MaxBCG SQL code for MySkyServerDr1 (http://www.skyserver.org/myskyserver/)
Date: Nov / 23 / 2004
Note: If you wish to try this code using CasJobs (http://casjobs.sdss.org/casjobs), substitute MySkyServerDr1.dbo for your target database (e.g: dr1, dr2, or dr3)

If you have MyDB or Interface problems please contact

  Nolan Li <nli@pha.jhu.edu>, 

  Wil O'Mullane <womullan@skysrv.pha.jhu.edu>

General questions about the SQL code to Maria A. Nieto-Santisteban nieto@pha.jhu.edu
-- ********************************** Schema

CREATE TABLE Kcorr ( 

--/D expected brightness and color of a BCG at given redshift 


zid
int identity (1,1) PRIMARY KEY NOT NULL,


z
real,

--/D redshift


i
real,

--/D apparent i petro mag of the BCG @z


ilim
real,

--/D limiting i magnitude @z


ug
real,

--/D K(u-g)


gr
real,

--/D K(g-r)


ri
real, 

--/D K(r-i)


iz
real,

--/D K(i-z)


radius
float

--/D radius of 1Mpc @z

)

-- Import the K-correction table into your database 

CREATE TABLE Galaxy ( 

--/D One row per SDSS Galaxy, extracted from PhotoObjAll


objid 
bigint PRIMARY KEY,
--/D Unique identifier of SDSS object


ra 
float,

--/D Right ascension in degrees


dec
float,

--/D Declination in degrees


i 
real,

--/D Magnitude in i-band


gr 
real,

--/D color dimension g-r


ri 
real,

--/D color dimension r-i


sigmagr float,

--/D Standard error of g-r


sigmari float 

--/D Standard error of r-i  

)
CREATE TABLE Candidates ( 
--/D The list of BCG candidates


objid 
bigint PRIMARY KEY,
--/D Unique identifier of SDSS object


ra
float,

--/D Right ascension in degrees


dec
float,

--/D Declination in degrees


z
float,

--/D redshift


i
real, 

--/D magnitude in the i-band


ngal
int, 

--/D number of galaxies in the cluster


chi2
float

--/D chi-squared confidence in cluster

)

CREATE TABLE Clusters (
--/D Selected BCGs from the candidate list


objid 
bigint PRIMARY KEY,
--/D Unique identifier of SDSS object


ra 
float,

--/D Right ascension in degrees


dec
float,

--/D Declination in degrees


z 
float,

--/D redshift


i 
real,

--/D magnitude in the i band


ngal 
int,

--/D number of galaxies in the cluster


chi2 
float

--/D chi-squared confidence in cluster

)

CREATE TABLE ClusterGalaxiesMetric (--/D Cluster galaxies inside 1 MPc at R200



clusterObjID 
bigint,
--/D BCG unique identifier (cluster center)



galaxyObjID 
bigint,
--/D Galaxy unique identifier (galaxy part of the cluster)


distance 
float
--/D distance between cluster and galaxy

)

GO
CREATE VIEW Zone AS
--/D Primary Galaxy view of the zone table in SDSS database. 

SELECT
ZoneID,


--/D Zone number based on 30 arcseconds


objid, 


--/D Unique identifier of SDSS object


ra, 


--/D Right ascension in degrees


dec, 


--/D Declination in degrees


cx, 


--/D x, y, z unit vector of object on celestial sphere


cy, 


--/D


cz


--/D  

FROM MySkyServerDr1.dbo.Zone
--/D 

WHERE mode = 1 and type = 3
--/D Primary and Galaxy 

-- ********************************** End Schema

GO
-------------------------------------------------
CREATE FUNCTION fGetNearbyObjEqZd(@ra float, @dec float, @r float)

---------------------------------------

--/H Returns a table of objects from the Zone view (here Primary Galaxies) 
--/H within @r degrees of an Equatorial point (@ra, @dec)

