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Abstract

The astronomical data archives from space and ground-based telescopes present a vast opportunity for the community. We describe a classification encoding system for stellar spectra designed for archival databases that organizes the spectral data by “spectral classes.”  These classes are encoded into a digital format of the form TT.tt.LL.PPPP, where TT and tt refer to spectral type and subtype, LL to luminosity class, and PPPP to possible spectral peculiarities. As a data source, the Multi-Mission Archive at Space Telescope (MAST) plans to use an extant comprehensive web-based catalog of “best” spectral types for those stars listed in MAST’s spectroscopic mission database. The encoding system will allow users to request archived data based on spectral class ranges, thereby streamlining an otherwise tedious data discovery process.
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1 Introduction

Astronomers using archival data have a need to download metadata (descriptive parameters of objects) or data (FITS files describing wavelengths and fluxes) for groups of like stars without making explicit searches by star name one at a time or by cross correlation of established catalogs. In fact, this is one of the most common requests the Multi-Mission Archive at the Space Telescope Science Institute (MAST) receives. The IUE satellite project, with the FUSE project following suit some years later, attempted to solve this problem by cataloging stars by “Object Classes.”  Later NASA space-borne missions have not attempted any such plan and at most have provided “object classes” as arbitrary strings taken from the literature. Then for all practical purposes each star’s entry becomes a group containing as few as one member.

There were two general problems that prevented the IUE Object Class system from succeeding and thereby preventing archival data users from conveniently retrieving archival information on groups of stars with common properties. One was that owing to its simplified nature, the object class scheme introduced ambiguities that limited its usefulness. For example, a B2Ve star could be called either a B2V star (thus, B0-2 II-V spectral types correspond to Object ID = 20) or a Be star (Class 26). Both descriptions are accurate yet incomplete, so it often happened (in this example) that different observations of the same object catalogued this ID number as either 20 or 26. Therefore, searching on all the observations of Class 20 would not give a complete list of the observation identifiers.  More generally, the scheme was limiting in that it did not require a single consolidated resource of spectral types.

The need to develop a classification system for retrieving astrophysically relevant data for celestial objects has been anticipated by the IVOA. For example, the Spectral Data Model (Version 1.02; see Section 5.6) states:


 “At the moment there is no international standard list of valid values for Target class and spectral class. Nevertheless an initial deployment of the VO would gain some benefit from using archive-specific classes, and provide a framework for converging on a standard list.”

This document addresses this need by describing a new nomenclature system of “spectral classes” for stars. This system must be broad enough to account for well defined spectral peculiarities and yet must be conceptually easy enough for readers to understand from a brief description, if indeed they need to understand it at all. Our aim for this document is that it provide a conceptual framework from which diverse types of nonstellar astronomical objects may be defined later as well. Our nomenclature scheme is defined in Section 2 and is developed by examples in Section 3. In Section 4 examples are web interface implementation forms that MAST plans users may encounter to exploit this system.

There are at least a few possibilities for implementing the encoding scheme into a VO-compliant set of webservices, script-querying tools, and web interface forms that enable tailored searches across several data archives. MAST envisions multiple entry points into archival searches. Examples of MAST web forms are outlined in Section 4. Our general concept is to provide results for one or more spectral classes spanning a discrete range in spectral type and luminosity class. The results will be tables with each row containing basic information (metadata) about a star. One of the first entries in the row will be hyperlinked. This will allow retrieval of an SSAP-compliant FITS file (in most cases) as a second step.  MAST will obtain spectral classifications either through the CDS
 Sesame webservice or other comprehensive catalogs of spectral types staged at the CDS/VizieR or other public-access facilities. We anticipate that future versions of this document will include a new section on the utilization of the numerical codes to query a database.
2 The Concept of “Spectral Classes”

We define the term “spectral class” as a cell in three dimensional phase space that describes a star’s spectrum in terms of its spectral type, luminosity class, and possible well defined peculiarities. A star’s spectrum may be uniquely and unambiguously assigned to a spectral class cell by means of an ASCII string known as its spectral classification. A spectral class system is a series of digital codes that expresses this classification. As mentioned in the previous paragraph, the concept of a spectral class for astronomical objects was anticipated in the Spectral Data Model document (see also Table 1 of that document). To take this concept a step further, we describe the mapping of spectral classes in the IVOA context by means of a series of integer codes by which spectral types of stars can be substantially specified by the above three classification parameters.        A key purpose of such a system is to facilitate large and targeted retrievals of information from any astronomical archival data center. 

