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Quick guide

CHIANTI (data and software) is freely available over the web
Website: http://chiantidatabase.org

Contains data for neutrals and ions

Current version: 8.0 (September 2015)

Original paper: Dere et al. (1997, A&A, 125, 149)

Current paper: Del Zanna et al. (2015, A&A, 582, 56)

Detailed user guide: http://chiantidatabase.org/cug.pdf

Keywords: astrophysics — the Sun — optically-thin — emission lines
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CHIANTI - an atomic database for emission lines
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Who are the CHIANTI team?

(L-to-R) Giulio Del Zanna, Peter Young, Ken Dere, Massimo Landi
(retired), Enrico Landi & Helen Mason
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3. Impact

» Each version of CHIANTI is described in a paper

* These papers have received 2091 citations
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CHIANTI 1: Dere et al. (1997, A&A)
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4. What is CHIANTI?

1. Sets of atomic data
For modeling CHIANTI separates

— for modeling the level balance equations 'bevle' balance (within ion) from ion
alance

— for modeling the ion balance equations

— for modeling continuum emission Continuum emission not covered
in this talk

— all data stored as plain ASCII files

2. A software package
— both IDL and Python versions
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4a. Level balance eguations

» For low-density astrophysical plasmas, dominant processes are

— electron excitation/de-excitation
— spontaneous radiative decay

« Atomic quantities needed for modeling

A Maxwellian electron distribution
is assumed

— observed energy levels
— electron rate coefficients, C;
— radiative decay rates, A,
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Energy levels (ELVLC)

« Stored in ELVLC file

« Example: o_6.elvic (O VI)

2S+1

i Configuration Conf. index L J E... (cm?) Eieor (CM"

)

0. 0.
96375. 97030.
96907, 97793.

640039. 639523.
666113, 665756.
666269. 665979.
674625, 674023.
674676. 674086.
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Radiative decay rates [WGFA]

« Stored in WGFA files

« Example: o_6.wgfa (O VI)

] AA) of A

Ba

6135
8120
8370
1172
1250
3300

.337e-01
. 695a-01
. T68e-02
.152e-01
. T4d4e-01
.240e-01

.198e+048
.298e+08
.662a+09
.128a+10
.578a+10
.142a+07

B3 = R A3
R B R e

3
4
4
5
5
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Electron excitation (SCUPS)

» We store scaled versions of the effective collision strengths (upsilons)

« Scaling follows method of Burgess & Tully (1992, A&A)

« Example: o_6.scups (O VI)

i J
1 2 8.853e-01 1.348e-01 6.091e-01 8 1 .313e+00
. 000e+00 1,42%e-01 2.857e-01 4,286e-01 5,714e-01 .143e-01

. 689%e+00 1.525e+00 1.386e+00 1.237e+00 1.070e+00 .044e-01
1 3 8.901le-01 2.711e-01 1.218e+00 8 1 .185e+00

.000e+00 1.42%e-01 2.857e-01 4.286e-01 5.714e-01 .143e-01
.269e+00 3.071e+00 2.819%e+00 2.545e+00 2.208e+00 .849e+00

scaled temps

.571le-01 1.000e+00
. 653e-01 6.08%e-01

.571e-01 1.000e+00
.553e+00 1.218e+00

To retrieve upsilons: IDL> ups=spl2ups(‘o 6’,[1i,]],temp)

scaled ups

To retrieve rate coeff: IDL> c=rate coeff(‘o_6’,temp,trans=[i,j])
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Sources of electron excitation data

» Most recent data are from the UK APAP network (http://apap-network.org)
« Systematic calculations along isoelectronic sequences

« Bespoke calculations for coronal iron ions (Fe VIII-XIV)

Nigel Badnell

Pete Storey

Helen Mason

Giulio Del Zanna
Alessandra Giunta

Luis Fernandez Menchero
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Additional level processes

1. Proton excitation/de-excitation
— mainly for ground configuration

2. Level-resolved ionization/recombination
3. Dielectronic capture

4. Autoionization
— rates stored in WGFA file

5. Two-photon decays (H and He-like only)
— rates stored in WGFA file

6. Photoexcitation & stimulated emission
— assume radiation field (e.g., black body)
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| evel-resolved Ionization/recombination