--/A

----------------------------------------------------
--/T Table has format (objID bigint, distance float (degrees))
--/T <samp>

--/T <br> select * from fGetNearbyObjEqZd(2.5, 3.0,0.5)

--/T </samp>
-------------------------------------------------

RETURNS @neighbors TABLE (ObjID bigint, distance float) AS

BEGIN

  DECLARE 

@zoneHeight
float,
--/D standard scale height of SDSS zone


@zoneID

int,
--/D loop counter


@cenZoneID
int,
--/D Zone where the input (@ra, @dec) belongs (central zone)


@maxZoneID
int,
--/D Maximum zone


@minZoneID
int,
--/D Minimum zone


@adjustedRadius real,
--/D Radius adjusted by cos(dec)

@epsilon
real,
--/D Small value to avoid division by zero


@r2

float,
--/D squared radius

@x

float,
--/D used in ra cut to minimize searches in upper and lower





--/D zones within the search radius


@dec_atZone
float,
--/D max dec for Zones below central zone





--/D min dec for Zones above the central zone

@delta_dec
float,
--/D distance between declination and dec_atZone, 





--/D necessary to compute @x

@zoneID_x
int,
--/D zoneID to compute @x

@cx

float,
--/D Input's Cartesian coordinates


@cy

float,


@cz

float,


@d2r

float;
--/D PI()/180.0, from degrees to radians

  SET @zoneHeight = 30.0 / 3600.0; -- 30 arcsec in degrees 

  SET @d2r = PI()/180.0
-- radian conversion
  SET @epsilon = 1e-9

-- prevents divide by zero
  SET @cx = COS(@dec * @d2r) * COS(@ra * @d2r) -- convert ra,dec to unit vector
  SET @cy = COS(@dec * @d2r) * SIN(@ra * @d2r)

  SET @cz = SIN(@dec * @d2r)  -- radial distance measured in degrees is larger away from the equator
  SET @adjustedRadius = @r / (COS(RADIANS(ABS(@dec))) + @epsilon) -- adjustRadius corrects for this.
  SET @r2 = 4 * POWER(SIN(RADIANS(@r/2)),2) -- Assumes input radius in degrees
  -------------------------------------------------

  -- loop over all zones that overlap the circle of interest looking for objects inside circle.

  SET @cenZoneID = FLOOR((@dec + 90.0)      / @zoneHeight)
-- zone holding ra,dec point
  SET @maxZoneID = FLOOR((@dec + @r + 90.0) / @zoneHeight)
-- max zone to examine
  SET @minZoneID = FLOOR((@dec - @r + 90.0) / @zoneHeight)
-- min zone to examine
  SET @zoneID = @minZoneID

  WHILE (@zoneID <= @maxZoneID)  
-- Loop through all zones from the bottom to the top

    BEGIN


IF (@zoneID = @cenZoneID)
-- first compute @x which further restricts the ra range 

  SET @x = @adjustedRadius
-- within a zone.  The circle is narrower in

ELSE



-- zones away from the center zone, and x gives this

  BEGIN



-- narrowing factor (measured in degrees) 

    SET @zoneID_x = @zoneID


    IF (@zoneID < @cenZoneID) 


      SET @zoneID_x = @zoneID_x + 1





    SET @dec_atZone = @zoneID_x * @zoneHeight - 90 -- Zones below the center zone will get







-- the max dec in the zone, Zones above will get 






-- the ~min dec in the zone

    SET @delta_dec = ABS(@dec - @dec_atZone)
-- how far away is the zone border?

