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1. Who are we?

2. Transition probabilities (what are they, why are

they important, how do I measure them?)

3. Experimental requirements and challenges

4. Is there any equilibrium?



Atomic Spectroscopy Laboratory (Faculty of Sciences)

SR 2D - S
. o R
% PR

Prof Santiago Mar
Pratyush R Sen Sarma

(poster P5)

Dr Teruca Belmonte

University of
Valladolid (Spain)

OBIERNO MINISTERIO
E ESPANA DE CIENCIA

E INNOVACION




Our laboratory — past...
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and present: the rare-earths
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What are Transition probabilities?
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What are Transition probabilities?
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EMISSION OF RADIATION
Einstein A-values
Transition probabilities Einstein coefficients for
spontaneous emission

ABSORPTION OF RADIATION

Oscillator strengths @ @
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EMISSION OF RADIATION
Einstein A-values

Transition probabilities Einstein coefficients for
spontaneous emission

log(g1f) = log(Aulgu/\z X 1.499 x 10_14)

ABSORPTION OF RADIATION

Oscillator strengths @ @
mh

Jiu = —=VuBu

me?




Izquierdo et al. GD 424 - a helium-atmosphere white dwarf with a large amount of trace hydrogen in the
process of digesting a rocky planetesimal, MNRAS 501, 4276-4288 (2021)

- Line POSITIONS - COMPOSITION (need of Wavelengths)
- Line INTENSITIES - ABUNDANCE (need of Transition probabilities)




How can we measure transition probabilities?

I,; &< ANy

|, = intensity of the spectral line (area under the profile)
Au| = transition probability (Einstein coefficient for spontaneous emission)

N, = population of the upper energy level
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How can we measure transition probabilities?

|, = intensity of the spectral line (area under the profile)
Au| = transition probability (Einstein coefficient for spontaneous emission)
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Why Nd 112

 We can compare spectra measured at Imperial College (FTS,
R=10%) with spectra measured in Valladolid (grating, R=10%)
(see the real capability of our instrument).

« We can measure Nd |l transition probabilities and compare with
values from Lawler (Wisconsin)

 We can use work on energy levels carried out at Imperial (Milan
Ding’s thesis) to help us identify lines coming from an upper
energy level.

« Use grating spectra for weak lines

For transition probabilities, on condition we are able to fit the line
accurately, we are OK! (uncertainties don’t depend on line width)
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" OUR LABORATORY CAPABILITIES

= Neutral, singly and doubly ionised atomic spectra

= 1.5 mdiffraction grating monochromator (Czerny-Turner)
= Diffraction grating: 2400 lines / mm

= Resolving power: 150 000 (at 450 nm)

= Setting-up a Fabry-Pérot interferometer

= Spectral range: UV-visible (200 — 800 nm)
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Producing light: the LAMP
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Pulsed-discharge Penning Iamp

Hollow-cathode lamp Sliding spark



Hollow-cathode lamp
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Hollow-cathode lamp




We are characterising our hollow-cathode lamp

lron cathode
Argon (Ar) as a Carrier gas
Pressure Ar between 60 — 160 Pa

Currents up to 750 mA

55.845
[Ar3d°4s’

Advantages: | | o0

A lot of information on wavelengths for line identification
Good quality transition probabilities for many lines
Branching ratios available for lines of many upper energy
levels (Whaling, W., M. T. Carle, and M. L. Pitt. JQSRT 50.1 (1993): 7-18.)



,(9, Hollow-cathode lamp characterization
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Structure of a Glow Discharge Princeton Plasma Physics Laboratory



http://science-education.pppl.gov/SummerInst/SGershman/Structure_of_Glow_Discharge.pdf

Hollow-cathode lamp characterization
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Hollow-cathode lamp characterization
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Hollow-cathode lamp characterization

Response Function

\ R?=96.06%

500
Wavelength (in nm

Whaling, W., M. T. Carle, and M. L. Pitt. JQSRT 50.1 (1993): 7-18.



1.5 Jobin-Yvon HR1500
(diffraction grating 2400 lines/mm, size = 11 cm)




1.5 Jobin-Yvon HR1500
(diffraction grating 2400 lines/mm, size = 11 cm)
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Can | measure accurate transition probabilities
of rare-earths?
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What do | need to be able to measure areas of
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« Be able to determine the REAL number of photons
emitted for a particular transition

Lamp stabillity
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Self-absorption

Transmittance of front window
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What do | need to be able to measure areas of
rare-earths accurately?

« Be able to determine the REAL number of photons
emitted for a particular transition

Lamp stabillity

Intensity calibration
Self-absorption

Transmittance of front window
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 Be able to IDENTIFY lines

Possible problems:
o Blends
o Weak lines (small signal-
to-noise ratio)




Can we RESOLVE
different spectral lines in rare-earth
spectra with our instrument...?
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What is the
“intrinsic” width of
the lines?



Can we RESOLVE
different spectral lines in rare-earth
spectra with our instrument...?

!

It depends...
What is the What is the
“intrinsic” width of Instrumental width

the lines? of our setup?



