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1 What's new in Version 5.0

� Inclusion of ionization and recombination e�ects in level population calculation { see
Sect.8.6, Sect.5.1.1.

� Photoexcitation from any user-provided radiation �eld { seeSect.8.5 and Sect.9.7

� Non-maxwellian distribution of electronvelocities { seeSect.8.3 and Sect.9.8

� New data for

{ Fe IX, Fe X, Fe XI I, Fe XV (EUV)

{ Fe XVI I to Fe XXIV (X-rays)

{ n=3 to n=3 transitions for N-like and O-like ions

{ new ions (P XIV, XV; Cl I I, X, XI, XI I, XVI I; K V, XVI I, XIX; Ca VI I, VI I I;
Co XX; Zn XXI I I)

� The software hasbeenimproved and speeded.Fixed various minor bugs.

� A few new useful routines, in particular:

which_line
pop_processes

(seethe examplesection).

� Added keV option to calculate/plot spectra in energyunits.

The changesintroduced to speedthe calculations were made necessaryby the increasingly
larger atomic modelsnow available in CHIANTI, that madethe running time of the software
of the previousversiontoo long.
The software is backward-compatible, i.e. canbe usedtogether with previousversionsof the
database.

2 What was new in Version 4.1

-Added detailed descriptionsof the data �le contents.
-Replacedthe continuum plot, that was createdwith the corrupted version of the itoh.dat
�le.
-Corrected instructions for installation within Windows.
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3 What was new in Version 4.0

This document describesthe generalcharacteristicsof the new Version4.0 of the CHIANTI
package(databaseand IDL procedures).
A considerablenumber of new features,both in the databaseand the software, have been
added (seeYoung et al., 2003). We have tried to keepa distinction between the previous
and the new featuresin this document.
Users of previous versions, please NOTICE:

1. The pro cedures to install CHIANTI as a stand-alone package have changed
in small but imp ortan t ways.

2. New kinds of �les (.fblvl and .psplups) are now being distributed and the
format of the .splups �les has changed.

3. The entire previous soft ware has been rewritten. There are a few minor
changes in the way the pro cedures are called.

4. New soft ware has been written.

5. The CHIANTI routines now use SolarSoft routines.

The main new featuresdescribed in this guide are

� New CHIANTI distribution and structure { seeSect.7

� Photoexcitation and Stimulated Emission { seeSect.8.4

� New software { seeSect.6.1 and App. A

� New continuum calculations { seeSect.8.7

� Incorporating proton rates into CHIANTI { seeApp. B

� Incorporating 9 point spline �ts into CHIANTI { seeApp. C

Backward compatibilit y has been assuredfor almost all cases. In practice, previous users
of CHIANTI will be able to use the new V.4 software as before, with just minor changes.
On the other hand, soft ware versions prior to 4 are not compatible with the v.4
database .

This document replacesthe previousCHIANTI guide (Version1.0).
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4 In tro duction

CHIANTI is a collaborative project involving researchersbasedat the Naval Research Lab-
oratory (NRL, Washington DC, USA), Rutherford Appleton Laboratory (RAL, UK), the
University CollegeLondon (UCL, UK), the University of Cambridge (UK), the GeorgeMa-
sonUniverity (GMU, USA) and the University of Florence(Italy).

4.1 What is CHIANTI

The CHIANTI packageconsistsof a critically evaluated set of atomic data (energy levels,
wavelengths, radiative transition probabilities and excitation data) for a large number of
ions of astrophysical interest. It also includes a number of ancillary data and a suite of
Interactive Data Language(IDL) programsto calculateoptically thin synthetic spectra and
to perform spectral analysisand plasmadiagnostics.
Plasma emissioncodeshave long beenusedto study UV and X-ray spectral lines emitted
from solar or stellar atmospheres.A comparisonof the theoretical line intensities with the
observed intensities allows a determination of the physical parametersfor the plasma (cf
Masonand Monsignori Fossi,1994and Del Zanna, Landini and Mason,2002).
It is very important, now that high accuracyatomic data are available, to improve and keep
up-to-date the plasmacodes.
The CHIANTI databasehasbeenusedextensively by the astrophysical and solar communi-
ties to analyseemissionline spectra from astrophysical sources.
The CHIANTI packageis freely available at oneof the CHIANTI homepages:

� RAL, UK: http://www.chianti.rl.ac. uk/

� NRL, USA: http://wwwsolar.nrl.nav y.mi l/ch iant i.h tml

� UCL, UK: http://www.mssl.ucl.ac.uk/ wwwsolar/chianti/

� DAMTP, UK: http://www.damtp.cam.ac.u k/u ser/ astr o/ch ian ti/c hian ti.h tml

� GMU, USA: http:

� Univ. of Florence,Italy: http://www.arcetri.astro. it/ scie nce/ chia nti /chi anti .html

or at

� SolarSoft,a programmingand data analysisenvironment for the solar physicscommu-
nity. http://www.lmsal.com/sol arsoft/

4.2 Imp ortan t caveats and limitations

As with any atomic data package,CHIANTI hasbeendeveloped to suite somespeci�c appli-
cations in astrophysics,and usersshould read the CHIANTI papersand the documentation
to �nd out the rangesof applicability of the package.
Currently, someof the main assumptionsand limitations of the data and programsare:
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� Level excitations occur via collisional excitation by electronsand protons, and pho-
toexcitation from black-body or user-de�nedradiation �elds.

� Electronsand protons have Maxwellian distribution functions. IndeedCHIANTI data
include Maxwellian-averagedelectron and proton collision strengths. However, it is
possibleto study the e�ects of particle distributions that are linear combinations of
Maxwellians of di�erent temperatures.

� Electrons and protons have the sametemperature.

� The plasmaionization is dominatedby collisions(i.e. no photo-ionization is included).

� Atomic processesa�ecting the ionisation state of an element can be separatedfrom
thosea�ecting the level balancewithin an ion.

A correction to the level populations due to ionization and recombination is included,
but it is only valid up to densitiesabove which metastablelevel populations begin to
be non-negligible.

� The plasmais in a steadystate.

� All lines are optically thin.

� Line emissivitiesare reliable only in some(extended) temperature and density ranges.
The rangesof temperatures at which the original rates were calculated are normally
listed in the �les.

� The current ion fractions that are provided within CHIANTI have been calculated
assumingequilibrium and without taking into account density e�ects.

� DEM �les areprovided only assamplesof DEM curvesfor di�erent physical conditions
in the solar atmosphere:the intensities they generatemay di�er from observed values.

4.3 How to acknowledge CHIANTI

The continued development of the CHIANTI databaseis dependent on continued funding
which is generallyavailable if we can demonstratethat the CHIANTI databaseis of useto
astrophysical research. If you useCHIANTI, we only ask that you acknowledgeit appropri-
ately in any publications:
Write in the text of any publication the referenceto the CHIANTI paper associated with
the particular VERSION you have used:

� 1.x - (Dere et al., 1997;AASS, 125,149)

� 2.x - (Landi et al. 1999;AASS, 135,339)

� 3.x - (Dere et al., 2001;ApJSS,134,331)

� 4.x - (Young et al., 2002).
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� 5.0 - (Landi et al., 2005)

We would appreciateif you also write in the acknowledgements of any publication the fol-
lowing:

CHIANTI is a collaborative project involving NRL (USA), RAL (UK), and the following
Universities: CollegeLondon (UK), of Cambridge (UK), GeorgeMason (USA), and of Flo-
rence(Italy).
If a detail work on a particular ion is done, it would be appropriate to also refer to the
original publication. Referencescan be found at the end of each data �le or on the WWW.
CHIANTI data are included into other databases. It would be appropriate to make that
clear to the usersso they can trace back the results they useto the original calculations.
Usersshould be aware of what is included in the database,of the approximations applied,
and of the atomic data used. The CHIANTI results should not be blindly consideredvalid
in all cases. For example, the CHIANTI predicted emissivities should not be used when
consideringtemperaturesoutside of the validit y ranges.
Any contributions and suggestionsto CHIANTI are welcomed.We would appreciatea short
description of how you employ CHIANTI.

4.4 The CHIANTI consortium members

The CHIANTI project wasoriginally set up by Dr. Ken Dereof the Naval Research Labora-
tory (Washington,USA), Dr. HelenMasonof the Department of Applied Mathematics and
Theoretical Physics at the University of Cambridge (UK), and Dr. Brunella Monsignori-
Fossi of the Arcetri Astrophysical Observatory (Florence, Italy). Former students of Dr.
Monsignori-Fossi (Dr. Enrico Landi) and Dr. Mason (Dr. Peter Young) helped in the cre-
ation of the database. The sad and unexpected death of Dr. Monsignori-Fossi in January
1995,led to Prof. MassimoLandini, a closeassociate of Dr. Monsignori-Fossi,becominga
new CHIANTI representativ e (University of Florence).
Additional collaborations have involved Dr. Dave Pike of the Rutherford Appleton Labo-
ratory (RAL), who has written CHIANTI routines to run within the environment of the
SOHO/CDS software (and within SolarSoft), and with Dr. Gordon Bromage, Dr. Bar-
bara Bromageand her former student Dr. Giulio Del Zanna of the University of Central
Lancashire.
Dr. Enrico Landi, now at the Naval Research Laboratory, Dr. Peter Young, now at RAL,
and Dr. Giulio Del Zanna, now at UCL, have continued to be active collaborators in the
CHIANTI project.

4.5 A short history of the package

1. The �rst version of the CHIANTI databasewas releasedin 1996and is described in
Dere et al. (1997).

Young et al. (1998) used the CHIANTI database for a detailed comparison with
observed EUV solar spectra to assessthe diagnosticaccuracyof the two data sets.
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2. Version2.0 (Landi et al. 1999)was releasedin April 1999. This Versionadds atomic
data for many of the socalled minor ions (Na, P, Cl, K, Ti, Cr, Mn, Co, and Zn), not
included in the �rst version. Becausethe astrophysical abundancesof theseelements
arerelatively low, only the strongestlinesof theseelements areobserved. The addition
of the minor ions is an important step in our goal to understandastrophsicalspectra
in detail. In addition, Version2.0 extendsthe beryllium-like sequence,updates some
of the data in Version1, and provides an IDL procedureto calculate the continuum.

3. Version 3.0 of the CHIANTI databasewas releasedin September 2000 (Dere et al.,
2001). In this version the databasehas been extended to wavelengths shorter than
50�A by including atomic data for the hydrogen and helium isoelectronic sequences,
inner-shell transitions and satellite lines and several other ions. In addition, someof
the ions already present in the databasehave beenupdated and extendedwith new
atomic data from publishedcalculations. The inclusion of the satelliteshasrequired a
signi�cant modi�cation to the manner in which the spectra have beencalculatedwith
CHIANTI. Consequently, a new versionof the IDL software hasbeenproduced.

In November 2000we have releaseda whole new CHIANTI packageunder SolarSoft.

4. Version 4 of the CHIANTI database, releasedin Sept. 2002 (Young et al., 2002).
The major changesare the inclusion of proton excitation data, principally for ground
con�guration levels which are closein energy, and of photoexcitation.

The �tting procedure for excitation data, both electronsand protons, has been ex-
tended to allow 9 point spline �ts in addition to the previous5 point spline �ts. This
allows higher quality �ts to data from close-couplingcalculationswhereresonancescan
lead to signi�cant structure in the thermally-averagedcollision strengths.

With the addition of H I, He I and N I, the �rst neutral specieshave beenadded to
CHIANTI.

Many existing ion data-setshave beenupdated, in particular most ions of the nitrogen
and beryllium isoelectronic sequences.Also, new ions have beenadded, including Ar
IV, Fe VI and Ni XXI.

The continuum routines have been re-written, including a new relativistic free-free
continuum, a new free-bound, and a new two-photon continuum. New software has
beenwritten.

Minor releasesof the databaseand the software normally include �xes and might occur a
few times per year.

4.6 How to keep up dated on CHIANTI developmen ts

� Read the CHIANTI NEWS pageon the WWW.

� Read the HISTORY (software) and README (database) �les in the distribution.
Any newsand changesare loggedin these�les. The �rst onehas the details of all the
software changes,while the secondone describes the changesto the database. These
�les can be found directly in the distribution or via links on the WWW pages.

9



� We maintain an e-mail list, that is usedto distribute information about any develop-
ments of the CHIANTI databaseand programs. To get on the CHIANTI e-mailing
list, sendus an email.

� We alsohave an e-mail adressfor questions:

chianti_help@halcyon.nrl. navy.mil

5 The database structure

The atomic data will continueto beupdatedregularly asnewdata arecalculatedor measured
in the laboratory.
It is intended that theseatomic data can be accessedand transferedinto usersown analysis
programs,for more sophisticatedapplications.

5.1 Directory structure and atomic data �le conten ts

The databasehas a tree structure, with the top directory designatedwith the IDL system
variable !xuvtop (and nameddbase within SolarSoft):

dbase/

In the top directory are the following files:

README_CHIANTIwith the description of the current version.
VERSION with the version number.

Then, there is a series of subdirectories, one for each element present in the database.
Each element has a subdirectory for each ion.
The filename prefix for each ion follows spectroscopic notation.
For example, for He, we have He I and He II subdirectories:

he/
he_1/
he_2/

Then, we have a series of ancillary data that are contained in
various subdirectories:

masterlist/
has the list of the ions currently present
in the database

abundance/ with elemental abundance files.
continuum/ contains files for the continuum calculations.
dem/ has DEMfiles.
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ioneq/ contains ionization fraction files.
ip/ has ionization potentials.
ancillary_data/instrumen t_re sponses/ with effective areas.

There are �v e primary ASCII �les for each ion subdirectory. For example, for Fe XIV we
have:

� fe_14.elvlc

Speci�es the energylevels in cm� 1 and Rydbergs. It includesboth experimental data
and theoretical valuesof the levels energies.

The energylevels are obtained from NIST. Where necessary, theseare supplemented
by other laboratory and theoretical values.

Each column in the �les has:

1. Index of the �ne structure energy levels. This index applies to all �les for this
ion.

2. Con�guration number, a progressive number. This value is not usedby the soft-
ware.

3. Designationof the �ne structure level,usually using the notation of LS coupling.

4. Integer value of 2S+1, S=spin in standard usage

5. Integer value of angular momentum L.

6. Symbol for L, i.e. S for L=0, P for L=1, D for L=2, etc.

7. Total angular momentum J

8. Multiplicit y or statistical weight: 2J+1 This value is not usedby the software.

9. observed energy in cm� 1 (if there is no observed value, it is set to zero). This
value is usedby the software.

10. Observed energyin rydbergsThis value is not usedby the software.

11. theoretical energyin cm� 1 (usually this is the energyfrom the scattering calcula-
tion, but not necessarily).This value is usedby the software.

12. Theoretical energyin rdybergs. This value is not usedby the software.

13. There might be further columnsbut theseare not read by the software.

Note that the ordering of the levels doesnot follow any strict rule.

� fe_14.wgfa

Contains the wavelengths,gf and A valuesof the transitions and the indicesinitial and
�nal level corresponding to the indicesof the levels as given in the fe_14.elvlc �le.
Wavelengthscalculatedfrom the theoretical energiesare of an indeterminate accuracy
and their valuesare presented as negative valuesof the calculated wavelength. The
`observed' wavelengthsin these�les arebasedon the experimental energiesand should
be the best available.
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The radiative data are taken from published literature and where necessary, supple-
mented by new calculations.

Each column in the �les has:

1. index of the lower energylevel (consistent with the ordering in the .elvlc �le)

2. index of the upper energylevel

3. wavelength in Angstroms. If the wavelength doesnot connect2 observed energy
levels, the wavelength is given asa negative number. Two-photon transitions are
given a zerowavelength.

4. gf value (weighted oscillator strength)

5. A-value

6. In somecasesadditional columnshave extra information on the transition. These
are not read by the software.

� fe_14.splups

contains the point spline �ts to electroncollision strengthsscaledaccordingto the the
rules formulated by Burgessand Tully (1992), as described in Dere et al. (1997). All
the atomic data in the CHIANTI databasehave beenvisually displayed and assessed
for accuracyand any sporadic errors which sometimescreepinto publishedresults.

Accurate replication of the temperature averagedcollision strength over a wide range
of temperaturescan be accomplishedwith the data in this �le.

Each column in the �les has:

1. Z (6 = C)

2. ion (3 = I I I)

3. index of the lower level (consistent with the ordering in the .elvlc �le)

4. index of the upper level

5. transition type: seeBurgessand Tully, 1992,A&A. types1-4 follow Burgessand
Tully for a 5 point spline �t type 5 = dielectronic recombination excitation rate
types6-9 are the sameas 1-4 but for 9 point spline �ts

6. gf -value

7. Energy di�erence betweenthe two levels in Rydbergs

8. Value of scalingparameter 'C' (cf. Burgessand Tully, 1992,A&A).

9. 5- or 9-point values(spline �ts) of the scaledUpsilons.

� fe_14.psplups

This is analogousto the fe_14.splups �le, and contains the point spline �ts to proton
collision strengths.

� fe_14.fblvl contains data usedfor the free-bound calculation. Namely, the statistical
weights for each nl shell, and the energylevels in cm� 1.
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5.1.1 Ionization/recom bination

We createdtwo new�les that include the � ion and � r ec rates. The namesof these�les follow
the usualCHIANTI pattern, and have the .CILVL and .RECLVL su�xes, for ionization and
recombination respectively.
Data in these�les are tabulated asa function of temperature, at all temperaturesfor which
they are provided.
Currently, all the rates for each ion are given at the sametemperature. In the future this
will be generalised.

5.1.2 Final commen ts

The basic structure of the �les is to put the data at the beginning of the �le followed by
comments.
The commen ts must be enclosed at the end of the �le between two lines con-
taining a single '-1'
The original sourcesare documented in each data �le, where also additional and detailed
comments written by the CHIANTI member that assessedthat particular ion can be found.
You can have direct accessto the referencesvia the WWW pages.

