Lecture 2:
Spectral classification
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Spectral Atmospheric Hydrogen
s %‘ = Temperature (Balmer) | Other Features M/Mg,
P (K) Features
Tonized Helium (He™) features
o >33.000 K weak sometimes in emission 20-60
Strong UV continuum
B 10,500-30000 K | medium Neutral He absorption 3-18
H features maximum at AQ
A 7,500-10000 K | strong Some features of heavy elements, eg 2030
Ca*
K] 6.000-7200 K | medium L1-1.6
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Hertzsprung-Russell diagram
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e Cool temperatures
e different chemistry
* Gravities

e line broadening
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New classes

SUMMARY OF LETTERS TO GUIDE CHOICE OF NEW SPECTRAL TYPE

Letter Status Notes
m @ )
A In use Standard spectral class
B In use Standard spectral elass
c In use Standard carbon-star class
D Ambiguous  Confusion with white dwarf classes DA, DB, DC, etc.
E Ambiguous  Confusion with elliptical galaxy morphological types EO-E7
F In use Standard spectral elass
G In use Standard spectral class
H OK
1. Problematic  Transcription problems with 10 (10, o) and 11 (11, IL 1)
I In use Standard carbon-star class
K In use Standard spectral elass
L OK
'™ In use Standard spectral class
N In use Standard carbon-star class
o In use Standard spectral elass
P Problematic?  Incorrect association with planets?
Q Problematic?  Incorrect association with QSOs?
R In use Standard carbon-star class
s. In use Standard spectral class for ZrO-rich stars
T OK
u Problematic?  Incorrect association with ultraviolet sources?
v Problematic  Confusion with vanadium oxide (VO vs. VO)
w Ambiguous  Confusion with Wolf-Rayct WN and WR classes
X Problematic  Incorrect association with X-ray sources
Y OK
z Problematic?  Incorrect implication that we have reached * the end™?

Kir|<p:\tricl< etal. (1999)
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Kirkpatrick et al.
(1999)

e TiOVO,Nal
weakening

e FeH, CrH
weakening

e K | broadening
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Example
)

13

L

Ls

L

VO 27400, 7900 at its strongest—7800-8000 A of spectrum is flat

4602

Rb 1 and Cs 1 doublets weskly vsibk bat strengthening
THO 48432, CH 48611, FeH 48692 searly vl stxcagth: FeHl decper than CoH, CrH decper than Ti0
VO Lo, Kening: 7500-3000 X portion f spectrum sghtly sloped

No't doublet weakening
T 137083, 1432 weshening.
Rbt and Cs 1 doublecssrengtbening

K1 e core brosdeniag

TI0 48432 much weaker then Ceb 8611 or FeH 48692 FeH ceeper than Celt
X1 e core sl bl 1 6l bioadening

Ti0 48432 wesker and TiO 47053 vanished

YO i, o8 more

Nat weakening; Kb 1 and Cs 1 sull tragthering

slopud

K 1 still broadening with cores sl weakly visible
VO 47900 barely present as shight depression in * continuum " between 7800 and 8200 &
TiO 18432 st weake

Nt stll weakeaing:

d Ca 1 still treagthening
K1 wings e vy broad and line cores 0 longer visble

Cob 3611 squal i ssength 0 FoHl 3693

Y0 47900 vanisbed oo depresion visbl 3t sl between 7500 sad #200 &)
THO 48432 sl weakening

Na sall weakeasng: K 1 and Cs 1 sl srengthening

ot 4361 mow sronger than Fekt 8692

TiO 26432 vy weak

K1 region shows bioad depression

Nat all weakening

Rb 1 and o1 sl teemsthening; € 1 40520 s deep thas Ced 28611

TIO 48432 barcly perseptible
K1 region shows very broad depression

Fell 48692, 989 and CrH 43611 weakening. CrHl 28611 decper than Fell 48692
Na s call weakenisy

Rb 1t and e 1 sull strengtheaing; Cs £ 14521 now deeper than CrH 3611

TiO 18432 virtually gone
FeH 28

92, 9896 ad CrH 48611 stll weakening; CrH 48611 stll doeper than Febl 8692

FeH AI692, 9896 very weak
(CrH /8611 sl weakening though sill stronger than Fell 48691
iow3 vety broad depression
Kbt and Ca 1 50l strengthening; Cs £ 18521 ~ 2 times 23 deop as CHl 48611
Na 1 barely perceptible

