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Conventions

Here we list some conventions which are used in this document.

∗ Fortran90 allows generic names which refer to several specific sub-
routines. Which one of the specific routines is called depends on the
type and rank of the arguments supplied in the call. We tag generic
names with a∗ in this document.

Nside HEALPix resolution parameter — see theHEALPix Primer.

map We use the word “map” referring to a function, defined on the set of
all HEALPix pixels.

θ The polar angle or colatitude on the sphere, ranging from 0 at the
North Pole toπ at the South Pole.

φ The azimuthal angle on the sphere,φ ∈ [0,2π[.

Changes between release 1.2 and 2.0

Some new features have been added

• Most routines dealing with maps anda`m (eg, createalm, map2alm, alm2map, con-
vert inplace, convertnest2ring, udgradenest, udgradering) or inputting or outputting data
(read*, write *) now accept both single and double precision arguments.

• The routinesmap2alm andremove dipole can now deal withnon-symmetricazimuthal
cut sky. For backward compatibility, the former calling sequence is still accepted.

• most routines are now parallelized with OpenMP (for shared memory architecture), and
some of them are also parallelized with MPI (for distributed memory architecture)

Some new routines have been introduced since version 1.2, as listed below.

• New routines in version 2.0

– adddipole

– alm2cl

– alm2mapder

– fits2cl (replaces readasctab)
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– nside2ntemplates

– plm gen

– randgauss, randinit, rand uni

– sameshapepixels nest, sameshapepixels ring

– templatepixel nest, templatepixel ring

– write plm (replaces writedbintab)

• New modules or modules with new name

– misc utils: fatal error, assert, assertpresent, assertnot present, assertalloc,
file present, assertdirectorypresent, upcase, lowcase, wallclock time,
bragopenmp

– rngmod: randgauss, randinit, rand uni

• The following routines are superseded.

– readasctab (replaced by fits2cl)

– write dbintab (replaced by writeplm)

Changes between release 1.1 and 1.2

Some new routines have been introduced since version 1.1, as listed below.

• New routines in version 1.2

– angdist

– complexfft

– concatnl

– del card

– get card

– getargument

– getenvironment

– input tod*

– nArguments

– parsedouble, parseinit, parseint, parselgt, parselong, parsereal, parsestring (see
parsexxx)

– querydisc (replaces getdiscring)

HEALPix 2.00



Changes between release 1.1 and 1.2 7

– querypolygon

– querystrip

– query triangle

– readfits cut4

– real fft

– scandirectories

– surfacetriangle

– vect prod

– write bintabh

– write fits cut4

• New modules or modules with new name

– the modules extension (C extensions), healpix fft (FFT operations),
paramfile io (parameter parsing) have been introduced,

– the modulewrap fits has been renamedhead fits to reflect its extended capabil-
ities in manipulating FITS headers.

• The following routines are superseded. They have been moved to theobsolete module.

– ask inputmap, askoutputmap, asklrange (initially infitstools module)

– setpar, getpar, anafastparser, anafastsetpar, anafastgetpar, hotspotsparser,
hotspotssetpar, hotspotsgetpar, udgradeparser, udgradesetpar, udgradegetpar,
smoothingparser, smoothingsetpar, smoothinggetpar (initially inutilities mod-
ule).

HEALPix 2.00
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ALTER ALM *
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

This routine modifies scalar (and tensor)a`m by multiplying them
by a beam window function described by a FWHM (in the case of
a gaussian beam) or read from an external file (in the more general
case of a circular beam)a`m −→ a`mb(`) . It can also be used to
multiply thea`m by an arbitray function of̀.

FORMAT call alteralm*(nsmax, nlmax, nmmax,
fwhm arcmin, almTGC [, beamfile, win-
dow])

ARGUMENTS

name & dimensionality kind in/out description

nsmax I4B IN Nside resolution parameter of the map
associated with thealm considered.
Currently has no effect on the routine.

nlmax I4B IN maximum̀ value for thea`m.
nmmax I4B IN maximumm value for thea`m.
fwhm arcmin SP/

DP
IN fwhm size of the gaussian beam in ar-

cminutes.
alm TGC(1:p,0:nlmax,0:nmmax) SPC/

DPC
INOUT complexa`m values to be altered. The

first index here runs from 1:1 for tem-
perature only, and 1:3 for polarisation.
In the latter case, 1=T, 2=E, 3=B.
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beamfile(LEN=filenamelen)
(OPTIONAL)

CHR IN name of the file containing the (non
necessarily gaussian) window function
B` of a circular beam. If present, it will
override the argumentfwhm arcmin.

window(0:nlw,1:d)
(OPTIONAL)

SP/
DP

IN arbitrary window by which to multi-
ply the a`m. If present, it overrides
both fwhm arcmin and beam file.
If nlw < nlmax, the a`m with ` ∈
{nlw+1,nlmax} are set to 0, and a
warning is issued. Ifd < p the win-
dow for temperature is replicated for
polarisation.

EXAMPLE:
call alter alm(64, 128, 128, 1, 5.0, alm TGC)

Alters scalar and tensoralm of a map withNside= 64,`max= mmax=
128 by multiplying them by the beam window function of a gaus-
sian beam with FWHM = 5 arcmin.

MODULES & ROUTINES
This section lists the modules and routines used byalter alm* .

alm tools module, containing:

generatebeam routine to generate beam window function

pixel window routine to generate pixel window function

RELATED ROUTINES
This section lists the routines related toalter alm* .

createalm Routine to createa`m coefficients.

rotatealm Routine to rotatea`m coefficients between 2 different
arbitrary coordinate systems.

map2alm Routines to analyze aHEALPix sky map into itsa`m

coefficients.

alm2map Routines to synthetize aHEALPix sky map from its
a`m coefficients.
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alms2fits, dumpalms Routines to save a set ofalm in a FITS file.
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ADD CARD
Location in HEALPix directory tree: src/f90/mod/head fits.f90

This routine writes a keyword of any kind into a FITS header. It is
a wrapper to other routines that write keywords of different kinds.

FORMAT call addcard(header, kwd, value, comment)

ARGUMENTS

name&dimensionality kind in/out description

header(LEN=80) DIMENSION(:) CHR INOUT The header to write the keyword
to.

kwd(LEN=*) CHR IN the FITS keyword to write.
Should be shorter or equal to 8
characters.

value any IN the value to give to the keyword.
comment(LEN=*) CHR IN comment to the keyword.

EXAMPLE:
call add card(header,’NSIDE’,256,’the nside of the map’)

Gives the keyword ‘NSIDE’ the value 256 in the given header-
string.

MODULES & ROUTINES
This section lists the modules and routines used byadd card.

write hl more general routine for adding a keyword to a
header.

cfitsio library for FITS file handling.
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RELATED ROUTINES
This section lists the routines related toadd card.

get card general purpose routine to read any keywords from a
header in a FITS file.

del card routine to discard a keyword from a FITS header

readpar, numberof alms routines to read specific keywords from a header in a
FITS file.

getsizefits function returning the size of the data set in a fits file
and reading some other useful FITS keywords

mergeheaders routine to merge two FITS headers

HEALPix 2.00
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ADD DIPOLE *
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

This routine provides a means to add a monopole and dipole to a
HEALPix map.

FORMAT call adddipole*(nside, map, ordering, degree,
multipoles [, fmissval])

ARGUMENTS

name & dimensionality kind in/out description

nside I4B IN value ofNsideresolution parameter for input
map

map(0:12*nside*nside-1) SP/
DP

INOUT HEALPix map to which the monopole and
dipole will be added. Those are added toall
unflagged pixels.

ordering I4B IN HEALPix scheme 1:RING, 2: NESTED
degree I4B IN multipoles to add. It is either 0 (nothing

done), 1 (monopole only) or 2 (monopole
and dipole)

multipoles(0:degree*degree-
1)

DP IN values of monopole and dipole to add. The
monopole is described as a scalar in the
same units as the input map, the dipole as
a 3D cartesian vector, in the same units.

fmissval
(OPTIONAL)

SP/
DP

IN value used to flag bad pixel on input
(default: -1.6375e30). Pixels with that
value are left unchanged.
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EXAMPLE:
call add dipole*(128, map, 1, 2, (\ 10.0 dp, 0.0 dp, 1.2 dp, 0.0 dp \) )

map is aHEALPix map of resolutionNside= 128, with the RING
ordering scheme. A monopole of amplitude 10 and a dipole of am-
plitude 1.2 and directed along they axis will be added to it.

MODULES & ROUTINES
This section lists the modules and routines used byadd dipole*.

pix tools module, containing:

RELATED ROUTINES
This section lists the routines related toadd dipole*.

removedipole routine to remove the best fit monopole and
monopole from a map.
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ALM 2CL *
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

This routine computes the auto (or cross) power spectra of a one
(or two) sets of spherical harmonics coefficientsa`m. C12(`) =
∑`

m=−` a1,`ma∗2,`m/(2`+1)

FORMAT call alm2cl*(nlmax, nmmax, alm1, [alm2,] cl)

ARGUMENTS

name & dimensionality kind in/out description

nlmax I4B IN the maximum̀ value used for thealm.
nmmax I4B IN the maximummvalue used for thealm.
alm1(1:p, 0:nlmax, 0:nmmax) SPC/

DPC
IN First set ofalm values. p is 3 or 1 de-

pending on wether polarisation is in-
cluded or not. In the former case, the
first index runs from 1 to 3 correspond-
ing to (T,E,B).

alm2(1:p, 0:nlmax, 0:nmmax)
(OPTIONAL)

SPC/
DPC

IN Second set ofalm values.

cl(0:nlmax,1:d) SP/
DP

OUT resulting auto or cross power spectra.
If both alm1 andalm2 are present,cl
will be their cross power spectrum. If
only alm1 is present,cl will be its
power spectrum. Ifd = 1, only the
temperature spectrumCT

l will be out-
put. If d = 4 andp= 3, the output will
beCT

l , CE
l , CB

l , CT×E
l , and ifd≥ 6 and

p = 3,CT×B
l CE×B

l will also be output.

EXAMPLE:
lmax = 128 ; mmax = lmax

call alm2cl(lmax, mmax, alm1, cl auto)
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call alm2cl(lmax, mmax, alm1, alm2, cl cross)

cl auto will contain the (auto) power spectrum of thea`m coeffi-
cientsalm1 up to` = 128, whilecl cross will be the cross power
spectra of the two sets ofa`m coefficientsalm1 andalm2.

MODULES & ROUTINES
This section lists the modules and routines used byalm2cl*.

none

RELATED ROUTINES
This section lists the routines related toalm2cl*.

map2alm routine extracting thea`m coefficients from a
HEALPix map

createalm routine to generate randomly distributeda`m coeffi-
cients according to a given power spectrum

HEALPix 2.00



alm2map* 17

ALM 2MAP *
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

This routine is a wrapper to 10 other routines: alm2mapsc X,
alm2mapsc pre X, alm2mappol X, alm2mappol pre1X,
alm2mappol pre2X, where X stands for either s or d. These
routines synthesize aHEALPix temperature map (and if specified,
polarisation maps) from inputaT

lm (and if specifiedaE
lm and aB

lm)
values. The different routines are called dependent on what param-
eters are passed. Some routines synthesize maps with or without
precomputed harmonics and some with or without polarisation.
The routines accept both single and double precision arrays for
alm TGC and mapTQU. The precision of these arrays should
match.

FORMAT call alm2map*(nsmax, nlmax, nmmax,
alm TGC, mapTQU [, plm])

ARGUMENTS

name & dimensionality kind in/out description

nsmax I4B IN theNside value of the map to syn-
thesize.

nlmax I4B IN the maximum̀ value used for the
alm.

nmmax I4B IN the maximumm value used for
thealm.

alm TGC(1:p, 0:nlmax, 0:nmmax) SPC
or
DPC

IN The alm values to make the map
from. p is 3 or 1 depending
on wether polarisation is respec-
tively included or not. In the for-
mer case, the first index runs from
1 to 3 corresponding to (T,E,B).
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18 HEALPix Fortran Subroutines Overview

mapTQU(0:12*nsmax**2-1) SP
or
DP

OUT if only a temperature map is
to be synthesized, the map-array
should be passed with this rank.

mapTQU(0:12*nsmax**2-1, 1:3) SP
or
DP

OUT if both temperature an polarisa-
tion maps are to be synthesized,
the map array should have this
rank, where the second index is
(1,2,3) corresponding to (T,Q,U).

plm(0:n plm-1),
OPTIONAL

DP IN If this optional matrix is
passed with this rank, pre-
computed Plm(θ) are used
instead of recursion. ( nplm =
nsmax*(nmmax+1)*(2*nlmax-
nmmax+2)

plm(0:n plm-1,1:3),
OPTIONAL

DP IN If this optional matrix is passed
with this rank, precomputed
Plm(θ) AND precomputed
tensor harmonics are used in-
stead of recursion. (nplm =
nsmax*(nmmax+1)*(2*nlmax-
nmmax+2)

EXAMPLE:
use healpix types

use pix tools, only : nside2npix

use alm tools, only : alm2map

integer(I4B) :: nside, lmax, mmax, npix, n plm

real(SP), dimension(:,:), allocatable :: map

complex(SPC), dimension(:,:,:), allocatable :: alm

real(DP), dimension(:,:), allocatable :: plm

...

nside=256 ; lmax=512 ; mmax=lmax

npix=nside2npix(nside)

n plm=nside*(mmax+1)*(2*lmax-mmax+2)

allocate(alm(1:3,0:lmax,0:mmax))

allocate(map(0:npix-1,1:3))

allocate(plm(0:n plm-1,1:3))

...

call alm2map(nside, lmax, mmax, alm, map, plm)
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Make temperature and polarisation maps from the scalar and tensor
alm passed in alm. The maps haveNside of 256, and are constructed
from alm values up to 512 iǹ andm. Since the optional plm array is
passed with both precomputedPlm(θ) AND tensor harmonics, there
will be no recursions in the routine and execution will be faster.

MODULES & ROUTINES
This section lists the modules and routines used byalm2map*.

ring synthesis Performs FFT overm for synthesis of the rings.

computelam mm, getpixel layout,

gen lamfac,genmfac, gennormpol,

gen recfac, init rescale, lmin ylm Ancillary routines used forỲ m recursion

misc utils module, containing:

assertalloc routine to print error message, when an array can not
be allocated properly

RELATED ROUTINES
This section lists the routines related toalm2map*.

alm2mapder routine generating a map and its derivatives from its
a`m

smoothing executable using alm2map* to smooth maps

synfast executable using alm2map* to synthesize maps.

map2alm routine performing the inverse transform of
alm2map*.

createalm routine to generate randomly distributeda`m coeffi-
cients according to a given power spectrum
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ALM 2MAP DER*
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

This routine is a wrapper to four other routines that synthesize a
HEALPix temperature (and polarisation) map(s), its (their) first
derivatives, and optionally its (their) second derivatives. The rou-
tines accept both single and double precision arrays for alm, der1
and der2. The precision of these arrays should match.