5.2 Additional ancillary data

Someadditional data �les are neededin various calculations. The software allows the se-
lection of these�les, from either a 'standard' selectionprovided within the database,or by
usinguserde�ned �les that are included in the current working directory, provided they have
the proper �le extension. For example,it is possibleto createa userde�ned 'my�le.dem'. If
the �le is in the working directory, then the �le will automatically be appendedto the list
of available DEMs from the CHIANTI database. In other cases,it is possibleto selectthe
�le by using a widget that allows the user to changedirectory.
An y user-de�ned �le must have the same format as those already pro vided (also
including a 'commen t' section at the end of the �le)

The list of the ions present in the database

A !xuvtop/masterlist/maste rlis t.io ns �le keepsthe current list of all the ions in the
database.This list is usedasdefault by many routines (for examplethosethat calculateline
intensities).
In somecases,it is possibleto insteadusea user-de�nedlist of ions, to speedthe calculation,
or to directly supply the routines with a list of ions, via the SNGL ION keyword.

Elemen tal abundances

Files with various elemental abundancesare provided in the directory !xuvtop/abund/
Element abundancesare in the usual dex notation (Log10 values, relative to H, that has a
Log10 value of 12).
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Options are available within the routines to choosedi�erent elemental abundances.User-
de�ned abundance�les can alsobe used,and should have a .abund �le extension.
Be aware that any element missing in the elemental abundance �le will also be
missing in any output created by any soft ware that reads the elemental abun-
dance �le.
There is a great deal of controversy over the variation of the elemental abundancesin the
solar and stellar atmospheres.Seethe reviewsof Meyer (1985,1993),Widing and Feldman
(1992),Mason(1992),Raymond et al. (2001). Also, it shouldbe kept in mind that di�erent
analysescan lead to very di�erent results. For example,the ionisation balance,the selection
of lines, and the spectroscopicmethod usedcan each account for a variation of a factor of
two or more in the derived element abundances(seeDel Zanna et al., 2002and references
therein).

Ionisation Fractions

Files giving collisional ionization equilibria are provided in the !xuvtop/ioneq directory.
User de�ned ionisation �les should have a .ioneq �le extension.
Be aware that most CHIANTI soft ware uses the temp eratures in these �les as
a base for the calculations. For example, if DEM(T) values are supplied, they
are �rst in terp olated at the temp eratures in the ionization fraction, and the
calculations are done at those temp eratures.
The ionisation fractionshavebeentakenfrom the tabulated valuesin the publishedliterature
(e.g. Arnaud & Raymond, 1992;Arnaud & Rothen
ug, 1985;Mazzotta et al., 1998).
Be aware that any ion missing in a ionisation fraction �le will also be missing in
any output created by the soft ware.
Also, be aware that any line missing a temp erature overlap with the chosen
ionisation fraction would have zero emissivit y and will not be output by the
soft ware.
Be aware that large di�erences between di�erent tabulations are present, and that large
uncertainties are associated with thesecalculations. It should be noted that the ionisation
equilibrium plays a major role not only in the derivation of the DEM , but also in that
one of the elemental abundances. In this respect, it is important to be aware of the fact
that a number of ions, in particular those of the Li and Na isoelectronic sequence,present
anomalousbehaviour (seeDel Zanna et al., 2002,and referencestherein).

Di�eren tial Emission Measure

Files specifying various standard di�erential emissionmeasures(DEM ) distributions for
di�erent solar featuresare provided in the !xuvtop/dem directory. Additional �les for stellar
atmosphereswill alsosoon be added. Each �le contains the Log10 T and Log10 DEM values
in two columns,orderedwith increasingtemperature.
User-de�ned DEM �les should have a .dem �le extensionand must have the sameformat
and ordering of the �les provided.
Be aware that any line missing a temp erature overlap between the ion fraction
and the chosen DEM distribution would have zero emissivit y and will not be
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output by the soft ware.
The emissionmeasuredistribution in the solar atmosphereis a complexissue.Starting with
the pioneeringwork by Pottasch (1964),spectra in the UV wavelengthrangehave beenused
to determine the distribution of material as a function of temperature, following various
methods. More details can be found in Section9.16.

Other �les

Other �les are in other miscellaneousdirectories. For example:
!xuvtop+'/ip/chianti.ip' has the ionization potentials for all the ions;
!xuvtop+'/continuum/ contains data usedby the routines that calculatethe continuum.

For example,g�gu.dat contains the free-freegaunt factors of Sutherland (1998).

6 The Soft ware structure

A number of Interactive Data Language(IDL) proceduresare also provided as part of the
CHIANTI package. Theseinclude routines to read the variousCHIANTI database�les, cal-
culate level populations, line intensities,and temperature dependent and density dependent
line intensity ratios.
Most of our e�orts have gone into developing well-documented user-friendly IDL routines
that meet readily apparent needs.We welcomecontributions to the software.
CHIANTI has been run mainly on Sun, Dec Unix workstations and on PCs with Linux.
CHIANTI also runs (with somesmall limitations) under Windows NT and in VMS. Please
report to us any problemsyou might �nd.
All the IDL routines have been documen ted with extensiv e headers giving de-
tailed descriptions and examples. Please read them carefully .

The CHIANTI routines can be grouped into three classes:

� Low-level routines, that for example read the �les in the database,or perform the
level population calculations. Theseare not described hereand should not be used
directly byt the users.

� High-level routines, that perform more complex operations and can be called from
the commandline. Theseroutines usually output arrays or structures, and optionally
produceplots, postscript output or ascii �les. Most of them have a long list of options,
commandedvia KEYW ORDS. Pleaseread the headers.

� Higher-level widget-type routines. Theseroutines are moreuser-friendly, and are com-
plementary of the above class. Theseroutines call low-level or high-level routines to
perform the calculations.

The CHIANTI routines are organisedin a tree structure. The main level contains some
high-level proceduresand the HISTOR Y �le, where all modi�cations to the soft ware
are logged .
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6.1 Short description of the CHIANTI software

Now, a description of the various high-level routines that are present within the CHIANTI
software tree is given.
Comparedto previousreleases,signi�cant changesoccurred. PleasereadSect.?? for details.
A new set of high-lev el and higher-lev el routines has been written for Version
4. The major change for V.4, aside from those already mentioned, has been the way to
calculatesynthetic spectra and handle line intensities (seeFig. 1):

� A new routine, ch_synthetic.pro , calculates(without any abundancefactor) line in-
tensitiesor G(T), and outputs a line in tensities CHIANTI structure (seeSect.E.1
for details). This IDL structure can be saved and later restored in various ways,
for exampleusing ch_write_fits and ch_read_fits .

� ch_line_list.pro takesthe line in tensities CHIANTI structure and createsascii
or latex �les with lists of line identi�cations and intensities.

� make_chianti_spec.pro This programcreatesthe CHIANTI SPECTR UM struc-
ture (read Sect. E.2 for details), that contains the synthetic spectrum, created by
multiplying by the abundancefactor the line intensities and adding the continuum
(optional).

� Finally, a new multi-purp osewidget ch_ss.pro has beenwritten. It includesall the
above features.

Other routines that previously were only available within SolarSoft are also included now.
The usersthereforenow have various di�erent routines to choosefrom.
We have kept the older high-lev el routines, so the user can still use them as before
(with sligh t modi�cations/additions of keywords). We have up dated them and
re-written as wrapp er routines (essentially that call the newly-written routines)
as follo ws:

6.2 How to �nd help

For the �rst two classes of routines, by simply t yping the name of the routine, a
description of how to call the routines, with examples, is prin ted. For example,

IDL > temperature_ratios
IDL > temperature_ratios,ion,wm in,w max,Log10(t empmin), Log10(te mpmax), $
IDL > temperature,ratio,descrip tion ,$
IDL > [pressure= ,density= , psfile= , outfile= ]
IDL >
IDL > i.e.:
IDL > temperature_ratios,'c_5', 40., 50., 5.,7 .,t emp,rat, desc

In any casethe best way to understand what a routine does and how it works is to read
the header documen tation with e.g.:
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Table 1: List of main-level routines
Synthetic spectra

ch_ss Multi-purp osewidget to calculateline intensities,createsynthetic spectra
adding the continuum, tables and various outputs.

synthetic Calculatesa synthetic spectrum. Outputs arrays.
synthetic_plot Plots the spectrum createdby synthetic and interactively identify lines
isothermal Calculatesa synthetic spectrum with an isothermal approximation. Out-

puts arrays.
make_chianti_spec Createsa synthetic spectrum. Works with structures.

Line in tensities
ascii_wvl_dem Createsan ascii �le with a list of line identi�cations and intensities.
latex_wvl_dem Createsa latex �le with a list of line identi�cations and intensities.
ch_synthetic Multi-purp oseroutine that calculatesline intensities (without any abun-

dancefactor), and outputs an IDL structure.
ch_line_list Multi-purp oseroutine that createsascii and latex �les with lists of line

identi�cations and intensities. Takes as input the structure created by
CH SYNTHETIC.

Line emissivities
emiss_calc To computethe emissivitiesof all lines of a speci�ed ion over given ranges

of temperature and density.
gofnt Calculatesthe contribution functions G(T)
g_of_t To compute the G(T) of selectedlines.

Densit y-sensitiv e line ratios
dens_plotter A widget routine to allow the analysisof density sensitive ratios.
density_ratios Plots the variation of line intensities with electron density
chianti_ne A widget to calculateand plot density sensitive line ratios.
plot_chianti_ne Plots density sensitive ratios saved from CHIANTI NE

Temp erature-sensitiv e line ratios
temp_plotter A widget routine to allow the analysisof temperature sensitive ratios.
temperature_ratios Plots the variation of line intensities with electron temperature .
chianti_te A widget to calculateand plot temperature sensitive line ratios.
plot_chianti_te Plots temperature sensitive ratios saved from CHIANTI TE

Con tin uum
freefree calculatesthe free-free(bremsstrahlung)continuum.
freebound calculatesthe free-bound continuum.
two_photon calculatesthe two-photon continuum.

Level populations
plot_populations plots the level populations
pop_plot To plot nj A j i=Ne valuesasa function of Ne.
show_pops To display populations of signi�cant levels in a CHIANTI ion model.
pop_processes Outputs to the screenthe contributions of the di�erent physical processes

to the population of the speci�ed level within an ion.
Miscellaneous

rad_loss Calculatesthe radiative losses
max_temp Calculatestemperature at max ionisation ratio for an ion.
plot_ioneq Plots the ionisation equilibrium valuesfor an element.
chianti_dem Calculates the Di�eren tial Emission Measure DEM(T) using the CHI-

ANTI database,from a given set of observed lines.
plot_dem To plot di�erential emissionmeasure(DEM) values
integral_calc To computethe atomic data integral for usein column or volumeemission

measurework.
ch_read_fits Read standard CHIANTI FITS binary table data containing the output

from CH SYNTHETIC and outputs a CHIANTI line intensitiesstructure.
ch_write_fits Write standard FITS binary table data from CHIANTI line intensities

structure.
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Figure 1: Schematic 
o w chart showing the main links between the high-level rou-
tines. POP SOLVER is the core low-level routine that is called by most CHIANTI
routines. Note that many CHIANTI routines are now wrapper routines. For exam-
ple, now DENSITY RATIOS calls EMISS CALC that in turn calls POP SOLVER. SYN-
THETIC and ISOTHERMAL are now wrapper routines that call CH SYNTHETIC and
MAKE CHIANTI SPEC.
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IDL > xdoc,'ch_synthetic'
IDL > doc_library,'ch_synthetic '

Another way to quickly seethe keywords of a routine is to use:

IDL > chkarg,'temperature_ratio s
.....

---> Call: pro temperature_ratios,ions,w min, wmax,te mpmin,te mpmax,$
temperature,ratio,descrip tion ,$
density=density,psfile=ps file , $
outfile=outfile,noprot=no prot , $
radtemp=radtemp,rphot=rph ot,p hot ons=photons, $
ioneq_file=ioneq_file, abund_file=abund_file, $
VERBOSE=VERBOSE

7 The CHIANTI distribution and installation

CHIANTI is currently distributed in two ways:

1. as an independent packagewithin SolarSoft, a programming and data analysisenvi-
ronment for the solar physicscommunity. See

http://www.lmsal.com/sola rsof t/

for details on how to download and install the package. The databaseand the software
are organisedin a self-contained package

$SSW/packages/chianti/

with the following tree structure:

dbase/ (database)
doc/ (documentation, in particular the USERGUIDE)
idl/ (IDL software)
setup/ (supplementary setup files)

The conten ts of the SolarSoft CHIANTI package are mirrored daily from a
master tree. Normally , only small �xes to the existing soft ware can occur
rather frequen tly .

All modi�cations to the soft ware are logged in the $SSW/packages/chianti/idl /HISTORY
�le.

Mo di�cations to the database are much less frequen t. They are describ ed
in the $SSW/packages/chianti/dba se/README_CHIANTI �le.
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We send an e-mail to the CHIANTI user group every time we mak e a minor
release of the database available.

Note that the contents of the SolarSoftpackagechangeon a frequent timescalenormally
to �x bugscausedby the useof new IDL releases.

We recommend that you use CHIANTI within the SolarSoft framew ork and
that you setup in your site a mirror in order to have automatic upgrades.It is easyto
follow the instructions to download and setup the package.

2. On the WWW, as tar �les, via one the WWW CHIANTI pages,e.g.:

� RAL, UK: http://www.chianti.rl.ac.uk /

� NRL, USA: http://wwwsolar.nrl.navy. mil/ chi anti .html

Currently, the data and the software are distributed in two separatetar �les. The tar
�les have a similar tree structure as the SolarSoftdistribution.

E.g. the data arein CHIANTI 4.0 data.tar that contains a copy of $SSW/packages/chianti/dba se.

CHIANTI 4.0 pro.tar contains doc/ , a copy of $SSW/packages/chianti/d oc/ and
idl/ , a copy of $SSW/packages/chianti/id l/ , plus idl/gen/ , a copy of the $SSW/gen/
routines. This is because some routines of the $SSW/gen/directory are needed
to run some of the CHIANTI programs.

CHIANTI is a package, in the sense that database and progams are to be
used together . The curren t version of the database must be used with the
curren t version of the programs . Backward compatibilit y doesnot always apply.

7.1 Installing CHIANTI

To run any CHIANTI IDL procedure,the following is needed:

� Accessto the CHIANTI IDL routines. The IDL !PATH should contain the paths to
the directorieswherethe CHIANTI IDL proceduresare.

� Accessto the CHIANTI atomic databaseand ancillary data. This is doneby de�ning
the systemvariable !xuvtop, that should point to the CHIANTI atomic databasetop
directory.

� The following IDL systemvariablesneedto be de�ned:

{ !xuvtop the top directory for the atomic database

{ !ioneq_file the default ionization equilibrium �le

{ !abund_file the default elemental abundance�le

{ !BCOLOR, !ASPECT
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7.1.1 Installing CHIANTI within SolarSoft

If you are using SolarSoft you should have the setup already organisedso as to have the
path of the CHIANTI IDL proceduresaddedto IDL PATH, the !xuvtop and the other IDL
systemvariablesde�ned. This is doneautomatically by using

unix> setssw chianti
unix> sswidl

or
unix> sswidl
IDL > ssw_packages,/chianti

After this, you will be able to run the CHIANTI routines.

7.1.2 Installing CHIANTI indep endently as a stand-alone

Users of previous versions, please NOTICE:
The pro cedures to install CHIANTI have changed in small but imp ortan t ways.

Download the CHIANTI �les

Download the CHIANTI data tar �le (e.g. CHIANTI 4.0 data.tar.gz) and the CHIANTI
IDL procedurestar �le (e.g. CHIANTI 4.0 pro.tar.gz) and put the tar �les into a directory
(for example,/data1/c hianti/dbase for the data and /data1/c hianti/ for the software) and
then do the following:

unix> gunzip [file_name].tar.gz
unix> tar xvf [file_name].tar

This will copy all the CHIANTI data �les into /data1/c hianti/dbase andcreatethe /data1/c hianti/idl
and /data1/c hianti/do c/ directories.

De�ne the IDL paths and the system variables

There are two ways of doing the above. The �rst is to de�ne the system variables within
IDL, the secondis outside IDL. We suggestthe �rst option. OnceIDL is started, there are
three steps:

unix > idl

1. add to the IDL PATH the path of wherethe CHIANTI IDL routines are:

Unix: IDL> !PATH= '+/data1/chianti/idl:'+!P ATH
Windows: IDL> !PATH= '+C:\data1\chianti\idl;'+! PATH
VMS: IDL> !PATH= '+/data1/chianti/idl,'+!PA TH
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2. IDL> !PATH = EXPAND_PATH(!PATH)

The '+' and the EXPAND PATH are neededsincethe IDL routines are organisedinto
subdirectories. The secondoption involveswriting (UNIX) the following statement in
your /.cshrc (or /.login) �le:

setenv IDL_PATH/usr/local/rsi/idl_4/lib :+/d ata1/chi ant i/id l

(assumingyou have the main IDL directory in /usr/lo cal/rsi/idl 4).