    SET @x =  SQRT(ABS(POWER(@r,2)- 






POWER(@delta_dec,2))) /       


      (COS(RADIANS(ABS(@dec_atZone))) + @epsilon) -- adjust @x for declinations away     

  END






     -- from the equator

INSERT @neighbors

-- now add in the objects of this zone that are inside circled

  SELECT  objID, 

-- the id of the nearby galaxy



  SQRT(POWER(cx - @cx, 2) + 


       POWER(cy - @cy, 2) + 



       POWER(cz - @cz, 2)



) / @d2r AS distance -- in degrees


  FROM ZONE  


-- ZONE View of primary galaxies



  WHERE
zoneID = @zoneID
-- using zone number and ra interval


    AND ra  BETWEEN @ra - @x AND @ra + @x


    AND dec BETWEEN dec - @r AND dec + @r


    AND @r2 > POWER(cx - @cx, 2) + POWER(cy - @cy, 2) + POWER(cz - @cz, 2)


SET @zoneID = @zoneID +1
-- next zone

    END




-- bottom of the loop

  RETURN

END
-- ********************************** fGetNearbyObjEqZd 
GO
-------------------------------------------------

CREATE FUNCTION fBCGCandidate( --D Calculates the BCG likelihood


@objid bigint,

--/D Unique identifier of SDSS object


@ra float,

--/D Right ascension in degrees


@dec float,

--/D Declination in degrees


@imag real)

--/D i-band magnitude
---------------------------------------

--/H Returns a table of BCG candidate likelihoods of neighbors of a given object 
--/A

----------------------------------------------------
------------------------------------------------------------

--/H If the input galaxy is likely to be a BCG at any resdshift 

--/H this function returns the position, redshift, number of galaxies, 

--/H and best chisquare estimation.

--/H The table returned may have zero or one rows

-------------------------------------------------

RETURNS @t TABLE (



objid
bigint,
--/D Unique identifier of SDSS object



ra 
float,
--/D Right ascension in degrees



dec 
float,
--/D Declination in degrees



z 
float,
--/D estimated redshift from the K-correction



ngal 
int,
--/D number of galaxies in the neighborhood



chi2 
float
--/D chi square estimate

)

AS

BEGIN

  DECLARE


@rad 
float,

--/D Search radius


@imin 
real,

--/D minimum magnitude in the i-band


@imax 
real,

--/D maximum magnitude in the i-band


@grmin 
real,

--/D minimum g-r color magnitude


@grmax
real,

--/D maximum g-r color magnitude


@rimin
real,

--/D minimum r-i color magnitude


@rimax
real,

--/D maximum r-i color magnitude


@chi 
float,

--/D minimum estimated chi square error

@grPopSigma real,
--/D g-r constant to estimate chi square 

@riPopSigma real
--/D r-i constant to estimate chi square 
  SET @grPopSigma = 0.05;

  SET @riPopSigma = 0.06

  DECLARE @chisquare TABLE (
--/D This temporary table contains an object, at all redshifts,




--/D where is likely to be a BCG (may have more than one row)





--/D It is the result of JOIN with the k_correction table and





--/D further filtering 



zid 
int PRIMARY KEY NOT NULL,



z 
real,
--/D redshift



i 
real,
--/D i-band magnitude



chisq 
float,
--/D chisq estimate



ngal 
int
--/D number of galaxies

  )

  DECLARE @friends TABLE (
--/D Neighbors of the object being processed



objid 
bigint,
--/D Unique identifier of SDSS object



distance float, --/D Distance in degrees



I
real,
--/D i-band magnitude



gr 
real,
--/D g-r color



ri 
real
--/D r-i color

  )

  DECLARE @counts TABLE (

--/D Keeps record of number of galaxies per redshift 



zid 
int PRIMARY KEY NOT NULL,
--/D redshift ID


ngal 
int



--/D Number of galaxies

  )



  -- body of fBCGCandidate() function


  --===================================


  -- Filter step: Calculates the unweighted BCG likelihood and discards unlikely BCGs