FORMAT call alm2mapder*(nsmax, nlmax, nmmax,
alm, map, der1 [, der2])

ARGUMENTS
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name & dimensionality kind in/out description

nsmax I4B IN theNside value of the map to synthe-
size.

nlmax I4B IN the maximum̀ value used for thealm.
nmmax I4B IN the maximummvalue used for thealm.
alm(1:p, 0:nlmax, 0:nmmax) SPC/

DPC
IN The alm values to make the map from.

p is either 1 (temperature only) or 3
(temperature+polarisation).

map(0:12*nsmax**2-1)
or (0:12*nsmax**2-1,1:3)

SP/
DP

OUT temperature mapT(p) or temperature
+ polarisation mapsT(p), Q(p), U(p)
to be synthesized.

der1(0:12*nsmax**2-1, 1:2*p) SP/
DP

OUT contains on output the first deriva-
tives of T: (∂T/∂θ,∂T/∂φ/sinθ)
or the interleaved derivatives of T,
Q, and U: (∂T/∂θ,∂Q/∂θ,∂U/∂θ;
∂T/∂φ/sinθ, . . .)

der2(0:12*nsmax**2-1,1:3*p),
OPTIONAL

SP/
DP

OUT If this optional matrix is passed
with this rank, it will contain
on output the second deriva-
tives

(
∂2T/∂θ2,∂2T/∂θ∂φ/sinθ,

∂2T/∂φ2/sin2θ
)

or(
∂2T/∂θ2,∂2Q/∂θ2,∂2Q/∂θ2, . . .

)

EXAMPLE:
use healpix types

use pix tools, only : nside2npix

use alm tools, only : alm2map der

integer(I4B) :: nside, lmax, mmax, npix, n plm

real(SP), dimension(:), allocatable :: map

real(SP), dimension(:,:), allocatable :: der1, der2

complex(SPC), dimension(:,:,:), allocatable :: alm

...

nside=256 ; lmax=512 ; mmax=lmax

npix=nside2npix(nside)

allocate(alm(1:3,0:lmax,0:mmax))

allocate(map(0:npix-1,1:3))

allocate(der1(0:npix-1,1:2), der2(0:npix-1,1:3))

...

call alm2map der(nside, lmax, mmax, alm, map, der1, der2)
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Make temperature maps and its derivatives from thealm passed in
alm. The maps haveNside of 256, and are constructed fromalm

values up to 512 iǹ andm.

MODULES & ROUTINES
This section lists the modules and routines used byalm2map der* .

ring synthesis Performs FFT overm for synthesis of the rings.

computelam mm, getpixel layout,

gen lamfacder, genmfac,

gen recfac, init rescale, lmin ylm Ancillary routines used forỲ m recursion

misc utils module, containing:

assertalloc routine to print error message, when an array can not
be allocated properly

RELATED ROUTINES
This section lists the routines related toalm2map der* .

alm2map routine generating maps of temperature and polarisa-
tion from theira`m

synfast executable using alm2mapder* to synthesize maps.

createalm routine to generate randomly distributeda`m coeffi-
cients according to a given power spectrum
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ALMS 2FITS*
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine storesalm values in a binary FITS file. Each FITS
file extension created will contain one integer column withindex=
`2 + ` + m+ 1, and 2 or 4 single (or double) precision columns
with real/imaginaryalm values and real/imaginary standard devia-
tion. One can store temperaturealm or temperature and polarisation,
aT

lm, aE
lm andaB

lm. If temperature is specified, a FITS file with one
extension is created. If polarisation is specified, a FITS file with 3
extensions one for each set ofalm, aT

lm, aE
lm andaB

lm is created.

FORMAT call alms2fits*(filename, nalms, alms, ncl,
header, nlheader, next)

ARGUMENTS

name & dimensionality kind in/out description

filename(LEN=filenamelen) CHR IN filename for the FITS file to store the
alm in.

nalms I4B IN number ofalm to store.
ncl I4B IN number of columns in the FITS file.

If an standard deviation is given, this
number is 5, otherwise it is 3.

next I4B IN the number of extensions. 1 for tem-
perature only, 3 for temperature and
polarisation.
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name & dimensionality kind in/out description

alms(1:nalms,1:ncl+1,1:next) SP/
DP

IN the alm to write to the file. alms(i,1,j)
and alms(i,2,j) contain thèandmval-
ues for the ithalm (j=1,2,3 for (T,E,B)).
alms(i,3,j) and alms(i,4,j) contain the
real and imaginary value of the ithalm.
Finally, the standard deviation for the
ith alm is contained in alms(i,5,j) (real)
and alms(i,6,j) (imaginary).

nlheader I4B IN number of header lines to write to the
file.

header(LEN=80) (1:nlheader, 1:next) CHR IN the header to the FITS file.

EXAMPLE:
call alms2fits (’alms.fits’, 65*66/2, alms, 3, header, 80, 3)

Creates a FITS file with theaT
lm, aE

lm and aB
lm values given in

alms(1:65*66/2,1:4,1:3). The last index specifies (T,E,B). The sec-
ond index gives l, m, real(alm ), imaginary(alm ) for each of thealm.
The number 65*66/2 is the number ofalm values up to aǹ value of
64. 80 lines from header(1:80,1:3) is written to each extension.

MODULES & ROUTINES
This section lists the modules and routines used byalms2fits*.

write alms routine called by alms2fits* for each extension.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.
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RELATED ROUTINES
This section lists the routines related toalms2fits*.

fits2alms, readconbintab routines to readalm from a FITS file

dumpalms has the same function as alms2fits* but with parame-
ters passed differently.
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ANG2VEC
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Routine to convert the position angles(θ,φ) of a point on the sphere
into its 3D position vector(x,y,z) with x= sinθcosφ, y= sinθsinφ,
z= cosθ.

FORMAT call ang2vec(theta, phi, vector)

ARGUMENTS

name & dimensionality kind in/out description

theta DP IN colatitude in radians measured
southward from north pole (in
[0, π]).

phi DP IN longitude in radians measured
eastward (in[0, 2π]).

vector(3) DP OUT three dimensional cartesian posi-
tion vector(x,y,z) normalised to
unity. The north pole is(0,0,1)

RELATED ROUTINES
This section lists the routines related toang2vec.

vec2ang converts the 3D position vector of point into its posi-
tion angles on the sphere.
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ANGDIST
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Returns the angular distance in radians between two vectors. The
input vectors do not have to be normalised. For almost colinear
or anti-colinear vectors, renders numerically more accurate results
than the cos−1 of the scalar product.

FORMAT call angdist(v1, v2, dist)

ARGUMENTS

name & dimensional-
ity

kind in/out description

v1(3) DP IN cartesian vector.
v2(3) DP IN cartesian vector.
dist DP OUT angular distance in radians between the 2 vec-

tors.

EXAMPLE:
use healpix types

use pix tools, only : angdist

real(DP) :: dist, one = 1.0 dp

call angdist((/1,2,3/)*one, (/1,2,4/)*one, dist)

print*, dist

Returns the angular distance between 2 vectors.

RELATED ROUTINES
This section lists the routines related toangdist.

vect prod computes the vector product between two 3D vectors
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ASSERT, AS-
SERT ALLOC ,
...
Location in HEALPix directory tree: src/f90/mod/misc utils.f90

The Fortran90 module miscutils contains a few routines to test an
assertion and return an error message if it is false.

ARGUMENTS

name & dimensionality kind in/out description

test LGT IN result of a logical test
msg OPTIONAL CHR IN character string describing nature of error
errorcode OPTIONAL I4B IN error status given to code interruption
status I4B IN value of thestat flag returned by the F90

allocate command
code CHR IN name of program or code in which allocation

is made
array CHR IN name of array allocated
directory CHR IN directory name (contains a ’/’)
filename CHR IN file name

FUNCTIONS:
call assert(test [, msg, errcode])

if test is true, proceeds with normal code execution. Iftest is
false, issues a standard error message (unlessmsg is provided) and
stops the code execution with the statuserrcode (or 1 by default).

call assert alloc(status, code, array)

if status is 0, proceeds with normal code execution. If not, issues
an error message indicating a problem during memory allocation of
array in programcode, and stops the code execution.

call assert directory present(directory)
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issues an error message and stops the code execution if the directory
nameddirectory can not be found

call assert present(filename)

issues an error message and stops the code execution if the file
namedfilename can not be found.

call assert not present(filename)

issues an error message and stops the code execution if a file with
namefilename already exists.

EXAMPLE:
program my code

use misc utils

real, allocatable, dimension(:) :: vector

integer :: status

real :: a = -1.

allocate(vector(12345),stat=status)

call assert alloc(status, ’my code’, ’vector’)

call assert directory present(’/home’)

call assert(a > 0., ’a is NEGATIVE !!!’)

end program my code

Will issue a error message and stops the code ifvector can not be
allocated, will stop the code if ’/home’ is not found, and will stop
the code and complain loudly about it becausea is actually negative.
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COMPLEX FFT
Location in HEALPix directory tree: src/f90/mod/healpix fft.F90 or
src/f90/mod/healpix fftw.F90 (module healpix fft in either case)

This routine performs a forward or backward Fast Fourier Transfor-
mation on its argumentdata.

FORMAT call complexfft(data, backward)

ARGUMENTS

name&dimensionality kind in/out description

data(:) XXX INOUT array containing the input and output data.
It can be of type real(sp), real(dp), com-
plex(spc) or complex(dpc). If it is of
type real, it is interpreted as an array of
size(data)/2 complex variables.

backward LGT IN Optional argument. If present and true,
perform backward transformation, else for-
ward

EXAMPLE:
use healpix fft

call complex fft (data, backward=.true.)

Performs a backward FFT on data.

RELATED ROUTINES
This section lists the routines related tocomplex fft .

real fft routine for FFT of real data
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COMPUTE STATISTICS *
Location in HEALPix directory tree: src/f90/mod/statistics.f90

This routine computes the min, max, absolute deviation and first
four order moment of a data set

FORMAT call computestatistics*(data ,stats [, badval])

ARGUMENTS

name & dimensionality kind in/out description

data(:) SP/
DP

IN data set

stats tstats OUT structure containing the statistics of the data.
The respective fields (stats%field) are:

ntot I4B – total number of data points
nvalid I4B – numbern of valid data points
mind, maxd DP – minimum and maximum valid data
average DP – average of valid pointsm= ∑x/n
absdev DP – absolute deviationa = ∑ |x−m|/n
var DP – varianceσ2 = ∑(x−m)2/(n−1)
rms DP – standard deviationσ
skew DP – skewness factors= ∑(x−m)3/(nσ3)
kurt DP – kurtosis factork = ∑(x−m)4/(nσ4)−3

badval
(OPTIONAL)

SP/
DP

IN sentinel value given to bad data points. Data
points with this value will be ignored during cal-
culation of the statistics. If not set, all points will
be considered.Do not set to 0!.

EXAMPLE:
use statistics, only: compute statistics, print statistics, tstats

type(tstats) :: stats

...
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compute statistics(map, stats)

print*,stats%average, stats%rms

print statistics(stats)

Computes the statistics ofmap, prints its average andrmsand prints
the whole list of statistical measures.

RELATED ROUTINES
This section lists the routines related tocompute statistics*.

median routine to compute median of a data set
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CONCATNL
Location in HEALPix directory tree: src/f90/mod/paramfile io.f90

Function to concatenate up to 10 subtrings interspaced with Line-
Feed character. Upon printing each subtring will be on a different
line.

FORMAT var=concatnl(string1[, string2, string3, ...])

ARGUMENTS

name & dimensionality kind in/out description

string1 CHR IN the first substring to be concatenated.
string2 CHR IN

optional
the second substring (if any) to be concate-
nated.

string3 CHR IN
optional

... up to 10 substrings can be concatenated.

var CHR OUT concatenation of the substrings interspaced
with LineFeed character.

EXAMPLE:
use paramfile io

print*,concatnl(’a’,’bbbbbbbb’,’C 10 3’)

Will return:
a

bbbbbbbb

C 10 3

RELATED ROUTINES
This section lists the routines related toconcatnl.

parsexxx parse an ASCII file for parameters definition
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CONVERT INPLACE *
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Routine to convert aHEALPix map from NESTED to RING
scheme or vice versa. The conversion is done inplace, mean-
ing that it doesn’t require memory for a temporary map, like the
convert nest2ring or convert ring2nest routines. But for that rea-
son, this routine is slower and not parallelized. The routine is a
wrapper for 6 different routines and can threfore process integer,
single precision and double precision maps as well as mono or bi
dimensional arrays.

FORMAT call convertinplace*(subcall, map)

ARGUMENTS

name & dimensionality kind in/out description

subcall — IN routine to be called by con-
vert inplacereal. Set this to
ring2nest or nest2ring dependent
on wether the conversion is RING
to NESTED or vice versa.

map(0:npix-1) I4B/
SP/
DP

INOUT mono-dimensional full sky map
to be converted, the routine finds
the size itself.

map(0:npix-1,1:nd) I4B/
SP/
DP

INOUT bi-dimensional (nd> 0) full sky
map to be converted, the routine
finds both dimensions itself. Pro-
cessing a bidimensional map with
nd> 1 should be faster than each
of the nd 1D-maps consecutively.

EXAMPLE:
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call convert inplace(ring2nest,map)

Converts an map from RING to NESTED scheme.

MODULES & ROUTINES
This section lists the modules and routines used byconvert inplace*.

nest2ring routine to convert a NESTED pixel index to RING
pixel number.

ring2nest routine to convert a RING pixel index to NESTED
pixel number.

RELATED ROUTINES
This section lists the routines related toconvert inplace*.

convertnest2ring convert from NESTED to RING scheme using a
temporary array. Requires more space then con-
vert inplace, but is faster.

convertring2nest convert from RING to NESTED scheme using a
temporary array. Requires more space then con-
vert inplace, but is faster.
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CONVERT NEST2RING *
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Routine to convert aHEALPix map from NESTED to RING
scheme.
The routine is a wrapper for 6 different routines and can threfore
process integer, single precision and double precision maps as well
as mono or bi dimensional arrays.
This routine is fast, and is parallelized for shared memory architec-
ture, but requires extra memory to store a temporary map in.

FORMAT call convertnest2ring*(nside, map)

ARGUMENTS

name & dimensionality kind in/out description

nside I4B IN theNside parameter of the map to
be converted.

map(0:12*nside**2-1) I4B/
SP/
DP

INOUT mono-dimensional full sky map
to be converted to RING scheme.

map(0:12*nside**2-1,1:nd) I4B/
SP/
DP

INOUT bi-dimensional full sky map to be
converted to RING scheme. The
routine finds the second dimen-
sion (nd) by itself. Processing
a bidimensional map with nd> 1
should be faster than each of the
nd 1D-maps consecutively.

EXAMPLE:
call convert nest2ring(256,map)

Converts anNside= 256 map given in arraymapfrom NESTED to
RING scheme.
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MODULES & ROUTINES
This section lists the modules and routines used byconvert nest2ring*.

nest2ring routine to convert a NESTED pixel index to RING
pixel number.

RELATED ROUTINES
This section lists the routines related toconvert nest2ring*.

convertring2nest convert between RING and NESTED schemes.

convertinplace convert between NESTED and RING schemes in-
place. This routine is slower than convertnest2ring*,
but doesn’t require as much memory.

HEALPix 2.00



40 HEALPix Fortran Subroutines Overview

CONVERT RING 2NEST*
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Routine to convert aHEALPix map from RING to NESTED
scheme.
The routine is a wrapper for 6 different routines and can threfore
process integer, single precision and double precision maps as well
as mono or bi dimensional arrays.
This routine is fast, and is parallelized for shared memory architec-
ture, but requires extra memory to store a temporary map in.

FORMAT call convertring2nest*(nside, map)

ARGUMENTS

name & dimensionality kind in/out description

nside I4B IN theNside parameter of the map to
be converted.

map(0:12*nside**2-1) I4B/
SP/
DP

INOUT mono-dimensional full sky map
to be converted to RING scheme.

map(0:12*nside**2-1,1:nd) I4B/
SP/
DP

INOUT bi-dimensional full sky map to be
converted to RING scheme. The
routine finds the second dimen-
sion (nd) by itself. Processing
a bidimensional map with nd> 1
should be faster than each of the
nd 1D-maps consecutively.