2.1 General Guidelines

The general philosophy behind a spectral class nomenclature scheme is that it adheres to the following guidelines:

i. All attributes are entirely derivable from a star’s spectrum (generally in the blue-optical region, but if need be from the near-IR or near-UV), and not from the star’s photometric characteristics (e.g., color or variability). 

ii. The overall spectral class system should adhere to general rules and conventions of stellar spectral classification for like groups of stars.           In contrast, they should not be taken from an ad hoc spectral type contrived for a particular star’s peculiar and perhaps unique spectrum.  We will develop this point by listing in Appendix A the set of commonly defined spectral types.

iii. A star’s spectral class should be uniquely mapped to elements of the scheme. (Reverse mapping is also desirable but is difficult to achieve in practice.)

iv. The coding system should provide room for potential growth and development for possible discovery of new spectral types or peculiarities.

v. The scheme should ignore nonstandard spectral type or peculiarity descriptions. (Translation: no funky characters.)

Certain guidelines, such as point ii, will be left deliberately vague because spectral types are human contrivances. They are best left to the consensus opinion of experts who are aware of the needs of classification criteria to be static on one hand and of infrequent additions of attributes on the other. We have recruited as experts the Organizing Committee ofls  the IAU Commission 45 (Stellar Classification) and two authors of this Note, Richard Gray and Chris Corbally, who have recently written a monograph on spectral classification (see References).  

2.2 Scheme outline: TT.tt.LL.PPPP

We specify the format of our spectral class system by the string TT.tt.LL.PPPP.

Each letter is represented in the database as an integer running from 0 through 9.

2.2.1 Representation of spectral types and luminosity classes
Pairs of digits for TT, tt, and LL may range from 00 through 99.  These 100 numbers are cells denoting spectral types, subtypes, and luminosity classes respectively, as in the Morgan-Keenan (MK) system, - and beyond. For all four major classification parameters, including spectral peculiarities, a “00” or “0” represents “no information.”  In order to allow both for all the traditional major spectral types and some new ones, a second digit is allocated.  In addition, the allotment of two digits for LL permits subdivision of more than the traditional I-V luminosity subclasses, especially for supergiants and stars near the Zero Age Main Sequence. Tables that map types and class to the TT.tt.LL digits are given in Appendix A. We note parenthetically that apart from spectral types L and T, such types as the hypothetical “Y” (theoretical, with Teff < 700oK) and “?” are offered to provide possible growth for “undiscovered” spectral types.

2.2.2 Assignment of Spectral Peculiarities, P1P2P3P4
All stars including the standards are peculiar at some level. Hence, the most complicated part of any classification system is the array of spectral peculiarities, usually designated by a single letter or character. The descriptions of these attributes, P1P2P3P4, each of which has a value in the range 0-9, and notes to them are given in Appendix B.  The integers P1 and P2  encode spectral peculiarities that can appear “globally” across large regions of the HR Diagram. They are mutually duplicative in order to represent as many as two global peculiarities. Codes P3 and P4 are included to specify more fully the peculiarities that often cannot be represented by P1 and P2 alone. Peculiarities P3 and P4 often refer to chemical abundance anomalies, and they tend to differ from one spectral type to another, and each of their values is distinct from any other. So, for example, a value P4 = 3 for A star spectra has a different meaning than P4 =3 for M stars. The Appendix B tables for these codes are defined for each major spectral type.
In order to maintain flexibility of user choice, it is necessary to impose a few rules to the P1 and P2 codes at the expense of simplicity. The first of these is that if only one global peculiarity is present, its value is assigned to P1. Second, with one exception, the peculiarities encoded by P1 and P2  are assigned according to the order in which they appear in the P1P2 table in Appendix B. So, for example, “Aen” and “Ane” stars will be given identical P1 and P2 codes (P1P2 = 38) because the “e” peculiarity occurs in the P1P2  table before the letter “n.” This is to be desired because the Aen and Ane types are essentially the same. Put another way, the peculiarities are interpreted as “commutative” (interchangeable). The one exception to the commutativity rule is for the peculiarity “p” itself. The placement of “p” in the original classification string is important and is therefore reflected in the P1P2  sequence. Then in our examples below the “Bep” and “Bpe” stars are in fact different types of stars, so we have P1P2  = 32 and 23 for them, respectively. 