  INSERT @chisquare

    SELECT k.zid,

-- the redshift ID

  k.z,


-- the flux in z and i bands

  g.i,


-- and the chi squared estimator

  POWER(g.i-k.i,2) / POWER (0.57,2)  +


  POWER (g.gr - k.gr,2) / (POWER (sigmagr,2) + POWER (@grPopSigma,2)) +


  POWER (g.ri - k.ri,2) / (POWER (sigmari,2) + POWER (@riPopSigma,2)) AS chisq,


  0 AS ngal

    FROM Galaxy g CROSS JOIN Kcorr k  
    WHERE objid = @objid
      AND(POWER (g.i-k.i,2) / POWER (0.57,2) + -- 0.57 is the population dispersion of BCG magnitudes


   POWER (g.gr - k.gr,2) / (POWER (sigmagr,2) + POWER (@grPopSigma,2)) +


   POWER (g.ri - k.ri,2) / (POWER (sigmari,2) + POWER (@riPopSigma,2))


 ) < 7

  --===================================


  -- If the galaxy passed the filter at some redshift, then evaluate it.
  IF @@rowcount > 0 

    BEGIN   

        -- Calculate window values for magnitudes and colors from the k-correction table


SELECT @imin=@imag;


SELECT
@rad 
= MAX (k.radius),
-- the maximum angular radius of 1 Mpc


@chi
= MIN (chisq),

-- the chi squared estimator


@imax
= MAX (k.ilim), 
-- add correct shift



@grmin
= MIN (k.gr) - 2*@grPopSigma,



@grmax
= MAX (k.gr) + 2*@grPopSigma,



@rimin
= MIN (k.ri) - 2*@riPopSigma,



@rimax
= MAX (k.ri) + 2*@riPopSigma


FROM @chisquare c JOIN Kcorr k ON c.zid = k.zid


-- Look for neighbors in the Zone table with similar magnitudes and colors. 

-- Retrieves other attributes by joining with Galaxy


INSERT @friends


  SELECT n.objid, n.distance, g.i, g.gr, g.ri


  FROM fGetNearbyObjEqZd(@ra,@dec,@rad) n JOIN Galaxy g ON g.objid = n.objid

  WHERE n.objid != @objid


    AND g.i  BETWEEN @imin  AND @imax


    AND g.gr BETWEEN @grmin AND @grmax


    AND g.ri BETWEEN @rimin AND @rimax


-- Count the number of galaxies with similar magnitudes and colors grouped by redshfit

       
INSERT @counts


  SELECT c.zid, COUNT(*) AS ngal


  FROM @chisquare c  JOIN Kcorr k ON c.zid = k.zid 

    
CROSS JOIN  @friends f


  WHERE f.distance < k.radius


    AND f.i  BETWEEN @imag AND k.ilim


    AND f.gr BETWEEN k.gr - @grPopSigma AND k.gr + @grPopSigma


    AND f.ri BETWEEN k.ri - @riPopSigma AND k.ri + @riPopSigma


  GROUP BY c.zid


-- Update the counts in the chisquare table

       
UPDATE @chisquare


  SET ngal= q.ngal


  FROM @chisquare c, @counts q


  WHERE c.zid = q.zid


-- Weight the chisquare and select the maximum


-- It must have at least one neighbor


SELECT @chi = MAX (LOG(ngal+1) - chisq)


FROM @chisquare 


WHERE ngal>0


-- Return estimated redshift, number of neighbors and likelihood


IF @chi IS NOT NULL

  BEGIN



INSERT @t



  SELECT 



  
@objid AS objid, @ra AS ra,  @dec AS dec,




z, 


-- redshift



ngal+1 AS ngal,
-- number of neighbors



@chi AS chi2

-- likelihood


  FROM @chisquare



  WHERE ABS (LOG(ngal+1) - chisq - @chi) < 0.00000001


  END

    END

  RETURN

END

-- ********************************** fGetCandidate 

GO
---------------------------------------

CREATE FUNCTION fBCGr200(@ngal float)

-------------------------------------------

--/H Returns the r200 radius in Mpc.