EXAMPLE:
call convert ring2nest(256,map)

Converts anNside = 256 map given in arraymap from RING to
NESTED scheme.
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MODULES & ROUTINES
This section lists the modules and routines used byconvert ring2nest*.

ring2nest routine to convert a RING pixel index to NESTED
pixel number.

RELATED ROUTINES
This section lists the routines related toconvert ring2nest*.

convertnest2ring convert between NESTED and RING schemes.

convertinplace convert between RING and NESTED schemes in-
place. This routine is slower than convertring2nest*,
but doesn’t require as much memory.
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COORDSYS2EULER ZYZ
Location in HEALPix directory tree: src/f90/mod/coord v convert.f90

This routine returns the three Euler anglesψ,θ,ϕ, corresponding to
a rotation between standard astronomical coordinate systems. This
angles can then be used in rotatealm

FORMAT call coordsys2eulerzyz(iepoch, oepoch, isys,
osys, psi, theta, phi)

ARGUMENTS

name & dimensionality kind in/out description

iepoch DP IN epoch of the input astronomical coordinate sys-
tem.

oepoch DP IN epoch of the output astronomical coordinate sys-
tem.

isys(len=*) CHR IN input coordinate system, should be
one of ’E’=Ecliptic, ’G’=Galactic,
’C’/’Q’=Celestial/eQuatorial.

osys(len=*) CHR IN output coordinate system, same choice as above.
psi DP OUT first Euler angle: rotationψ about the z-axis.
theta DP OUT second Euler angle: rotationθ about the original

(unrotated) y-axis;
phi DP OUT third Euler angle: rotationϕ about the original

(unrotated) z-axis;

EXAMPLE:
use coord v convert, only: coordsys2euler zyz

use alm tools, only: rotate alm

...

call coordsys2euler zyz(2000.0 dp, 2000.0 dp, ’E’, ’G’, psi, theta, phi)

call rotate alm(64, alm TGC, psi, theta, phi)
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Rotate thealm from Ecliptic to Galactic coordinates.

RELATED ROUTINES
This section lists the routines related tocoordsys2eulerzyz.

rotatealm apply arbitrary sky rotation to a set ofalm coeffi-
cients.
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CREATE ALM *
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

This routine generates scalar (and tensor)alm for a temperature (and
polarisation) power spectrum read from an input FITS file. Thealm

are gaussian distributed with a zero mean, and their amplitude is
multiplied with the`-space window function of a gaussian beam
characterized by its FWHM or an arbitrary circular beam and a pixel
window read from an external file.

FORMAT call createalm*(nsmax, nlmax, nmmax, polar,
filename, iseed, fwhmarcmin, almTGC,
header [, windowfile, units, beamfile,
rng handle])

ARGUMENTS
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name & dimensionality kind in/out description

nsmax I4B IN Nsideof the map to be synthetized
from thea`m created by this rou-
tine.

nlmax I4B IN maximum` value to be consid-
ered (MAX = 3×Nside).

nmmax I4B IN maximumm value for thea`m.
polar I4B IN equals 1 if polarisation is used, 0

otherwise.
filename(LEN=filenamelen) CHR IN name of FITS file containing

power spectrum.
rng handle planckrng

IN
structure containing information
necessary to continue a random
sequence initiatedpreviouslywith
the subroutinerand init. Con-
secutive calls to createalm*can
be made after a single invocation
to rand init.

fwhm arcmin SP/
DP

IN FWHM size of the gaussian beam
in arcminutes.

alm TGC(1:p,0:nlmax,0:nmmax) SPC/
DPC

OUT complex a`m values generated
from the powerspectrum in the
FITS-file. The first index here
runs form 1:1 for temperature
only, and 1:3 for polarisation. In
the latter case, 1=T, 2=E, 3=B.

header(LEN=80),dimension(60) CHR OUT part of header which will be in-
cluded in the FITS-file containing
the map synthesised from thea`m

which createalm generates.
windowfile(LEN=filenamelen)
(OPTIONAL)

CHR IN full filename specification of the
FITS file with the pixel window
function.

units(LEN=80),dimension(1:)
(OPTIONAL)

CHR OUT physical units of the createda`m

(square-root of the input power
spectrum units).

beamfile(LEN=filenamelen)
(OPTIONAL)

CHR IN name of the file containing the
(non necessarily gaussian) win-
dow function B` of a circular
beam. If present, it will override
the argumentfwhm arcmin.
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EXAMPLE:
use alm tools, only: create alm

use rngmod, only: rand init, rng handle

type(planck rng) :: rng handle

call rand init(rng handle, -1)

call create alm(64, 128, 128, 1, ’cl.fits’, rng handle, 5.0, alm TGC,

header, ’data/pixel window n0064.fits’)

Creates scalar and tensoralm from the power spectrum given in
the file ‘cl.fits’. The map to be created from thesealm is assumed
to haveNside = 64. Cl s from the power spectrum are used up to
an ` value of 128. Correspondingalm values up to l=128 and
m=128 are created as gaussian distributed complex numbers. Their
are drawn from a sequence of pseudo-random numbers initiated
with a seed of -1. The producedalm are convolved with a gaus-
sian beam of FWHM 5 arcminutes and a pixel window read from
’data/pixelwindow n0064.fits’. It is assumed that after the return
from this routine, a map is generated from the createdalm. For this
purpose,header is updated with FITS format information describ-
ing the origin and history of thesealm.

MODULES & ROUTINES
This section lists the modules and routines used bycreate alm* .

alm tools module, containing:

pow2almunits routine to convert from power spectrum units toa`m

units

generatebeam routine to generate beam window function

pixel window routine to read in pixel window function

utilities module, containing:

die alloc routine that prints an error message if there is not
enough space for allocation of variables.

fitstools module, containing:

fits2cl routine to read a FITS file containing a power spec-
trum.

readdbintab routine to read a FITS-binary file containing the pixel
window functions.
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head fits module, containing:

addcard routine to add a keyword to a FITS header.

get card routine to read a keyword value from FITS header.

mergeheaders routine to merge two FITS headers.

rngmod module, containing:

randgauss function which returns a gaussian distributed random
number.

RELATED ROUTINES
This section lists the routines related tocreate alm* .

rand init subroutine to initiate a random number sequence.

synfast executable using createalm* to synthesize CMB
maps from a given power spectrum.

alm2map Routine to transform a set ofalm created by cre-
atealm* to aHEALPix map.

alms2fits, dumpalms Routines to save a set ofalm in a FITS file.
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DEL CARD
Location in HEALPix directory tree: src/f90/mod/head fits.f90

This routine removes one or several keywords from a FITS header.

FORMAT call del card(header, kwds)

ARGUMENTS

name & dimensionality kind in/out description

header(LEN=80)(1:nlheader) CHR INOUT The header to remove the key-
word(s) from. The routines finds
out the header size.

kwds(LEN=20)(1:nkws) CHR IN list of FITS keywords to remove.
The routine accepts either a vec-
tor a keywords or a single one in
a scalar variable

kwds(LEN=20) CHR IN the one FITS keyword to remove.

EXAMPLES: #1

call del card(header,(/ ’NSIDE ’,’COORD ’,’ORDERING’ /) )

Removes the keywords ‘NSIDE’, ’COORD’ and ’ORDERING’
from Header

EXAMPLES: #2

call del card(header, ’ORDERING’ )
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Removes the keyword ’ORDERING’ from Header

MODULES & ROUTINES
This section lists the modules and routines used bydel card.

write hl more general routine for adding a keyword to a
header.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related todel card.

addcard general purpose routine to write any keywords into a
FITS file header

get card general purpose routine to read any keywords from a
header in a FITS file.

readpar, numberof alms routines to read specific keywords from a header in a
FITS file.

getsizefits function returning the size of the data set in a fits file
and reading some other useful FITS keywords

mergeheaders routine to merge two FITS headers
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DUMP ALMS *
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine storesalm values in a binary FITS file. The FITS file
created will contain one integer column withindex= `2+`+m+1
and 2 single precision columns with real/imaginaryalm values. One
can store temperaturealm or polarisation,aE

lm or aB
lm. If temperature

is specified, a FITS file is created. If polarisation is specified, an old
FITS file is opened and extra extensions is created.

FORMAT call dumpalms*(filename, alms, nlmax,
header, nlheader, extno)

ARGUMENTS

name & dimensionality kind in/out description

filename(LEN=filenamelen) CHR IN filename for the FITS-file to store
thealm in.

nlmax I4B IN maximum̀ value to store.
alms(0:nlmax,0:nlmax) SP/

DP
IN array with alm. alms(l,m) corre-

sponds toalm

extno I4B IN extension number. If 1 is speci-
fied, a FITS file is created andalm

is stored in the first FITS exten-
sion as temperaturealm. If 2 or
3 is specified, an already existing
file is opened and a 2nd or 3rd ex-
tension is created, treatingalm as
aE

lm or aB
lm.

nlheader I4B IN number of header lines to write to
the file.

header(LEN=80) (1:nlheader) CHR IN the header to the FITS-file.

EXAMPLE:
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call dump alms (’alms.fits’, alms, 64, header, 80, 2)

Opens an already existing FITS file which contains temperaturealm.
An extra extension is added to the file where thealm array are writ-
ten in a three-column format as described above. 80 header lines
are written to the file from the array header(1:80).

MODULES & ROUTINES
This section lists the modules and routines used bydump alms*.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related todump alms*.

fits2alms, readconbintab routines to readalm from a FITS-file

alms2fits has the same function as dumpalms* but is more
general.
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FITS2ALMS *
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine readsalm values from a binary FITS file. Each FITS file
extension is supposed to contain one integer column withindex=
`2 + `+m+1 and 2 or 4 single (or double) precision columns with
real/imaginaryalm values and real/imaginary standard deviation.
One can read temperaturealm or temperature and polarisation,aT

lm,
aE

lm andaB
lm.

FORMAT call fits2alms*(filename, nalms, alms, ncl,
header, nlheader, next)

ARGUMENTS

name & dimensionality kind in/out description

filename(LEN=filenamelen) CHR IN filename of the FITS-file to read the
alm from.

nalms I4B IN number ofalm to read.
ncl I4B IN number of columns to read in the FITS

file. If an standard deviation is to be
read, this number is 5, otherwise it is
3.

next I4B IN the number of extensions to read. 1
for temperature only, 3 for temperature
and polarisation.
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alms(1:nalms,1:(ncl+1),1:next) SP/
DP

OUT thealm to read from the file. alms(i,1,j)
and alms(i,2,j) contain thèandmval-
ues for the ithalm (j=1,2,3 for (T,E,B)).
alms(i,3,j) and alms(i,4,j) contain the
real and imaginary value of the ithalm.
Finally, the standard deviation for the
ith alm is contained in alms(i,5,j) (real)
and alms(i,6,j) (imaginary).

nlheader I4B IN number of header lines to read from
the file.

header(LEN=80) (1:nlheader, 1:next) CHR OUT the header(s) read from the FITS-file.

EXAMPLE:
call fits2alms (’alms.fits’, 65*66/2, alms, 3, header, 80, 3)

Reads a FITS file with theaT
lm, aE

lm and aB
lm values read into

alms(1:65*66/2,1:4,1:3). The last index specifies (T,E,B). The sec-
ond index gives l, m, real(alm ), imaginary(alm ) for each of the
alm. The number 65*66/2 is the number ofalm values up to aǹ
value of 64. 80 lines is read from the header in each extension and
returned in header(1:80,1:3).

MODULES & ROUTINES
This section lists the modules and routines used byfits2alms*.

readalms routine called by fits2alms* for each extension.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.
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RELATED ROUTINES
This section lists the routines related tofits2alms*.

alms2fits, dumpalms routines to storealm in a FITS-file

readconbintab has the same function as fits2alms* but with parame-
ters passed differently.
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FITS2CL *
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine reads a power spectrum from a FITS ASCII or binary
table. The routine can read temperature coeffecientsCT

l or both
temperature and polarisation coeffecientsCT

l , CE
l , CB

l , CT×E
l . If the

keyword PDMTYPE is found in the header, fits2cl assumes the table
to be in the special format used byPlanckand will ignore the first
data column.

FORMAT call fits2cl*(filename, clin, lmax, ncl, header,
[units])

ARGUMENTS

name & dimensionality kind in/out description

filename(LEN=filenamelen) CHR IN the FITS file containing the power
spectrum.

lmax I4B IN Maximum` value to be read.
ncl I4B IN 1 for temperature coeffecients

only, 4 for polarisation.
clin(0:lmax,1:ncl) SP/

DP
OUT the power spectrum read from the

file.
header(LEN=80) (1:) CHR OUT the header read from the FITS-

file.
units(LEN=80) (1:) CHR OUT the column units read from the

FITS-file.

EXAMPLE:
call fits2cl (’cl.fits’,cl,64,4,header,units)

Reads a power spectrum from the FITS file ‘cl.fits’ and stores the
result in cl(0:64,1:4) which are theCl coeffecients up tol = 64 for
(T, E, B, T×E). The FITS header is returned in header, the column
units in units.
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MODULES & ROUTINES
This section lists the modules and routines used byfits2cl*.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related tofits2cl*.

createalm Routine to createa`m values from an input power
spectrum.

write asctab Routine to create an ascii FITS file containing a
power spectrum.
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GAUSSBEAM
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

This routine generates the beam window function in multipole space
of a gaussian beam parametrized by its FWHM. The polarization
beam is also provided assuming a perfectly co-polarized beam (eg,
Challinor et al 2000, astro-ph/0008228)

FORMAT call gaussbeam(fwhmarcmin, lmax, beam)

ARGUMENTS

name & dimensionality kind in/out description

fwhm arcmin DP IN FWHM of the gaussian beam in arcmin-
utes.

lmax I4B IN maximum` value of the window function.
beam(0:lmax,1:p) DP OUT beam window function generated. The sec-

ond index runs form 1:1 for temperature
only, and 1:3 for polarisation. In the latter
case, 1=T, 2=E, 3=B.

EXAMPLE:
call gaussbeam(5.0 dp, 1024, beam)

Generates the window function of a gaussian beam of FWHM = 5
arcmin, for`≤ 1024.

RELATED ROUTINES
This section lists the routines related togaussbeam.

generatebeam Routine returning a beam window function.
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pixel window Routine returning a pixel window function.
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GENERATE BEAM
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

This routine generates the beam window function in multipole
space. It is either a gaussian parametrized by its FWHM in arcmin
in real space, or it is read from an external file.

FORMAT call generatebeam(fwhmarcmin, lmax, beam
[, beamfile])

ARGUMENTS

name & dimensionality kind in/out description

fwhm arcmin DP IN fwhm size of the gaussian beam
in arcminutes.

lmax I4B IN maximum` value of the window
function.

beam(0:lmax,1:p) DP OUT beam window function generated.
The second index runs form 1:1
for temperature only, and 1:3 for
polarisation. In the latter case,
1=T, 2=E, 3=B.

beamfile(LEN=filenamelen)
(OPTIONAL)

CHR IN name of the file containing the
(non necessarily gaussian) win-
dow function B` of a circular
beam. If present, it will override
the argumentfwhm arcmin.