The P3 and P4 anomalies can also be used to further clarify what is meant by        “peculiar.” For composite spectra (P1 or P2= 1) the spectral type of the secondary star is specified by P3P4 – that is, this two-digit code gives the TT type of the secondary. If the secondary’s type is not known, it is coded in P3P4 as”00”.  In the

case of a non-composite spectrum with the peculiarity “p,” P3P4 means an unspecified peculiarity. Thus, for a star classified “Ap”, P1 = 2, P2 = 0, and P3P4 = 00. The classifier noted the peculiarity only by “p” and did not elaborate. 
2.3 Special Characters

There are still some types of complex spectral type strings that cannot be completely mapped to this coding system. Because of this fact, the system cannot be reversed mapped to a spectral string reliably if spectral peculiarities are present. In order to avoid further complexity, some characters that have well understood meanings will be ignored in the parsing of the complete spectral classification string.  Examples of ignored symbols are “(“, “)”, “?”, and “:”. Examples of valid special characters are:

· .  (decimal point)   A number after a decimal point, defined by the original  classifier  as a fractional spectral subtype tt  is ignored in this system. Thus, the subtype is treated as a truncated integer, e.g.: B9.5 ( B9.

· - (dash symbol)  This symbol between two Roman numerals is interpreted as an intermediate value between two numbers. See the luminosity classe table in Appendix A.

· / (slash symbol)  If this symbol appears between two Roman numerals, as with “Iab/I”, the case is treated in the LL table in Appendix B. However, if “/” occurs between two Arabic numbers, like “4/5,” it is assumed to refer to a spectral subtype. The usage of a “/” for subtypes results in the value being rounded to the smaller number (in this example, 4).  Exceptions to this include the S-type stars and notation used by some classifiers for Am stars, and these will be handled as experience warrants on a case by case basis.

· + (plus sign)  Between two spectral type substrings this character signifies a composite (or implied composite) spectral type.  Sometimes the “+” can appear as a modifier to a luminosity class, such as in “Ia+,” Because the character “+” is not included in our luminosity class tables, it would be ignored in this example.

These symbols or other non-alphanumeric characters will be ignored if they appear in other contexts.

3 Examples

We exhibit many of the facets of the coding system by means of examples that bring out different general and sometimes subtle aspects of the system.

3.1.1 Single-star spectra

· F5

We expect that any database will contain mainly faint stars for which detailed information on the spectral type is unavailable. Thus, a spectral type of “F” alone would be encoded as:  F  ( 13.00.00.000. All zeroes signify an absence of classification information. They do not speak to the possibility that a new classification based on a higher quality spectrum than was used to determine the F5 classification might disclose a luminosity class and peculiarities. It follows that F5 ( 13.15.00.0000, where, from Appendix A, code 15 represents the subtype 5. The implied ambiguity for luminosity classes and peculiarities (as unknowns) in this example is handled by the 00 codings.
· A3 IVn

A3 IVn  (  12.13.21.8000. This example represents the LL code 21 for luminosity class IV and the peculiarity code P1 =8 for “n” (nebulous; i.e. broad-lined) – see Appendix B. Here a nonzero P1 value is assigned because an ‘n’ peculiarity may be defined for all spectral types. Also note that there is no distinction between “(n),” “n,” and “nn.”

· O7 IIIf

O7 IIIf  (  10.17.18.0002. Here the LL code of 18 represents class III. This example differs from the previous one in that the “f” peculiarity is defined only for O-type stars, for which P4 = 2.
· SN Ia

 SN Ia ( 29.10.00.0000 . The TT table in Appendix A gives a spectral type code for all supernovae, 29.  We emphasize the point that the numeral “I” (denoting a type of supernovae) does not represent a luminosity class on the HR Diagram. Rather, it serves to bifurcate the phenomenological types of SNs. Because “Ia” is interpreted as the tt spectral subtype,  SNIa (  10. 

