
Measurements	of	branching	fractions	using	Fourier	
transform	and	grating	spectroscopy

- with	a	diversion	to	wavelength	standards



Jim’s	contribution	to	oscillators	strengths

111	papers	in	NIST’s	atomic	spectra	bibliographic	database	by	Jim	as	author	or	co-author

Cover	substantial	part	of	periodic	table:



Babar	comes	to	Kitt Peak
- and	so	does	Jim

• Observes	whole	spectrum	at	once,

so	drift	in	light	source	doesn’t	matter.

• Immune	to	scattered	light.

• High	resolution	and	accuracy

• Large	number	of	lines	observed	

simultaneously.

Several	hundred	of	spectra	in	NSO	archive	were	

measured	by	Jim,	starting	in	mid-1980’s.

First	one	I	found	was	of	Nb hcl in	March,	1984:	

“Absolute	transition	probabilities	in	

Nb I	and	Hf l	and	a	solution	to	the	problem	of	missing	

infrared	branches”,	1986,	D.W.Duquette,	

E.A.Den Hartog,	J.E.Lawler,	J.	Quant.	Spectr.	Rad.	Transfer	35,	281



Branching	fractions	using	FTS

• Use	low	current	lamps	– easy	to	
transport	and	set	up	at	remote	sites

• Calibrate	with	argon	branching	ratios	
– eliminates	complications	of	using	
standard	lamps.

Techniques	go	together,	as	the	Ar
branching	ratios	automatically	include	
the	window.

Relies	on	measurements	of	Whaling	&	
others	– how	well	were	these	
calibrated?



2-m	FTS	at	NIST



Branching	fractions	at	NIST

High	current	hollow	cathode	lamp	– run	at	up	to	2	A.

Calibrated	with	standard	lamps

Separate	measurement	of	lamp	window	needed.



Branching	fractions	in	Dy I	and	Dy II
EPRI	funded	project	to	measure	RE	elements	for	lighting

UW
• FTS	measurements	at	
KPNO	of	low	current	
hollow	cathode	lamps

• Calibrated	with	argon	
BRs

NIST
• FTS	measurements	of	
high-current	hcls (0.1	–
0.5	A)

• Calibrated	with	
tungsten	standard	
lamp.

Transition	probabilities	for	915	lines	measured.

So	how	did	we	do?



Comparison	of	Dy branching	fractions	using	
both	methods



Why	IR	astronomical	spectroscopy?

IR	can	penetrate	dust	clouds	–
to	measure	stellar	abundances	
in	galactic	bulge,	we	need	to	
look	in	IR.

APOGEE	spectrograph	(2011	–
spring	2014)	measured	
abundances	of	>100,000	giant	
stars	throughout	the	Galaxy,	
including	the	dust-obscured	
bulge.

Images	of	a	stellar	birthplace	– IR	
shows	background	stars	that	can	be	
used	to	estimate	dust	content	of	cloud	
that	will	soon	collapse	to	form	a	star.



Comparison	of	Th and	U	in	IR

Spectra	of	Th/Ar,	U/Ar,and U/Ne	
hollow	cathode	lamps	with	Penn	
State	Pathfinder	Spectrograph-
designed	to	look	for	exoplanets	
around	cool	stars	(M-dwarfs)	in	
the	IR.





Uranium	lamps	at	the	VLT

Steven	&	Jonathon	
Smoker	at	the	VLT	
control	room.

New	atlas	in	
preparation	for	
CRIRES+



Oscillator	strengths	in	Cr	II

New	oscillator	strengths	for	Cr	II:

One	spectrum	taken	to	confirm	
calibration,	not	in	paper.

Focus	on	weak	lines	– used	2	spectra	
from	echelle.

Radiometric	standard	lamps	recalibrated,	
estimate	of	window	transmission	made,	
gain-dependent	spectral	response	of	
detectors	(M.	Wood).

Still	no	visit	from	Jim	to	NIST	– these	are	all	archival	spectra.
- But	I	did	get	Mike!



Sc II – Jim’s first measurements at NIST (2015)

Lines of Sc II near 566 nm are valuable for determining the abundance of 
scandium in stars. The upper level of these lines also decays to the ground term 
through lines near 336 nm. The branching fractions of these lines are tricky to 
measure as they span a range where laboratory spectra need to be calibrated 
with two different standard lamps that have a small region of overlap.



Filtering	response	function	to	improve	overlap

Yellow	lines UV	lines



Filtering	response	function	to	improve	overlap

Yellow	lines UV	lines

Ar branching	ratios	need	to	match	the	
rapid	change	in	the	response	of	the	FTS.



ThO contamination	of	Th/Ar lamps	used	for	astronomical	
spectrograph	calibration

HARPS	spectrum	of	Th lamp	(10	mA)

Red:	old	lamp
Green:	New	lamp

75mA,	Palmer	&	
Engleman atlas.

20	mA	FTS	spectrum	with	
over	20	h	integration!

FTS	has	lower	sensitivity	because	of	higher	resolution,	single	detector,	and	
redistribution	of	noise	from	strong	lines	across	whole	spectrum.	Echelle	spectrograph	
with	array	detector	can	win	on	SNR.



Solution:	High	resolution	Echelle

Betsy	Den	Hartog

A closeup of the image near 516.577 nm 
shows molecular bands of ThO. We are 
measuring the positions of these ThO
lines, using wavelength standards of Th
I and Th II.



Conclusions

• Archival	spectra	have	incredible	value	beyond	their	
original	purpose

• Both	standard	lamps	and	Ar branching	ratios	can	be	
used	for	radiometric	calibration,	with	a	
combination	of	techniques	gives	best	results

• Combination	of	FTS	and	echelle	gives	high	
sensitivity	and	wavelength	resolution	needed	for	
complex	blends.



Jim’s	contribution	to	oscillators	strengths

Rare	earths	(and	actinides)	are	back	in	fashion!