EXAMPLE:
call generate beam(5.0 dp, 1024, beam)

Generates the window function of a gaussian beam of FWHM = 5
arcmin, for`≤ 1024.
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MODULES & ROUTINES
This section lists the modules and routines used bygeneratebeam.

alm tools module, containing:

gaussbeam routine to generate a gaussian beam

RELATED ROUTINES
This section lists the routines related togeneratebeam.

createalm Routine to createa`m coefficients using gener-
atebeam.

alter alm Routine to alter a`m coefficients using gener-
atebeam.

pixel window Routine returning a pixel window function.
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GET CARD
Location in HEALPix directory tree: src/f90/mod/head fits.f90

This routine reads a keyword of any kind from a FITS header. It is
a wrapper to other routines that read keywords of different kinds.

FORMAT call get card(header, kwd, value, comment)

ARGUMENTS

name & dimensionality kind in/out description

header(LEN=80) DIMENSION(:) CHR IN The header to read the keyword
from.

kwd(LEN=8) CHR IN the FITS keyword to read (NOT
case sensitive).

value any OUT the value read for the keyword.
The type of the fortran variable
’value’ (double, real, integer, log-
ical or character) should match
the type under which the value is
written in the FITS file, except
if ’value’ is a character string, in
which case it can read any key-
word value, or if ’value’ if real or
double, in which case it can read
any numerical value

comment(LEN=*) CHR OUT comment read for the keyword.

EXAMPLE:
call get card(header,’NsIdE’,nside,comment)

if nside is defined as an integer, it will contain on output the value
of NSIDE (say 256) found in header
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EXAMPLE:
call get card(header,’ORDERING’,ordering,comment)

if ordering is defined as an character string, it will contain on out-
put the value of ORDERING (say ’RING’) found in header

MODULES & ROUTINES
This section lists the modules and routines used byget card.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related toget card.

addcard general purpose routine to write any keywords into a
FITS file header

del card routine to discard a keyword from a FITS header

readpar, numberof alms routines to read specific keywords from a header in a
FITS file.

getsizefits function returning the size of the data set in a fits file
and reading some other useful FITS keywords

mergeheaders routine to merge two FITS headers
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GETARGUMENT
Location in HEALPix directory tree: src/f90/mod/extension.F90

This subroutine emulates the C routinegetarg, which returns the
value of a given command line argument.

FORMAT call getArgument(index, value)

ARGUMENTS

name & dimensionality kind in/out description

index I4B IN index of the command line argument
(where the first argument has index 1)

value CHR OUT value of the argument

RELATED ROUTINES
This section lists the routines related togetArgument.

getEnvironment returns value of environment variable

nArguments returns number of command line arguments
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GETENVIRONMENT
Location in HEALPix directory tree: src/f90/mod/extension.F90

This subroutine emulates the C routinegetenv, which returns the
value of an environment variable.

FORMAT call getEnvironment(name, value)

ARGUMENTS

name & dimensionality kind in/out description

name CHR IN name of the environment variable
value CHR OUT value of the environment variable

EXAMPLE:
use extension

character(len=128) :: healpixdir

call getEnvironment(’HEALPIX’, healpixdir)

print*,healpixdir

Will return the value of the$HEALPIX system variable (if it is de-
fined)

RELATED ROUTINES
This section lists the routines related togetEnvironment.

getArgument returns list of command line arguments

nArguments returns number of command line arguments
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GETDISC RING
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

This routine is obsolete, use querydisc instead
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GETNUMEXT FITS
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine returns the number of extensions present in a given
FITS file.

FORMAT var=getnumextfits(filename)

ARGUMENTS

name & dimensionality kind in/out description

var I4B OUT number of extensions in the FITS file (excluding
the primary unit). According to the current for-
mat,HEALPix files have at least one extension.

filename(LEN=filenamelen) CHR IN filename of the FITS file.
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EXAMPLE:
next = getnumext fits(’map.fits’)

Returns innext the number of extensions present in the FITS file
’map.fits’.

MODULES & ROUTINES
This section lists the modules and routines used bygetnumext fits.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related togetnumext fits.

getsizefits routine returning the number of data points in a FITS
file, as well as much more information on the file.

input map routine to read aHEALPix FITS file
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GETSIZE FITS
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine reads the number of maps and/or the pixel ordering of
a FITS file containing aHEALPix map.

FORMAT var=getsizefits(filename [, nmaps, ordering,
obsnpix, nside, mlpol, type, polarisation,
fwhm arcmin, beamleg, coordsys, polcconv,
extno])

ARGUMENTS
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name & dimensionality kind in/out description

var I8B OUT number of pixels or time samples in the fits file
filename(LEN=filenamelen) CHR IN filename of the FITS-file containingHEALPix

map(s).
nmaps (OPTIONAL) I4B OUT number of maps in the file.
ordering (OPTIONAL) I4B OUT pixel ordering, 0=unknown, 1=RING,

2=NESTED
obsnpix (OPTIONAL) I4B OUT number of non blanck pixels. It is set to -1 if it

can not be determined from header information
alone

nside (OPTIONAL) I4B OUT Healpix resolution parameter Nside. Returns a
negative value if not found.

mlpol (OPTIONAL) I4B OUT maximum multipole used to generate the map
(for simulated map). Returns a negative value if
not found.

type (OPTIONAL) I4B OUT Healpix/FITS file type
<0 : file not found, or not valid
0 : image only fits file, deprecated Healpix for-
mat (var = 12 * nside * nside)
1 : ascii table, generally used for C(l) storage
2 : binary table : with implicit pixel indexing
(full sky) (var = 12 * nside * nside)
3 : binary table : with explicit pixel indexing
(generally cut sky) (var≤ 12 * nside * nside)
999 : unable to determine the type

polarisation (OPTIONAL) I4B OUT presence of polarisation data in the file
<0 : can not find out
0 : no polarisation
1 : contains polarisation (Q,U or G,C)

fwhm arcmin (OPTIONAL) DP OUT returns the beam FWHM read from FITS
header, translated from Deg (hopefully) to ar-
cmin. Returns a negative value if not found.

beamleg(LEN=filenamelen)
(OPTIONAL)

CHR OUT filename of beam or filtering window function
applied to data (FITS keyword BEAMLEG).
Returns a empty string if not found.

coordsys(LEN=20) (OP-
TIONAL)

CHR OUT string describing the pixelisation astrophysical
coordinates. ’G’ = Galactic, ’E’ = ecliptic, ’C’
= celestial = equatorial. Returns a empty string
if not found.

polcconv (OPTIONAL) I4B OUT polarisation coordinate convention (see Healpix
primer for details) 0=unknown, 1=COSMO,
2=IAU

extno (OPTIONAL) I4B IN extension number (0 based) for which informa-
tion is provided. Default = 0 (first extension).
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EXAMPLE:
npix= getsize fits(’map.fits’, nmaps=nmaps, ordering=ordering,

obs npix=obs npix, nside=nside, mlpol=mlpol, type=type,

polarisation=polarisation)

Returns 1 or 3 in nmaps, dependent on wether ’map.fits’ contain
only temperature or both temperature and polarisation maps. The
pixel ordering number is found by reading the keyword ORDER-
ING in the FITS file. If this keyword does not exist, 0 is returned.

MODULES & ROUTINES
This section lists the modules and routines used bygetsizefits.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related togetsizefits.

getnumextfits routine returning the number of extension in a FITS
file

input map routine to read aHEALPix FITS file
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HEALPIX TYPES
Location in HEALPix directory tree: src/f90/mod/healpix types.f90

This module defines a set of parameters used by most other
HEALPix modules.

The parameters defined in healpixtypes include

• ’kind’ parameters, used when defining the type of a variable,

name type valuea definition
I1B integer 1 number of bytes in the hardware-supported signed integers

covering the range -99 to 99 with the least margin
I2B integer 2 same as above for the range -9999 to 9999 (ie, 4 digits)
I4B integer 4 same as above for 9 digits
I8B integer 8 same as above for 16 digitsb

SP integer 4 number of bytes in the hardware-supported floating-point
numbers covering the range 10−30 to 1030 with the least mar-
gin (hereafter single precision)

DP integer 8 same as above for the range 10−200 to 10200 (double preci-
sion)

SPC integer 4 number of bytes in real (or imaginary) part of single precision
complex numbers

DPC integer 8 same as above for double precision complex numbers
LGT integer 4 number of bytes in logical variables

aactual value may depend on hardware or compiler
bmay not be supported by some hardware or compiler; if so, demote it toI4B

• largest accessible numbers,

name type or kind valuea definition
MAX I1B integer 127 largest number accessible to integers of

kind I1B

MAX I2B integer 32767 same as above forI2B integers
MAX I4B integer 231−1' 2.1 109 same as above forI4B integers
MAX I8B I8B 263−1' 9.2 1018 same as above forI4B integers
MAX SP SP ' 3.40 1038 same as above forSP floating-point
MAX DP DP ' 1.80 10308 same as above forDP floating-point

aactual value may depend on hardware or compiler
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• mathematical definitions,
name kind value definition
QUARTPI DP π/4
HALFPI DP π/2
PI DP π
TWOPI DP 2π
FOURPI DP 4π
SQRT2 DP

√
2

EULER DP γ' 0.577. . . Euler constant
SQ4PIINV DP 1/

√
4π

TWOTHIRD DP 2/3
DEG2RAD DP π/180 Degrees to Radians conversion factor
RAD2DEG DP 180/π Radians to Degrees conversion factor

• andHEALPix specific definitions,
name type or kind value definition
HPX SBADVAL SP −1.6375 1030 default sentinel value given to miss-

ing pixels in single precision data
sets

HPX DBADVAL DP −1.6375 1030 same as above for double precision
data sets

FILENAMELEN integer 1024 default length in character of file
names.

EXAMPLE:
use healpix types

real(kind=DP) :: dx

print*,’ pi = ’,PI

The value ofPI, as well as all other healpixtypes parameters are
made known to the code
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IN RING
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Routine to find the pixel index of all pixels on a slice of a given ring.
The output indices can be either in the RING or NESTED scheme,
depending on thenest keyword.

FORMAT call in ring(nside, iz, phi0, dphi, listir, nir, nest)

ARGUMENTS

name & dimensionality kind in/out description

nside I4B IN theNside parameter of the map.
iz I4B IN ring number, counted southwards

from the north pole.
phi0 DP IN centralφ position in the slice.
dphi DP IN defines the size of the slice. The

slice has length 2×dphialong the
ring with center atphi0.

listir(0:4*nside-1) I4B OUT The pixel indexes in the slice.
nir I4B OUT the number of pixels in the slice.
nest (OPTIONAL) I4B IN The pixel indexes are in the

NESTED numbering scheme if
nest=1, and in RING scheme oth-
erwise.

EXAMPLE:
call in ring(256, 10, 0, 0.1, listir, nir, nest=1)

Returns the NESTED pixel index of all pixels within 0.1 radians on
each side ofφ = 0 on the 10th ring.
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MODULES & ROUTINES
This section lists the modules and routines used byin ring .

ring2nest conversion from RING scheme pixel index to
NESTED scheme pixel index

next in line nest returns NESTED index of pixel lying to the East of
the current pixel and on the same ring

RELATED ROUTINES
This section lists the routines related toin ring .

pix2ang, ang2pix convert between angle and pixel number.

pix2vec, vec2pix convert between a cartesian vector and pixel number.

getdiscring find all pixels within a certain radius.
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INPUT MAP *
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine reads aHEALPix map from a FITS file. This can deal
with full sky as well as cut sky maps

FORMAT call input map*(filename, map, npixtot, nmaps
[, fmissval, header, units, extno])

ARGUMENTS

name & dimensionality kind in/out description

filename(len=filenamelen) CHR IN FITS file to be read from, containing a full sky
or cut sky map

map(0:npixtot-1,1:nmaps) SP/
DP

OUT full sky map(s) constructed from the data
present in the file, missing pixels are filled with
fmissval

npixtot I4B IN number of pixels in the full sky map
nmaps I4B IN number of maps in the file

fmissval
(OPTIONAL)

SP/
DP

IN value to be given to missing pixels, its default
value is 0

header(LEN=80)(1:)
(OPTIONAL)

CHR OUT FITS extension header

units(LEN=20)(1:nmaps)
(OPTIONAL)

CHR OUT maps units

extno
(OPTIONAL)

I4B IN extension number to read the data from (0
based).(default: 0) (the first extension is read)

EXAMPLE:
use pix tools, only: nside2npix

use fitstools, only: getsize fits, input map

...

npixtot = getsize fits(’map.fits’,nmaps=nmaps, nside=nside)
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npix = nside2npix(nside)

allocate(map(0:npix-1,1:nmaps))

call input map(’map.fits’, map, npix, nmaps)

Reads intomap the content of the FITS file ’map.fits’

MODULES & ROUTINES
This section lists the modules and routines used byinput map*.

fitstools module, containing:

printerror routine for printing FITS error messages.

readbintab routine to read a binary table from a FITS file

readfits cut4 routine to read cut sky map from a FITS file

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related toinput map*.

anafast executable that reads aHEALPix map and analyses
it.

synfast executable that generate full skyHEALPix maps

getsizefits subroutine to know the size of a FITS file.

outputmap subroutine to write a FITS file from aHEALPix map

write bintabh subroutine to write a large array into a FITS file piece
by piece

input tod* subroutine to read an arbitrary subsection of a large
binary table
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INPUT TOD*
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine reads a large binary table (for instance a Time Ordered
Data set) from a FITS file. The user can choose to read only a
section of the table, starting from an arbitrary position. The data
can be read into a single or double precision array.

FORMAT call input tod*(filename, tod, npix, ntods [,
header, firstpix, fmissval])

ARGUMENTS

name & dimensionality kind in/out description

filename (LEN =
filenamelen)

CHR IN FITS file to be read from

tod(0:npix-1,1:ntods) SP/
DP

OUT array constructed from the data present in the
file (from the samplefirstpix to firstpix +

npix - 1. Missing pixels or time samples are
filled with fmissval.

npix I8B IN number of pixels or samples to be read. See
Note below.

ntods I4B IN number of columns to read
header(LEN=80)(1:) (OP-
TIONAL)

CHR OUT FITS extension header

firstpix (OPTIONAL) I8B IN first pixel (or time sample) to read from (0
based). (default: 0). See Note below.

fmissval (OPTIONAL) SP/
DP

IN value to be given to missing pixels, its default
value is 0. Should be of the same type astod.

Note : Indices and number of data elements larger than 231 are only accessible in FITS files on
computers with 64 bit enabled compilers and with some specific compilation options of cfitsio
(see cfitsio documentation).

MODULES & ROUTINES
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This section lists the modules and routines used byinput tod* .

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related toinput tod* .

anafast executable that reads aHEALPix map and analyses
it.

synfast executable that generate full skyHEALPix maps

getsizefits subroutine to know the size of a FITS file.

write bintabh subroutine to write large arrays into FITS files

outputmap subroutine to write a FITS file from aHEALPix map

input map subroutine to read aHEALPix map (either full sky
of cut sky) from a FITS file

HEALPix 2.00



map2alm* 79

MAP 2ALM *
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

This routine is a wrapper to 5 other routines:map2almsc,
map2almsc pre, map2almpol, map2almpol pre1,
map2almpol pre2. These routines analyse aHEALPix map
and returnaT

lm (and if specifiedaE
lm andaB

lm) values up to the desired
order in ` (maximum 3*Nside). The different routines are called
dependent on what parameters are passed. Some routines analyse
with or without precomputed harmonics and some with or without
polarisation.