3. Unix: IDL> use_chianti, '/data1/chianti/dbase'
Windows: IDL> use_chianti, 'C:\data1\chianti\dbase'

After following the above steps,it will be possibleto run the CHIANTI routines from any di-
rectory. use_chianti alsoallowsyou to setyour default abundanceand ionization equilibria
�les with the abund and ioneqkeywords.
PreviousCHIANTI usersshould check the note below.
Wesuggestthat you add the threeabovecallsto your IDL STARTUP �le (say /.idl startup).
If this �le doesnot exist then it should be created. In UNIX, this can be done if you add
the following line to your .login �le:
setenv IDL_STARTUP~/.idl_startup

(Note that the changesto the .login �le meanthat you shoulddo a source ~/.login be-
fore running IDL).
Alternativ ely, you can write the three statements above in a �le, say start_chianti.pro :

!PATH = '+/data1/chianti/idl:'+ !PATH
!PATH = EXPAND_PATH(!PATH)
use_chianti, '/data1/chianti/dbase'
END

and run

IDL> .r start_chianti

Note to previous CHIANTI users:

If you had already de�ned the CHIANTI system variables before entering IDL or in your
IDL STARTUP �le you should remove thosede�nitions.
Alternativ ely, insteadof using use_chianti, '/data1/chianti/dbase' , you have to make
sureyou have in your IDL STARTUP �le somethinglike this:
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!PATH = '+/data1/chianti/idl:'+ !PATH
!PATH = EXPAND_PATH(!PATH)

defsysv,'!xuvtop', '/data1/chianti/dbase'
defsysv,'!ioneq_file','/d ata1/ch iant i/db ase/ ion eq/mazzotta_ etal .io neq'
defsysv,'!abund_file','/d ata1/ch iant i/db ase/ abundance/c osmic.ab und'
defsysv,'!BCOLOR',0
defsysv,'!ASPECT',1.0
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8 Theory and de�nitions

8.1 Optically thin emission lines

For a review on Spectroscopic Diagnosticsin the EUV for Solar and Stellar Plasmasseee.g.
Masonand Monsignori Fossi(1994).
The intensity I (� ij ), of an optically thin spectral line of wavelength� ij (frequency� ij = c

h� ij
)

is

I (� ij ) =
h� ij

4�

Z
N j A j i dh [ergscm� 2 s� 1 sr� 1] (1)

where i; j are the lower and upper levels, A j i is the spontaneoustransition probability, N j

is the number density of the upper level j of the emitting ion and h is the line of sight
through the emitting plasma. In low density plasmasthe collisional excitation processes
are generally faster than ionization and recombination timescales,therefore the collisional
excitation is dominant over ionization and recombination in populating the excited states.
This allows the low-lying level populations to be treated separatelyfrom the ionization and
recombination processes.
For allowed transitions we have N j (X + m )A j i � Ne. The population of the level j can be
expressedas:

N j (X + m ) =
N j (X + m )
N (X + m )

N (X + m )
N (X )

N (X )
N (H )

N (H )
Ne

Ne (2)

� N (X + m )=N (X ) is the ionization ratio of the ion X + m relative to the total number
density of element X (contained in the �les in the ioneq/ directory);

� Ab(X ) = N (X )=N (H ) is the elemental abundancerelative to Hydrogen(contained in
the �les in the abundance/ directory);

� N (H )=Ne is the Hydrogendensity relative to the freeelectrondensity. Often assumed
to be equal to 0.83, as hydrogen and helium are usually completely ionised for hot
optically thin plasmas.

Seethe routine PROTON DENS described in Sect.B.5 for details on how to calculate
N (H )=Ne.

� The fraction ni = N j (X + m )
N (X + m ) of ions X+m lying in the state j is determined within

CHIANTI by solving the statistical equilibrium equations for a number of low-lying
levels of the ion including all the important collisional and radiative excitation and
de-excitation mechanisms.

In the `standardmodel' for interpreting line intensities there are three fundamental assump-
tions that serve to simplify the problem considerably:

1. the plasmais in a steadystate;
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2. atomic processesa�ecting the ionisation state of an element can be separatedfrom
thosea�ecting the level balancewithin an ion;

3. all lines are optically thin.

The atomic data contained in the CHIANTI databaseare particularly suited to the analysis
of emissionlines via this model, and the following discussionoutlines this approach. No
attempt is madeto discussnon-equilibrium conditions.
With the �rst of the assumptions,the population of ions lying in a given state is constant
and so the number of ions leaving this state per unit time must exactly balancethe number
arriving into that state. If we denotethe number of transitions leaving the state i to a state
j taking placeper unit time per unit volume by � ij , then steadystate implies

N i

X

j6=i

� ij =
X

j6=i

N j � ji : (3)

Setting
� ii = �

X

j6=i

� ij (4)

we have X

j

N j � ji = 0 (5)

for each state i and, as the coe�cien ts � ji are independent of the state populations, we have
a set of linear equationsto solve for the N i .
Now our secondassumptionmeansthat the processesthat a�ect the ionisation state of the
plasmado not a�ect the quantit y ni . Eq. 5 thus becomes

X

j

nj � ji = 0 (6)

wherethe � ji only include thoseprocessesthat a�ect the level balanceof the ion.
For the basicCHIANTI model theseprocessesaresimply electronand proton excitation and
de-excitation, and the generalisedradiative decay:

� ij = NeCe
ij + NpCp

ij + A ij (7)

where Ce
ij is the electron excitation{de-excitation rate, Cp

ij is the proton excitation{de-
excitation rate, Np is the proton density, A ij is the generalizedradiative decay rate, that
includesA ij , the radiative decay rate which is zero for i< j (the `A-values' are contained in
the CHIANTI .wgfa �les), and the photoexcitation and stimulated emission.
Ce

ij is given by:
Ce

ij = Neqij i < j (8)

Ce
ij = Ne

! j

! i
exp

� � E
kT

�

qji i > j (9)
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where ! i is the statistical weight of level i, k is Boltzmann's constant, T the electron tem-
perature, and qij the electronexcitation rate coe�cien t which is given by:

qij = 2:172� 10� 8
� I 1

kT

� 1=2

exp
�

�
� E
kT

� � ij

! i
[cm3 s� 1] (10)

where I 1 is the Rydberg energy (13.61 eV), and � ij is the thermally-averaged collision
strength for the i ! j excitation. The � ij are derived from the scaleddata in the CHIANTI
.splups �les.
The solution of Eq. 6 is performedby the CHIANTI routine pop_solver.pro , which gives
the fraction of ions in the state i.
The level populationsfor a givenion canbecalculatedanddisplayedwith plot_populations.pro (but
alsoseepop_plot.pro ).
We rewrite the intensity as:

I (� ij ) =
Z

Ab(X )C(T; � ij ; Ne)NeNH dh (11)

wherethe function

C(T; � ij ; Ne) =
h� ij

4�
A j i

Ne

N j (X + m )
N (X + m )

N (X + m )
N (X )

[ergscm+3 s� 1]; (12)

called the contribution function, contains all of the relevant atomic physicsparametersand
is strongly peaked in temperature.
gofnt.pro calculatesthesecontribution functions (seealsog_of_t.pro for a slightly di�er-
ent way of calculating contribution functions).
Pleasenote that in the literature therearevariousde�nitions of contribution functions. Aside
from having valuesin in either photonsor ergs,sometimethe factor 1

4� is not included. Some-
times a value of 0.83 for N (H )=Ne is assumedand included. Sometimesthe element abun-
dancefactor is alsoincluded. Any of the above (or any other) variations alsoa�ect the de�-
nition of a line intensity in terms of the contribution function and the DEM. In the following
we will refer to the functions C(T; � ij ; Ne) and G(T; � ij ; Ab(X ); Ne) = Ab(X ) C(T; � ij ; Ne)
( i.e. the contribution function that contains the abundancefactor ).
If we de�ne, assumingthat is a single-value function of the temperature, the di�erential
emissionmeasureDEM (T) function as

DEM (T) = NeNH
dh
dT

[cm� 5K � 1] (13)

the intensity can be rewritten, assumingthat the abundanceis constant along the line of
sight:

I (� ij ) = Ab(X )
Z

T

C(T; � ij ; Ne) DEM (T) dT [ergscm� 2 s� 1 sr� 1] (14)

The DEM givesan indication of the amount of plasmaalongthe line of sight that is emitting
the radiation observed and hasa temperature betweenT and T + dT.
The IDL routine chianti_dem.pro described in Sect.9.16calculatesthe Di�eren tial Emis-
sion MeasureDEM(T) using the CHIANTI database,from a given set of observed lines.
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Routines such as ch_synthetic.pro (seeSect. 9.1 and Sect. ??) calculate line intensities
without the abundance factor , that is only included at a later stage.
In the isothermal approximation, all plasma is assumedto be at a single temperature (To)
and the intensity becomes:

I (� ij ) = C(To; � ij ; Ne)Ab(X )EM h (15)

wherewe have de�ned the column emission measure

EM h =
Z

NeNH dh [cm� 5] (16)

ch_synthetic.pro in the isothermalapproximation calculatesI = C(To; � ij ; Ne)
R

NeNH dh,
while isothermal.pro and ch_ss.pro (seeexamplesin Sect. 9.1) can be used to create
synthetic spectra (with the abundancefactor).
It is also possibleto calculate intensities and spectra with a multi-temp erature model, by
providing an array of To; EM h values.
Please note that in the literature many di�eren t de�nitions of Di�eren tial Emis-
sion Measures, Emission Measures and appro ximations can be found (see Del
Zanna et al., 2002 for some clari�cations) .

8.1.1 The stellar case

In the stellar case,the theoretical 
ux of an optically thin spectral line is:

F (� ij ) =
1
d2

Z

V
Ab(X ) C(Ne; T; � ij ) NeN H dV [ergscm� 2 s� 1] (17)

whereC(Ne; T; � ij ) hasthe sameexpressionasabove, d is the star's distance,dV is the vol-
ume element, and V is the entire sourcevolume. A volume Di�eren tial EmissionMeasures
DEM is often de�ned:

DEM (T) = NeNH
dV
dT

[cm� 3K � 1] (18)

together with a corresponding volume emissionmeasureEM V :

EMV =
Z

NeNH dV [cm� 3] (19)

A t the momen t CHIANTI does not include volume emission measures. In the
near future we will modify the software and the de�nition of the DEM in order to include
volume emissionmeasures.
However, any volume Di�eren tial Emission Measurescan be rescaledto column DEM s
and used within the software to produce synthetic spectra for stellar coronae. One way
of doing this is to assumespherical symmetry, and that the emitting region is a layer dh
distributed over the entire star's disk, i.e. dV = 4� R2

� dh (R� is the star's radius). If the
star's radius and distanceare known, a volume DEM can be scaledwith the factor 4� R2

�
d2

to obtain a column DEM .
If this is used,the outputs will have 
ux units, i.e. ergscm� 2s� 1 (or photonscm� 2s� 1) and
not ergscm� 2s� 1sr � 1.
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An exampleof scaledDEM is provided in the �le AU Mic.dem, in the CHIANTI distribu-
tion.
Column DEM s and EM s are assumedwhen the spectra are folded with e�ective areas
(seeSect. 9.1). The e�ective areasare assumedto have units of countsphotons� 1cm+2 , so
the output units of the spectra will be countss� 1pixel � 1.
Also note that correctionsto in terstellar absorption are not presently included in CHI-
ANTI.

8.2 Proton rates

For each ion for which proton ratesareavailable, an additional �le is requiredin the database
to contain the �ts to the rate coe�cien ts. The �le has the su�x .PSPLUPS,and is exactly
analogousto the .SPLUPS �le for the electron �ts. All of the proton transitions included
in CHIANTI are forbidden transitions taking place between levels within the samecon-
�guration. Many of the transitions required 9-point splines (seeSect. C) in order to pro-
vide adequate�ts. The number density of protons, Np, is calculated with the IDL routine
proton_dens.pro (seeSect.B.5).
By default, all routines will include proton rates in the calculation of the ion
level balance. A keyword /NOPROTcan be used to switc h o� the proton rates.

8.3 Non-Maxw ellian particle distributions

Within CHIANTI the assumptionof Maxwellian electronand proton distributions is implicit
through the storageof Maxwellian-averagedelectron and proton collision strengths in the
.SPLUPS and .PSPLUPS data �les. To model emissionfrom plasmaswith general,non-
Maxwellian particle distributions would requireintegrationsof the original collisionstrengths
with the newparticle distributions, and this is outsideof the scopeof the CHIANTI database.
However, if the particle distributions canbeexpressedasa linear combination of Maxwellians
of di�erent temperatures,i.e.,

f (E; ai ) =
X

i

ai f M (E; Ti ) (20)

wherethe Maxwellian function f M (E; Ti ) is given by

f M (E; Ti ) = 2
� E

�

� 1=2 � 1
kT

� 3=2

exp
�

�
E
kT

�

(21)

then such distributions can be modelled in a straightforward manner within the CHIANTI
framework.
The generalizedelectron excitation rate coe�cien t for the transition j to k and for the
particle distribution f of electron velocities is given by

Cj k =
Z 1

E j k

Qj kvf (E; ai )dE (22)

=
X

i

ai

Z 1

E j k

Qj kvf M (E; Ti )dE (23)
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=
X

i

ai Cj k(Ti ) (24)

where E j k is the threshold energy for the transition, Qj k is the collision crosssection, E
(= mev2=2, me the electronmass)is the energyof the incoming electron,and Cj k(Ti ) is the
electron excitation rate coe�cien t for a Maxwellian particle distribution of temperature Ti

(see,e.g.,Burgess& Tully 1992).
The matrix Cj k replacesthe usual Maxwellian-derived rate coe�cien t (Cj k) in the level
balanceequationssolved by the CHIANTI software. The software routines for calculating
emissivitiesand level populations have beenmodi�ed to allow input of the non-Maxwellian
parametersai through the keyword SUM MWL COEFFS. The temperaturesTi arespeci�ed
through the standard temperature input to the routines. The temperaturesare assumedto
apply to both proton and electrondistributions.
This prescription for treating non-Maxwellian distributions is not compatiblewith the treat-
ment of ionization and recombination sincean equilibrium ionization balancedescribed by a
singletemperature is required for theseprocesses.In such casesthe ionization and recombi-
nation processesdescribed in Sect.?? areswitchedo� whencalculating the level populations
if the ai coe�cien ts are speci�ed in CHIANTI.
SeeSect.9.8 for an example.

8.4 Photo excitation and Stim ulated Emission

Within CHIANTI, we presently model the Photoexcitation and Stimulated Emission by
assuminga a blackbody radiation �eld of temperature T� . The generalizedphoton rate
coe�cien t in this caseis:

A ij =

8
>><

>>:

W(R)A j i
! j

! i

1
exp(� E =kT� )� 1 i < j

A j i

h
1 + W(R) 1

exp(� E =kT� )� 1

i
i > j

(25)

whereA j i is the radiativedecay rate andW(R) is the radiation dilution factor which accounts
for the weakening of the radiation �eld at distancesR from the sourcecenter.
We also assumean uniform (no limb brightening/darkening) spherical sourcewith radius
R� :

W =
1
2

"

1 �
�

1 �
1
r 2

� 1=2
#

(26)

where

r =
R
R�

(27)

It is important to remember the assumptionsin our formalism for radiation processes.For
a given ion, only very speci�c wavelengthsin the radiation continuum will a�ect the ion's
level balance. If there are signi�cant deviations from a blackbody spectrum at any of these
wavelengths(perhapsdue to a deepabsorption line) then CHIANTI doesnot model the ion
entirely correctly.
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Examplesof speci�c usesof the extra radiation processesincludemodelingof coronalemission
lines above the surfaceof the Sun and other cool stars when the coronal electron density
falls to low enoughvaluesthat electroncollisionslosetheir potency.
For the Sun,photoexcitation is very important for the infrared coronallines. Photoexcitation
is also important for modelling nebular ions that are irradiated by a hot star, such as in
planetary nebulae,symbiotic stars and Wolf-Rayet stars.

8.4.1 Implemen tation of Photo excitation and Stim ulated Emission

No additions or modi�cations to CHIANTI data �les are required for photoexcitation and
stimulated emissionas their rates are entirely determined from the radiative decay rates,
level separation energies,and statistical weights { information already contained in CHI-
ANTI. It is only necessaryto specify the radiation �eld temperature and the dilution factor.
These are speci�ed as inputs to the IDL proceduresthrough the new keywords RPHOT
and RADTEMP . RPHOT speci�es r = R

R �
, while RADTEMP givesthe blackbody radiation

temperature in K.
By default, photo excitation and stim ulated emission are not included in the level
balance equations unless the keywords are set.

8.5 Photo excitation by arbitrary radiation �elds

Version4 of CHIANTI introducedthe possibility of including photoexcitation and stimulated
emissionthrough an externalblackbody radiation �eld into the level balanceequations.With
version 5 the software has beenmodi�ed to allow an arbitrary, user-de�ned radiation �eld
to be speci�ed.
The usermust createan IDL routine that calculatesthe energydensity per unit wavelength,
U� , as a function of wavelength. The photoexcitation rate for a transition i ! j is related
to U� by the expression

Pij = A j i W(R)
! j

! i

� 5

8� hc
U� (28)

where W(R) is the dilution factor de�ned as in Young et al. (2003), A j i is the Einstein
coe�cien t for spontaneous radiation from j to i , ! j and ! i are the statistical weights of
levels j and i . or example,U� for a blackbody of temperature, T, is given by

Ubb
� =

8� hc
� 5

1
exp(hc=�k T) � 1

(29)

thus giving the photoexcitation rate for a blackbody of

Pbb
ij = A j i W(R)

! j

! i

1
exp(E=kT) � 1

(30)

For referencewe note that the energydensity is related to the speci�c intensity, I � , by

I � =
c

4�
U� : (31)
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The user-de�ned radiation �eld function is implemented through a keyword
RADFUNC='user function, a, b' in the CHIANTI IDL routines SHOW POPS and
EMISS CALC. The optional coe�cien ts a and b can be usedto modify the radiation �eld,
e.g.,by specifying a relative velocity betweenthe radiation �eld and incident ion.
SeeSect.9.7 for an example.