· sdO

sdO ( 31.00.00.0000.  “sdO”  is another spectral type not contemplated in the original MK system. Nonetheless, sdO is a recognized spectral type, denoting a hot subdwarf (hence “sd”).  Types TT = 30-33 (containing “sd”) and TT = 25 (containing “CHd”) are the only occasions for which lower case  is used to denote part of a spectral (temperature) type string. (Lower case letters are used otherwise to modify luminosity classes, as in “Va” and to denote many peculiarities.
· L5 

L5   ( 17.15.00.0000.  Our encoding system recognizes the need for newly defined cool spectral types, such as the transition from stars to brown dwarfs, as based on infrared spectra. Hence, we provide for types L and T.

· SC9/8 Tc

      SC9/8 Tc ( S9 Tc ( 26.19.00.0021. The S spectral type is a supplementary   

      type to the MK system. It was introduced to describe spectra of cool stars    

     with nonsolar aundance peculiarities ([O] ~ [C] and enrichments of 

      nucleosynthetic s-process elements like Zr. Note also in this example that the 

      integer 8 (on a scale of 1 to 10) parameterizes the elemental abundance ratio 

      C/O in the S-type stars. (This fact is not part of this spectral class encoding 

      system!) The SC and Tc  anomalies are handled by P3P4 = 21 peculiarity 

      designations to the spectral type S (Appendix B).

· kA3hF0mF2 III

kA3hF0mF2 III ( F0m III ( 13.10.18.0005. This is an example of a detailed spectral classification for an Am star, where the designation “m” for “metallic lined” requires that P4 = 5 for an A-type star (Appendix B). Spectral classifications of these stars are given three distinct subtypes, one each for the K-line (“k”), the hydrogen lines (“h”), and metallic lines (“m”). Only the hydrogen line type designates the true spectral type, which in this case is F0 (tt = 10).

· Bep

Bep ( 11.00.00.3200.  Bep denotes a Be star. By definition the spectrum shows or has shown in the past Balmer emission lines. The “p” indicates the spectrum has peculiarities of an unspecified nature. In this case P1 = 3  and P2 = 2 because, astrophysically, “e” is the leading peculiarity and “p” the (auxiliary) one.

· Bpe

Bpe ( 11.00.00.2300. Bpe denotes a Bp star. Their spectra typically are peculiar in the strengths of the He I absorption lines. In this case, the spectrum also happens to show Balmer emission. (In contrast, Be stars show normal  He I line strengths.) The precedence of these peculiarities, one of which is “p,” is determined by the first-occurring symbol, so the numerical P1P2-code is reversed from the previous example: P1 = 2 and P2 = 3. 
3.1.2 Composite spectra

Composite spectra contain lines of both binary components, and therefore some estimate can be made of both their spectral types. However, the identification of two stars in a single composite spectrum requires the use of at least 3 of the PPPP codes. The code P1  = 1 (or P2 = 1) designates a composite spectrum.      If one additional global peculiarity is noted in the primary star’s spectrum, it can be encoded in P2; if the peculiarity is noted only for the secondary, it is ignored.  If the spectral type can be discerned P3 and P4 are forced to nonzero values to denote the spectral type of the secondary star. If the secondary spectrum is unknown P3 and P4 are set to zero. For special cases like Wolf-Rayet stars, a composite nature is considered a spectral type-specific peculiarity, and is therefore encoded by a nonzero P3 or P4 value rather than by P1 or P2 = 1.       An example of this usage occurs below.
· B5e+sd0

      B5e+sd0 ( 11.15.00.1331. Like most examples of composite spectra, no 

      luminosity information is available in this case. P1 = 1 announces the 

      composite nature of the  spectrum. The slash symbol between two Arabic 

      numbers is a separator for spectral subtypes. The peculiarity code P2 is set to  

      3 to  show that the spectrum of the primary star exhibits emission lines (by 

      definition, the component that contributes the most optical flux). The spectral 

      type of the secondary determines the P3 P4 codes, which are now used for its 

      spectral type, sd0.
· WN5ha+OB

WN5ha+OB ( 52.15.00.0041. In this example, the Wolf-Rayet nitrogen sequence spectral type is anomalous in two respects. First, the spectrum shows indications of hydrogen as a peculiarity, and from Appendix B under the Wolf-Rayet table, P3 = 4. Second, absorption lines are visible in the spectrum, which is peculiar for a Wolf-Rayet spectral type. The classifier has attributed the absorption lines to a companion, and has called that companion an OB star. Thus, in Appendix B the P4 table for Wolf-Rayet stars designates the “+ OB” string as a peculiarity. Thus the composite nature is given by P4 and not by P1= 1. (In fact, a P1 =1 would be illegal because a P1 = 1 requires P3P4 to be the spectral type of the secondary star when the secondary type is known.)