FORMAT call map2alm*(nsmax, nlmax, nmmax,
mapTQU, alm TGC, zbounds, w8ringTQU
[, plm])

ARGUMENTS

name & dimensionality kind in/out description

nsmax I4B IN theNside value of the map to analyse.
nlmax I4B IN the maximum̀ value for the analysis.
nmmax I4B IN the maximummvalue for the analysis.
mapTQU(0:12*nsmax**2-1) SP/

DP
IN if only the temperature map is to

be analyse, the map-array should be
passed with this rank.

mapTQU(0:12*nsmax**2-1, 1:3) SP/
DP

IN if both temperature an polarisation
maps are to be analysed, the map ar-
ray should have this rank, where the
second index is (1,2,3) corresponding
to (T,Q,U).
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alm TGC(1:p, 0:nlmax, 0:nmmax) SPC/
DPC

OUT Thealm values output from the analy-
sis. p is 1 or 3 dependent on wether
polarisation is included or not. In the
former case, the first index is (1,2,3)
corresponding to (T,E,B).

zbounds(1:2) DP IN section of the map on which to per-
form the alm analysis, expressed in
terms ofz= sin(latitude) = cos(θ). If
zbounds(1)<zbounds(2), the analysis
is performedon the strip zbounds(1)<
z<zbounds(2); if not, it is performed
outside of the strip zbounds(2)<
z<zbounds(1).

w8ring TQU(1:2*nsmax, 1:p) DP IN ring weights for quadrature correc-
tions. If ring weights are not used, this
array should be 1 everywhere. p is 1
for a temperature analysis and 3 for
(T,Q,U).

plm(0:(nlmax+1)*(nlmax+2)*nsmax-
1), OP-
TIONAL

DP IN If this optional matrix is passed with
this rank, precomputedPlm(θ) are used
instead of recursion.

plm(0:(nlmax+1)*(nlmax+2)*nsmax-
1, 1:3),
OPTIONAL

DP IN If this optional matrix is passed with
this rank, precomputedPlm(θ) AND
precomputed tensor harmonics are
used instead of recursion.

EXAMPLE:
real(dp), allocatable, dimension(:,:) :: dw8

allocate(dw8(1:512,1:3))

dw8 = 1.0 dp

z = sin(10.0 dp * PI/180.0 dp)

call map2alm(256, 512, 512, map(0:12*256**2-1,1:3), alm(1:3,0:512,0:512),

(\ z, -z \) , dw8, plm(0:513*514*256-1)

Analyses temperature and polarisation maps passed in map. The
map has anNsideof 256, an the analyses is supposed to be performed
up to 512 iǹ and m. The resultingalm coeffecients for temperature
and polarisation are returned in alm. A 10◦ cut on each side of the
equator is applied. Uniform weights are used. Since the optional
plm array is passed, precomputedPlm(θ) are used, but only scalar
ones because of the rank of the array. The tensor harmonics are still
computed with a recursion.
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MODULES & ROUTINES
This section lists the modules and routines used bymap2alm*.

ring analysis Performs FFT for the ring analysis.

misc util module, containing:

assertalloc routine to print error message when an array is not
properly allocated

RELATED ROUTINES
This section lists the routines related tomap2alm*.

anafast executable using map2alm*to analyse maps.

alm2map routine performing the inverse transform of
map2alm*.
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MEDFILTMAP *
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

This routine performs the median filtering of aHEALPix full sky
map for a given neighborhood radius

FORMAT call medfiltmap*(inmap, radius, medmap
[, nest, fmissval, fillholes])

ARGUMENTS

name & dimensionality kind in/out description

in map(0:npix-1) SP/
DP

IN Full sky HEALPix map to filter. npix should
be validHEALPix pixel number.

radius DP IN Radius in RADIANS of the disk on which the
median is computed.

medmap(0:npix-1) SP/
DP

OUT Median filtered map: each pixel is the median
of the input map valid neighboring pixels con-
tained within a distanceradius

nest OPTIONAL I4B IN set to 1 if the map ordering is NESTED, set to 0
if it is RING.

fmissval OPTIONAL SP/
DP

IN sentinel value given to missing or non-valid pix-
els. Default: HPX SBADVAL or HPX DBADVAL

=−1.6375 1030

fill holes OPTIONAL LGT IN if set to.true. will replace non-valid pix-
els by median of neighbors; if set to.false.
will leave non-valid pixels unchanged. Default:
.false.

EXAMPLE:
use healpix types

use pix tools

...

call medfiltmap(map, 0.5*DEG2RAD, med)
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Output inmed the median filter ofmap, using a filter radius of 0.5
Deg

MODULES & ROUTINES
This section lists the modules and routines used bymedfiltmap* .

statistics module, containing:

median routine to compute the median of a data set

pix tools module, containing:

pix2vec ring, pix2vecnest routines to find the location of a pixel on the sky

querydisc routine to find pixels lying within a radius of a given
point
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MEDIAN *
Location in HEALPix directory tree: src/f90/mod/statistics.f90

This function computes the median of a data set

FORMAT var=median*(data [, badval, even])

ARGUMENTS

name & dimensionality kind in/out description

var SP/
DP

OUT median of the data set, defined as the middle
number (or the average of the 2 middle num-
bers) once the valid data points are sorted in
monotonous order

data(:) SP/
DP

IN data set

badval
(OPTIONAL)

SP/
DP

IN sentinel value given to bad data points. Data
points with this value will be ignored during cal-
culation of the median. If not set, all points will
be considered.Do not set to 0!.

even
(OPTIONAL)

LGT IN if set to .true. and the number of valid data
points is even, will output the average of the
2 middle points (which doubles the calculation
time). If the number of points is odd, the sin-
gle middle point is output and this keyword is
ignored.

EXAMPLE:
use statistics, only: median

...

med = median(map, even=.true.)

Outputs inmed the median ofmap
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MODULES & ROUTINES
This section lists the modules and routines used bymedian*.

m indmed module of the Orderpack 2.0 package, written by:
Michel Olagnon, http://www.fortran-2000.com/rank/

indmed routine to output rank of median

RELATED ROUTINES
This section lists the routines related tomedian*.

computestatistics routine min, max, absolute deviation, and first four
order moments of a data set
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MERGE HEADERS
Location in HEALPix directory tree: src/f90/mod/head fits.f90

This routine merges two FITS headers.

FORMAT call mergeheaders(header1, header2)

ARGUMENTS

name&dimensionality kind in/out description

header1(LEN=80) DIMENSION(:) CHR IN First header.
header2(LEN=80) DIMENSION(:) CHR INOUT Second header. On output, will

contain the concatenation of (in
that order) header2 and header1.
If header2 is too short to allow the
merging the output will be trun-
cated

EXAMPLE:
call merge headers(header1, header2)

On output header2 will contain the original header2, followed by
the content of header1

MODULES & ROUTINES
This section lists the modules and routines used bymerge headers.

write hl more general routine for adding a keyword to a
header.

cfitsio library for FITS file handling.
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RELATED ROUTINES
This section lists the routines related tomerge headers.

addcard general purpose routine to write any keywords into a
FITS file header

get card general purpose routine to read any keywords from a
header in a FITS file.

del card routine to discard a keyword from a FITS header

readpar, numberof alms routines to read specific keywords from a header in a
FITS file.

getsizefits function returning the size of the data set in a fits file
and reading some other useful FITS keywords
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MPI ALM 2MAP *
Location in HEALPix directory tree: src/f90/mod/mpi alm tools.f90

This subroutine implements MPI parallelization of the serial
alm2map routine. It supports both temperature and polarization in-
puts in both single and double precision. It must only be run by the
root node of the MPI communicator.

FORMAT call mpi alm2map*(alms, map)

ARGUMENTS

name & dimensionality kind in/out description

alms(1:nmaps,0:lmax,0:nmax) SPC
or
DPC

IN Input alms. If nmaps=1, only tem-
perature information is included; if
nmaps=3, polarization information is
included

map(0:npix,1:nmaps) SP
or
DP

OUT Output map. nmaps must match that
of the input alms array.

EXAMPLE:
call mpi comm rank(comm, myid, ierr)

if (myid == root) then

call mpi initialize alm tools(comm, nsmax, nlmax, nmmax,

zbounds,polarization, precompute plms)

call mpi alm2map(alms, map)

else

call mpi initialize alm tools(comm)

call mpi alm2map slave

end

call mpi cleanup alm tools
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This example 1) initializes the mpialm tools module (i.e., allocates
internal arrays and defines required parameters), 2) executes a par-
allel alm2map operation, and 3) frees the previously allocated mem-
ory.

MODULES & ROUTINES
This section lists the modules and routines used bympi alm2map*.

alm tools module

RELATED ROUTINES
This section lists the routines related tompi alm2map*.

mpi cleanupalm tools Frees memory that is allocated by the current routine.

mpi initialize alm tools Allocates memory and defines variables for the
mpi alm tools module.

mpi alm2mapslave Routine for executing a parallel inverse spherical har-
monics transform (slave processor interface)

mpi map2alm Routine for executing a parallel spherical harmonics
transform (root processor interface)

mpi map2almslave Routine for executing a parallel spherical harmonics
transform (slave processor interface)

mpi alm2mapsimple One-line interface to the parallel inverse spherical
harmonics transform

mpi map2almsimple One-line interface to the parallel spherical harmonics
transform
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MPI ALM 2MAP SIMPLE *
Location in HEALPix directory tree: src/f90/mod/mpi alm tools.f90

This subroutine provides a simplified (one-line) interface to the MPI
version of alm2map. It supports both temperature and polarization
inputs in both single and double precision. It must only be run by
all nodes in the MPI communicator.

FORMAT call mpi alm2mapsimple*(comm, alms, map)

ARGUMENTS

name & dimensionality kind in/out description

comm I4B IN MPI communicator.
alms(1:nmaps,0:lmax,0:nmax) SPC

or
DPC

IN Input alms. If nmaps=1, only tem-
perature information is included; if
nmaps=3, polarization information is
included

map(0:npix,1:nmaps) SP
or
DP

OUT Output map. nmaps must match that
of the input alms array.

EXAMPLE:
call mpi alm2map simple(comm, map, alms)

This example executes a parallel map2alm operation through the
one-line interface. Although all processors must supply allocated
arrays to the routine, only the root processor’s information will be
used as input, and only the root processor’s alms will be complete
after execution.

MODULES & ROUTINES
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This section lists the modules and routines used bympi alm2map simple*.

alm tools module

RELATED ROUTINES
This section lists the routines related tompi alm2map simple*.

mpi cleanupalm tools Frees memory that is allocated by the current routine.

mpi initialize alm tools Allocates memory and defines variables for the
mpi alm tools module.

mpi alm2map Routine for executing a parallel inverse spherical har-
monics transform (root processor interface)

mpi alm2mapslave Routine for executing a parallel inverse spherical har-
monics transform (slave processor interface)

mpi map2alm Routine for executing a parallel spherical harmonics
transform (root processor interface)

mpi map2almslave Routine for executing a parallel spherical harmonics
transform (slave processor interface)

mpi map2almsimple One-line interface to the parallel spherical harmonics
transform
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MPI ALM 2MAP SLAVE
Location in HEALPix directory tree: src/f90/mod/mpi alm tools.f90

This subroutine complements the master routine mpialm2map, and
should be run by all slaves in the current MPI communicator. It
is run without arguments, but after an appropriate call to initial-
ize mpi alm tools.

FORMAT call mpi alm2mapslave()

ARGUMENTS

None.

EXAMPLE:
call mpi comm rank(comm, myid, ierr)

if (myid == root) then

call mpi initialize alm tools(comm, nsmax, nlmax, nmmax,

zbounds,polarization, precompute plms)

call mpi alm2map(alms, map)

else

call mpi initialize alm tools(comm)

call mpi alm2map slave

end

call mpi cleanup alm tools

This example 1) initializes the mpialm tools module (i.e., allocates
internal arrays and defines required parameters), 2) executes a par-
allel alm2map operation, and 3) frees the previously allocated mem-
ory.

MODULES & ROUTINES
This section lists the modules and routines used bympi alm2map slave.
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alm tools module

RELATED ROUTINES
This section lists the routines related tompi alm2map slave.

mpi cleanupalm tools Frees memory that is allocated by the current routine.

mpi initialize alm tools Allocates memory and defines variables for the
mpi alm tools module.

mpi alm2map Routine for executing a parallel inverse spherical har-
monics transform (root processor interface)

mpi map2alm Routine for executing a parallel spherical harmonics
transform (root processor interface)

mpi map2almslave Routine for executing a parallel spherical harmonics
transform (slave processor interface)

mpi alm2mapsimple One-line interface to the parallel inverse spherical
harmonics transform

mpi map2almsimple One-line interface to the parallel spherical harmonics
transform
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MPI CLEANUP ALM TOOLS
Location in HEALPix directory tree: src/f90/mod/mpi alm tools.f90

This subroutine deallocates any private arrays previously allocated
in the mpialm tools module. It should be run (without arguments)
by all processors in the current communicator after the last call to
any of the working routines.

FORMAT call mpi cleanupalm tools()

ARGUMENTS

None.

EXAMPLE:
call mpi comm rank(comm, myid, ierr)

if (myid == root) then

call mpi initialize alm tools(comm, nsmax, nlmax, nmmax,

zbounds,polarization, precompute plms)

call mpi map2alm(map, alms)

else

call mpi initialize alm tools(comm)

call mpi map2alm slave

end

call mpi cleanup alm tools

This example 1) initializes the mpialm tools module (i.e., allocates
internal arrays and defines required parameters), 2) executes a par-
allel map2alm operation, and 3) frees the previously allocated mem-
ory.

RELATED ROUTINES
This section lists the routines related tompi cleanup alm tools.

HEALPix 2.00



mpi cleanupalm tools 95

mpi initialize alm tools Allocates memory and defines variables for the
mpi alm tools module.

mpi alm2map Routine for executing a parallel inverse spherical har-
monics transform (root processor interface)

mpi alm2mapslave Routine for executing a parallel inverse spherical har-
monics transform (slave processor interface)

mpi map2alm Routine for executing a parallel spherical harmonics
transform (root processor interface)

mpi map2almslave Routine for executing a parallel spherical harmonics
transform (slave processor interface)

mpi alm2mapsimple One-line interface to the parallel inverse spherical
harmonics transform

mpi map2almsimple One-line interface to the parallel spherical harmonics
transform
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MPI INITIALIZE ALM TOOLS
Location in HEALPix directory tree: src/f90/mod/mpi alm tools.f90

This subroutine initializes the mpialm tools module, and must be
run prior to any of the advanced interface working routines by all
processors in the MPI communicator. The root processor must sup-
ply all arguments, while it is optional for the slaves. However, the
information is disregarded if they do.
A major advantage of MPI parallelization is large quantities of
memory, allowing for pre-computation of the Legendre polynomials
even with highNsideand`max, since each processor only needs a
fraction(1/Nprocs) of the complete table. This feature is controlled
by the “precomputeplms” parameter. In general, the CPU time can
be expected to decrease by roughly 50% using pre-computed Leg-
endre polynomials for temperature calculations, and by about 30%
for polarization calculations.

FORMAT call mpi initialize alm tools(comm, [nsmax],
[nlmax], [nmmax], [zbounds], [polarization],
[precomputeplms], [w8ring])

ARGUMENTS

name & dimensionality kind in/out description

comm I4B IN MPI communicator.
nsmax I4B IN theNside value of the HEALPix map.

(OPTIONAL)
nlmax I4B IN the maximum̀ value used for thealm.

(OPTIONAL)
nmmax I4B IN the maximummvalue used for thealm.