8.6 Ionization and recom bination

In Version5 of CHIANTI, we have included ionization and recombination into level popula-
tions. The CHIANTI model for ionization and recombination assumesthat the plasmacan
be described under the Coronal Model Approximation, where the total population of the
excited levels of an ion is negligiblecomparedto the population of the ground level. In this
case,recombination and ionization processescan be included in a relatively straightforward
way, sincethey can be treated as a correction to the casewherepopulations are calculated
neglectingthem.
To illustrate this method, we will considerthe simpli�ed atomic model of an ion X + q with
abundancenq composedof the ground level and one excited level only. In caseionization
and recombination contributions to level populations are negligible, the relative population
of the upper level is obtained by solving the equation:

NgNeCg! i = N i A i ! g =)

 
N i

Ng

!

ion=r ec

=
NeCg! i

A i ! g
(32)

whereCg! i is the collisional excitation rate and A i ! g is the Einstein coe�cien t for sponta-
neousradiative decay. Collisional de-excitation is neglectedin the coronal model approxi-
mation. In caseionization and recombination provide signi�cant contribution, Equation 32
needsto be modi�ed to include the rate coe�cien ts for ionization (� ion ) and recombination
(� r ec):

NgNe(nqCg! i + nq� 1� ion + nq+1 � r ec) = N i A i ! gnq (33)

wherenq� 1; nq; nq+1 are the ion fractions for the ions X q� 1, X q and X q+1 , respectively. The
population of the excited level can then be expressedas

 
N i

Ng

!

ion=r ec

=

 
N i

Ng

!

no ion=r ec

� @ (34)

wherethe correction @is given by

@ = 1 +
nq� 1� ion + nq+1 � r ec

nqCg! i
(35)

The correction @is temperature sensitive and can be large when the collisional excitation
rate is small or when the abundanceof the ion q is much smaller than the abundancesof
the adjacent ions. The correction due to ionization and recombination can have signi�cant
e�ects on intensities of observed X-ray lines.
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The only limitation of this approach lies in the breakdown of the coronalmodel approxima-
tion at high densitiesfor a few ions. This occursat densitiesabove which metastablelevel
populationsbegin to be non-negligible,comparedto the groundstate (cf. Landi et al. 2005).
The CHIANTI software hasbeenmodi�ed to allow calculation of the correction factor @for
the ions for which � ion and � r ec are provided.
The inclusion of ionization and recombination e�ects in level population has required some
more changes.New �les have beencreated(.CILVL and .RECLVL) to store the ionization
and recombination rates necessaryfor this process(seeSect.5.1.1 for details).
A new routine (READ IONREC.PRO) has beencreatedto read these�les and store their
data in the input to the routine POP SOLVER.PRO. This latter routine hasbeenmodi�ed
to include the correction to the level populations. In casethe .CILVL and .RECLVL �les
are not available, a 
ag is set in the programsand theseprocessesare ignored. The impact
of this new processon the running time is negligible.
However, the introduction of ionization and recombination e�ects on level population has
had a side e�ect. In previous versionsof CHIANTI, the contribution to the intensity of
spectral lines from levels below the ionization potential due to cascadesfrom levels above
the ionization potential was taken into account in the \dielectronic" .WGFA �les, which
included radiative transitions from the former, populated by cascadesfrom the latter. For
the ions for which the complete.RECLVL and .CILVL �les are now available (Fe XVI I to Fe
XXIV), cascadesfrom levelsabove ionization arenow taken into account directly, sothat the
cascadecontribution calculatedby the \dielectronic" .WGFA �les is not anymore necessary.
To avoid double-counting this contribution, the transitions from levels below the ionization
threshold in the \dielectronic" .WGFA �les have beengiven a null wavelength, so they can
be removed from the spectrum without having to changethe way the \dielectronic" level
population are handled.

8.7 Con tin uum calculations

An IDL routine to include the two photon continuum has beenadded to CHIANTI, while
the free-bound and free-freecontinuum (bremsstrahlung) routines have been revised. See
Young et. al. (2002) for more details.
Note that the output units of the contin uum routines are by default 10� 40

ergs sr � 1 s� 1 �A � 1 per unit emission measure
R

NeNH dh.
On the other hand, the SolarSoft routine CONFLX outputs a contin uum in
photons s� 1 �A � 1 assuming an emission measure

R
N 2

e dh = 1050.

8.7.1 Tw o photon contin uum

The two-photon continuum is calculatedwith two_photon.pro .

Transitions in hydrogen-sequence ions

The �rst excited level (2s 2S1=2) of the hydrogen iso-electronicsequenceions can decay
only by meansof forbidden magnetic dipole and two-photon transitions. The importance
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of the competing magnetic dipole transition increaseswith Z but for nickel (Z = 28), the
two-photon transition rate is roughly 5 times that of the magneticdipole rate.
The spectral emissivity (erg cm� 3 s� 1 sr� 1 �A � 1) for optically-thin two-photon emissionat
wavelength � is given by:

d� i;j

d�
=

hc
4� �

A j i N j (X + m )� (� 0=� ) (36)

whereA j;i (sec� 1) is the Einstein spontaneousemissioncoe�cien t (A value); N j (X + m ) is the
number density of the level j of the ion X + m ; � is the spectral distribution function; and
� 0 is the wavelength corresponding to the energydi�erence betweenthe excited and ground
level.

Tw o-photon contin uum transitions in helium-sequence ions

For the helium iso-electronicsequence,the secondexcited level (1s2s 1S0) decays through a
forbidden magneticdipole and two-photon transitions.

8.7.2 Bremsstrahlung

The bremsstrahlungemissionis calculatedwith freefree.pro . This routine hasbeenrewrit-
ten ex-novo. It now includesthe Itoh et al. (2000) and Sutherland (1998) gaunt factors.
Itoh et al. (2000) have provided an analytical �tting formula for the relativistic thermal
bremsstrahlunggaunt factors, and this is now added to CHIANTI. The �tting formula is
valid for the ranges6:0 � log T � 8:5 and � 4:0 � log(hc=k�T ) � 1:0. For temperatures
below log T = 6:0 we retain the non-relativistic Gaunt factors of Sutherland (1998) for
computing the continuum. The condition log(hc=k�T ) � 1:0 results in someof the low
wavelengthpoints being inaccurately represented by the Itoh et al. �tting formula. For these
wavelengthsthe Gaunt factorsof Sutherland(1998)areusedto computethe continuum level.
The relativistic free-freecontinuum is almost identical to the non-relativistic continuum at
low temperatures. At T = 1 � 108 K (the maximum temperature permitted by the ion
balancecalculationscontained in CHIANTI) the relativistic continuum is around 1% higher
near the peak of the distribution.

8.7.3 Free-b ound contin uum

The free-bound continuum emissionis calculated with freebound.pro . This routine has
beenrewritten. The new routine usesthe the Karzas and Latter (1961) approximation to
the photoionization cross-sectionsand calculatesfree-bound gaunt factors for levels n=1-6.
Additional data �les have beencreatedfor this purpose.For example,free-bound radiation
producedby recombination of an electron onto C IV to produce C II I will usethe data in
the c\_3.fblvl �le.
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9 Some examples on how to use the soft ware

In what follows we review the main points about the new software. We hope you �nd it
useful and enjoy using it !

9.1 Calculating line in tensities.

For an user-friendly, widget-basedapproach the best option is to useCH SS:

IDL >ch_ss

This widget allows the user to calculatesynthetic spectra in two basicsteps. Basically, you
follow the various widgets from top left to lower right to set the desiredparameters. First
calculate the line intensities. Thesevaluescan be saved for later use. Next, specify further
parameterssuch asthe elemental abundancesand instrumental spectral resolution and then
calculate and plot the spectrum. Thesevaluescan also be saved for later use. The HELP
buttons in the widget provide short descriptionsof the required information. More details
are given below.
Alternativ ely, for e.g. background jobs , the routine CH SYNTHETIC can be used.
ch_synthetic.pro calculates line intensities assumingconstant pressureor density (or a
model T,N), without the abundance factor . Oneof the reasonswhy element abundances
are not included in the line intensities calculation is so that it is easierfor the user to see
how modifying abundancesa�ects their spectra in e.g. ch_ss.pro . The calling sequenceis:

IDL> ch_synthetic, wmin, wmax, output=output, err_msg=err_msg, msg=msg,$
pressure=pressure, density=density, $
model_file=model_file, all=all,sngl_ion=sngl_ion, $
photons=photons, masterlist=masterlist, $
save_file=save_file , verbose=verbose,$
logt_isothermal=logt_isoth ermal, logem_isothermal=logem_iso ther mal, $
goft=goft, ioneq_name=ioneq_name,dem_name=dem_name,$
noprot=noprot, rphot=rphot, radtemp=radtemp, progress=progress

The routine hasmany KEYW ORDS (seeSect.?? for a full list) A seriesof parametersmust
be set:

� Wmin, Wmax: minimum maximumof the desired wavelength range in Angstroms

� The (Te,Ne) model for the calculation:

Pressure: pressure in emitting region (Pe, cm^-3 K).
Only a single value is accepted, and the calculation is
performed at constant pressure.

Density: density in emitting region (Ne, cm^-3).
Only a single value is accepted, and the calculation is
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performed at constant density, unless LOGT_ISOTHERMALis
defined. In this case, DENSITYcan be an array of values, but
has to have the samenumber of elements as LOGT_ISOTHERMAL.

model_file Full path of the (Te,Ne) file if defined.
This file should have two columns, one with the Te (K)
values, and one with the Ne (cm^-3) values. If these
values are not sorted in ascending order of Te, the
routine does sort them.

� IONEQ NAME: The ionization fraction �le to be used. The program will prompt the
user to selectone if not de�ned.

� OUTPUT: The nameof the structure containing the line intensities and details.

The line intensities are calculatedeither in the isothermal approximation, in which casethe
following has to be de�ned:

LOGT_ISOTHERMAL:Array of logarithmic temperatures.
LOGEM_ISOTHERMAL:Array of logarithmic emission measures (0 by default).

or by folding the G(T) with a di�erential emissionmeasureDEM contained in the �le
speci�ed by DEM NAME. The program will prompt the user to selectone if not de�ned.
Example:

IDL> ch_synthetic, 10,20., output=str , pressure=1.e+15,$
ioneq_name=concat_dir(conc at_dir(! xuvt op, 'ion eq') ,'ma zzot ta_ etal .ion eq') ,$

dem_name=concat_dir(concat_ dir( !xuv top ,'de m'), 'fla re.d em'),$
/photons, /noprot, /all, sngl_ion=['fe_17','fe_18' ]

Creates an output structure str that contains the line intensities of only Fe XVI I and
Fe XVI I I in the 10{20 �A rangecalculated at constant pressureof 1015, with the ionization
balancein mazzotta_etal.ioneq and the DEM valuesin flare.dem in the standard CHI-
ANTI distribution (if not suppliedthese�les canbe selectedwith a widget). Line intensities
are in photons cm� 2 s� 1 sr� 1 (KEYW ORD photons), the proton rates are not included
(KEYW ORD noprot), and all the lines in the database(KEYW ORD all) are included (also
the lines with only theoretical energylevels).
You can seethe contents of the structure with e.g.

IDL> help, str,/st
IDL> help, str.lines[0],/st

The last commandshows the �rst structure associated with the �rst spectral line.
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9.2 Saving, restoring and exp orting the CHIANTI line in tensities
structure

The CHIANTI line intensities structure can be saved and later restoredfrom the command
line in various ways. We suggesttwo:

1. as IDL binary �les using the SolarSoftroutines:

IDL> savegen, file='ch_int_10_20_fe.genx ', struct=str
IDL> restgen, file='ch_int_10_20_fe.genx ', struct=str

to save and restorethe IDL structure str in the �le ch_int_10_20_fe.genx .

Pleasenote that we discouragethe useof e.g.:

IDL> save, file='output.save', output
IDL> restore, file='output.save'

sinceIDL save �les generatedwith later versionsof IDL are usually not readablewith
earlier versions.

2. asFITS binary tables, that canbe easilyexported and readby di�erent platforms. We
have written two IDL routines:

IDL> ch_write_fits, str, 'output.fits'
IDL> ch_read_fits,'output.fit s', str

to save and restore the IDL structure str in the FITS �le output.fits . Aside from
an introductory HEADER, the contents of the IDL structure are converted into two
binary tables. Extensive comments are added.

In either case,the structure saved in the .genx and .fits �les canbe restoredvia CH SS
to later createa spectrum.

9.3 Create a latex or ascii �le with all the line details

For an user-friendly approac h the best option is to use CH SS:

IDL >ch_ss

Alternativ ely, if you have alreadycalculateda line intensity structure (as shown above), you
can useCH LINE LIST. This program createsa latex or an ascii �le of predicted spectral
line intensities and wavelengthscorresponding to selectedparameters.
The routine has many KEYW ORDS. Pleaseread the headeror read Sect. ?? for details.
The calling sequenceis:
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IDL> ch_line_list, transitions, outname, latex=latex, ascii=ascii, $
wmin=wmin,wmax=wmax,$
SPECTRUM=SPECTRUM,abundfile=abundfile, min_abund=min_abund,$
minI=minI,photons=photons, kev=kev, $
all=all,no_sort=no_sort, sngl_ion=sngl_ion

Example:

IDL> restgen, file='ch_int_10_20_fe.genx ', struct=tran
IDL> ch_line_list, tran, 'ch_line_list.tex', /latex,$

abundfile=concat_dir(con cat _dir (!xu vtop ,'a bundance'),' cosmic. abund'), $
mini=1e13

This createsa latex �le ch_line_list.tex whereonly lines with an intensity greater than
1013 (KEYW ORD mini) are included, and the allen.abund �le in the standard CHIANTI
distribution is used(if not supplied it can be selectedwith a widget).
Then, you have to latex the �le three times, and optionally xdvi it:

unix> latex ch_line_list
unix> latex ch_line_list
unix> latex ch_line_list
unix> xdvi ch_line_list

If you do not have it already, you will needthe packagelongtable.sty that is distributed as
part of ftp://cam.ctan.org/tex- arch ive/ macros/ late x/re quir ed/ tool s.ta r.gz
You will obtain a table that looks like:

Table 2: Line List

Ion � (�A) Transition Tmax Int

Fe XVI I 12.1227 2p6 1S0 - 2p5 4d 1P1 6.9 1.11e+14
Fe XVI I 12.2639 2p6 1S0 - 2p5 4d 3D1 6.9 9.81e+13
Fe XVI I 13.8231 2p6 1S0 - 2s 2p6 3p 1P1 6.9 6.25e+13
Fe XVI I I 13.9540 2s2 2p5 2P3=2 - 2p4 (1S) 3d 2D5=2 6.9 2.06e+13
Fe XVI I I 14.1519 2s2 2p5 2P3=2 - 2p4 (1D) 3d 2D3=2 6.9 1.35e+13

Alternativ ely, you can alsocreatea latex �le with a list of line identi�cations and intensities
using the wrapper routine LATEX WVL DEM:

IDL > latex_wvl_dem,100.,200., pressure=1.e+15,mini=1.

However, latex_wvl_dem callsch_synthetic and ch_line_list , and if you want to modify
someof the parametersof ch_line_list (e.g. the minimum intensity) you will have to redo
the calculation which will take sometime. Windows will pop up so that you can selectthe
abundance,the ionization equilibrium and the di�erential emissionmeasure�les. This will
createby default a �le linelist.tex in the user'sworking directory, by default.
To create an ascii �le with the line details you can follow a similar approach, i.e.:
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IDL> restgen, file='ch_int_10_20_fe.genx ', struct=tran
IDL> ch_line_list, tran, 'ch_line_list.ascii', /ascii,$

abundfile=concat_dir(con cat _dir (!xu vtop ,'a bundance'),' alle n.a bund'),$
mini=1e13

Alternativ ely, you can alsousethe wrapper routine

IDL > ascii_wvl_dem,100.,200.,p ress ure=1.e+15, mini =1.

However, ascii_wvl_dem callsch_synthetic and ch_line_list , and if you want to modify
someof the parametersof ch_line_list (e.g. the minimum intensity) you will have to redo
the calculation which will take sometime.

9.4 Calculating contin uum in tensities

For example,to calculate the free-free,free-bound and two-photon continuum at a temper-
ature of 5 � 106 K, for wavelengthsat 1 �A intervals between1 and 50 �A:

freefree,5.e+6,findgen(50 )+1. ,ff
freebound,5.e+6,findgen(5 0)+1.,f b
two_photon,5.e+6,findgen( 50)+1., tp

window,0
plot,findgen(50)+1.,ff+fb +tp, xti t='Wavel ength (A)'
oplot, findgen(50)+1.,ff,line=2
oplot, findgen(50)+1.,fb,line=3
oplot, findgen(50)+1.,tp,line=4

Note that the intensitiesarein units of 10� 40 ergscm3 s� 1 sr� 1 �A � 1 per unit emissionmeasure
R

NHNedh (cm� 5).
If DEM valuesare passedto the routines (via the keyword DEM INT), it is assumedthat
they are given as NHNedh=dT. The units are 10� 40 ergscm� 2 s� 1 sr� 1 �A � 1 in this case.

9.5 Creating a synthetic spectrum with the contin uum

The structure createdby CH SYNTHETIC canbe restoredvia CH SSto createa spectrum.
Alternativ ely, it can be used as an input to the program MAKE CHIANTI SPEC. This
program creates the CHIANTI SPECTR UM structure (read Sect. E.2 for details),
an OUTPUT structure similar to the structure created by CH SYNTHETIC, with some
additional tags. The calling sequenceis:

IDL> make_chianti_spec, TRANSITIONS,LAMBDA,OUTPUT,BIN_SIZE=BIN_SIZE, $
INSTR_FWHM=INSTR_FWHM,BINSIZE=BINSIZE,$
WRANGE=WRANGE,ALL=ALL, continuum=continuum, $
ABUND_NAME=ABUND_NAME,MIN_ABUND=MIN_ABUND,$
photons=photons, file_effarea=file_effarea, $
err_msg=err_msg, verbose=verbose
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Figure 2: Continuum in the 1-50 �A range.

The routine hasmany keywords and options. Pleaseread Sect.?? for details.