» Dielectronic captures to auto-ionizing states

— contained in separate dielectronic models (e.g., ‘0_6d’)
— treated as electron excitations, so added to SCUPS file

* |onization and recombination to bound states

— treated as perturbing processes to level populations

— added as post-facto corrections to populations for key ions
— approximation works when population mostly in ground level
— data stored in .RECLVL and .CILVL files

These processes important for
X-ray spectral modeling.
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4h. lonization balance

» For modeling the distribution of ion states in an electron-ionized plasma

 Need ion-to-ion total recombination and ionization rates
* In 2009 (CHIANTI 6) we started including these rates

Processes

— direct ionization

— excitation-autoionization
— radiative recombination

— dielectronic recombination

CHIANTI files

— DIPARAMS, EASPLUPS (ionization)
— RRPARAMS, DRPARAMS (recombination)

- Mainly from Dere (2007, A&A, 466, 771)

— Mainly from N.R. Badnell & collaborators
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« Software package written in the Interactive Data Language (IDL)
— available as tar file from webpage

« Since 2010, a Python package (ChiantiPy) is available
— http://chiantipy.sourceforge.net
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http://chiantipy.sourceforge.net

IDL software

Read files

{

Descale upsilons

v

Level populations
[pop_solver]

Emissivities Contribution functions
[emiss_calc] [ch_synthetic]

/

: : : Continuum emission
Diagnostic ratios [freefree]

[dens_plotter] [freebound]

[temp_plotter] [twophoton]

Synthetic spectra
[make_chianti_spec]

Peter Young (GMU/GSFC) IAEA Technical Meeting, 2-4 Nov 2015




6. Data assessment

Assessment of the atomic data is a crucial part of CHIANTI

1. Each transition is assessed graphically

— Burgess & Tully (1992) scaling used

2. Benchmark comparisons with solar and stellar spectra performed

— intensities/fluxes predicted and compared with observations
— gives confidence in data
— identifies where new data are required
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Data assessment example

PY identifies four new Fe IX lines from Hinode/EIS spectra (Young, 2009, ApJL)
PY updates CHIANTI Fe IX model

CHIANTI 6 is released in 2009, with new data

Data is used by community (e.g., Brooks et al. 2009, ApJ)

IDs validated by lab measurements (Beiersdorfer & Lepson 2012, ApJS)

New Fe IX atomic data (Del Zanna et al. 2014, A&A) improves model

L A T R A o

New data added to CHIANTI 8 (Del Zanna et al. 2015, A&A)

o2}

P e —
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/. Applications: NASA instrumentation

e CHIANTI used for

— deriving response functions
— performing calibration
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Hinode/EIS calibration (Warren et al. 2014) SDOJAIA response functions (Boerner et al. 2014)
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Applications: comet emission

« Comet Lovejoy passed through the Sun’s corona

Bryans & Pesnell (2012, ApJ)

« used CHIANTI to demonstrate
that AIA comet emission mostly
from oxygen

Intensity (Arbitrary Units)
o o
[=2] o]
T T
1 |

o 5
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T T T T
1
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Applications: Cygnus Loop

* Supernova remnant

« Sankrit et al. (2014, ApJ)
presented Spitzer observations

* CHIANTI used to model spectrum

qrTrrrrrrrrreeT [P URLSLALEL L | IS L ALEL LiN IRLBLEL AL
Edge
3 [01V] -
21 -
[Ne V]
".E 1+ -
“ﬁ.
5
o Cusp
-,E 4 O] ||| Ferm ]
3
o 1
< [Fe II1]
NASA GALEX

Wavelength (um)

Peter Young (GMU/GSFC) IAEA Technical Meeting, 2-4 Nov 2015




 CHIANTI is a freely available atomic data and software package

» Widely used in astrophysics http://chiantidatabase.org

— analysis of spectra
— predicting radiative emissions from theoretical models
— instrument calibration

» Benchmarking and assessment critical to success of project

Coming soon: special issue of J. Phys. B on astrophysical spectroscopy

CHIANTI paper -> http://files.pyoung.org/papers/chianti.pdf
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