(OPTIONAL)
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zbounds(1:2) DP IN section of the map on which to per-
form the alm analysis, expressed in
terms ofz= sin(latitude) = cos(θ). If
zbounds(1)<zbounds(2), the analysis
is performedon the strip zbounds(1)<
z<zbounds(2); if not, it is performed
outside of the strip zbounds(2)<
z<zbounds(1). (OPTIONAL)

polarization LGT IN if polarization is required, this should
be set to true, else it should be set to
false. (OPTIONAL)

precomputeplms I4B IN 0 = do not pre-compute anyP̀ m’s; 1 =
pre-computePT

`m; 2 = pre-computePT
`m

andPP
`m. (OPTIONAL)

w8ring TQU(1:2*nsmax, 1:p) DP IN ring weights for quadrature correc-
tions. If ring weights are not used, this
array should be 1 everywhere. p is 1
for a temperature analysis and 3 for
(T,Q,U). (OPTIONAL)

EXAMPLE:
call mpi comm rank(comm, myid, ierr)

if (myid == root) then

call mpi initialize alm tools(comm, nsmax, nlmax, nmmax,

zbounds,polarization, precompute plms)

call mpi map2alm(map, alms)

else

call mpi initialize alm tools(comm)

call mpi map2alm slave

end

call mpi cleanup alm tools

This example 1) initializes the mpialm tools module (i.e., allocates
internal arrays and defines required parameters), 2) executes a par-
allel map2alm operation, and 3) frees the previously allocated mem-
ory.

RELATED ROUTINES
This section lists the routines related tompi initialize alm tools.
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mpi cleanupalm tools Frees memory that is allocated by the current routine.

mpi alm2map Routine for executing a parallel inverse spherical har-
monics transform (root processor interface)

mpi alm2mapslave Routine for executing a parallel inverse spherical har-
monics transform (slave processor interface)

mpi map2alm Routine for executing a parallel spherical harmonics
transform (root processor interface)

mpi map2almslave Routine for executing a parallel spherical harmonics
transform (slave processor interface)

mpi alm2mapsimple One-line interface to the parallel inverse spherical
harmonics transform

mpi map2almsimple One-line interface to the parallel spherical harmonics
transform
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MPI MAP 2ALM *
Location in HEALPix directory tree: src/f90/mod/mpi alm tools.f90

This subroutine implements MPI parallelization of the serial
map2alm routine. It supports both temperature and polarization in-
puts in both single and double precision. It must only be run by the
root node of the MPI communicator.

FORMAT call mpi map2alm*(map, alms)

ARGUMENTS

name & dimensionality kind in/out description

map(0:npix,1:nmaps) SP
or
DP

IN map to analyse. If nmaps=1, only
temperature information is included; if
nmaps=3, polarization information is
included

alms(1:nmaps,0:lmax,0:nmax) SPC
or
DPC

OUT output alms. nmaps must equal that of
the input map

EXAMPLE:
call mpi comm rank(comm, myid, ierr)

if (myid == root) then

call mpi initialize alm tools(comm, nsmax, nlmax, nmmax,

zbounds,polarization, precompute plms)

call mpi map2alm(map, alms)

else

call mpi initialize alm tools(comm)

call mpi map2alm slave

end

call mpi cleanup alm tools
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This example 1) initializes the mpialm tools module (i.e., allocates
internal arrays and defines required parameters), 2) executes a par-
allel map2alm operation, and 3) frees the previously allocated mem-
ory.

MODULES & ROUTINES
This section lists the modules and routines used bympi map2alm*.

alm tools module

RELATED ROUTINES
This section lists the routines related tompi map2alm*.

mpi cleanupalm tools Frees memory that is allocated by the current routine.

mpi initialize alm tools Allocates memory and defines variables for the
mpi alm tools module.

mpi alm2map Routine for executing a parallel inverse spherical har-
monics transform (root processor interface)

mpi alm2mapslave Routine for executing a parallel inverse spherical har-
monics transform (slave processor interface)

mpi map2almslave Routine for executing a parallel spherical harmonics
transform (slave processor interface)

mpi alm2mapsimple One-line interface to the parallel inverse spherical
harmonics transform

mpi map2almsimple One-line interface to the parallel spherical harmonics
transform
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MPI MAP 2ALM SIMPLE *
Location in HEALPix directory tree: src/f90/mod/mpi alm tools.f90

This subroutine provides a simplified (one-line) interface to the MPI
version of map2alm. It supports both temperature and polarization
inputs in both single and double precision. It must only be run by
all processors in the MPI communicator.

FORMAT call mpi map2almsimple*(comm, map, alms,
[zbounds], [w8ring])

ARGUMENTS

name & dimensionality kind in/out description

comm I4B IN MPI communicator.
map(0:npix-1,1:nmaps) SP

or
DP

IN input map. If nmaps=1, only tem-
perature information is included; if
nmaps=3, polarization information is
included

alms(1:nmaps,0:lmax,0:nmax) SPC
or
DPC

IN output alms. nmaps must equal that of
the input map

zbounds(1:2) DP IN section of the map on which to per-
form the alm analysis, expressed in
terms ofz= sin(latitude) = cos(θ). If
zbounds(1)<zbounds(2), the analysis
is performedon the strip zbounds(1)<
z<zbounds(2); if not, it is performed
outside of the strip zbounds(2)<
z<zbounds(1). (OPTIONAL)

w8ring TQU(1:2*nsmax, 1:p) DP IN ring weights for quadrature correc-
tions. If ring weights are not used, this
array should be 1 everywhere. p is 1
for a temperature analysis and 3 for
(T,Q,U). (OPTIONAL)
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EXAMPLE:
call mpi map2alm simple(comm, map, alms)

This example executes a parallel map2alm operation through the
one-line interface. Although all processors must supply allocated
arrays to the routine, only the root processor’s information will be
used as input, and only the root processor’s alms will be complete
after execution.

MODULES & ROUTINES
This section lists the modules and routines used bympi map2alm simple*.

alm tools module

RELATED ROUTINES
This section lists the routines related tompi map2alm simple*.

mpi cleanupalm tools Frees memory that is allocated by the current routine.

mpi initialize alm tools Allocates memory and defines variables for the
mpi alm tools module.

mpi alm2map Routine for executing a parallel inverse spherical har-
monics transform (root processor interface)

mpi alm2mapslave Routine for executing a parallel inverse spherical har-
monics transform (slave processor interface)

mpi map2alm Routine for executing a parallel spherical harmonics
transform (root processor interface)

mpi map2almslave Routine for executing a parallel spherical harmonics
transform (slave processor interface)

mpi alm2mapsimple One-line interface to the parallel inverse spherical
harmonics transform
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MPI MAP 2ALM SLAVE
Location in HEALPix directory tree: src/f90/mod/mpi alm tools.f90

This subroutine complements the master routine mpimap2alm, and
should be run by all slaves in the current MPI communicator. It
is run without arguments, but after an appropriate call to initial-
ize mpi alm tools.

FORMAT call mpi map2almslave()

ARGUMENTS

None.

EXAMPLE:
call mpi comm rank(comm, myid, ierr)

if (myid == root) then

call mpi initialize alm tools(comm, nsmax, nlmax, nmmax,

zbounds,polarization, precompute plms)

call mpi map2alm(map, alms)

else

call mpi initialize alm tools(comm)

call mpi map2alm slave

end

call mpi cleanup alm tools

This example 1) initializes the mpialm tools module (i.e., allocates
internal arrays and defines required parameters), 2) executes a par-
allel map2alm operation, and 3) frees the previously allocated mem-
ory.

MODULES & ROUTINES
This section lists the modules and routines used bympi map2alm slave.
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alm tools module

RELATED ROUTINES
This section lists the routines related tompi map2alm slave.

mpi cleanupalm tools Frees memory that is allocated by the current routine.

mpi initialize alm tools Allocates memory and defines variables for the
mpi alm tools module.

mpi alm2map Routine for executing a parallel inverse spherical har-
monics transform (root processor interface)

mpi alm2mapslave Routine for executing a parallel inverse spherical har-
monics transform (slave processor interface)

mpi map2alm Routine for executing a parallel spherical harmonics
transform (root processor interface)

mpi alm2mapsimple One-line interface to the parallel inverse spherical
harmonics transform

mpi map2almsimple One-line interface to the parallel spherical harmonics
transform

HEALPix 2.00



nArguments 105

NARGUMENTS
Location in HEALPix directory tree: src/f90/mod/extension.F90

This function emulates the C routineiargc, which returns the num-
ber of command line arguments provided.

FORMAT var=nArguments( )

ARGUMENTS

name&dimensionality kind in/out description

var I4B OUT number of command line arguments

RELATED ROUTINES
This section lists the routines related tonArguments.

getEnvironment returns value of environment variable

getArgument returns list of command line arguments
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NEIGHBOURS NEST
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

This subroutine returns the number and locations (in terms of pixel
numbers) of the topological neighbours of a central pixel. The pix-
els are ordered in a clockwise sense about the central pixel with the
southernmost pixel in first element. For the 4 pixels in the south-
ern corners of the equatorial faces which have two equally southern
neighbours the routine returns the southwestern pixel first and pro-
ceeds clockwise.

FORMAT call neighboursnest(nside, ipix, list, nneigh)

ARGUMENTS

name & dimensionality kind in/out description

nside I4B IN TheNside parameter of the map.
ipix I4B IN The pixel number of the central

pixel.
list(8) I4B OUT On exit, the vector of neighbour-

ing pixels. This containsnneigh
relevant elements.

nneigh I4B OUT The number of neighbours
(mostly 8, except at 8 sites, where
there are only 7 neighbours).

EXAMPLE:
use pix tools

integer :: n, list(1:8)

call neighbours nest(4, 1, list, nneigh)

print*,nneigh

print*,list(1:nneigh)

This returnsnneigh= 8 and a vectorlist, which contains the pixel
numbers ( 90, 0, 2, 3, 6, 4, 94, 91).
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MODULES & ROUTINES
This section lists the modules and routines used byneighbours nest.

mk xy2pix, mk pix2xy precomputing arrays for the conversion of NESTED
pixel numbers to Cartesian coords in each face.

pix2xy nest, xy2pixnest Conversion between NESTED pixel numbers to
Cartesian coords in each face.

bit manipulation module, containing:

invMSB, invLSB,swapLSBMSB,invswapLSBMSB functions which manipulate
the bit vector which represents the NESTED
pixel numbers. They correspond to NorthWest¡-
¿SouthEast, SouthWest¡-¿NorthEast, East¡-¿West
and North-South flips of the diamond faces, respec-
tively.

RELATED ROUTINES
This section lists the routines related toneighbours nest.

pix2ang, ang2pix convert between angle and pixel number.

pix2vec, vec2pix convert between a cartesian vector and pixel number.

HEALPix 2.00



108 HEALPix Fortran Subroutines Overview

NPIX 2NSIDE
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Function to provide the resolution parameterNside correspoonding
to Npix pixels over the full sky.

FORMAT var=npix2nside(npix)

ARGUMENTS

name & dimensionality kind in/out description

npix I4B IN the numberNpix of pixels over the whole
sky.

var I4B OUT the parameterNside. If Npix is valid
(12 times a power of 2 in{1, . . . ,8192}),
Nside=

√
Npix/12 is returned; if not, an er-

ror message is issued and -1 is returned.

EXAMPLE:
nside= npix2nside(786432)

Returns the resolution parameterNside (256) corresponding to
786432 pixels on the sky.

RELATED ROUTINES
This section lists the routines related tonpix2nside.

nside2npix returns the number of pixelsNpix correspondinng to
resolution parameterNside
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NSIDE2NPIX
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Function to provide the number of pixelsNpix over the full sky cor-
responding to resolution parameterNside.

FORMAT var=nside2npix(nside)

ARGUMENTS

name & dimensionality kind in/out description

nside I4B IN theNside parameter of the map.
var I4B OUT the number of pixelsNpix of the map.

If Nside is valid (a power of 2 in
{1, . . . ,8192}), Npix = 12Nside

2 is returned;
if not, an error message is issued and -1 is
returned.

EXAMPLE:
npix= nside2npix(256)

Returns the number ofHEALPix pixels (786432) for the resolution
parameter 256.

RELATED ROUTINES
This section lists the routines related tonside2npix.

npix2nside returns resolution parameter corresponding to the
number of pixels.
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NSIDE2NTEMPLATES
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Function to provide the number of template pixels

Ntemplates=
1+Nside(Nside+6)

4

corresponding to resolution parameterNside. Each template pixel
has a different shape thatcan notbe matched (by rotation or reflex-
ion) to that of any of the other templates.

FORMAT var=nside2ntemplates(nside)

ARGUMENTS

name & dimensionality kind in/out description

nside I4B IN theNside parameter.
var I4B OUT the number of template pixelsNtemplates.

EXAMPLE:
ntpl= nside2ntemplates(256)

Returns inntpl the number ofHEALPix template pixels (16768)
for the resolution parameter 256.

RELATED ROUTINES
This section lists the routines related tonside2ntemplates.

templatepixel ring

templatepixel nest return the template pixel associated with any
HEALPix pixel
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sameshapepixels ring

sameshapepixels nest return the ordered list of pixels having the same shape
as a given pixel template
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NUMBER OF ALMS
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This function returns the number ofalm values stored in each FITS
extension in a FITS file containingalm

FORMAT var=numberof alms(filename[, extnum])

ARGUMENTS

name & dimensionality kind in/out description

filename(LEN=filenamelen) CHR IN filename of the FITS-file contain-
ing a`m.

extnum I4B OUT number of extensions in the file

EXAMPLE:
print*,number of alms(’alms.fits’)

Prints the number ofalm stored in each extension of the file
’alms.fits’

MODULES & ROUTINES
This section lists the modules and routines used bynumber of alms.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.
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RELATED ROUTINES
This section lists the routines related tonumber of alms.

fits2alms, readconbintab routines that readalm values from FITS files.
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OUTPUT MAP *
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine writes a full skyHEALPix map into a FITS file. The
map can be either single or double precision real.

FORMAT call outputmap*(map, header, filename
[,extno])

ARGUMENTS

name & dimensionality kind in/out description

map(0:,1:) SP/
DP

IN full sky map(s) to be output

header(LEN=80)(1:) CHR IN string array containing the FITS header to be in-
cluded in the file

filename(LEN=filenamelen) CHR IN filename of the FITS-file to containHEALPix
map(s).

extno I4B IN extension number in which to write the data (0
based).

(default: 0)

EXAMPLE:
use healpix types

use fits tools, only : output map

real(sp), dimension(0:12*16**2-1) :: map

character(len=80), dimension(1:10) :: header

header(:) = ’’

map(:) = 1.

call output map(map, header, ’map.fits’)

generates a simple map (made of 1s) and output in the FITS file
map.fits
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MODULES & ROUTINES
This section lists the modules and routines used byoutput map*.

fitstools module, containing:

printerror routine for printing FITS error messages.

write bintab routine to write a binary table into a FITS file.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related tooutput map*.

anafast executable that reads aHEALPix map from a FITS
file and analyses it.

synfast executable that generate full skyHEALPix maps

input map subroutine to read aHEALPix map from a a FITS
file

write bintabh subroutine to write a large array into a FITS file piece
by piece

input tod* subroutine to read an arbitrary subsection of a large
binary table
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PARSE XXX
Location in HEALPix directory tree: src/f90/mod/paramfile io.f90

The Fortran90 module paramfileio contains functions to obtain pa-
rameters from parameter files or interactively

ARGUMENTS

name&dimensionality kind in/out description

fname CHR IN file containing the simulation parameters.
If empty, parameters are obtained interac-
tively.

handle PMF IN Object of type (paramfilehandle) used to
store parameter information

keyname CHR IN name of the required parameter
default XXX IN optional argument containing the default

value for a given simulation parameter;
must be of appropriate type.

vmin XXX IN optional argument containing the minimum
value for a given simulation parameter;
must be of appropriate type.

vmax XXX IN optional argument containing the maxi-
mum value for a given simulation param-
eter; must be of appropriate type.

descr CHR IN optional argument containing a description
of the required simulation parameter

filestatus CHR IN optional argument. If present, the param-
eter must be a valid filename. If filesta-
tus==’new’, the file must not exist; if
filestatus==’old’, the file must exist.
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ROUTINES:
handle = parse init (fname)

initializes the parser to work on the file fname, or interactively, if fname is empty

intval = parse int (handle, keyname, default, vmin, vmax, descr)

longval = parse long (handle, keyname, default, vmin, vmax, descr)

realval = parse real (handle, keyname, default, vmin, vmax, descr)

doubleval = parse double (handle, keyname, default, vmin, vmax, descr)

stringval = parse string (handle, keyname, default, descr, filestatus)

logicval = parse lgt (handle, keyname, default, descr)

These routines obtain integer(i4b), integer(i8b), real(sp), real(dp), character(len=*) and logical
values, respectively

RELATED ROUTINES
This section lists the routines related toparse xxx.

concatnl generates from a set of strings the multi-line descrip-
tion
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PIXEL WINDOW
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

This routine returns thè space window function (for temper-
ature and polarisation) associated toHEALPix pixels of res-
olution parameterNside. Unless specified otherwise, the files
Healpix/data/pixelwindow n????.fits are used.