IDL> restgen, file='ch_int_10_20_fe.genx ', struct=tran
IDL> make_chianti_spec, tran, lambda, struct,/CONTINUUM, $

BIN_SIZE=0.01, instr_fwhm=0.1, WRANGE=[10.,19.],$
abund_name=concat_dir(concat_dir(! xuvt op, 'abu ndance') ,'co smic.ab und' )

Figure 3: Synthetic spectrum createdby MAKE CHIANTI SPEC.
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Some Caveats:

You may �nd that the calculation is slow. This is usually due to the continuum calculation.
In general,it is advisable not to calculate spectra over large wavelength ranges. In
any caseyou can speedup the continuum calculation by reducing the numbers of elements,
using the KEYW ORD MIN ABUND.
To seethe contents of the structure:

IDL> help, struct,/st
IDL> help, struct.lines[0],/st

While to show the spectrum and the main contributing lines:

IDL> window,0 & plot,struct.lambda,struc t.sp ect rum
for i=0,n_elements(struct.line s) -1 do $

if struct.lines[i].peak gt 7e5 then $
xyouts, struct.lines[i].wvl, struct.lines[i].peak, struct.lines[i].snote

It may be useful to save the SPECTRUM structure, that can be later inspected with the
widget CH SS:

IDL> savegen, file='ch_spectrum_10_20_fe .genx', struct=struct
IDL> ch_write_fits, struct, 'ch_spectrum_10_20_fe.f its'

Alternativ ely, the wrapper routine SYNTHETIC (seeFig 1) can also be usedto calculate
CHIANTI line intensities. For example:

IDL > synthetic, 150., 200., 1., pressure=1.e+15, wvl, spectrum, list_wvl, list_ident

will createa synthetic spectrum with a resolutionof 1 �A between150and200�A for a speci�ed
set of abundancesand di�erential emissionmeasureat a constant pressureof 1.e+15 (Ne T
cm� 3 K). The output arrays wvl, spectrum contain the wavelengthsand the intensities (in
erg cm� 2 s� 1 sr� 1 �A � 1 by default). The output arrays ist wvl, list ident contain the list of
wavelengthsand descriptionsof the lines that madeup the spectrum.
Windows will pop up so that the user can select the abundance�le, the ionization equi-
librium and the di�erential emissionmeasure.A spectrum is createdby convolving with a
Gaussianpro�le with a FWHM of 1 �A. If the /CONTINUUM keyword had beenset, then
the continuum would also have been calculated and added to the spectrum. To plot the
spectrum and interactively identify lines:

IDL > synthetic_plot, wvl, spectrum, list_wvl, list_ident, 2.

by clicking the left mousebutton, a list of predicted lines within 2 �A of the selectedwave-
length will be printed out along with their predicted intensity. Clicking the right mouse
button will exit the procedure.
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9.5.1 Create a spectrum in the isothermal appro ximation

For an user-friendly approac h the best option is to use CH SS:

IDL >ch_ss

Alternativ ely:

IDL > isothermal, 150., 200., 1., [1.e6], wvl, spectrum,$
list_wvl, list_ident, edensity=1.e9,$

ioneq_name=!xuvtop+'/ioneq /mazzott a_etal. ione q',$
abund_name=!xuvtop+'/abundance/co smic.ab und'

IDL> synthetic_plot, wvl, spectrum, list_wvl, list_ident, 1.

calculatesan isothermal synthetic spectrum with a resolutionof 1 �A between100and 200�A
for a speci�ed set of abundancesand di�erential emissionmeasureat a constant density Ne

= 109 cm� 3. The output arrays wvl, spectrum contain the wavelengthsand the intensities
(in erg cm� 2 s� 1 sr� 1 �A � 1 by default). The output arrays ist wvl, list ident contain the list
of wavelengthsand descriptionsof the lines that made up the spectrum. synthetic_plot
can then be usedto view the spectrum.
Note: isothermal now is a wrapp er routine that calls ch_synthetic . It has
particular features. Please read the header documen tation.

9.6 The user-friendly multi-purp ose widget ch ss.pro

CH SSis an user-friendlymulti-purp ose(seeFig 1) widget that allows the calculation of line
intensities(calling CH SYNTHETIC) andof a synthetic spectrum (calling MAKE CHIANTI SPEC)
by merging line intensities and continua. The parameterscan be interactively set, and the
results visually inspected. Line intensities can be saved and restored in various ways. The
results can alsobe stored in various ways, ranging from output plots to tables of line details
(using CH LINE LIST) or save �les.
CH SSreplacesthe CHIANTI SSprocedure. The calling sequenceis:

IDL> ch_ss, font=font

Note that if the widget appearstoo large you can changethe font. The widget is organised
into four Sections:

9.6.1 SECTION 1 - The Calculation of the CHIANTI line in tensities.

This can be donein two ways:
1-Restorea save �le with the CHIANTI line intensitiesalreadycalculated. This is donewith
the RESTORE button. .genx and .fits �les can be restored.
2-CalculateCHIANTI line intensities with a call to CH SYNTHETIC.
In this case,A seriesof parametersmust be set:
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Figure 4: The multi-purp osewidget CH SS

� - Minimum and maximum wavelengthsin Angstroms

� - The model used for the calculation. Three are the options: 1) a constant density
(cm� 3) 2) a constant pressure(cm� 3 K) 3) a general(Te,Ne) model. In this case,a
�le will be read. This �le should have two columns,one with the Te (K) values,and
onewith the Ne (cm� 3) values.

� - The ionization fraction �le to be used. "*.ioneq" �les can be selectedfrom either the
CHIANTI database,the working directory or selectedvia a widget.

� - All ions ? If set to yes (default), then all the ions present in the databasewill be
included.

If set to no, then it is possibleto selecta list of ions with a widget

� - All lines ? If set to no (default), only the lines for which there are observed energy
levels are included
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If set to yes,also the lines that do not have corresponding observed energylevels are
included. In this case,the wavelengthsarecalculatedfrom the theoreticalenergylevels,
and might not be very accurate.

� - Isothermal ? If set to no (default), a DEM �le must be selected. "*.dem" �les (i.e.
�les with a .dem extension) can be selectedfrom either the CHIANTI database,the
working directory or selectedvia a widget.

If set to yes, then the user is requestedto enter one or more temperatures (as loga-
rithmic values- Log T ) and correspondent column emissionmeasuresEM logarithmic
values. NOTE: if more than one value is entered, then the sequencemust be sepa-
rated by commas(e.g.: 6.0, 6.5, 7.), and both Log T and Log EM must have the same
number of values

� - Photoexcitation ? If set to yes,you have to de�ne: Trad: The blackbody radiation
�eld temperature R/Ro: Distance from the centre of the star in stellar radius units

� - Units: Photons or Ergs

� - Protons: If set to Yes,the proton data are usedto calculate the level population

Onceall the parametershavebeende�ned, the usershouldclick on the "Calculate intensities"
button to start the calculation (which calls CH SYNTHETIC).
Oncethe calculation is �nished, an IDL structure is loadedinto memory. It is then possible
to save it for later useby clicking on the "SAVE" button.
Once the IDL structure with the line intensities is in the memory, it is then possibleto
calculateand plot a spectrum (SECTION 2).

9.6.2 SECTION 2 - calculation of a synthetic spectrum

This section controls the parameters that are neededto fold the line intensities and the
continua into a synthetic spectrum. Theseparametersareusedby MAKE CHIANTI SPEC.
Beforethis is done,a set of line intensities MUST be in the program memory. This is done
either by calculating the intensities or by restoring a save �le with previously calculated
values(SECTION 1). Setting the parameters:

� -Minimum and maximum wavelengths.

� -spectrum bin size in Angstroms in Angstroms. Disallowed if an E�ectiv e area �le is
used.

� -instrumental FWHM: Setting this to a non-zerovalue broadenseach of the spectral
lines with a Gaussianof the speci�ed FWHM (in Angstroms) somimicking the e�ects
of instrumental broadening.

� -continuum: Add continua to the binned spectrum: free-free, free-bound and two-
photon. Pleasenote that the continuum calculation takes sometime and you may
want to de�ne a minimum abundancevalue to speedthe calculations.
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� - All lines ? If set to no (default), only the lines for which there are observed energy
levelsare included. If set to yes,the "unobserved lines" will be added,but only if they
are present in the structure.

� -elemental abundances: "*.abund" �les (i.e. �les with a .abund extension) can be
selectedeither from the CHIANTI database,the working directory, or via a widget.

� -selecta minimum abundancevalue: If set not null, only the lines of those elements
which have an abundancegreater than the value set are selected.Also, the continuum
is calculatedonly for thoseelements which have an abundancegreater than the value
set. This can signi�cantly speedup the calculations. By default, the minimum value
in the selectedabundance�le is used.

� E�. Area: (Yes/No): If you want to fold the spectrum with an e�ective area. If set to
Yes,you are requestedto choosean input ascii �le with two columns,the wavelength
and the e�ective areavalues(cm2). The spectrum is multiplied with thesevalues. the
wavelenghts in the �le (that might not be linear) are used to create the spectrum.
Note that this option only works well if a su�cien t number of bins is given. The line
intensities contributing to each bin are summed,and subsequently convolved with a
gaussianof full-width-half-maximum FWHM, if FWHM is not set = 0. Pleasenote
that the convolution might not work if a small number of bins is de�ned.

Also note that to have the correct output units (counts s-1 bin-1) the appropriately
scaledDEM (or EM) valuesmust be provided.

After this, by clicking on the "Calculate and plot" button the program calculatesand plots
the synthetic spectrum.
Oncethe spectrum is displayed, it is then possibleto view the details of the lines by clicking
with the mousein the plot window, and to perform various operations by clicking on the
buttons in SECTION 3

9.6.3 SECTION 3 - selection of parameters for plotting and output

This Sectionallowsthe userto selecta fewparametersfor the plotting, and to createdi�erent
typesof OUTPUT.

� Labels? : Setting this to yesplots a vertical line for each spectral line in the spectrum,
and alsowrites a label above the strongestlines indicating the ion from which the line
arises.

� Min.: Only lines which have an intensity greater than the value set herewill be listed
and, if requested,labelled and selectedfor inclusion in the various outputs. Setting
the value=0. will result in all lines being listed and written in the outputs.

� X,Y, XOOM, UNZOOM: It si possibleto selecta region of the spectrum, by zooming
with the useof the mouseor by setting the X,Y ranges.

NOTE that only the line details and portion of the spectrum shown will be output.
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� LINEAR/LOG To plot the spectrum in linear or log scale

� Create PS �le: A postscript �le is created.

� Hardcopy: the postscript �le "idl.ps" is createdand sent to the default printer.

� Save Line details (latex): The details of the lines shown in the plot will be saved in a
latex �le.

� Save Line details (ascii): The details of the lines shown in the plot will be saved in an
ascii �le.

� Save Spectrum (ascii): The X,Y valuesof the spectrum are saved in an ascii �le.

� Save Spectrum (IDL/FITS): The details of all the lines and the arrays of the X,Y
valuesof the spectrum are saved into an IDL or FITS �le.

Finally, SECTION 4 is a text information window, wherevarious messagesare printed.
Clicking the cursor on any part of the displayed spectrum will give a listing of the lines
within a rangeof Angtroms of that wavelength. Text information on the lines is printed.

9.7 Photo excitation from any user-pro vided radiation �eld

The radiation function usedin Sect. 2.2 of the v.5 CHIANTI paper for studying the O VI
Doppler dimming problem is de�ned below.

FUNCTIONo6_lines, lambda, a

; Vernazza & Reeves (1978) give the quiet Sun O VI 1032 flux to be
; 305.28 erg/cm2/sr/s. The 1038 line is blended with C II, so I take
; it to be half of the 1032 line. I assumethe FWHMsof the lines are
; 0.2 angstroms.
;
; A Velocity (km/s) relative to emitting ions of the structure emitting
; the radiation field. A positive velocity implies a redshift.

IF n_elements(a) EQ0 THENa=0.

siz=size(lambda)
spectrum=dblarr(siz[1],si z[2] )

cc=2.998d5 ; speed of light, km/s

p1=305.28/0.2
p2=p1/2.

c1=1031.914
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c1=c1+ (a/cc * c1)
;
c2=1037.615
c2=c2+ (a/cc * c2)
w=0.2/2.35

i=where(abs(lambda-c1) LE 6.*w)
IF i[0] NE -1 THENspectrum[i]=p1*exp(-(lamb da[ i]-c 1)^2 /2./ w^2)*4. *!pi /2.9 98d10

i=where(abs(lambda-c2) LE 6.*w)
IF i[0] NE -1 THENspectrum[i]=spectrum[i]+p 2*exp(- (lambda[ i]-c 2)^ 2/2. /w^2)*4. *!
pi/2.998d10

return,spectrum
END

This function can then be usedin show popsor emisscalc as follows:

IDL> show_pops,8,6,radfunc='o 6_l ines , 20',rphot=1.1

where 'o6 lines, 20' indicates that the velocity A is set to 20 km/s. A zero velocity can be
set simply by using radfunc='o6 lines'. RPHOT speci�es the distancefrom the centre of the
star in stellar radius units.
The e�ects of many di�erent velocities can be studied by doing, e.g.,

v=findgen(11)*10.
for i=0,10 do begin

radfunc_string='o6_lines, '+trim(v[i])
show_pops,8,6,radfunc=radfu nc_stri ng,r phot=1.1

endfor

Up to 2 input parametersareallowedfor radfuncand arespeci�ed by, e.g.,radfunc='radfunc,
a, b'.
Currently the RADFUNC= keyword is only availablefor the routinesshow popsandemisscalc.
Another exampleof radfunc is a blackbody

function udens_bb, lambda

t=6d3 ; temperature of Sun, 6000 K
ee=1.439d8/lambda/t

result=8.*!pi*1.986d-8/la mbdâ2* (1d8^3)/ lambda^3/(( exp(ee)- 1))
return,result

END
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which is speci�ed to show popsas

IDL> show_pops,8,6,radfunc='u dens_bb',rp hot=1.1

The user should verify that this gives the sameresults as using the standard CHIANTI
inputs

IDL> show_pops,8,6,radtemp=6000. ,rph ot=1.1

9.8 Non-maxw ellian distribution of electron velocities

The following commandsreproduce the numbers in Table 3 of the v.5 CHIANTI paper
(Landi et al. 2005). Basically, we want to study the e�ects of non-Maxwellian distributions
on two key line ratios of O VI, involving the strong lines at 1032�A, 173 �A and 150 �A. We
considera distribution comprisedof two Maxwellians at log T = 5:5 and log T = 6:0, with
the coe�cien ts [a1,a2]=[0.75,0.25].

IDL> em=emiss_calc(8,6,temp=[ 5.5 ,6.0 ],su m_mwl_c oeff =[0. 75,0.25] ,de ns=9.0)
IDL> em150=em[40].em
IDL> em173=em[43].em
IDL> em1032=em[77].em
IDL> print,em150/em1032,em173/em1032

0.030072876
0.043500302

The e�ects of non-Maxwellianson level populationscanbedemonstratedwith the show pops
routine, e.g.,

IDL> show_pops,8,6,lev=-8

Log10 density: 10.0
Log10 temperature: 5.5

1 1s2.2s 2S1/2 1.00e-00
2 1s2.2p 2P1/2 2.30e-07
3 1s2.2p 2P3/2 4.52e-07
4 1s2.3s 2S1/2 5.07e-11
5 1s2.3p 2P1/2 7.26e-12
6 1s2.3p 2P3/2 1.44e-11
7 1s2.3d 2D3/2 5.30e-12
8 1s2.3d 2D5/2 7.96e-12

IDL> show_pops,8,6,lev=-8,tem p=[5.5, 6.0] ,sum_mwl_co effs =[0. 75,0.25 ]

Log10 density: 10.0
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Using a sum of Maxwellians

1 1s2.2s 2S1/2 1.00e-00
2 1s2.2p 2P1/2 2.26e-07
3 1s2.2p 2P3/2 4.43e-07
4 1s2.3s 2S1/2 8.93e-11
5 1s2.3p 2P1/2 1.60e-11
6 1s2.3p 2P3/2 3.16e-11
7 1s2.3d 2D3/2 1.13e-11
8 1s2.3d 2D5/2 1.69e-11

whereit can be seenthat the n=3 level populations are enhancedby factors 2 by the high
temperature component to the distribution.

9.9 Lo oking at level populations

To plot the populationsof the �rst 4 levelsof Si I I I asa function of density at a temperature
of 3 x 104 K:

IDL > plot_populations,'si_3',3 .e+4,4

Figure 5: Output plot of PLOT POPULATIONS

Optionally, output �les can be created.
Alternativ ely, SHOW POPS can be used. This routine has a large rangeof featuresimple-
mented via keywords.
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9.10 Lo oking at the pro cessesthat populate each level

To assessthe contributions of the di�erent physical processesto the population of a speci�ed
level within an ion, usePOP PROCESSES.

IDL> pop_processes,'fe_13',lev= 4

Level: 3s2.3p2 1D2

Log10 Temperature: 6.2
Log10 Density: 10.0

Population leaving level 4
rad. decay: 1.60e+01 42.50%
e de-exc: 3.29e-01 0.87%
e exc: 2.10e+01 55.88%
p de-exc: 2.44e-01 0.65%
p exc: 3.75e-02 0.10%
stim. emiss: 0.00e+00 0.00%
photoexc: 0.00e+00 0.00%

--------
TOTAL 3.77e+01

Population entering level 4
rad. decay: 3.50e+01 92.98%
e de-exc: 3.38e-02 0.09%
e exc: 1.47e+00 3.92%
p de-exc: 2.81e-03 0.01%
p exc: 1.13e+00 3.01%
stim. emiss: 0.00e+00 0.00%
photoexc: 0.00e+00 0.00%

--------
TOTAL 3.77e+01

which shows that the level population is dominatedby electronexcitation and cascadinginto
the level, and by radiative decay out of the level.
Note that the rates for each physical processare multiplied by the population of originating
level (this results in the totals for entering and leaving the level to balance).

9.11 Searching for a line

If you want to list the lineswithin oneion aroundsomewavelengths,you canuseWHICH LINE.
For example,
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IDL> which_line,'o_6',1032

Wavelength i j Lower level Upper level A-value
* 1031.914 1 3 1s2.2s 2S1/2 - 1s2.2p 2P3/2 4.28e+08

1037.615 1 2 1s2.2s 2S1/2 - 1s2.2p 2P1/2 4.21e+08

Prints a list of atomic transitions and wavelengthsfor lines from O VI within 1%of the input
wavelength (1032�A).

9.12 Lo oking at the di�eren t ionisation equilibria

If you are interestedto seethe di�erences betweenthe various ionisation equilibria for e.g.
Mg, you can use:

IDL > plot_ioneq,'Mg'

You will be able to selectoneof the �les, and optionally createa postscript �le of the plot.

Figure 6: Output plot of PLOT IONEQ

If you are only interestedin e.g. the Mg VI I I, Mg IX, Mg X ions, you can type:

IDL > plot_ioneq,'Mg', ion=[8,10]
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If, instead, you are interested in obtaining the temperature at the maximum ionisation
fraction for e.g. Mg X, you can use:

IDL > print, max_temp('Mg X')

You will be asked to selectan ionisation equilibrium �le.

9.13 Densit y and temp erature diagnostics from line ratios

Spectroscopicdiagnostic line ratios in the UV wavelength rangehave beenusedextensively
to determine the electron density and temperature in the solar atmosphere(cf Dere and
Mason, 1981,Gabriel and Mason, 1982,Mason, 1991,Mason and Monsignori Fossi,1994).
The theoretical intensity ratios from individual ion speciesprovide a measurement of electron
density which is independent of any assumptionsabout the volume of the emitting region.
This is of particular importancein the transition regionand coronalstructures. The electron
density (which determinesthe electron pressure)is an essential parameter in the study of
energytransfer mechanisms. The routines that can be usedare described below.