· sdB3e:+M4e

      sdB3e:+M4e ( {sdB3 + M}e ( 32.13.00.1316. In this case, the primary’s

      spectral type and subtype are sdB3, hence TT.tt = 32.13. As in the previous 

      examples, the spectrum is composite, and because “composite” occurs first 

      in the P1/P2  table, it is P1which is coded to the composite value of 1. The  

      character “:” is ignored. Because lines of either or both stellar components 

      are in emission, we have P2 = 3.  The known spectral type of the secondary,    

      M, determines that the (merged) P3P4 value as 16. 

· Gp + M0III

       Gp + M0III ( {GIII + M)p ( 14.00.00.2118. This case demonstrates the 

      ability of our coding system to allow for the two most important global

      peculiarities, which are, respectively, “composite” and “p.” In this example 

      the “rule of distinctness for ‘p’” has priority over the “rule of peculiarity

      assignments in the P1P2  table,” so P1 and P2 values are assigned values 2         

      and 1, respectively. (Note, incidentally, that for the complementary examples, 

      “Gpe + M0III” and “Gep + M0III”, P1P2  equals 21, and the “e” is dropped.)           

      Finally, the LL code is reserved for the luminosity class of the primary, which

      is unspecified. Thus, LL =00.

4 Implementation

Although the core of this Note refers to the encoding system per se, it is helpful to give examples of how the mapping scheme will be implemented, both in terms of the routing of requests and the presentation of a web interface form for users.

4.1 Data Source

MAST intends to utilize a resource that provides a “best” spectral type for all objects for which pointed spectroscopic observations exist in its archives. 

One such service is the Sesame service made available at CDS/Simbad at: 

   http://webviz.u-strasbg.fr/viz-bin/VizieR?-source=B/mk



The following url would retrieve CDS’s “best” spectral type, B2III, for HD60753: 

    http://vizier.u-strasbg.fr/viz-bin/nph-sesame/-ox/?HD60753
In MAST’s implementation a script will be made periodically (annually) to harvest and update new spectral types for all stars in its spectroscopic missions object database.  A parsing program, encapsulating the scheme and encoding rules, discussed in Sections 2, 3, and the Appendices, is then run on these spectral types. The encoded classes, in TT.tt.LL.PPPP format, are stored as integers in seven spectral class fields in the database– one each for TT, tt, and LL, and four for the 4 P codes.

4.2 Implementation of Database search queries

Although most of this document is devoted to the exposition of the spectral class nomenclature system itself, i.e. the mapping from spectral classification strings to a numerical coding system, important details must be resolved to ensure the success of the system to archival data users. Such details may be resolved differently by different archive centers, depending on the convenience and practices of members of their particular user communities. 


For example, one need that MAST foresees is the ability to request by one action a “bundle” of peculiarity types that are related astrophysically.  Thus, one might want to download lists of stars and their data that are peculiar in certain similar respects, e.g. “give me a list of A-type stars that are Ap, whether the “p” occurs in the spectral classification string or not.” This query would harvest all stars classified as “A SrCrEu  stars” (with permutations among these anomalies) and “Si stars” that are by astrophysical definition also Ap stars, in addition to those with explicit classification of “Ap.” A similar query might include mutually exclusive parameters that describe extreme stellar conditions, such as “give me all B stars that are either sharp-lined (‘s”) or broad-lined (“n”).   Decisions as to how or whether to permit such questions permit the nomenclature system to retain its versatility without overburdening it with rules for the peculiarity codes that can be difficult to interpret and are susceptible to errors in computer parsing and search programs.

