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Improving the.SpectroscopietAtomic Line Database

M.P. Ruffoni, J.C. Pickering .
Dept. Physics, Imperial College London, South Kensington Campus, London SW7 2BW, UK (m.ruffoni@imperial.ac.uk)
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Inadeq uate IR IOg(gf)S in the Literature ® Fe |: Fuhr et al.* list only 51 transitions with A > 1 pm In the RAVE wavelength region, “only 11

Fe | lines have laboratory oscillator
Uncertainties are typically 25 to 50% strength measurements.” A

_ _ 26 57 _ _ ® Other important elements have no laboratory log(gf)s ‘I‘g\éﬁ gll‘srg)reeg]spehlilst;gﬁaltgwlrsn gggﬁﬁetrmeen -

* Fuhr & Weise, J. Phys. Chem. Ref. Data 35:1669 (2006) In the near- Infrared

J. C. Pickering et al. Can J Phys 89 pp. 387 (2011) ~ Sgﬂgﬁgf}]%} Cﬁgtferégsrfl:(;gg% 513 (1968) Bigot and Thévenin, MNRAS 372:609 (2006) in relation to GAIA

SDSSII / APOGEE AAO /RAVE __  GAIA E-ELT / SIMPLE

2MASS Image
of the Milky Way
Duration Spring 2011 to Summer 2014 lgr—r 7T 1; EBREESEEEE RS AR ] Duration 2003 to end of 2012 Duration 2013 to 2018 (nominal 5 year mission) First Light  Estimated early 2020s
05 - . Eoy vV I\ v " v AV : : :
Spectra Measuring 1.51pm < A <1.7um 04; | ClN I | | | -g 04;— Ll | ool - Spectra Measuring 841 nm < A <879.5 nm Spectra Measuring 847 nm < A <874 nm Spectra Measuring 0.84 um < A <2.5 um
Resolving power ~30,000 i R Toom o w ICOI i it e . co O Resolving power ~7,500 Resolving power 11,500 Resolving power ~130,000
S/N Ratio greater than 100 1.5 1552 1554 1556 Losa . lels 118 . T Limiting Magnitude ~20
A A AN o e B e P Y S SN S S U A
Targets Abundances for 100,000 evolved stars o8 PN V—VW - \ﬂf"\j W\/" N‘VW“V“ 02f | Ve VAR Targets 600,000 stars (abundances for ~36,000) Targets Several million stars Targets Atmospheres of exoplanets
15 elements - Fe most important 04 f i | Mg L1 | 11 CE Mn | | co] Ca ll triplet + Mg, Al, Si, Ti, Fe, Ni Ca Il triplet and Fe | most important Population Il stars, QSOs, GRBs
A ST +" s, Mlglz 5y S W S Chemical enrichment in early galaxy
Precision  Metal abundances to ~0.1 dex T be e Lo Precision Chemical abundances to ~0.2 dex Precision  Metal abundances to ~0.2 dex Chemical enrichment in early universe
. . 4 . ) . . . Ay _1 . Ay - _1
Radial velocitiesto < 0.3 km s Simulated APOGEE spectra for two giant stars Wigh= 4000 K, logg = 1.0, and [F&] = -1.0 (solid line) Radial velocitiesto <2 km s Radial velocities to ~1 km s
and 0.0 (gray line). Reproduced from Figure 10 seBstein et al., Astronomical Journal 142:72 (2011)
Eisenstein et al., Astronomical Journal 142:72 (2011) \_ J Boeche et al., Astronomical Journal 142:193 (2011) Bigot and Thévenin, MNRAS 372:609 (2006) Origlia et al., The Messenger 140 (2010)

The Imperial College Spectroscopy Group IR log(gf)s in the H-band

We specialise in providing new laboratory data for We operate two Fourier transform spectrometers and | |
astronomy and astrophysics. These include collaborate with NIST (USA) for IR studies We are currently measuring Fe | log(gf)s in the
« Large-scale studies of energy levels, oscillator . H-band (1.5 to 1.7 um). BF data have been

Imperial College Spectrometers
. Visible/UV FTS measures 1900 A to 8000 A

strengths and line wavelengths from infra-red
to vacuum ultra violet.

derived from spectra taken on the NIST IR/vis

. Measurements of neutral (1), singly— (1), and . UV/VUV FTS measures 1400 A to 4000 A FTS (In CO.”abOrathn .Wlth G. NaVE) and IC UV
doubly-ionised (Ill) spectra, particularly for . Wavelengths and energy levels accurate to better FTS. Lifetimes are being measured by E. den-
iron-group elements than 1:107 (30 ms™, 0.15 mA at 1500 A) Hartog at U. Wisconsin, Madison, WI, USA.