9.13.1 The DENS PLOTTER and TEMP PLOTTER widgets

DENS PLOTTER and TEMP PLOTTER are high-level widgets for the analysisof density-
and temperature-sensitive ratios of lines from the sameion. They allow inclusion of proton
rates and photoexcitation. The calling sequenceis simple:

IDL > dens_plotter,'o_5'

to study O V.

IDL > temp_plotter,'c_4'

to study C IV.
Alternativ ely, you can usethe command-lineroutines, DENSITY RATIOS and TEMPER-
ATURE RATIOS. They also allow inclusion of proton rates and photoexcitation via KEY-
WORDS.

9.13.2 The DENSITY RA TIOS pro cedure

The routine DENSITY RATIOS plots the variation of line intensities with electrondensity,
allowing density diagnosticsto be studied. As an example,we can look for density sensitive
line ratios of O V in the 1000to 1500 �A wavelength region for densitiesbetween 108 and
1013 cm� 3:

IDL > density_ratios,'o_5',1000 .,15 00., 8.,1 3., den,rat, desc
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two windows will open and plot the relative intensities of a few O V lines. To choosethe
ratio of 1371.294to 1218.393�A line, select �rst the 1371.294�A line. Another widget will
appear to select the denominator. Select the 1218.393�A line. This will chosethe ratio of
1371.294to 1218.393which will be plotted in a new window. Values of the density and
intensity ratio will be put into the variablesden and rat and descwill contain a descriptive
string.

IDL > print, desc
IDL > CHIANTIV. 4.0 O V 1371.2939 ()/1218.3929 () T = 2.51e+05 (K)

The DENSITY RATIOS procedurealsoallows to calculatethe ratio at user-de�nedvalueof
constant temperature. Blends are accounted for via a selectionof lines.

9.13.3 The TEMPERA TURE RA TIOS pro cedure

To calculate temperature sensitive line ratios of C IV for lines between100 and 1600�A for
temperaturesbetween104 and 106 K:

IDL > temperature_ratios,'c_4 ',10 0.,1 600. ,4. ,6., temp,rat ,des c

As with density ratios, a widget will appearthat will allow you to selectthe numerator. Select
the 384.175and 384.190�A lines as thesewill typically be blended in most spectrographs.
Selectthe 1550.775�A line for the denominator. The ratio of (384.175+ 384.190�A) to the
1550.775�A line as a function of temperature will be plotted and stored in the variablesrat
and temp, respectively. The TEMPERATURE RATIOS procedurealso allows to calculate
the ratio at user-de�ned valuesof either constant pressureor constant density.

IDL > print, desc
IDL > CHIANTIV. 4.0 C IV 384.1750+384.1900 ()/1550.7750 () Ne = 1.00e+10 (cm!e-3!n)

9.13.4 The CHIANTI NE and CHIANTI TE widgets

The IDL procedurewhich calculatesline intensity ratios as a function of electron density
is called CHIANTI NE. Another IDL procedure to calculate ratios sensitive to electron
temperature is called CHIANTI TE. For example,

IDL > chianti_te

Or

IDL > chianti_ne

User interactions with the main widget setup the wavelength range and other parameters
that are described individually below. On the left hand sideare controls for wavelengthand
electron density or temperature selectionand on the right hand side for ion selection.
Ion selection
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Select �rst the element and then the ion stage using the pull-down menus. Only those
elements and ions currently available in the CHIANTI databaseare displayed for selection.
Wavelength ranges
There are up to 4 wavelength rangesthat can be de�ned in order to restrict the calculation
(and the number of lines). At least one should be de�ned. Default is to calculate all lines
from 1 to 1700�A.
Electron Densit y/T emp erature Range
For CHIANTI NE, select the electron number density range (Log10Ne) over which the in-
tensity ratios are calculated. Default valuesare 106 to 1014 cm� 3. The intensity ratios are
calculatedat constant temperature corresponding to the peak ionic abundanceTmax , unless
the value of the temperature is typed in.
For CHIANTI TE, selectthe electron temperature (Log10Te) over which the intensity ratios
are calculated. Default values are 104 to 108 K. The intensity ratios are calculated at a
constant electron number density corresponding to 108 cm� 3, unless a di�erent value is
typed in.
minim um in tensit y ratio
The relative intensity of all the lines found in the wavelength rangeis calculated. Only the
lines that have an intensity (relative to the brighter one) greater than 0.0001(by default)
are selectedand displayed.
Units for the ratio plot
The ratios can either be calulated from the relative intensities in ergs(default) or photons.
Con trolling the pro cedure
The action of both CHIANTI NE and CHIANTI TE is controlled via the buttons in the
central panel of the display. From left to right theseare:
QUIT - click on this to exit from the program, all plot windows are alsodeleted.
CALCULATE LINE INTENSITIES - using the wavelength rangesasde�ned in the widgets
above. Two plots will apear in the window - on the left the N i � A=Ne and on the right the
intensity ratios, whereN i is the level population and A is the radiative transition probability
(s� 1). A list of spectral lines in the given wavelength rangefor that ion is displayed in the
messagewindow. The referenceindex is in the �rst column, then the wavelength, intensity
and transition.
PLOT RATIO - prompts for and then plots speci�c line intensity ratios, using line indices
available from the list. The ratios within a particular ion canbestoredfor later useusingthe
SAVE button. To allow for blendedlines in the observed spectra, multiple line indicescan
be given for the numerator and denominator. The format is fairly 
exible but the nominator
and denominatorspeci�cation must be separatedby a '/'. Otherwisethe line indicescan be
separatedby spacesor commas.The ratio valuescan be plotted either with a linear or a log
scale.
HARDCOPY - the menu under this button will allow a variety of hardcopy plots (ratio plots
or intensity plots) and the line details (+refs), which givesa recordof the input. A line ratio
has to be de�ned.
SAVE - it is sometimesusefulto save the plotted line intensity ratios to study several di�erent
ions. You will be asked to enter �le nameto store ratio data. A line ratio hasto be de�ned.
In the CHIANTI NE case,a .CH NE will be appended.An IDL structure calledNE RATIO
will be saved. It has the TAGS: DENSITY,RATIO, TEMPERATURE, UNITS, COM-
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MENT, DESC. The �rst two have the arrays of the densitiesand ratios, TEMPERATURE
has the value of the constant temperature used,while the last three have a description of
the units used, how the calculation was performed, and a description of the lines used to
de�ned the ratio.
In the CHIANTI TE case,a .CH TE will be appended.An IDL structure calledTE RATIO
will be saved. It has the TAGS: TEMP, RATIO, DENSITY, UNITS, COMMENT, DESC.
The �rst two have the arrays of the temperatures and ratios, DENSITY has the value of
the constant density used,while the last three have a description of the units used,how the
calculation was performed,and a description of the lines usedto de�ned the ratio.
Pleasenote that previousversionsof the above routinesdid not createthe TEMPERATURE
(DENSITY), UNITS, COMMENT tags.
The save �le canbe restoredand replotted outsideof CHIANTI NE and CHIANTI TE using
the proceduresPLOT CHIANTI NE and PLOT CHIANTI TE respectively, or usedwithin
user-de�nedprocedures.
DELETE PLOT WINDOWS - to clear the ratio plots from the screen.

9.13.5 The PLOT CHIANTI NE and PLOT CHIANTI TE pro cedures

The ratio valuesstored in the save �les createdwith the CHIANTI NE and CHIANTI TE
routines can be replotted outside of CHIANTI NE and CHIANTI TE using the procedures
PLOT CHIANTI NE and PLOT CHIANTI TE respectively. For example,

IDL > plot_chianti_te

Or

IDL > plot_chianti_ne

If no �les are speci�ed, a widget allows you to selectany '*.CH NE' or '*.CH TE' �les.
A LOG keyword allows the user to have the plot in a log scale.
It is alsonow possibleto interactively modify the X and Y rangesand to createa postscript
�le. Userscan modify theseroutines to e.g. over-plot observed data points.

9.13.6 Calculating temp eratures by using di�eren t ions

Note: If you are interested in determining an isothermal temp erature by using the
ratio of lines emitted by di�eren t ions (and/or elements) , then a possibleway is to
�rst calculte the contribution functions of the lines you are interested, and then calculate
their ratio. Note, however, that such determinations can be very inaccurate, since they
depend on the ionisation equilibrium chosen(and eventually on the element abundance).

9.14 Calculating contribution functions

To calculate the contribution function ( erg cm3s� 1sr � 1 by default) vs. temperature at a
speci�ed abundance,ionization equilibrium and pressureor density for the Fe XXIV line at
255.1�A:

54



IDL > gofnt,'fe_10',170.,180., temperat ure, g,d esc

temperature,g are the arrays with the temperatures and the G(T) values. It is possible
to calculate the G(T) at either constant electron density or pressure,via the KEYW ORDS
DENSITY or PRESSURE.
The KEYW ORDS ABUND NAME, IONEQ NAME allow to run the routine in the back-
ground, giving namesof the abundanceand ionization fractions �les.
The routine GOFNT allows the user to selecta number of lines. If this is done, then the
total sum of the G(T)'s of the selectedlines is returned and plotted.
Optional outputs can be created. The default units are erg cm3s� 1sr � 1, unlessthe KEY-
WORD /PHOTONS is set, in which casethe units are photons cm3s� 1sr � 1.

9.15 Calculating radiativ e losses

A procedure('RAD LOSS') calculatesthe total radiative lossrate as a function of temper-
ature for speci�ed set of abundancesand/or ionization equilibria:

IDL > rad_loss,temperature,loss _rat e

Figure 7: Output plot of RAD LOSS
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9.16 The calculation of the DEM

Given a set of observed spectral intensities, the problem is to invert a system of integral
equations like the previous one. The procedure CHIANTI DEM solves the system and
calculatesthe DEM (T).
The inversionproblemitself is not simpleand requiressomeassumptionsabout the nature of
the solution. A seriesof workshopswas sponsoredin 1990/91 to study di�erential emission
measuretechniques(Harrison andThompson,1992). It wasfound that mostcodeseventually
gave consistent results, but that the DEM derived dependsrather critically on the methods
usedto constrain the solution and the errors in the observed intensities and atomic data.
It is advisable to select a number of well resolved, unblended lines which are not density
sensitive, emitted by various elements over a wide temperature interval. Appropriate values
of the pressure(or density) and the elemental abundancesmust be chosen according to
the region of the Sun being observed. The pressurevalue can be obtained oncethe values
of the temperature and the density are estimated. To estimate the electron density the
procedureCHIANTI NE can be used. The temperature can be estimatedfor exampleusing
the procedureCHIANTI TE.
The contribution functions C(T; � ij ; Ne) can be calculated using CHIANTI DEM either at
constant pressureor at constant electron density. It is also possibleto vary the elemental
abundancesbeforestarting the �t to deducethe DEM.
Many papers have been written on solar elemental abundances. Seee.g. Meyer (1993)
Widing and Feldman (1992), Mason (1992, 1995). A possible approach in determining
elemental abundancesis to usethe detailed shape of the DEM distribution for ions from the
sameelement and apply an iterativ e procedureto normalizethe curvesfor di�erent elements
(e.g. Fludra and Shmelz1995,Del Zanna et al. 1995).
The CHIANTI DEM pro cedure
The main IDL routine which has been written to perform a di�erential emission mea-
sure analysis of EUV spectra using the CHIANTI atomic database is CHIANTI DEM.
Other proceduresrequiredto run CHIANTI DEM areGET CONTRIBUTIONS , DEM FIT,
ZION2SPECTROSCOPIC and Z2ELEMENT. The resulting DEM may then be used by
other proceduresto calculatea synthetic spectrum.
This packageof routines will be replacedin the future by new more versatile versions.
The main inputs required by CHIANTI DEM are :

� the �le with the observ ed 
uxes . It can be selectedusing a widget-type browse
from within CHIANTI DEM or usingthe optional keyword FILE INPUT='m y�lename'
. It must contain 5 columnsof unformatted data ( separatedby at least one space).
The 5 �elds are:

1) the observed wavelength � obs [�A].

2) The observed 
ux I obs in ergs cm� 2s� 1sr � 1.

3) The corresponding error � obs on the 
ux in ergs cm� 2s� 1sr � 1.

4) The value of � � [�A]. All the theoretical lines that may have contributed to the
observed lines, i.e. that have a theoretical wavelength � theo in a � obs � � � rangewill be
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searched for. This valueshouldcorrespond to the spectral resolutionof the instrument
at that wavelength.

5) The identi�cation, written as a string of up to 20 characters. For example:

171.1144811.01443.00.25Fe IX

174.6044005.01202.00.25Fe X

180.4483877.01163.00.25Fe XI bl Fe X

195.1493443.01033.00.25Fe XI I

� the pressure NeT [cm� 3K ] or the densit y Ne [cm� 3], passedto the routine via a
keyword.

� the ionization equilibrium �le , selectedusing a widget.

� the elemental abundances �le . A selectionof �les are already stored in the CHI-
ANTI package,but user-de�ned �les in the working directory can also be used. Any
*.abund �le present in the CHIANTI databaseor in the working directory can be
selectedthrough a widget from within CHIANTI DEM. The selected�le can also be
edited.

� An output �le name must also be supplied via a keyword (e.g. OUTPUT= 'ac-
tive region'). Various �les will be generatedby CHIANTI DEM having �le names
createdby adding su�xes to the output �le name.

Oncethe �le with the observed
uxes is read,anotherIDL procedure,GET CONTRIBUTIONS,
is calledby CHIANTI DEM in order to calculatethe contribution functions C(T; � ij ; Ne) at
the given constant density or pressure.
GET CONTRIBUTIONS searchesthe CHIANTI databasefor all the theoretical lines that
may have contributed to the observed lines, i.e. that have a theoretical wavelength � theo in
a � obs � � � interval.
Then, for each theoretical line selected,it calculatesthe C valuesfor the temperature interval
log(T)= 4.0 - 8.0 in stepsof log(T) = 0.1.
If a constant pressureis selected,for each ion the contribution function is calculated at an
electron density Ne equal to the ratio of the pressureand the temperature of maximum
ionization fraction.
The C(T) valuesarestoredby GET CONTRIBUTIONS in the output �le output.contributions
that can be used later, if required, to re-calculate the DEM, changing various parameters
(e.g. the abundances),without having to start againand readthe CHIANTI database,which
can take a long time.
The observed lines with no theoretical counterparts are automatically excluded. If this
happens,you might considerstarting again with a larger � � , to seeif there are theoretical
lines in the vicinit y of the observed one.
Then you are asked to selectan *.abund �le present in the CHIANTI databaseor in the
working directory, and eventually edit it, if you want to changesomeabundances.
The G(T) are calculated, multiplying each theoretical line by the abundancefactor. The
theoretical lines contributing to each blend are sorted by intensity and then their G(T) can
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be plotted if the keyword PLOT GT was activated. It is recommendedto do this the �rst
time, to check if there are someobserved lines which are heavily blendedwith lines of other
elements. It might be better to excludesuch lines in a secondrun.
The G(T) for each blend are then summedand plotted, and the calculation of the DEM
starts, using the �tting routine DEM FIT. A seriesof parameterscan change the result
(DEM), especially the number and position of the meshpoints of the spline that represents
the DEM. The �tting procedureis basedon Bevington's Data Reduction and Error Analysis
for the Physical Sciences. fortran programs.
The iteration is controlled using key-words (seebelow).
A seriesof outputs arecreated,all having extensionsof the output name. For example,using
test as the output name:

� test.contributions: The �rst three lines contain the abundance�le, the ionization equi-
librium �le names,and the constant valueof the pressureor the density adopted. Each
subsequent line contains the observed wavelength � obs, the theoretical one � theo, the
element and ionization stage,the C(T) valuesand the speci�cation of the transition.

� test.dem: Is the �le where the DEM (T) valuesare written, in a format suitable for
input to the CHIANTI SSprocedurewhich may be usedto calculatea synthetic spec-
trum from the DEM.

� test.general: Is the �le wheregeneralinformation is stored.

The abundance�le, the ionization equilibrium �le and the pressureusedare written
at the beginning.

Then there is one line for each observed line, with the identi�cation present in the
input �le, the observed wavelength � obs, the observed 
ux I obs, the calculated
ux I theo

, the error on the 
ux � obs, the value ( I theo � I obs
� obs

)2 and �nally the value of I theo
I obs

After this line, there is oneline for each theoretical line contributing to the blend, with
the identi�cation, the theoretical wavelength � theo, the con�guration and terms, and
the contribution (as a percentage) of each line in the blend to I theo .

� test.out: This �le , toghether with test.dem, can be used to reproduce the results
using user-written software. It contains: the identi�cation present in the input �le,
the observed wavelength � obs, the observed 
ux I obs, the calculatedoneI theo , the error
on the 
ux � obs, and the logarithmic valuesof the temperature and the DEM for each
observed line. This temperature is the value wherethe product G(T) � DEM (T) has
a maximum.

� three optional postscript �les: test gt.ps test dem.pstest 4plots.ps.

The �rst onehasthe G(T) of all the linesthen usedfor the �t, with all the contributions
for each line summed( the labels refer to the identi�acation given in the input �le).

The �le test dem.ps hasthe DEM (T) with the scalesset as in the interactive session.
The points are plotted at the temperature where the product G(T)*DEM(T) has a
maximum. It is possibleto label the points with the comment string present in the
input �le, or to usethe dominant ion in the blend.
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The �le test 4plots.pshassomeadditional plots. The upper-right �gure of test 4plots.ps
plots the values I theo

I obs
versusthe temperature whereG(T) has it's maximum.

� It is also possibleto have postscript �les of the G(T) functions, using the keyword
PLOT GT.

9.16.1 Con trolling the pro cedure

The action of CHIANTI DEM is controlled via the following keywords.

� FILE INPUT: optional; if not set, you areprompted to selectthe observation �le using
a widget-type search.

� ARCSEC: optional set this if the intensities are speci�ed in units per arcsec� 2.

The default units are ergs cm� 2s� 1sr � 1.

� PHOT: optional; set this if the intensities are speci�ed in units per steradians� 1.

The default units are ergs cm� 2s� 1sr � 1.

� OUTPUT : required; the name for the output. Su�xes will be added to this name
when creating the various outputs.

� FILE GT: if not set, the routine GET CONTRIBUTIONS is called. Either the pres-
sureor the density must be set in this case.