FORMAT call pixel window(pixlw, nside [, windowfile])

ARGUMENTS

name & dimensionality kind in/out description

pixlw(0:lmax,1:p) DP OUT pixel window function generated. The first in-
dex must bè max≤ 4Nside. The second index
runs form 1:1 for temperature only, and 1:3 for
polarisation. In the latter case, 1=T, 2=E, 3=B.

nside I4B IN HEALPix Nside resolution parameter. Unless
windowfile is set, the file associated withNside

and shipped with the package is read by default.
If nside = 0, the pixel is assumed infinitely
small andpixlw is returned with value 1.

windowfile (OP-
TIONAL)

CHR IN FITS file containing the pixel window to be read
instead of the default.

EXAMPLE:
call pixel window(pixlw, 64)

returns in pixlw the pixel window function forNside= 64.

MODULES & ROUTINES
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This section lists the modules and routines used bypixel window.

misc utils module, containing:

assert, fatalerror interrupt code in case of error

extension module, containing:

getEnvironment read environment variable

fitstools module, containing:

readdbintab reads double precision binary table

RELATED ROUTINES
This section lists the routines related topixel window.

gaussbeam routine to generate a gaussian beam
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PIX 2XXX ,ANG2XXX ,VEC2XXX ,
NEST2RING ,RING 2NEST
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

The Fortran90 module pixtools contains some subroutines to con-
vert between pixel number in theHEALPix map and(θ,φ) or
(x,y,z) coordinates on the sphere. Some of these routines are listed
here.

ARGUMENTS

name & dimensional-
ity

kind in/out description

nside I4B IN Nside parameter for theHEALPix map.
ipnest I4B — pixel identification number in NESTED scheme

over the range{0,Npix−1}.
ipring I4B — pixel identification number in RING scheme

over the range{0,Npix−1}.
theta DP — colatitude in radians measured southward from

north pole in{0,π}.
phi DP — longitude in radians, measured eastward in

[0,2π].
vector(3) DP — three dimensional cartesian position vector

(x,y,z). The north pole is(0,0,1). An output
vector is normalised to unity.

vertex(3,4)
OPTIONAL

DP OUT three dimensional cartesian position vectors
(x,y,z) (normalised to unity) pointing to the 4
vertices of a given pixel. The four vertices are
listed in the order North, West, South, East.
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ROUTINES:
call pix2ang ring(nside, ipring, theta, phi)

rendersthetaandphi coordinates of the nominal pixel center given
the pixel numberipring and a map resolution parameternside.

call pix2vec ring(nside, ipring, vector [,vertex])

renders cartesian vector coordinates of the nominal pixel center
given the pixel numberipring and a map resolution parameternside.
Optionally renders cartesian vector coordinates of the considered
pixel four vertices.

call ang2pix ring(nside, theta, phi, ipring)

renders the pixel numberipring for a pixel which, given the map
resolution parameternside, contains the point on the sphere at an-
gular coordinatesthetaandphi.

call vec2pix ring(nside, vector, ipring)

renders the pixel numberipring for a pixel which, given the map res-
olution parameternside, contains the point on the sphere at cartesian
coordinatesvector.

call pix2ang nest(nside, ipnest, theta, phi)

rendersthetaandphi coordinates of the nominal pixel center given
the pixel numberipnestand a map resolution parameternside.

call pix2vec nest(nside, ipnest, vector [,vertex])

renders cartesian vector coordinates of the nominal pixel center
given the pixel numberipnestand a map resolution parameternside.
Optionally renders cartesian vector coordinates of the considered
pixel four vertices.

call ang2pix nest(nside, theta, phi, ipnest)

renders the pixel numberipnestfor a pixel which, given the map res-
olution parameternside, contains the point on the sphere at angular
coordinatesthetaandphi.

call vec2pix nest(nside, vector, ipnest)

renders the pixel numberipnestfor a pixel which, given the map res-
olution parameternside, contains the point on the sphere at cartesian
coordinatesvector.

call nest2ring(nside, ipnest, ipring)
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performs conversion from NESTED to RING pixel number.

call ring2nest(nside, ipring, ipnest)

performs conversion from RING to NESTED pixel number.

MODULES & ROUTINES
This section lists the modules and routines used bypix2xxx,ang2xxx,vec2xxx,
nest2ring,ring2nest.

mk pix2xy, mk xy2pix routines used in the conversion between pixel values
and “cartesian” coordinates on the Healpix face.

RELATED ROUTINES
This section lists the routines related topix2xxx,ang2xxx,vec2xxx, nest2ring,ring2nest.

neighboursnest find neighbouring pixels.

ang2vec convert(θ,φ) spherical coordinates into(x,y,z)
cartesian coordinates.

vec2ang convert(x,y,z) cartesian coordinates into(θ,φ)
spherical coordinates.

convertinplace in-place conversion between RING and NESTED for
integer/real/double maps.

convertnest2ring convert from NESTED to RING scheme using a tem-
porary array.
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PLM GEN
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

This routine computes the latitude dependent partλ`m of the
spherical harmonics (Ỳ m(θ,φ) = λ`m(θ)eimφ) of spin 0 and 2 (see
HEALPix primer) used to synthetize or analyzeHEALPix maps
of temperature and polarisation.

FORMAT call plm gen(nsmax, nlmax, nmmax, plm)

ARGUMENTS

name & dimensionality kind in/out description

nsmax I4B IN TheNsidevalue for which to com-
pute theλ`m.

nlmax I4B IN The maximum multipole order̀
of the generatedλlm.

nmmax I4B IN The maximum degreem of the
generatedλlm.

plm(0:n plm-1, 1:p) DP OUT Theλlm values, either for tem-
perature only (p = 1) or tem-
perature and polarisation (p =
3). The number ofλ`m is n plm
= nsmax*(nmmax+1)*(2*nlmax-
nmmax+2). They are stored in
the order of increasing order̀,
increasing degreem, for all the
HEALPix ring colatitudesθ from
North Pole to Equator, ieλ00(θ1),
λ10(θ1), λ20(θ1), . . . , λ11(θ1),
λ21(θ1); . . . , λ00(θ2) . . .

EXAMPLE:
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use healpix types

use alm tools, only : plm gen

integer(I4B) :: nside, lmax, mmax, n plm

real(DP), dimension(:,:), allocatable :: plm

...

nside=256 ; lmax=512 ; mmax=lmax

npix=nside2npix(nside)

n plm=nside*(mmax+1)*(2*lmax-mmax+2)

allocate(plm(0:n plm-1,1:3))

...

call plm gen(nside, lmax, mmax, plm)

Computes the spherical harmonics for temperature and polarisation
for Nside= 256, up to 512 iǹ andm.

MODULES & ROUTINES
This section lists the modules and routines used byplm gen.

computelam mm, getpixel layout,

gen lamfac,genmfac, gennormpol,

gen recfac, init rescale, lmin ylm Ancillary routines used forλ`m recursion

misc utils module, containing:

assertalloc routine to print error message, when an array can not
be allocated properly

RELATED ROUTINES
This section lists the routines related toplm gen.

alm2map routine generating maps of temperature and polari-
sation from theira`m that can use precomputedλ`m

generated by plmgen

map2alm routine analysing maps of temperature and polari-
sation that can use precomputedλ`m generated by
plm gen

plmgen executable using plmgen to compute theλ`m and
writting them on disc
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QUERY DISC
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Routine to find the index of all pixels within an angular distance
radius from a defined center. The output indices can be either in the
RING or NESTED scheme

FORMAT call querydisc(nside, vector0, radius, listpix,
nlist [, nest, inclusive])

ARGUMENTS

name & dimensionality kind in/out description

nside I4B IN theNside parameter of the map.
vector0(3) DP IN cartesian vector pointing at the disc center.
radius DP IN disc radius in radians.
listpix(0:*) I4B OUT the index for all pixels withinradius. Make

sure that the size of the array is big enough to
contain all pixels.

nlist I4B OUT The number of pixels listed inlist pix.
nest (OPTIONAL) I4B IN The pixel indices are in the NESTED num-

bering scheme if nest=1, and in RING
scheme otherwise.

inclusive (OPTIONAL) I4B IN If set to 1, all the pixels overlapping (even
partially) with the disc are listed, otherwise
only those whose center lies within the disc
are listed.

EXAMPLE:
call query disc(256,(/0,0,1/),pi/2,listpix,nlist,nest=1)

Returns the NESTED pixel index of all pixels north of the equatorial
line in aNside= 256 map.
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MODULES & ROUTINES
This section lists the modules and routines used byquery disc.

in ring routine to find the pixels in a certain slice of a given
ring.

ring num function to return the ring number corresponding to
the coordinatez

RELATED ROUTINES
This section lists the routines related toquery disc.

pix2ang, ang2pix convert between angle and pixel number.

pix2vec, vec2pix convert between a cartesian vector and pixel number.

querydisc, querypolygon,

querystrip, querytriangle render the list of pixels enclosed respectively in a
given disc, polygon, latitude strip and triangle
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QUERY POLYGON
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Routine to find the index of all pixels enclosed in a polygon. The
polygon should be convex, or have only one concave vertex. The
edges should not intersect each other. The output indices can be
either in the RING or NESTED scheme

FORMAT call querypolygon(nside, vlist, nv, listpix, nlist
[, nest, inclusive])

ARGUMENTS

name & dimensional-
ity

kind in/out description

nside I4B IN theNside parameter of the map.
vlist(1:3,0:*) DP IN cartesian vector pointing at polygon respective

vertices.
nv I4B IN number of vertices, should be equal to 3 or

larger.
listpix(0:*) I4B OUT the index for all pixels enclosed in the triangle.

Make sure that the size of the array is big enough
to contain all pixels.

nlist I4B OUT The number of pixels listed inlist pix.
nest (OPTIONAL) I4B IN The pixel indices are in the NESTED number-

ing scheme if nest=1, and in RING scheme oth-
erwise.

inclusive (OPTIONAL) I4B IN If set to 1, all the pixels overlapping (even par-
tially) with the polygon are listed, otherwise
only those whose center lies within the polygon
are listed.

EXAMPLE:
real(dp), dimension(1:3,0:9) :: vertices

vertices(:,0) = (/0.,0.,1./) ! +z
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vertices(:,1) = (/1.,0.,0./) ! +x

vertices(:,2) = (/1.,1.,-1./) ! x+y-z

vertices(:,3) = (/0.,1.,0./) ! +y

call query polygon(256,vertices,4,listpix,nlist,nest=0)

Returns the RING pixel index of all pixels in the polygon with ver-
tices of cartesian coordinates (0,0,1), (1,0,0), (1,1,-1) and (0,1,0) in
aNside= 256 map.

MODULES & ROUTINES
This section lists the modules and routines used byquery polygon.

isort routine to sort integer number

query triangle render the list of pixels enclosed in a given triangle

surfacetriangle computes the surface of a spherical triangle defined
by 3 vertices

vect prod routine to compute the vectorial product of two 3D
vectors

RELATED ROUTINES
This section lists the routines related toquery polygon.

pix2ang, ang2pix convert between angle and pixel number.

pix2vec, vec2pix convert between a cartesian vector and pixel number.

querydisc, querypolygon,

querystrip, querytriangle render the list of pixels enclosed respectively in a
given disc, polygon, latitude strip and triangle
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QUERY STRIP
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Routine to find the index of all pixels enclosed in a latitude strip.
The output indices can be either in the RING or NESTED scheme

FORMAT call querystrip(nside, theta1, theta2, listpix,
nlist [, nest, inclusive])

ARGUMENTS

name&dimensionality kind in/out description

nside I4B IN theNside parameter of the map.
theta1 DP IN colatitude lower bound in radians measured

from North Pole (between 0 andπ).
theta2 DP IN colatitude upper bound in radians measured

from North Pole (between 0 andπ). If theta1<
theta2, the pixels lying in [theta1,theta2] are out-
put, otherwise, the pixel lying in [0, theta2] and
those lying in [theta1,π] are output.

listpix(0:*) I4B OUT the index for all pixels enclosed in the strip(s).
Make sure that the size of the array is big enough
to contain all pixels.

nlist I4B OUT The number of pixels listed inlist pix.
nest (OPTIONAL) I4B IN The pixel indices are in the NESTED number-

ing scheme if nest=1, and in RING scheme oth-
erwise.

inclusive (OPTIONAL) I4B IN If set to 1, all the pixels overlapping (even par-
tially) with the strip are listed, otherwise only
those whose center lies within the disc are listed.

EXAMPLE:
call query strip(256,0.75*PI,0.2*PI,listpix,nlist,nest=1)
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Returns the NESTED pixel index of all pixels with colatitude in
[0,π/5] and those with colatitude in [3π/4,π]

MODULES & ROUTINES
This section lists the modules and routines used byquery strip .

in ring routine to find the pixels in a certain slice of a given
ring.

intrs intrv routine to compute the intersection of 2 intervals on
a circle

ring num function to return the ring number corresponding to
the coordinatez

vect prod routine to compute the vectorial product of two 3D
vectors

RELATED ROUTINES
This section lists the routines related toquery strip .

pix2ang, ang2pix convert between angle and pixel number.

pix2vec, vec2pix convert between a cartesian vector and pixel number.

querydisc, querypolygon,

querystrip, querytriangle render the list of pixels enclosed respectively in a
given disc, polygon, latitude strip and triangle

surfacetriangle computes the surface of a spherical triangle defined
by 3 vertices
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QUERY TRIANGLE
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Routine to find the index of all pixels enclosed in a spherical triangle
described by its three vertices. The output indices can be either in
the RING or NESTED scheme

FORMAT call querytriangle(nside, v1, v2, v3, listpix,
nlist [, nest, inclusive])

ARGUMENTS

name&dimensionality kind in/out description

nside I4B IN theNside parameter of the map.
v1(3) DP IN cartesian vector pointing at the triangle first

vertex.
v2(3) DP IN cartesian vector pointing at the triangle sec-

ond vertex.
v3(3) DP IN cartesian vector pointing at the triangle third

vertex.
listpix(0:*) I4B OUT the index for all pixels enclosed in the trian-

gle. Make sure that the size of the array is big
enough to contain all pixels.

nlist I4B OUT The number of pixels listed inlist pix.
nest (OPTIONAL) I4B IN The pixel indices are in the NESTED num-

bering scheme if nest=1, and in RING
scheme otherwise.

inclusive (OPTIONAL) I4B IN If set to 1, all the pixels overlapping (even
partially) with the triangle are listed, other-
wise only those whose center lies within the
triangle are listed.