« Examples suchasCol &ll,VI &I, Mn | &I, _ o o
Fel &Il Cril. « Resolving power 2 million at 2000 A

log(gf) values accurate to a few percent These data will provide several tens of new

These aid Galactic surveys, studies of low-mass, Fe | log(gfs for lines important to the analysis

chemically peculiar, and hot stars, and studies of

variation in the fine-structure constant. NIST IR-visible Spectrometer of SDSSIII/APOGEE spectra, but can also be
. . o SensitiveuptoA =5pum; R =4 millionat 1 pm - -
We also provide accurate measurements of line P H H extended to include more lines on request.
broadening effects such as hyperfine structure - Wavelengths and energy levels accurate to better
needed for modern stellar spectral analyses. than 1:102 3 ms™, TOAat 1 pm) p N
H-Band spectra for SDSSIII/APOGEE
600 | . . .
T s _ _ ~ 49558.731 cm’; ——
Pr0V|d ] ng accurate |()g§ gf !S FTS Branching Fractions (BF,) 49805.254 cm’ | ———
500 | 50008.519 cm’, —— .
g . A EECHTR. SN AN AN AN level . Each branch generates a spectral line . cm —T——
Emission Transition Probabilities (A;) \\\ A o 400 | 56778769 cm! —— i
. Calibrated line 57146.768 cmt ———
% | Eivalent widths | 7152331 cm’h ———
BF * Upper level branching fractions (BF,) . = 3001 e e -
—_ 21 o “ toamumberof ’
AZl — ® Upper level radiative lifetime (75) lower branches EW21 200 - -
T @ — NN\ BFZl -
2 . |og(g1f):|og{1.4gglqj@} —o NN\ Zi EW,, 100 |-
o
s ) ||
! {
| | | - ~ ’ . . . .
Branching fractions are found from FTS line spectra by LIF Radiative Lifetimes () 6000 6200 6400 6600 6800 7000
measuring the strength of all emission lines from a 2. Laser pulse populates upper Wavenumber / cm
level LN TN NN -1
target upper level. 3 Th6e 496588.7371ccr)n Upper Level
ANNS 3d°4s('D)sp D™ J =4 | | * Extractall lines from a single
- ! upper level
/\/\/\/b Laser tuneable 250} 1 ool J .
. . . between 70t 1 2007 1 100l _ i i i ..
Lifetimes are found from laser induced fluorescence % s wteratmetyupper | 20577200 “l 1 = j | L) \_| e calibrate line intensities
. . level decays, generatin 30} 1 BB 'y - o - .
data by measunng the tlme dEIay between a Iaser /\/\/v quorescenY:e sg;gnal ’ ig ) : 63953 63954 6395.! (2).\/”\\/\/\/\/ Fit line proflles fo g6t BFs
pulse that populates an upper level and emission from L. popuiated ower < | —@— N/ VN V\/\/W\Aﬂ
that Ievel o T T B0 A, T;/\W - “ 6124.10169 7 + 3
- Delay between laser pulse and fluorescence detection gives 1, 6395.40329 32 £ 2
\ J 6742.87349 60 % 2
e /

More information is available onlme

We Can prOVlde neW including oscillator strengths, wavelengths, and energy www.sp.ph.ic.ac.uk/~ulietp/ETS

levels for many target elements and for lines between www.sp.ph.ic.ac.uk/~mruffoni

Iaborato ry measured 5 um and 1400 A. Hollow cathode lamps and Penning

. sources are available to study neutral (1), singly- (Il), - = D | |
ato m IC d ata . Dr Juliet Pickering  |.pickering@imperial.ac.uk 020 7594 7763
and doubly-ionised (lll) spectra. Dr Matthew Ruffoni m.ruffoni@imperial.ac.uk 020 7594 8184

Please contact us to discuss your requirements:
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