If set, it hasto specify the nameof the �le previouslycreatedby GET CONTRIBUTIONS,
whereall the contribution functions C(T) are stored.

� PRESSURE:the valueof the pressure(Ne T). Requiredif you do not alreadyhave the
contribution functions C(T) (i.e. if you do not set FILE GT). Either the pressureor
the density must be set in this case.

� DENSITY : the value of the electron density (Ne). Required if you do NOT already
have the contribution functions C(T). Either the pressureor the density must be set
in this case.

� CUT GT: optional; if set, only thosetheoretical lines that have a M AX (C(T)) greater
than the value set, are kept; it is useful to set this value in order to reducethe number
of lines in the �le where the C(T) are stored. If not set, a default value of 10� 30 is
adopted.

� N MATCHES: optional; in the unlikely event that more than 20 (default value for
N MATCHES) theoretical lines corresponding to an observed line are found, the rou-
tine stops. In this case,you have to start againsetting N MATCHES equalto a greater
number.

� PLOT GT: optional; if set, plots of the G(T) of the theoretical lines contributing to
each observed line not excluded are created. It is possibleto change the scaleand
createpostscript �les of theseplots, interactively.
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� EXCLUDE OBS WVL: optional; if set, has to be an array that speci�es the wave-
lengths of the lines that you want to excludefrom the �t. Note that even if you set
this keyword and run GET CONTRIBUTIONS all the theoretical lines found corre-
sponding to all the lines in the input �le are written in the C(T) �le. It is only in the
�t that the lines are excluded.

� MESH POINTS: optional; it is an array that speci�es the meshpoints for the spline
that represent the �tted DEM, in log(T). If not set, the default values[4,4.5,5,5.5,6,6.5,7,7.5,8]
are assumed.

� N ITER: optional; it is the maximum number of iterations of the �tting routine. If not
set,a default valueof 20 is assumed.Changingthis valuealonemight not a�ect the �t,
sincethe value of DCHISQ M is monitored at each iteration to check for convergence.

� DCHISQ M: optional; if not set, a default value of DCHISQ M= 1 � 10� 5 is assumed.
For each iteration, the � 2 and it's variation are calculated. As long as the iteration
achievesa relative improvement in � 2 greater than DCHISQ M , another iteration will
be performed.

� DEM FILE: optional; if set you areprompted to choosea DEM �le to be usedinitially ,
instead of the default constant value of 1022. You can either chooseoneof the �les in
the CHIANTI databaseor any you have in the working directory. A plot of the DEM
is created. The valuesin the �le are marked as crosses,the meshpoints are marked
with triangles.

� QUIET: optional. Set to avoid various messagesand the details of the result.

There are alsosomeactions controlled via the keyboard.
When you are asked for an answer ( [y/N] ) yesor no you should either type in y or n.
The capital letter in [y/N] meansthat the default choice is n which is what you get if you
simply hit the return key. In caseyou have [Y/n] , hitting the return key is the sameas
choosingy .

9.16.2 Examples

You must specify the output �le name and the value of the pressure(or the density). The
input �le nameis optional.

IDL > CHIANTI_DEM,OUTPUT='test',FILE_INPUT='tes t_obs',P RESSURE=1e16,/P LOT_GT

Selectthe ionization equilibrium �le (e.g. Arnaud & Raymond). If there are no problems
about N MATCHES, the routine will selectthe lines having max(C(T)) � 10� 30 and write
the C(T) valuesto the �le test.contributions.
Then you'll be asked to selectan abundance�le and if you want to edit it. Pick up the
Feldman abundances. Then the G(T) are calculated, multiplying each theoretical line by
the abundancefactor, sorted (within each blend) by their max(G(T)) value, and plotted (
seeFig. 8).
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Figure 8: One of the G(T) plot of the test case

It is recommendedthat you check the plots at least once,to seeif there are someobserved
lines that it might be better to exclude in a secondrun, for example becausethey are
blends. Also check if your identi�cations areconsistent with the linesfound in the CHIANTI
database.
The G(T) for each blend are then summed,and plotted ( seeFig. 9).
At the end of the �t, the �les test.dem,test.general, test.out are created.
Have a closelook at theseoutputs, and check if there are emissionlines not well represented
by the �t or with no theoretical counterparts.
You canusethe routine a secondtime, excludingsomeof the lines,and/or varying someof the
�tting parameters. In particular, changing MESH POINTS or starting from an appropiate
DEM can a�ect the resulting DEM. For example:

IDL> CHIANTI_DEM,OUT='test',FILE_IN='tes t_obs', FILE_GT='tes t.co ntr ibut ions ', $
IDL> EXCLUDE_OBS_WVL=[284.153 ] ,$
IDL > MESH_POINTS=[ 4.85, 5.6, 6.25, 7.0 ],N_ITER=40

The �les test.dem,test.general, test.out will be created.
Eventually, also the �les test dem.pstest 4plots.ps may be created.
Fig. 10 shows the resulting DEM. The error bars on the points simply reproduce the error
on the observed 
uxes.
The Fig. 11 is self-explanatory. The DEM �gure is repeated in the upper-left plot with the
samescaleof the previousplot.
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Figure 9: The summed-G(T) plot of the test case:test gt.ps

Figure 10: The DEM plot of the test case:test dem.ps
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Figure 11: The 4 plots of the test case:test 4plots.ps

The �le test.out , toghether with test.dem, can be usedto reproducetheseplots using user-
written software. If the only concernis the postscript output, then usersjust have to copy
the routine in the working area and modify the top procedurePRINT2D PLOT.PRO that
controls the postscript device. The default is landscape.

9.16.3 Some �nal remarks

This packageis mostly intended to be a quick method to obtain a DEM which can then be
usedto calculatea synthetic spectrum, to be comparedwith the observed data.
Try to give as input lines covering a broad rangein temperatures,and that are not density
sensitive.
Try to adjust the location of the meshpoints.
If the resulting DEM doesnot give a good �t to the data, it might be a good idea to start
again calculating the G(T) with di�erent abundancesor to check the e�ect of blends.
Try a di�erent DEM as a starting point, but be careful about the end points at lower and
higher temperatureswhereusually there are no constraints (no observed lines).
Considerthe possiblee�ect on the DEM of di�erent structures along the line of sight. It is
important to realisethat the DEM givesan indication of the amount of plasmaat di�erent
temperaturesalongthe line of sight, assumingconstantdensity or pressure.It is not therefore
possibleto infer direct information about the variation of the temperature with height from
this function. The inclusion of density-sensitive lines in the �t may alsocauseproblems.
Sendcomments to : Giulio Del Zanna g.del-zanna@damtp.cam.ac.uk
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A Description of the CHIANTI V.4 soft ware up dates

A.1 Routines already available in Version 3

The previousroutines have beenmodi�ed asdescribed:

� ascii_wvl_dem.pro createsan ascii �le with a list of line identi�cations and intensi-
ties.

Comparedto the previousversion, theseare the main changes:

1-Rewritten as a wrapper routine using the new procedures.

2-Now the PRESSUREvalue is a keyword.

3-The calculationscan be doneat constant DENSITY.

4-Energies(keV) can be output instead of wavelengthsin Angstroms

5-MASTERLIST can now be usedboth asan input string or as a keyword.

� latex_wvl_dem.pro createsa latex �le with a list of line identi�cations and intensi-
ties.

Comparedto the previousversion, theseare the main changes:

1-Rewritten as a wrapper routine using the new procedures.

2-Now the PRESSUREvalue is a keyword.

3-The calculationscan be doneat constant DENSITY.

4-MASTERLIST can now be usedboth asan input string or as a keyword.

� synthetic.pro Calculatesa synthetic spectrum. It outputs arrays.

Comparedto the previousSYNTHETIC, theseare the main changes:

1-Rewritten as a wrapper routine using the new procedures.

2-Now the PRESSUREvalue is a keyword as the DENSITY value

3-The keyword CONT is now renamedCONTINUUM

4-Added keywords

PHOTONS (If set, intensities are in photons instead of ergs)

DEM_NAME,ABUND_NAME,IONEQ_NAME,to run the routine in the
background, giving namesof the
DEM,abundance and ionization
fractions files.

NOPROT(If set, then proton rates are not included.)

RADTEMP,RPHOT(to include photoexcitation)
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5-MASTERLIST can now be usedboth asan input string or as a keyword.

6-The description of the line details now hasthe spectroscopicdesignationat the end.

� synthetic_plot.pro plots the spectrum and interactively identify lines

Is left unchangedexcept for a few minor changes.

� gofnt.pro calculatesthe contribution functions

Aside from a few small �xes, theseare the main changes:

1-Rewritten as a wrapper routine using the new procedures.

2-Added keywords

ABUND_NAME,IONEQ_NAME,to run the routine in the
background, giving namesof the
abundance and ionization
fractions files.

NOPROT(If set, then proton rates are not included.)

RADTEMP,RPHOT(to include photoexcitation)

� isothermal.pro Calculatesline intensities with an isothermal approximation.

Comparedto the previousroutine, theseare the main changes:

1-Rewritten as a wrapper routine using the new procedures.

2-Added keywords

ABUND_NAME,IONEQ_NAME,to run the routine in the
background, giving namesof the
abundance and ionization
fractions files.

NOPROT(If set, then proton rates are not included.)

RADTEMP,RPHOT(to include photoexcitation)

EM Emission measure values.

� chianti_ss.pro Widget for creation of SOHO synthetic spectra.

Is not distributed nor supported anymore. Is now replacedby ch_ss.pro
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� plot_populations plots the level populations

Comparedto the previousroutine, theseare the main changes:

1-Modi�ed the plotting, adding information about the single lines.

2-Added keywords

NOPROT(If set, then proton rates are not included.)

RADTEMP,RPHOT(to include photoexcitation)

� density_ratios plots the variation of line intensities with electron density

Comparedto the previousroutine, theseare the main changes:

1-Rewritten as a wrapper.

2-Added keywords

NOPROT(If set, then proton rates are not included.)

RADTEMP,RPHOT(to include photoexcitation)

� temperature_ratios plots the variation of line intensitieswith electrontemperature

2-Added keywords

PHOTONS (If set, intensities are in photons instead of ergs)

IONEQ_NAMEThe ionization fractions file.

NOPROT(If set, then proton rates are not included.)

RADTEMP,RPHOT(to include photoexcitation)

� freefree calculatesthe free-free(bremsstrahlung)continuum

The call is the same,but the calculationsare doneusing the �tting formulae of Itoh et
al. (ApJS 128,125,2000)and Sutherland (MNRAS 300,321,1998). Also, a few bugs
have been�xed.
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� freebound.pro calculatesthe free-bound continuum

Added the keyword

PHOTONS (If set, intensities are in photons instead of ergs)

� rad_loss.pro calculatesthe radiative losses

-Added keywords

NOPROT(If set, then proton rates are not included.)

RADTEMP,RPHOT(to include photoexcitation)

A.2 Other routines that were previously available only within So-
larSoft

Theseroutines are in the other/ subdirectory:

� max_temp.pro Calculatestemperature at max ionisation ratio for an ion

Unchanged.

� plot_ioneq.pro Plots the ionisation equilibrium valuesfor an element.

Unchanged.

� chianti_ne.pro Calculate and plot density sensitive line ratios.

Widget unchangedbut the low-level routine now usesemiss_calc.pro .

� plot_chianti_ne.pro Plots a density sensitive ratio saved from CHIANTI_NE

Unchanged.

� chianti_te.pro Calculate and plot temperature sensitive line ratios.

Widget unchangedbut the low-level routine now usesemiss_calc.pro .

� plot_chianti_te.pro Plots a temperature sensitive ratio saved from CHIANTI_TE

Unchanged.

� chianti_dem.pro Calculatesthe Di�eren tial EmissionMeasureDEM(T) using the
CHIANTI database,from a given set of observed lines.

Changedthe low-level routine that calculatesthe G(T), to account for the v.4 varia-
tions. The proton rates are included in the calculation of the level population.

� plot_dem.pro To plot di�erential emissionmeasure(DEM) values

Unchanged.
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Routines in the extra/ subdirectory:

� dens_plotter.pro A widget routine to allow the analysisof density sensitive ratios.

Is now a wrapper routine calling the widget RATIO_PLOTTER

� temp_plotter.pro A widget routine to allow the analysisof temperature sensitive
ratios.

Is now a wrapper routine calling the widget RATIO_PLOTTER

� g_of_t.pro To compute the G(T) of selectedlines.

A few keywords have beenadded/ modi�ed, mainly as an update for V.4.

� pop_plot.pro To plot nj A j i=Ne valuesas a function of Ne

A few keywords have beenadded/ modi�ed, mainly as an update for V.4.

� show_pops.pro To display populations of signi�cant levels in a CHIANTI ion model

A few keywords have beenadded/ modi�ed, mainly as an update for V.4.

� emiss_calc.pro To compute the emissivitiesof all lines of a speci�ed ion over given
rangesof temperature and density.

A few keywords have beenadded/ modi�ed, mainly as an update for V.4.

� integral_calc.pro To computethe atomic data integral for usein column or volume
emissionmeasurework.

A few keywords have beenadded/ modi�ed, mainly as an update for V.4.

B Incorp orating proton rates in to CHIANTI

This sectiondescribesthe changesapplied to the CHIANTI databaseand software in order
to include the proton rates.

B.1 The proton rate data �les

The proton rate data �les have su�ces .psplups and have the following format

2 3 2 0.000e+00 1.027e-02 8.000e+02-2.150e-13 1.052e-13 4.397e-12 \
2.232e-11 5.389e-11 8.708e-11 1.014e-10 7.658e-11-2.805e-12

(The \ indicates a break in the line.) Note that the Z and spectroscopicnumber are not
given for each ion, in contrast to the electron�les. The rest of the line is the sameasthat for
the electron �les, except in this casethere are 9 spline valuesas a 9-point spline was �tted
to the data.
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B.2 Reading the .psplups �le

This is done by the routine read_splups.pro which loads the data into an IDL structure.
The call is

IDL> read_splups_ns, filename, splstr, splref , /prot

The structure splstr has the following tags

.lvl1 lower level index

.lvl2 upper level index

.t_type transition type

.gf gf value

.de Delta-E for transition (rydbergs)

.c_ups the scaling parameter

.nspl number of spline points

.spl Vector of length 9, containing spline points

B.3 Changes to pop solver.pro

The routine pop_solver solves the set of linear equationsthat determine the level balance
of the ion. To include proton rates, an extra matrix containing the proton rate coe�cien ts
needsto be added to the equations. This matrix is created within pop_solver from the
splstr structure mentioned above.
Note also that the sameroutine is used to descalethe spline �ts into proton rates as to
descalethe electron spline �ts. This routine is descale_all.pro and is called as

descale_all, temp, splstr, index, ups

wheretemp can be an array of temperatures.

B.4 Implemen ting proton rates in user-written routines

User-written routines can be modi�ed to include proton rates through two steps.
For routineswhich do not directly call pop_solver , the only changesareto add the keywords
noprot=noprot , abund_file and ioneq_file to the routines' argument list, and to the call
to the routine that calls pop_solver .
For routines that directly call pop_solver , the following stepsneedto be followed.
The �rst is to add the keyword noprot=noprot to the routine's argument list.
The secondis to add a commonblock analogousto those that already exist for the energy
level, radiative and electron collision data. This commonblock is

COMMONproton, pstr, pe_ratio

The third step is to add a line which will read the data. This is
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if keyword_set(noprot) then begin
pstr=-1

endif else begin
read_splups, pname, pstr, pref, /prot

endelse

Beforethe call to pop_solver , the proton to electronratio must be evaluated. This is done
with

pe_ratio=proton_dens(temp)

wheretemp contains the logarithm of the temperaturesthat will be passedto pop_solver .

B.5 The proton-to-electron ratio

To include the proton rates in CHIANTI it is necessaryto know the proton number density
Np. This quantit y is usually expressedin terms of the ratio relative to the electron density.
For a standard solar plasmathis is a constant for temperaturesbeyond log T = 4:6 with a
value around 0.85. Thus oneoption is to simply �x the ratio asa constant.
As we want CHIANTI to be applicable for low temperature plasmas,however, we have de-
cided to explicitly calculate the ratio making use of the ion balanceand abundance�les,
that uniquely determine Np. The relevant routine is PROTON DENS.PRO. Np is calcu-
lated from the ion balanceand element abundance�les contained in CHIANTI through the
following expression

R(T) =
Np

Ne
=

Ab(H) F (H+ ; T)
P n

i=1
P i

Z =1 ZF (A+ Z
i ; T)Ab(A i )

(37)

where Ab is the element abundance,A i is the i th element (i.e., A1=H, A2=He, etc.), Z is
the charge on the ion, F (A + Z

i ; T) is the fraction of ions of element A i in the form A+ Z
i at

temperature T.
The ion fractions contained in CHIANTI are tabulated over the range 4:0 � log T � 8:0.
Above and below thesevalues,we set R(T) to the valuesfor log T = 8:0 and log T = 4:0,
respectively.
The useof this routine has someside e�ects. Someroutines for which the ratio may have
somee�ects in the results don't require you to select the ion balanceor abundance�les.
E.g., DENSITY RATIOS.PRO does not require the user to select these �les, however, at
low temperatures one may seesigni�cant changestake place in line ratios on account of
the change in the proton-to-electron ratio. We deal with this e�ect by using the default
!abund\_file and !ioneq\_file �les to derive the proton-to-electron ratio, but allowing
the �les to be directly speci�ed by the user through keywords if he/she needsto do this.

B.5.1 Implemen ting proton rates in user-de�ned pro cedures

We have modi�ed the CHIANTI routines so as PROTON DENS.PRO is called onceat the
beginning of the routine and the ratio data are passedto POP SOLVER.PRO through a
commonblock.
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The modi�cations due to the proton-to-electron ratio in user-de�ned proceduresare as fol-
lows:

� Extend the PROTON commonblock to include ratio data.

commonproton, pstr, pe_ratio

� If the ELEMENTS commonblock doesnot already exist in the routine, then it must
be added

COMMONelements,abund,abund_ref,i oneq,io neq_t,io neq_ref

� Call PROTON DENS.PRO to get the ratio

pe_ratio=proton_dens(temp )

The call to PROTON DENS.PRO thus doesnot take placewithin POP SOLVER.PRO

C Incorp orating 9 poin t spline �ts in to user-de�ned
pro cedures

This sectiondescribes the changesin the IDL software required to incorporate the 9-point
spline �ts.