A second class of queries might utilize the IVOA Simple Spectral Access 

Protocol (SSAP) to retrieve information on stars of a particular spectral type from any data center supporting the new spectral class system. For example, by defining a new SSAP input parameter SPCLASS, users could search for all "G2e" stars by adding the string "SPCLASS=14.12.3000" to their SSAP request. Some range-list type queries should also be possible. Then, searching for both A3II and A3IV stars with no known peculiarities could be requested as "SPCLASS=12.31.15.0000;12.31.21.0000".  Ranges could be allowed if performed on one element of them at a time.

Although much work needs to be done in these areas, MAST has made several provisional decisions for its own web-based implementation of the spectral class system, summarized as follows:

· the code 0 is to be interpreted as “unspecified” or “unknown.” 

· the case of the “implicit peculiarity” can be tailored for groups of peculiarities which considerable study has shown are related (e.g. the Ap subgroups), even though this cannot be inferred by examination of an individual star’s spectrum at classification dispersion. 

· the web interface will allow multiple selections for each field.

4.3 Web Interfaces

The following lists examples of interface forms for spectral classes that a MAST user can soon expect to discover.  Other archival centers may choose to implement the search procedures, the interpreting of the nomenclature codes to query a database, or the presentations (web interfaces) in different ways. The results of a search will include a star name (e.g. “HD12345”), relevant metadata, the TT.tt.LL.PPPP code, the original spectral classification string, and a link to download one or more representative datasets as a second step in the data discovery process. MAST will also provide the results in alternative formats such as CSV, VOTable, and Excel Spreadsheet.
4.3.1 Interface 1:  requests by dropdown menu of tables

The image shown in Figure 1 is a mock-up of a standard MAST query web form.

This general form allows users to specify as little or as much of the spectral object class ranges as they wish. When the user selects a particular spectral type the appropriate 4-table set of peculiarity menus will appear. If the user wants to retrieve all A stars, for example, he/she clicks on type “A” and submits the query.

If the user wants only “normal “ A stars the four peculiarity values should be specified as “none.” We show as an example the P1P2P3P4  menus that appear for peculiarities pertaining to spectral type A. One may highlight any set of selections on the tt, LL, and PPPP menus as needed, with the important proviso that spectral type ranges cannot be cross boundaries between whole spectral types if spectral subtypes are also specified. Thus, submitting a request for B1-B9 is allowed, but a selection of B9-A0 will require two separate requests for B9 stars and A0 stars on this form. 
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Figure 1:  A web search form allowing users to input a range of spectral classes, including spectral types, luminosity classes and any peculiarity codes. This example shows peculiarity classes for an input spectral type of A.

4.3.2 Interfaces 2:  define request through type/class plane 

Figure 2 is a mock-up of a color-coded “HR Diagram” contour plot that will allow users to define a region of TT.tt.LL space by a quick cursor drag/click action. This form allows one to request in one action all objects within a range of spectral types and luminosity classes, irrespective of peculiarity conditions. The box specified may cross TT boundaries (e.g., in our example above, B9-A0).  Our mock up attempts to exhibit population demographics of the stars in the MAST database. Some of these stars, like planetary nebulae, will show up as groups. This will make it easier to select all the members of such classes easily.
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Figure 2: A user may request a list of stars over a range of spectral classes for retrieval by drawing a cursor box over a dynamic TT.LL plane on a web portal.

This mode will retrieve all stars irrespective of peculiarity status.

4.3.1 Interface 3: explicit request for a particular code

For users interested in obtaining lists of all available stars with a particular spectral type, including peculiarity codes, a blank box will be provided on the general form (Figure 1). Users may consult an encoding help page, which will detail the full description of the coding system, as in Appendices A and B.

5 Community Comments and Approval Paths

5.1 IAU Commission 45 (Stellar Classification)

This document and the poster upon which it is based [1] have been submitted to the IAUC 45 for discussion and approval. The nomenclature scheme is adapted from spectral classification protocols recently set forth in a textbook on the subject [2] and are familiar to the Organizing Committee of IAU Commission 45 (Stellar Classification).

5.2 Standard Star Newsletter

An abbreviated version of this document has been published in Standard Star Newsletter No. 44 in April, 2008 (ed. R. O. Gray).  Feedback was solicited from the Newsletter readership.

5.3 The IVOA Semantics Working Group

Comments and eventual approval will be solicited from the IVOA Semantics Working Group (and other committees it may recommend) at the IVOA meeting scheduled for October, 2008 in Baltimore.

