 6725
peth
61245
a0
I Frocyon . WISEA MBS0 QTS Nrugle[ g .
| B t — ——7 »~Barnard s star
[ luyteifs star é - u:us.u-.an;.-s:up hll..l;i:ll,'
I i 3 @3 Sy galactic
| et oz s r“’"'“m"g”:@ R P — e centre
\ ' Tuhman 16 Rass 154 |
" Ross 614 L A't’ﬂ'e
. / ® F-type
WISt AT IS 8 ﬂu[g?{yfim yp
Teeganden's star LqLicrs .
s e (G1351) o 0E ®  Gtype
T2 i g, gl o B . K
10w G L L
o -type
Fan van Maane's star é . mmem L typ
IE [Ii" b - N ﬂTﬁU WISE BT E3-BBATIRE -
| o ' G Lacaille ‘;3..? Lacaille M-type
[ ]
coa & @0 L @ * Brown dwarf
. WL 10T 02 ' (Gl 875) £ Ind
Kagleyni's star WSE RSIIEELSNME .
L372-58 . Ho 204861 & »  White dwarf
(e11061) HO 225013 ’
[611)

Phase (1 yr)




Previous spectroscopy

* No methane

* Strong CIA H,
* Inferred T = 1300 K - 800 K

* No good template fit
* Nor model fit

Schneider et al. 2021, Burgasser et al. 2025
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Name Parameter Value

Parallax w 112.5*3:0 mas
Distance d 8.9+ pc
Proper motionin RA  pu,cosé —1027.0 +3.5mas yr!
Proper motion in dec Us —246.4 + 3.6 mas yr!
Heliocentric velocity U 45.6 +3.5kms™!
Tangential velocity V; 44.5+3.6kms™!
Galactic velocity U -36.9+29kms™!
Galactic velocity 1% —-44.5+1.8kms™!
Galactic velocity 114 -29.1+2.7kms™!
Luminosity log (L/Lg) —5.78 +0.11 dex

19.850+9-982 1350

Bolometric magnitude M., : -5
Effective temperature T.s 800 + 100K
Gravity logg  5.0+0.25dex (cms™)
Metallicity [Fe/H] —-1.5 £ 0.5dex
Radius R 0.067*%

+56
Lodieu et al. 2022 Mass M 17—12 Aljup




* 500K<T<1300K
* Known as methane dwarf

* Characteristic molecule: CH,

Burgasser et al. 2003 International Gemini Observatory/NOIRLab/ /AURA


https://www.nsf.gov/

What is the problem?

* Wrong classification as esdT?

* New spectral classification scheme?

* Physical parameter wrongly measured?
* Binary?

* Strongly modified atmosphere chemistry in metal-poor environment?






Table 2. Summary of GTC/EMIR observations.

Target MJD Exp. Seeing Fil/Grism
WISE1810 60512.90 7x10s 076 -
WISE1810 60512.91 7x10s 0’6 K
WISE1810 60512.91 7x10s 0’6 H
WISE1810 60513.03 24x360s 076 spec J
WISE1810 60514.00 36x360s 0”5 spec H
WISE1810 60515.00 36x360s 0”5 spec K
WISE1810 60516.00 36x360s 0”5 spec K
WISE1810 60517.00 12x360s 0”5 spec J
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NIR high-Q medium-R Spectroscopy
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NIR Spectroscopy comparison

1 —— Schneider et al. (2020) from Keck
1'2i —— New GTC/EMIR spectrum
4 New GTC/EMIR photometry in JHK,
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We undoubtedly detected CH, !! But no CO ...
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Still no potassium
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Observationally:

*.Confirms as a T dwarf by definition
* Favors a cooler temperature: < 120§ K

* Favors a low metallicity




Model fit

Result:
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i zy ] A K, A7) - w3
| H-0 H,O Sythesized ATMO photometry
H.0 T2+ — CH, <> Published observed photometry

4 New GTC/EMIR photometry
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Methane and metallicity?

* [C/Fe] 0.2 dex for thick disk stars (issen et al. 2014)

* [Fe/H] -1.7+0.2 dex

Zhang et al. 2025 in prep.



Why thick disk? RV measurement.

* Triple-band CCF
* HeliocentricRV - 83+ 13 km/s
e UVYW wrt LSR (- 62+13,-43+5,-33+2)km/s

XYZ — Distance from the Sun
UVW — Local standard of rest (LSR) z
T

I=270°




More esdTs?

* We found an indicator of metallicity for
objects as cool as T and Y dwarfs.

* Some of them are supposed to be
more metal-poor than WISE1810

Zhang et al. 2023, 2025a A&A
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IR Spectroscopy

* IR spectra for these esdTs or usdTs

* JWST NIRSpec & MIRI program (surgasser et al. 2025)
is finished but ground-base observation can
provide more information at red optical/NIR

* Still difficult observationally...

* More robust metallicity estimation?

Zhang et al. 2023, 2025a A&A
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WISE2217

* WISE1810 twin?

Zhang et al. 2023, 2025a A&A
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* Ground-based

parallax CAHA
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WISE2217 SED * Colder (< 1000 K)

* More metal-poor (< -2.0 dex)

Zhang et al. 2025c RNAAS 20.63 £0.27 mag



WISE2217 future observation

* Could we apply the same metallicity measurement on WISE22177?

* GTC/EMIR scheduled observation
* Oct 7t - 11t 2025 visitor mode
* 40 hours guaranteed time
* YJ + HK low-resolution
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