C.1 Data �le format changes

The modi�cation to the .splups �le is simple. Any transitions which are�tted with a 9-point
spline will simply have four extra numbers placedon the end of the data line. Transitions
�tted with a 5-point spline will be output as normal. Both 5 and 9-point �ts can be found
in the same.splups �le.

C.2 Changes to existing software

This sectiondescribesthe changesto the read_splups routine, and alsothe changesrequired
to routines that call directly or indirectly read_splups .
For someroutines (such as synthetic , ...?) the reading of the data �les is delegatedto
the routine setup_ion.pro . The data is then transferred to the main routine via common
blocks.
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C.2.1 Routines that call read splups

Every routine that makesa call to read_splups.pro has to be modi�ed. Two changesare
needed:

1. the call to read_splups

2. the upsilon commonblock which contains the spline data

The read_splups call usedto be

read_splups,upsname,t_type ,gfu ,deu,c_u ps, splu ps,u psref

The new call is

read_splups, filename, splstr, splref [, /prot]

where/prot should be set if proton rates are to be read.
The original commonblock had the form

COMMONupsilon,t_type,deu,c_up s,sp lups

The new oneshould be

COMMONupsilon, splstr

C.2.2 read splups

This readsdata from .splups or .psplups �les into an IDL structure (the previousversion
read data into several individual arrays). The call is

IDL> read_splups, filename, splstr, splref [, /prot]

The structure splstr has the following tags

.lvl1 lower level index

.lvl2 upper level index

.t_type transition type

.gf gf value

.de Delta-E for transition (rydbergs)

.c_ups the scaling parameter

.nspl number of spline points

.spl Vector of length 9, containing spline points
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C.2.3 descale all.pro

This routine directly replacesdescale_ups.pro in the CHIANTI software. It is called as

descale_all, temp, splstr, index, ups

An important di�erence is that the temperature is speci�ed directly whereaspreviously the
scaledtemperature wasgiven. In addition, several temperaturescan be given at oncerather
than just one.
Note that there is no di�erence in how this routine treats the descalingof proton rates.
The only placein the CHIANTI software wherethis routine is called is in pop_solver.pro .

C.2.4 pop solver.pro

The way electron excitation rates are included in pop_solver has been changed. Only a
single for loop is required now as the routine goes through each line in the structure. In
addition, the routine can now descalethe upsilonsfor several temperaturessimultaneously.

D The extra set of complemen tary routines

This sectiondescribesthe featuresof the routines that are contained in the extra/ directory
and that were contributed by Peter Young:

� dens_plotter.pro A widget routine to allow the analysisof density sensitive ratios.

� temp_plotter.pro A widget routine to allow the analysisof temperature sensitive
ratios.

� g_of_t.pro To compute the G(T) of selectedlines.

� pop_plot.pro To plot nj A j i=Ne valuesas a function of Ne

� show_pops.pro To display populations of signi�cant levels in a CHIANTI ion model

� emiss_calc.pro To compute the emissivitiesof all lines of a speci�ed ion over given
rangesof temperature and density.

� integral_calc.pro To computethe atomic data integral for usein column or volume
emissionmeasurework.

Theseroutines, described in more detail in Sect. D.2 below, have slightly di�erent units of
outputs, comparedto the other routines.
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D.1 De�nitions

First of all, Sect.8 givesthe theory behind the interpretation of optically-thin emissionlines
which servesto set out the notation usedhere. Going back to Eq. 2, we write

N i = 0:83F (T) Ab(X) Ne ni ; (38)

whereF (T) is the ionisation fraction (independent of Ne in current ion balancecalculations),
Ab(X) the abundanceof the element relative to hydrogen, and the ratio of hydrogen to
free electronshas been taken as 0.83, as hydrogen and helium are completely ionised for
temperaturesT > 104 K.
The emissivity of the emissionline resulting from a j-to-i radiative decay is de�ned as

� ij = � E N j A ji (39)

and hasunits of erg cm� 3 s� 1. Often the alternative notation � � will be usedwhere� is the
wavelength of the emitted radiation in Angstroms(�A), and � = 1:986� 10� 8=� E for � E in
ergs. We will alsode�ne the ion emissivity as

" ij = � E nj A ji : (40)

In order to relate the emissivity to the actual observed intensity of a line, we make useof
the third assumption,which tells us that the intensity is proportional to the emissivity of
the plasma,and so

P� =
Z

� � dV; (41)

where P� is the power in an observed line (units: erg s� 1), and dV is a volume of plasma
with temperature T and density Ne.
Expanding � � using Eqs 38 and 39 gives

P� = 0:83� E Ab(X)
Z

F (T) njA ji Ne dV: (42)

An important feature of emissionmeasurestudiesis to isolate those lines for which n jA ji �
Ne. By analysing only such lines, we are essentially separating the determination of the
emissionmeasurefrom the determination of the plasmadensity. If the lines all had di�erent
density dependencies,then it would be necessaryto determine the density variation with
temperature before�nding the emissionmeasure.If the njA ji � Ne relation is assumedthen
we write

P� = � E Ab(X)
Z

G� (T) N 2
e dV (43)

where

G� (T) = 0:83F (T)
njA ji

Ne
(44)

which is the so-called`G-of-T' function.
On account of the ionisation fraction F (T) this function is sharply peaked, and a common
approximation (e.g.,Pottasch [3], Jordan& Wilson [1]) is to assumethat G(T) hasa constant
value over a narrow temperature interval around G(Tmax ), whereTmax is the temperature of
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maximum ionisation for the ion. Herewe will usethe temperature of maximum emissionor
Tmem which is the temperature at which G� has its maximum. De�ning

G�; 0(T) =

8
><

>:

C� jlogT � logTmemj < 0:15

0 jlogT � logTmemj > 0:15
(45)

we require that Z
G� (T)dT =

Z
G�; 0(T)dT (46)

so

C� =
R

G� (T)dT
Tmem(100:15 � 10� 0:15)

: (47)

Our expressionfor P� thus becomes

P� = � E Ab(X) C� EM (V) (48)

where
EM (V) =

X

i

� Z

Vi

N 2
e dV

�

(49)

is the volume emission measure. Each volume Vi contains plasma with temperatures such
that jlogT � logTmemj < 0:15,and the sumover i is requiredin casethere aredistinct regions
along the line of sight that satisfy this condition on T.
Now, solaremissionlinesareoften measuredasintensity (or radiance),I , with units typically
of erg cm� 2 sr� 1 s� 1. This quantit y is related to P� by

P� = 4�
Z

I dA (50)

where dA is the projected area of the emitting element. One thus relates the observed
intensity to an emissionmeasureby

4� I = � E Ab(X) C� EM (s) (51)

where EM (s) is the column emission measure, where s is the line-of-sight depth of the
emitting region.
Stellar emissionlinesaremeasuredin 
ux (or irradiance),E, with units typically of ergcm� 2 s� 1.
E is related to P� by

P� = 4� d2E (52)

where d is the distance to the object. The observed 
ux is then related to the emission
measureby

E =
1

4� d2
� E Ab(X) C� EM (V): (53)

If one treats the emitting region as a uniform, spherical shell of thicknessh then dV =
4� R2dh (R the distancefrom the star centre of the shell; typically R = R� , the radius of the
star) and so the expressionfor E becomes
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E =
1
2

R2
�

d2
� E Ab(X) C� EM (h): (54)

where EM (h) is the emission measure over height. The factor 1/2 denotesthat half the
photons from the shell are emitted towards the stellar surfaceand soare destroyed. Jordan
and co-workers (see,e.g., Jordan & Wilson [1], Jordan & Brown [2]) utilise this de�nition
and an assumptionof spherical symmetry to deduceenergybalancerelations in solar and
stellar atmospheres.

D.2 The primary routines

The routines aredivided into primary and secondary routines. The secondaryonesarecalled
by someof the primary routines, and chancesare that you won't have to usethem too often.
They are described in Sect.D.3.
All of the routines have headerswhich give more detailed information about how they work.
This headercanbereadin the normal IDL way through, e.g.,doc_library,'ratio_plotter ' .

D.2.1 pop plot.pro

This routine plots the valuesof
1020 � E njA ji =Ne (55)

against Ne. As discussedin Sect.8, if we only study lines in the emissionmeasureanalysis
for which this quantit y is independent of density, then the derived emissionmeasureis
independent of the plasmadensity.

Example: For Fe XI I I, selecta line/blend from lines in the range200 to 205�A

pop_plot,26,13,wrange=[20 0,2 05]

Note how no singleline shows zerodensity dependence,and socareshouldbe taking in using
Fe XI I I in emissionmeasureanalyses.Comparewith Fe XVI:

pop_plot,26,13,wrange=[33 0,3 70]

whereboth the 335and 360 lines are OK.

D.2.2 in tegral calc.pro

This routine calculatesC� , de�ned in Eq. 47. It displays both this value and the valuesof
� E C� and 4� =� E C� . For lines for which njA ji � Ne, C� is insensitive to Ne, but for other
lines Ne should be speci�ed. Note that for blended lines only

P
� E C� and 4� =

P
� E C�

are output. The routine alsooutputs the Tmem of the lines, accurateto 0.02dex.

Example: Work out C� for the Fe XI I I linesbetween200and 205�A at a density of 109 cm� 3.

integral_calc,26,13,wrang e=[200,205] ,dens=9.
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From Eq. 51, an observed line intensity of 100 erg cm� 2s� 1sr� 1 for the 202.044line implies
a column emissionmeasureof EM (s) = 100� 1:614� 1020=Ab(F e), where 1:614� 1020 is
taken from 4pi/DE*C lambdacolumn of the output.
For Fe XIV, onecan do:

integral_calc,26,14,wrang e=[210,220] ,dens=9.

and so to get the samecolumn emissionmeasurefor Fe XIV � 211.32,an intensity of 100�
1:614� 1020=2:280� 1020 = 70:8 erg cm� 2s� 1sr� 1 is required,where2:280� 1020 is the value
of 4pi/DE*C lambda for Fe XIV � 211.32.

D.2.3 temp plotter.pro and dens plotter.pro

Both temp\_plotter.pro anddens\_plotter.pro call a widget-basedroutine (ratio_plotter ,
via the keywords /temp and /dens) that allows the thorough investigation of density or tem-
perature sensitive ratios. Observed line intensitiescan be input for line ratios, and densities
or temperaturesderived.

Example: to study density sensitive ratios of Fe XI I I, simply type in

dens_plotter,'fe_13'

Try inputting some line intensities and errors from the SERTS-89 spectrum (Thomas &
Neupert [4]), and comparing the derived densities with those found by Young, Landi &
Thomas [5] in Table 20.

D.2.4 show pops.pro

Givespercentagelevel populationsfor all levelswithin the speci�ed ion that havepopulations
greater than 0.01%.

Example: Compute level populations for Fe XI I I at a density of 1010 cm� 3:

show_pops,26,13,dens=10

D.2.5 g of t.pro

Eq. 44 gives the de�nition of the contribution function as calculatedby the g of t routine.
In it's default setting g of t.pro actually calculates:

� E G� (T) = 0:83� E F (T)
njA ji

Ne

which is more usefulwhen consideringblendsof lines at di�erent wavelengths. The � E can
be `disabled' with the /no_de keyword. It is also useful to multiply the above function by
the element abundance,and this is accomplishedwith the /abund keyword. The output
function is tabulated over 4:0 � log T � 8:0 at 0.1 dex intervals. For smaller intervals, see
the ion interp routine.

Examples:
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result=g_of_t(26,13,dens= 9.)
result=g_of_t(26,13,wrang e=[200,205] ,/ab und)
result=g_of_t(26,13,/no_d e)

One can also use this routine to derive the Tmem of the emission line, by way of the
ion_interp.pro routine, e.g.,

result=g_of_t(26,13,dens= 9.)
ion_interp,t,result,ti,g_ ti, 10
print,ti(where(g_ti eq max(g_ti)))

result is tabulated at 0.1 dex intervals in temperature. ion_interp interpolates result
and in this casegivesit at 0.01dex intervals.

D.3 The secondary routines

Theseroutines are called by the routines above.

D.3.1 emiss calc.pro

Calculatesthe ion emissivity (Eq. 40) for all transitions within the CHIANTI model of the
ion. The returned data is in the form of a structure. The default is to calculateemissivities
for temperaturesTmax and log Tmax � 0:15, and densitieslog Ne = 8:0; 8:5; 9:0; ::::; 12:0.

Example:

emiss=emiss_calc(26,13)

D.3.2 emiss select.pro

Allows the selectionof lines/blends from the emissstructure created by emiss calc.pro .
This routine is useful if you want to accessthe emissivitiesof lines directly, e.g.,

emiss=emiss_calc(26,13)
em202=emiss_select(emiss, wra=[20 0,205],s el_i nd=sel_ ind)

In this example,calling emissselectyields a widget that allows one to selecta line/blend
from the 200{205�A range. The emissivitiesof this line blend will be contained in em202,
while the emiss index/indices of this line/blend will be contained in sel_ind .

D.3.3 ion in terp.pro

When reading the ionisation equilibrium �les, you will receive an array with absolute (as
opposed to log) ion fractions tabulated at 0.1 dex intervals from log T = 4:0 to 8.0. A
common need is to interpolate this data and obtain the ion fraction tabulated at smaller
intervals. As the ion fractions are generally sharply peaked, normal interpolation will lead
to negative ion fractions at several temperatures, and so a more satisfactory method is to
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interpolate the log of the ion fraction. However, you needto take the log of only the non-zero
valuesof the ion fraction.
The several lines of code required to perform the interpolation are straightforward but irri-
tating (when typed on many occasions!),and so this routine performsthe task.

Example: Useg of t to createa G(T) function for oneof the Fe XI I I lines,

result=g_of_t(26,13,dens= 9.)
ion_interp,t,result,ti,g_ ti, 5

The G(T) function is now tabulated at 0.02dex intervals. Note that if t is not speci�ed, it
is assumedto be a vector going from 4.0 to 8.0 in 0.1 dex intervals.

E More details

More details are found in the program headers(seethe html versionof this guide).

E.1 The CHIANTI line in tensities structure

The tags of the line intensities structure are:

.lines A structure containing information about the lines.
Its size is the number of lines in the spectrum. The
tags are:

.iz The atomic number of the elements (e.g., 26=Fe)

.ion The ionisation stage (e.g., 13=XIII)

.snote The identification of the ion (e.g., 'Fe XXIV d')

.ident The identification of the transition, configuration
and terms in text form.

.ident_latex
The identification of the transition, configuration
and terms in latex form.

.lvl1 The lower level of the transition (see .elvlc
file for ion)

.lvl2 The upper level for transition.
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.tmax The temperature of maximumemission of the line.

If the G(T) are output, tmax is the maximumof G(T).

If the isothermal approximation is used tmax=0.

If a DEMis used, tmax is the maximumof the
emissivity that includes the product of the ion
fraction and the DEM.
Roundedto nearest 0.1

.wvl Wavelength of the transition, in Angstroms.

.flag A flag, =-1 if the line has only theoretical energy
levels. Otherwise flag=0.

.int Intensity of line (erg/cm2/s/sr or phot/cm2/s/sr),
divided by the element abundance (exclusive with .goft).

.goft The G(T) of the line (optional /exclusive with .int).

.ioneq_name The ion balance file used (full path).

.ioneq_logt The Log10 T values associated.

.ioneq_ref The references.

.dem_name The differential emission measure file eventually used
(full path).

.dem The Log10 DEMvalues

.dem_logt The Log10 T values associated.

.dem_ref The references.

.model_name A string indicating the model used:

1- Constant density
2- Constant pressure
3- Function (Te,Ne)

.model_file Full path of the (Te,Ne) file if defined. Null string otherwise.

.model_ne the Ne value(s).

- a scalar if 'Constant density' is selected.
- an array if 'Function' is selected.
- 0. if constant pressure is selected.
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.model_pe the Pe value.

- a scalar if constant pressure is selected.
- 0. if 'Constant density' is selected.
- an array=density*temperature if 'Function' is selected.

.model_te the Te values if 'Function' is selected. Otherwise 0.

.wvl_units The wavelength units.

.wvl_limits The wavelength limits specified by the user.

.int_units The intensity units (erg/cm2/s/sr or phot/cm2/s/sr) if
intensities are calculated, otherwise the G(T) units
(erg cm3/s/sr or phot cm3 /s/sr)

.logt_isothermal
The Log10(T) values used.

.logem_isothermal
The Log10(EM) values used.

.date The date and time when the structure was created.

.version The version number of the CHIANTIdatabase used.

.add_protons
A flag (0/1) to indicate whether proton data were used (1)
or not (0) to calculate the level population.

.photoexcitation
A flag (0/1) to indicate if photoexcitation was included (1)
or not (0).

.radtemp
The blackbody radiation field temperature used (if
photoexcitation was included).

.rphot
Distance from the centre of the star in stellar radius units
(if photoexcitation was included).
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E.2 The CHIANTI spectrum structure

The spectrum structure output of MAKE CHIANTI SPEChasthe following ADDITIONAL
tags(comparedto the tagsof the CHIANTI line intensitiesstructure createdby CH SYNTHETIC:

LAMBDA The array of X-values
SPECTRUM The array of Y-values
UNITS The units of LAMBDA,SPECTRUM
WRANGE The wavelength range
INSTR_FWHMThe Instrumental FWHM
BIN_SIZE Width of the Bins (fixed) in angstroms
ABUND_NAMEThe CHIANTIabundance file name
ABUND The abundance values
MIN_ABUND The minimumabundance value used
ABUND_REFThe references
CONTINUUMThe values of the continuum (if calculated)
FILE_EFFAREAThe Effective Area File used (optional)
EFFAREA The array of effective area values

(optional - samesize of LAMBDA)

.LINES An array of structures, for all the lines used
to calculate the SPECTRUM.
The tags are the sameas those created by
CH_SYNTHETIC,plus

.PEAK The peak intensity of the line in the spectrum
(approx. value)

F List of main CHIANTI routines with description
and headers

Only available in the html version.

G List of all CHIANTI routines with description and
headers (alphab etical order)

Only available in the html version.
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