Appendix A: Tables Mapping Spectral Types and Luminosity Classes 

                TABLE OF SPECTRAL TYPES  (TT),  CODES  &  DESCRIPTION  

Sp   Code  Desc.        Sp   Code      Desc.                  Sp   Code    Desc.               Sp  Code   

	--
	 00
	Unkn.
	
	Y
	19
	For future cool brown dwarfs
	
	SN
	29
	Supernovae
	
	DZ
	45
	a

	O
	10
	O type
	
	  ?
	20
	For future class cooler than Y
	
	sd
	30
	subdwarf w/o type
	
	DQ
	46
	

	B
	11
	B type
	
	CR
	21
	R carbon stars
	
	sd0
	31
	O-type subdwarfs
	
	PG
	47
	PG1159 stars

	A
	12
	A type
	
	CN
	22
	N carbon stars
	
	sdB
	32
	B-type subdwarfs
	
	D?
	48
	reserved for

new WD type

	F
	13
	F type
	
	CJ
	23
	J carbon stars
	
	sdA
	33
	A-type subdwarfs
	
	D??
	49
	reserved for

new WD type

	G
	14
	G type
	
	CH
	24
	CH stars
	
	D
	40
	white dwarf  without type
	
	NS
	50
	Neutron stars

	K
	15
	K type
	
	CHd
	25
	Hyd-deficient carbon stars
	
	DA
	41
	DA white dwarfs
	
	WR
	51
	Wolf Rayet   without type

	M
	16
	M type
	
	S
	26
	S-type stars
	
	DB
	42
	
	
	WN
	52
	N-seq. WR stars

	L
	17
	L type
	
	N 
	27
	Novae
	
	DC
	43
	
	
	WC
	53
	C-seq. WR stars

	T
	18
	T type
	
	??
	28
	(Open for future)
	
	DO
	44
	
	
	WO
	54
	O-seq. WR stars


ENCODED SUBTYPES (tt) FOR NON-EXPLODING STARS:

     Code            Subtype 

	  00
	Unknown

	 10-19
	0-9

	  20
	e.g., “M10”


ENCODED SUBTYPES (tt) FOR NOVAE AND SUPERNOVAE:    

 Code      Nova Class            Code    SN Class                          

	00
	unknown
	
	00
	unknown

	10
	He/N 
	
	10
	Ia

	11
	Fe IIn 
	
	11
	Ib

	12
	Fe IIb 
	
	12
	Ic

	
	
	13
	Ib/Ic

	
	
	14
	II

	
	
	15
	IIb

	
	
	16
	IIn


TABLE OF LUMINOSITY CLASSES (LL):

Class         Code        Class   Code       Class      Code                    

	unkn.
	00
	
	II-III
	16
	
	Va, V
	  23
	
	
	

	0
	10
	
	IIIa
	17
	
	Vb,Vz
	  24
	
	
	

	Ia
	11
	
	IIIab, III
	18
	
	VI
	  25
	
	
	

	Iab, I 
	12
	
	IIIb
	19
	
	VII
	  26
	
	
	

	Ib
	13
	
	III-IV
	20
	
	VIII
	  27
	
	
	

	I-II, Ib-II
	14
	
	IV
	21
	
	IX
	  28
	
	
	

	II
	15
	
	IV-V
	22
	
	
	  
	
	
	


Appendix B:  Tables Mapping Spectral Peculiarities

TABLE OF “GLOBAL” PECULIARITIES (P1 and P2) 

Code             Description

	0
	Unspecified

	1
	Composite spectrum (P3,P4 describe sec.)

	2
	p (may be unspecified)

	3
	e (emission lines)

	4
	[e]

	5
	wind lines or P Cyg profiles

	6
	variable

	7
	s (sharp lines)

	8
	n,  nn (broad lines)

	9
	(open for future)


NOTES ON GLOBAL (P1P2) PECULIARITIES:

1.  If one global peculiarity is present, its value is assigned to P1.

2.  If more than two global peculiarities are present the third (and higher) ones are dropped in the coding   

      unless one of them is a “p.”

3.  For 2 global peculiarities, P1 and P2 may not be coded to the same nonzero value.

4. Except for Note #5, the values of two global peculiarities will be coded to P1 and P2 in order of

    their numerical assignments in this table, i.e. the value of P1 should be less than P2.