--/H The mean density inside the r200 radius is 200 times the mean galaxy density of the sky
RETURNS float

AS

BEGIN


RETURN 0.17 * POWER(@ngal,0.51);

END

--********************************** fBCGr200

GO
----------------------------------------------

CREATE FUNCTION fIsCluster(@objid bigint, 


@ra float, @dec float, @z real, @ngal int, @chi2 float)

----------------------------------------------

--/H returns 1 if this is a cluster center, 0 else

-----------------------------------------------

RETURNS int

AS

BEGIN

  DECLARE @rad float, @chi float;

  -- the r200 radius is, at ngal=100, 1.78 degree which, at z=0.05, is 0.74 degrees. 
  -- So, the maximum size needed for chiSq (BCG) calculations is 0.75 degrees 

  -- from the edge of the region to be coalesced.

  SELECT @rad = radius 

  FROM Kcorr

  WHERE ABS(z - @z) < 0.0000001

  -- Select the best chi2 from candidate neighbors

  SELECT @chi = MAX(c.chi2)

FROM fGetNearbyObjEqZd(@ra, @dec,@rad) n 

JOIN Candidates c ON n.objid = c.objid

  WHERE  c.z BETWEEN @z - 0.05 AND @z + 0.05;
  -- If the best chi2 corresponds to the input object then it is selected as the center

  RETURN 

CASE WHEN abs(@chi - @chi2) < 0.00001 THEN 1  ELSE 0 END

END

--********************************** fIsCluster

GO
-------------------------------------------------

CREATE FUNCTION fGetClusterGalaxiesMetric(@objid bigint, 


@ra float, @dec float, @z real, @imag real, @ngal float)

-------------------------------------------------

RETURNS @t TABLE ( clusterObjID bigint, galaxyObjID bigint, distance float

)

AS

BEGIN

DECLARE

@rad 
float,

  
@gr 
real,


@ri 
real,


@ilim 
real,


@grPopSigma real,


@riPopSigma real

  SET @grPopSigma = 0.05;

  SET @riPopSigma = 0.06;

  --

  SELECT 
@rad = radius * dbo.fBCGr200(@ngal),



@ilim = ilim,



@gr = gr, @ri=ri

  FROM Kcorr

  WHERE ABS (z - @z) < 0.0000001

  -- insert central galaxy first

  INSERT @t

    SELECT @objid AS clusterObjID, @objid AS galaxyObjID, 0 AS distance

  -- insert all the other "friends"

  INSERT @t

    SELECT @objid AS clusterObjID, n.objid AS galaxyObjID, n.distance

    FROM fGetNearbyObjEqZd(@ra,@dec,@rad) n 

      JOIN Galaxy g  ON g.objid = n.objid
    WHERE n.objid != @objid

AND n.distance < @rad


AND g.i  BETWEEN @imag - 0.001 AND @ilim


AND g.gr BETWEEN @gr - @grPopSigma AND @gr + @grPopSigma


AND g.ri BETWEEN @ri - @riPopSigma AND @ri + @riPopSigma

  RETURN

END

--********************************** fGetClusterGalaxies

GO
-- ********************************** End Functions
-- ********************************** Stored Procedures

------------------------------------

CREATE PROCEDURE spImportGalaxy (

------------------------------------

--/H Import the data from the main Galaxy table into the MyDB Galaxy Table

------------------------------------


@minRa
float,


@maxRa
float,


@minDec
float,


@maxDec
float

)

AS

BEGIN

  TRUNCATE TABLE Galaxy

  INSERT Galaxy 

    SELECT objid, 


    ra,


    dec,


    dered_i AS i,


    dered_g - dered_r AS gr,


    dered_r - dered_i AS ri,


    CAST(2.089 * POWER(10.000, 0.228 * dered_i-6.0) AS float) AS sigmagr,


    CAST(4.266 * POWER(10.0000,0.206 * dered_i-6.0) AS float) AS sigmari

     FROM MySkyServerDR1.dbo.Galaxy
     WHERE  ra  BETWEEN @minRA  AND @maxRa 



AND dec BETWEEN @minDEc  AND @maxDec

END

--********************************** spImportGalaxy

GO
------------------------------------ 

CREATE PROCEDURE spMakeCandidates(

------------------------------------ 

--/H Calls the fGetBCGCandidate function for each galaxy

--/H inside the limits @minRa, @maxRa, @minDec, @maxDec
--/H Fills Candidates table with BCG candidates