2MASP J0M5432 + 254023

2MASSW J1439284.+ 192915

Kelut

IMASSW 1146345+ 223053

2MASSW J1155009-+ 230706

DENIS-P 112282 - 1547

2MASSs JOBS03S0-+ 108716

DENIS-P 102054~ 1150

2MASSW J1632291 + 190441

K1

L0 ergem™? s

2MASS 1503+2525 b

H0

K1 CH,

H,0
1
L

ClA H,

\VLN

Wovelength (um)
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Martin et al. (1999)
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INTEGRATION LIMITS OF SPECTRAL RATIOS 8
+
Numerator Denominator <
Name (nm) (nm) Feature & 100
o
823.0-827.0 754.0-758.0 Pseudocontinuum g
909.0-913.0  650.0-654.0 Pseudocontinuum a
856.0-860.0 861.0-865.0 CrH 7861.1 g
| 984.0-988.0  997.0-1001.0  CrH 2996.9 )
856.0-860.0 868.5-872.5 FeH 2869.2 | =
984.0-988.0  990.0-9940  FeH 7989.6 | 50
919.0-923.0 928.0-932.0 H,0 7930.0
700.0-704.0 706.0-710.0 TiO A705.3
838.0-842.0  844.0-848.0 TiO /8432
754.0-758.0 742.0-746.0 VO i743.4
799.0-803.0  790.0-794.0 VO 27912
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| D0255-47 (dL6)

L 2M1632+19 (bdL8)

D0205-11 (dL5)

DL128-15 (bdL4.5)

LHS 102 B (dL4)

800 800 1000
Wavelength (nm)

'NEAR-INFRARED SPECTRAL PROPERTIES OF T DWARF SUDTYPES

e CHg4 strengthens,  wv...
CO disappears

e H,O strengthens

Type Description Standard
&) @ 3
Weak CH, bands seen at 13, 1.6, und 22 ym SDSS 08370000
Distinet 1.07 and 127 yam peaks separated by 1.15 um H.O/CH, feature
K-bund peak noticeably depressed relative to J and H
CH, and CO bands at K equal in strength
K 1 lines at 1.25 jum strong
CH, bands strengthening SDSS 1254—0122
Flux at 115 um feature roughly 50% J-band peak
BU rgasse ret al & K-bund CH, stronger than
K-band peak rounded
(2002) T3V.. Flux at 115 ym feature roughly 40% J-band peak SDSS 10210304

Flux at 1.6 gm feature roughly 60% H-band peak
CO barely visible at K band

Flux at 1.6 gm trough roughly 50% H-band peak
No €O present

H band suppressed relative to J and K

K 1 lines at 1.25 um peak in strength

Flux at 115 um feature roughly 20% J-band peak
Flux at 1.6 am feature roughly 30% H-band peak
125 jm K 1 lines beginning to weaken

13 um CH, band blended with 14 ym H,O

22 ym CH, absorption nearly saturated

K band beginning to flatten, asymmetric peak centered at 2.11 um

Flux at 1.15 um feature roughly 10% J-band peak
Flux at 16 gm feature roughly 10% H-band peak
1.25 um K tlines barely discernible

H- and K-band peaks maximally suppressed relative to J.

J-band peak increasingly narrow
Flux at 115 um feature nearly saturated
Flux at 16 pm feature nearly saturated
No 125 sm K 1 lines present

Slight increuse in H- and K-band peaks relative to J

2MASS 0559 - 1404

2MASS 0243 2453

2MASS 072741710

2MASS 04150935

K-hand peak more sharply peaked and symmetric about 207 m
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¢ Based on IR spectroscopy Wr

¢ Geballe et al. (2002) okl

T dwarf sequence definition

HO-J  CH~J H0=H CH=H

Lﬁ Ll
T i s 4 180 15
Vo

superseded by

Burgasser et al. (2006) ..
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Spectral Type Spectrol Type

Burgasser et al. (2006)

Spectrol Type
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Next lecture

¢ ARI, Monday 30th, 15:15
¢ Observational properties of brown dwarfs:
e classification (continues)
* more about the atmosphere, models
e variability, activity
¢ Readings:
New light on dark stars: end of §2 & §5
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