5. The “p” peculiarity is coded within P1P2 according to where it appears in the original classification string.

6. A “composite spectrum” is considered a global peculiarity, and the following rules apply:

      a)   TT.tt.LL.P1P2 codes refer to the primary’s spectrum

      b)    P3P4 refer to the TT type of the secondary’s spectrum.

          Table of Peculiarities P3, P4 determined by TT Spectral types:

        Wolf-Rayet  Stars                                                          Types  GK

 P3      Description      P4    Description                         P3     Description    P4     Description 

	0
	No peculiarity
	0
	No peculiarity
	
	0
	No peculiarity
	 0
	No peculiarity

	1
	b [broad-lined]
	1
	+ OB [composite]
	
	1
	CN+ [strong CN]
	 1
	Ba+ [barium star]

	2
	(h) [wk hydrogen]
	
	
	
	2
	CN-
	 2
	Ba Fe+ [metal rich Ba+]

	3
	h [hydrogen present]
	
	
	
	3
	CH+
	 3
	Ba Fe-

	4
	ha [hyd. + abs lines]
	
	
	
	4
	CH-
	 4
	Fe+   [metal rich]

	
	
	
	
	
	5
	CN+ CH+
	 5
	Fe-    [metal deficient]

	
	
	
	
	
	6
	CN+ CH-
	 6
	C2   [enhanced Swan]

	
	
	
	
	
	7
	CN- CH+
	 7
	Ba C2  [Ba * with Swan]

	
	
	
	
	
	8
	CN- CH-
	 8
	Ca  [Ca peculiarity]


         Types OB  (also sdB, sdO)                                     Types MLT

  P3     Description      P4     Description                       P3     Description     P4        Description 

	0
	No peculiarity
	 0   
	No peculiarity
	
	0 
	No peculiarity
	 0
	No peculiarity

	1
	He  [strong & weak]
	 1
	Horizontal branch
	
	1
	Ba+ [Ba strong]
	 1
	Fe+

	2
	HgMn
	 2
	f
	
	2
	sd  [subdwarf]
	 2
	Fe-

	3
	Si
	 3
	f+
	
	3
	esd  [extreme sd]
	
	

	4
	SiCrEu
	 4
	f*
	
	
	
	
	

	5
	SrCrEu
	 5
	Metal-strong
	
	
	
	
	

	6
	SiEu
	 6
	Metal-weak
	
	
	
	
	

	7
	Cr
	 7
	shell
	
	
	
	
	

	8
	Sr
	 8
	CNO peculiarities
	
	
	
	
	


                 Types AF                                              White Dwarf Types (“D” type)

P3     Description        P4     Description                        P3    Description      P4      Description 
	0
	No peculiarity
	 0          
	No peculiarity
	
	0
	No peculiarity
	 0
	(same as P3)

	1
	HgMn
	 1
	Horizontal branch
	
	1
	A
	 1
	        ”

	2
	Si
	 2
	Lambda Boo
	
	2
	B 
	 2
	        ”

	3
	SiCrEu
	 3
	Metal-weak
	
	3
	O
	 3
	        ”

	4
	SrCrEu
	 4
	Metal-strong
	
	4
	Q
	 4
	        ”

	5
	SiEu
	 5
	Am-Fm
	
	5
	Z
	 5
	        ”

	6
	Cr
	 6
	shell
	
	6
	H
	 6
	        ”

	7
	Sr
	 7
	Ba  [Ba dwarf]
	
	7
	P
	 7
	        ”

	8
	
	 8
	Rho Puppis
	
	8
	D
	 8
	        ”


----------------------- P3, P4  Codes for Special Abundance Types   ----------------------

            Type C (Carbon Stars)                                            Type S (S Stars)

 P3     Description         P4    Description                      P3    Description      P4     Description 
	0
	No peculiarity
	0
	No peculiarity
	
	 0
	No peculiarity
	 0
	No peculiarity

	1
	MS [Merrill-Sanford bands]
	1
	j  [C13 enhanced]
	
	 1
	MS stars
	 1
	Tc-rich

	2
	cD [dwarf carbon star]
	 
	
	
	 2
	SC stars
	 2
	Tc-poor
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