@minRa
float,
-- the region of interest 

@maxRa
float,
-- ra and dec boundaries

@minDec
float,


@maxDec
float

)

AS

BEGIN

  SET NOCOUNT ON;

  TRUNCATE TABLE Candidates

-- empty the candidate table  
  --

  DECLARE
@objid bigint, 


   
@ra float,



@dec float,



@imag real

  -- loop over all galaxies in the specified region, applying the fBCGCandidate() function to them
  DECLARE c CURSOR READ_ONLY

  FOR 
SELECT
g.objid, g.ra, g.dec, g.i 

FROM
Galaxy g

 
WHERE
g.ra  BETWEEN @minRa  AND @maxRa


  AND
g.dec BETWEEN @minDec AND @maxDec

  OPEN c

  WHILE ( 1 = 1 )

    BEGIN

FETCH NEXT FROM c INTO @objid, @ra, @dec, @imag
      
IF (@@fetch_status < 0 ) BREAK

INSERT Candidates


    SELECT objid, ra, dec, z,



   @imag AS i,ngal, chi2


    FROM fBCGCandidate(@objid, @ra, @dec, @imag);

    END

  CLOSE c

  DEALLOCATE c

END

--********************************** spMakeCandidates

GO
------------------------------------

CREATE PROCEDURE spMakeClusters 

------------------------------------

--/H Inserts BCG candidates into the Clusters table if they are the center of their cluster.

AS

BEGIN

  SET NOCOUNT ON;

  TRUNCATE TABLE Clusters 


-- empty the cluster table  
  INSERT  Clusters



-- insert candidates
   SELECT * 
   FROM Candidates

   WHERE dbo.fIsCluster(objid, ra, dec, z, ngal, chi2) = 1

END

--********************************** spMakeClusters 

GO
------------------------------------

CREATE PROCEDURE spMakeGalaxiesMetric
-----------------------------------

-- /H Creates the ClusterGalaxiesMetric table with centers and cluster members.

AS

BEGIN

  TRUNCATE TABLE ClusterGalaxiesMetric

  DECLARE

@objid bigint, 


@ra float, 


@dec float, 


@z real, 


@imag real,


@ngal float

  ----------------------------------

  DECLARE c CURSOR

  FOR 
SELECT objid, ra, dec, z, i, ngal 
  
FROM Clusters 

  -- Loop over all clusters building the members from the center. 
  OPEN c

  --

  WHILE ( 1 = 1 )

    BEGIN
  
FETCH NEXT FROM c INTO @objid, @ra, @dec, @z, @imag, @ngal

IF (@@fetch_status < 0 ) BREAK

INSERT ClusterGalaxiesMetric


  SELECT * 

  FROM fGetClusterGalaxiesMetric(@objid,@ra, @dec, @z, @imag, @ngal)




    END

    --

  CLOSE c

  DEALLOCATE c

END

-- ********************************** spMakeGalaxies
GO
-- ********************************** End Stored Procedures

--**********************************
-- MySkyServerDr1 covers about 2.5 x 2.5 deg^2 centered in 195.163 and 2.5
EXEC spImportGalaxy 190, 200, 0, 5 -- This will import the whole galaxy table
EXEC spMakeCandidates 194, 196, 1.5, 3.5 
-- Our target 66 deg^2 inside 104 deg^2 buffer
-- EXEC spImportGalaxy 172, 185, -3, 5

-- EXEC spMakeCandidates 172.5, 184.5, -2.5, 4.5
EXEC spMakeClusters

EXEC spMakeGalaxiesMetric
--**********************************  
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