LINE BROADENING: the “intrinsic width”
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wavelength



LINE BROADENING: the “intrinsic width”

wavelength wavelength

* Natural broadening (lorentzian)

* Doppler broadening (Gaussian)

* Pressure broadening (lorentzian)
(VDW, resonance, Stark)




- LINE BROADENING MECHANISMS

* Natural broadening (lorentzian)

AEA? ~ T

* Doppler broadening (Gaussian)

Gas particles with
random motions

8In2 kT o 4 f"}*
~

1 —
. , \ 2 . oo [T
Alp = ( Vo2 ) Ag = 7.162 - 107" N\ -V‘If i ..--" \

* Pressure broadening (lorentzian)
o Van der Waals (emitter- neutral = induced dipole)
o Resonance
o Stark (emitter surrounded by charged particles)



LINE BROADENING: the “intrinsic width”

If two lines “leave the lamp” already blended, there is nothing
| can do about it, regardless of the instrument | use.



lamp unblended,

can we RESOLVE (separate) different
spectral lines in rare-earth spectra
WITH our instrument...?



? Nd Ill spectral lines leave the
1® @ lamp unblended,

can we RESOLVE (separate) different
spectral lines in rare-earth spectra
WITH our instrument...?

!

What is the INSTRUMENTAL WIDTH
of our experiment?



Instrumental width (Gaussian)

Spectral device

DisFersic-n

system

; [Hlumination
| System
) §)

* Resolving power diffraction grating
(R=264000,0.001 nm at 260 nm)

* Diffraction pattern circular aperture (Airy)



INSTRUMENTAL WIDTH
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INSTRUMENTAL WIDTH

This is what we want
to avoid!



Measuring the instrumental width of our

monochromator
(theory told us instrumental width is 4 pm)

PINHOLES

SPECTROMETER

pppppp
c_e

ADJUSTABLE LEGS OF THE LASER

EVI
-----



Measuring the instrumental width of our

monochromator
(theory told us instrumental width is 4 pm)

PINHOLES

SPECTROMETER

pppppp
CH1 =5e

ADJUSTABLE LEGS OF THE LASER

EVI
-----

Great influence of alignment!
You can reduce your instrumental with from 8 to 4 pm by aligning!



Using photomultiplier tube (PMT) as detector

Green laser 543.5 nm

Ar II (from HCL) 460 nm

Green laser 543.5 nm

Ar II (from HCL) 460 nm

 Importance of the characteristics
of the detector (pixel size,
blooming). 2>

We are upgrading to a new CMOS

camera (pixel size = 6.5 pm)

Clear, C.P, The Spectrum and Term Analysis of Singly
Ionised Nickel. Ph.D. Thesis, Imperial College London,
2018.

2175 2176 2177 2178 2179 2180 218

Wavelength (nm)




Doppler width for rare-earths
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M 2
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Ar Fe Nd
Argon Iron Neodymium
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Doppler width
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Doppler width
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Doppler width
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X

Boltzmann-Plot
technique

l

What | need:

« Assume pLTE

(partial local thermodynamic equilibrium)

« Some lines with
known A,

Branching fraction
technique

|

What | need:

 Measure ALL lines
coming from an
upper energy level
* The lifetime
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Assume e
Thermodynamic No equilibrium:
equilibrium Eliminate N!

Pulsed-discharge lamp Hollow-cathode lamp

(Noble gases) (Heavy elements)



T~

Assume e
Thermodynamic Nc.) e_qumbrlum:
equilibrium Eliminate N !

!

Nitz, Curry et al.. Transition Probabilities
of Ce | Obtained from Boltzmann Analysis of

Hollow cathode |amp Visible and Near-lnfrarefj Emission.
Spectra. Journal of Physics B: Atomic,

(Heavy 9|ementS) Molecular and Optical Physics, 51, 1 2018.
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S ources Of uncertainty (everything that affects the

determination of the intensity/area of the spectral line...)

Intensity (A.U.)

Transmittance

Wavelength

Continuum

= Original spectrum 493.3 nm
Reconstructed spectrum :
Reflection coefficient
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International School on Atomic and Molecular Data
Evaluation and Curation

TOPICS
e Training of data producers (both experimental

Organising committee:

, . and theoretical) on critical compilation and
* Maria Teresa Belmonte (UVa, Spain) ) P

curation of atomic and molecular data.
* Gabriel Pérez-Callejo (UVa, Spain)

* Yuri Ralchenko (NIST)

e Christian Hill (IAEA)
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Faculty of Sciences, University of Valladolid (Spain),
22-25 October 2023
| 1

e Developing skills for atomic and molecular data
description and classification (metadata

descriptors, FAIR data principles).

e Networking, knowledge-exchange and

capacity-building within the atomic and

molecular data community.
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schoolatomicdata2023@gmail.com
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More information on SCAN ME
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Confirmed speakers

Organising committee + Alexander Kramida (NIST)
&. Maria Teresa Belmonte (UVa) =+ ChrisFontes (Los Alamos) g
!. Gabriel Pérez-Callejo (UVa) E +  Christian Hill (IAEA) i
. Yuri Ralchenko (NIST)  Epmigiaegliod ] :
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Appllcatmn deadline: 20 July 2023
schoolatomicdata2023@gmail.com More information on
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THANK YOU VERY MUCH FOR
YOUR ATTENTION!

Spectroscopy
Optics

Astronomy
and
astrophysics

Plasma
physics

New data needed New collaborations?

New funding proposals? _
Please, come and talk with us!

mariateresa.belmonte@uva.es
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