EXAMPLE:
call query triangle(256,(/1,0,0/),(/0,1,0/),(/0,0,1/),listpix,nlist)
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Returns the RING pixel index of the (98560) pixels in the octant
(x,y,z> 0) in aNside= 256 map.

MODULES & ROUTINES
This section lists the modules and routines used byquery triangle.

in ring routine to find the pixels in a certain slice of a given
ring.

intrs intrv routine to compute the intersection of 2 intervals on
a circle

ring num function to return the ring number corresponding to
the coordinatez

vect prod routine to compute the vectorial product of two 3D
vectors

RELATED ROUTINES
This section lists the routines related toquery triangle.

pix2ang, ang2pix convert between angle and pixel number.

pix2vec, vec2pix convert between a cartesian vector and pixel number.

querydisc, querypolygon,

querystrip, querytriangle render the list of pixels enclosed respectively in a
given disc, polygon, latitude strip and triangle

surfacetriangle computes the surface of a spherical triangle defined
by 3 vertices
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RAND GAUSS
Location in HEALPix directory tree: src/f90/mod/rngmod.f90

This routine returns a number out of a pseudo-random normal de-
viate (ie, its probability distribution is a Gaussian of mean 0 and
variance 1).

FORMAT var=randgauss(rnghandle)

ARGUMENTS

name & dimensionality kind in/out description

rng handle planckrng INOUT structure of typeplanck rng

containing on all information nec-
essary to continue same random
sequence.

var DP OUT number belonging to a pseudo-
random normal deviate.

EXAMPLE:
use healpix types

use rngmod

type(planck rng) :: rng handle

real(dp) :: gauss

call rand init(rng handle, 12345, 6789012)

gauss = rand gauss(rng handle)

initiates a random sequence with the pair of seeds (12345,
6789012), and generates one number out of the normal deviate.

RELATED ROUTINES
This section lists the routines related torand gauss.
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randuni function which returns a random uniform deviate.

rand init subroutine to initiate a random number sequence.
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RAND INIT
Location in HEALPix directory tree: src/f90/mod/rngmod.f90

This routine initializes, with up to 4 seeds, a randomn number se-
quence. The generator being primed is an F90 port of an xorshift
generator described in Marsaglia, Journal of Statistical Software
2003, vol 8. It has a theoretical period of 2128−1≈ 3.41038. Please
refer to the “Comment on Random Number Generator” in the For-
tran90 facilities guidelines.

FORMAT call randinit(rng handle, [seed1, seed2, seed3,
seed4])

ARGUMENTS

name & dimensionality kind in/out description

rng handle planckrng OUT structure of typeplanck rng

containing on output all informa-
tion necessary to continue same
random sequence.

seed1 (OPTIONAL) I4B IN first seed of the random sequence.
Can be of arbitray sign. If set
to zero or not provided will be
replaced internally by a non-zero
hard coded value.

seed2 (OPTIONAL) I4B IN second seed. Same properties as
above

seed3 (OPTIONAL) I4B IN third seed. Same as above.
seed4 (OPTIONAL) I4B IN fourth seed. Same as above.

EXAMPLE:
use rngmod

type(planck rng) :: rng handle

call rand init(rng handle, 12345, 6789012)
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initiates a random sequence with the pair of seeds (12345,
6789012).

RELATED ROUTINES
This section lists the routines related torand init .

randgauss function which returns a random normal deviate.

randuni function which returns a random uniform deviate.
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RAND UNI
Location in HEALPix directory tree: src/f90/mod/rngmod.f90

This routine returns a number out of a pseudo-random uniform de-
viate (ie, its probability distribution is uniform in the range ]0,1[).

FORMAT var=randuni(rng handle)

ARGUMENTS

name & dimensionality kind in/out description

rng handle planckrng INOUT structure of typeplanck rng

containing on all information nec-
essary to continue same random
sequence.

var DP OUT number belonging to a pseudo-
random uniform deviate.

EXAMPLE:
use healpix types

use rngmod

type(planck rng) :: rng handle

real(dp) :: uni

call rand init(rng handle, 12345, 6789012)

uni = rand uni(rng handle)

initiates a random sequence with the pair of seeds (12345,
6789012), and generates one number out of the uniform deviate.

RELATED ROUTINES
This section lists the routines related torand uni.
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randgauss function which returns a random normal deviate.

rand init subroutine to initiate a random number sequence.
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READ ASCTAB*
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine is obsolete, use fits2cl instead
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READ BINTAB *
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine reads aHEALPix map from a binary FITS-file. The
routine can read a temperature map or both temperature and polari-
sation maps (T,Q,U)

FORMAT call readbintab*(filename, map, npixtot,
nmaps, nullval, anynull [,header, units, extno])

ARGUMENTS

name &d imensionality kind in/out description

filename(LEN=filenamelen) CHR IN filename of FITS-file containing the
map(s).

npixtot I4B IN Number of pixels to be read from map.
nmap I4B IN number of maps to be read, 1 for tem-

perature only, and 3 for (T,Q,U).
map(0:npixtot-1,1:nmap) SP/

DP
OUT the map read from the FITS-file.

nullval SP/
DP

OUT value of missing pixels in the map.

anynull LGT OUT TRUE, if there are missing pixels, and
FALSE otherwise.

header(LEN=80)(1:) (OPTIONAL) CHR OUT character string array containing the
FITS header read from the file. Its di-
mension has to be defined prior to call-
ing the routine

units(LEN=*)(1:nmaps)
(OPTIONAL)

CHR OUT character string array containing the
physical units of each map read

extno (OPTIONAL) I4B IN extension number to read the data from
(0 based).(default: 0) (the first exten-
sion is read)
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EXAMPLE:
call read bintab (’map.fits’,map,12*32**2,1,nullval,anynull)

Reads aHEALPix temperature map from the file ‘map.fits’ to the
array map(0:12*32**2-1,1:1). The pixel number 12*32**2 is the
number of pixels in aNside= 32HEALPix map. If there are missing
pixels in the file, anynull is TRUE and these pixels get the value
returned in nullval.

MODULES & ROUTINES
This section lists the modules and routines used byread bintab* .

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related toread bintab* .

input map Routine which reads a map using readbintab*and
fills missing pixels with a given value.

map2alm Routine which analyse a map and returns thealm co-
efficients.

readfits cut4 Routine to read cut skyHEALPix FITS maps

write plm, write bintab Routines to writeHEALPix FITS maps

HEALPix 2.00



readconbintab* 143

READ CONBINTAB *
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine reads a FITS file containingalm values for constained
realisation. The FITS file is supposed to contain one integer column
with index= `2 + `+m+1 and 2 or 4 single (or double) precision
columns with real/imaginaryalm values and real/imaginary standard
deviation on thesealm. It is supposed to contain either 1 or 3 exten-
sion(s) containing respectively thealm for T and if applicable E and
B.

FORMAT call readconbintab*(filename, alms, nalms [,
units, extno])

ARGUMENTS

name&dimensionality kind in/out description

filename(LEN=filenamelen) CHR IN filename of FITS file containingalm.
nalms I4B IN Number ofalm values to read from the

file.
alms(0:nalms-1,1:6) SP/

DP
OUT the alm read from the file. alms(i,1)

and alms(i,2) contain thèandm val-
ues for the ithalm . alms(i,3) and
alms(i,4) contain the real and imagi-
nary value of the ithalm . Finally,
the standard deviation for the ithalm

is contained in alms(i,5) (real) and
alms(i,6) (imaginary).

units(len=20)(1:)
(OPTIONAL)

CHR OUT character string containing the units of
thea`m

extno (OP-
TIONAL)

I4B IN extension (0 based) of the FITS file to
be read
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EXAMPLE:
call read conbintab (’alms.fits’,alms,65*66/2)

Read 65*66/2 (the number ofalm needed to fill the whole range
from l=0 to l=64)alm values from the file ‘alms.fits’ into the array
alms(0:65*66/2-1,1:6).

MODULES & ROUTINES
This section lists the modules and routines used byread conbintab*.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related toread conbintab*.

alms2fits, dumpalms routines to writealm to a FITS-file

fits2alms has the same function as readconbintab but is more
general.
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READ DBINTAB
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine reads a double precision binary array from a FITS-file.
It is used byHEALPix to read precomputedPlm(θ) values and pixel
window functions.

FORMAT call readdbintab(filename, map, npixtot,
nmaps, nullval, anynull, units)

ARGUMENTS

name & dimensionality kind in/out description

filename(LEN=filenamelen) CHR IN filename of FITS-file containing
the double precision array.

npixtot I4B IN Number of values to be read from
the file.

nmaps I4B IN number of 1-dim. arrays, 1 for
scalarPlms and pixel windows, 3
for scalar and tensorPlms.

map(0:npixtot-1,1:nmaps) DP OUT the array read from the FITS-file.
nullval DP OUT value of missing pixels in the ar-

ray.
anynull LGT OUT TRUE, if there are missing pixels,

and FALSE otherwise.
units(len=20)(1:nmaps) CHR OUT respective physical units of the

maps in the FITS file.
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EXAMPLE:
call read dbintab (’plm 32.fits’,plm,65*66*32,1,nullval,anynull)

Reads precomputed scalarPlm(θ) from the file ‘plm 32.fits’. The
values are returned in the array plm(0:65*66*32,1:1). The num-
ber of values 65*66*32 is the number of precomputedPlm(θ) for a
Nside= 32, lmax= 64 map. If there are missing values in the file,
anynull is TRUE and nullval contains the values of these pixels.

MODULES & ROUTINES
This section lists the modules and routines used byread dbintab.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related toread dbintab.

plmgen Executable to create files with precomputedPlm(θ).
write dbintab Routine to create a file to be read by readdbintab.
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READ FITS CUT4
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine reads a cut skyHEALPix map from a FITS file. The
format used for the FITS file follows the one used for Boomerang98
and is adapted from COBE/DMR

FORMAT call readfits cut4(filename, np, pixel, [signal,
n obs, serror, header, units, extno])

ARGUMENTS

name&dimensionality kind in/out description

filename(LEN=filenamelen) CHR IN FITS file to be read from, containing a cut sky
map

np I4B IN number of pixels to be read from the file
pixel(0:np-1) I4B OUT index of observed (or valid) pixels
signal(0:np-1) (OP-
TIONAL)

SP OUT value of signal in each observed pixel

n obs(0:np-1) (OP-
TIONAL)

I4B OUT number of observation per pixel

serror(0:np-1) (OP-
TIONAL)

SP OUT rms of signal in pixel. (For white noise, this
would be∝ 1/

√
n obs)

header(LEN=80)(1:) (OP-
TIONAL)

CHR OUT FITS extension header

units(LEN=20) (OP-
TIONAL)

CHR OUT maps units (applies only to Signal and Serror,
which are assumed to have the same units)

extno (OPTIONAL) I4B IN extension number (0 based) for which map is
read. Default = 0 (first extension).
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MODULES & ROUTINES
This section lists the modules and routines used byread fits cut4.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related toread fits cut4.

anafast executable that reads aHEALPix map and analyses
it.

synfast executable that generate full skyHEALPix maps

getsizefits routine to know the size of a FITS file and its type
(eg, full sky vs cut sky)

input map all purpose routine to input a map of any kind from a
FITS file

outputmap subroutine to write a FITS file from aHEALPix map

write fits cut4 subroutine to write a cut sky map into a FITS file
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READ PAR
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine reads the ‘NSIDE’, ‘TFIELDS’ , ‘MAX-LPOL’, and
optionally ‘MAX-MPOL’ keywords from a FITS-file. These key-
words desribeNside, number of datasets (maps) and maximum mul-
tipole ` (order) andm (degree) value for the file. If a keyword is
not found in the FITS file, a value of -1 is returned instead. The
file could eg. be aHEALPix map, or a set ofalm or precomputed
Plm(θ)

FORMAT call readpar( filename, nside, lmax, tfields [,
mmax] )

ARGUMENTS

name & dimensionality kind in/out description

filename(LEN=filenamelen) CHR IN filename of the FITS file.
nside I4B OUT ‘NSIDE’ keyword value from the FITS

header.
lmax I4B OUT ‘MAX-LPOL’ keyword value from the

FITS header.
tfields I4B OUT ‘TFIELDS’ keyword value from the FITS

header.
mmax (OPTIONAL) I4B OUT ‘MAX-MPOL’ keyword value from the

FITS header.

EXAMPLE:
call read par(’plm 128p.fits’, nside, lmax, nhar)

Checks theNside and maximum̀ value used for the precomputed
P̀ m(θ) that are stored in the file ‘plm128p.fits’. If the file also con-
tains tensor harmonics, nhar is returned with the value 3, otherwise
it is 1.
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MODULES & ROUTINES
This section lists the modules and routines used byread par.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related toread par.

synfast, plmgen executables that produce FITS-files with keywords
relevant to this routine.
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REAL FFT
Location in HEALPix directory tree: src/f90/mod/healpix fft.F90 or
src/f90/mod/healpix fftw.F90 (module healpix fft in either case)

This routine performs a forward or backward Fast Fourier Transfor-
mation on its argumentdata.

FORMAT call real fft(data, backward)

ARGUMENTS

name & dimensionality kind in/out description

data(:) XXX INOUT array containing the input and output data.
Can be of type real(sp) or real(dp)

backward LGT IN Optional argument. If present and true,
perform backward transformation, else for-
ward

EXAMPLE:
use healpix fft

call real fft (data, backward=.true.)

Performs a backward FFT on data.

RELATED ROUTINES
This section lists the routines related toreal fft .

complexfft routine for FFT of complex data
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REMOVE DIPOLE *
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

This routine provides a means to fit and remove the dipole and
monopole from aHEALPix map.

FORMAT call removedipole*(nside, map, ordering, de-
gree, multipoles, zbounds [, fmissval, mask])

ARGUMENTS
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name & dimensionality kind in/out description

nside I4B IN value ofNsideresolution parameter for input
map

map(0:12*nside*nside-1) SP/
DP

INOUT HEALPix map from which the monopole
and dipole will be removed. Those are
removed fromall unflagged pixels, even
those excluded by the cutzounds or the
mask.

ordering I4B IN HEALPix scheme 1:RING, 2: NESTED
degree I4B IN multipoles to fit and remove. It is either

0 (nothing done), 1 (monopole only) or 2
(monopole and dipole).

multipoles(0:degree*degree-
1)

DP OUT values of best fit monopole and dipole. The
monopole is described as a scalar in the
same units as the input map, the dipole as
a 3D cartesian vector, in the same units.

zbounds(1:2) DP IN section of the map on which to perform the
fit, expressed in terms ofz= sin(latitude) =
cos(θ). If zbounds(1)<zbounds(2), the
fit is performedon the strip zbounds(1)<
z <zbounds(2); if not, the fit is per-
formed outside of the strip zbounds(2)<
z<zbounds(1).

fmissval
(OPTIONAL)

SP/
DP

IN value used to flag bad pixel on input
(default: -1.6375e30). Pixels with that
value are ignored during the fit, and left un-
changed on output.

mask(0:12*nside*nside-1)
(OPTIONAL)

SP/
DP

IN mask of valid pixels. Pixels with|mask| <
10−10 are not used for fit. Note: the map is
notmultiplied by the mask.
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EXAMPLE:
s = sin(15.0 dp * PI / 180.0 dp)

call remove dipole*(128, map, 1, 2, multipoles, (\ s, -s \) )

Will compute and remove the best fit monopole and dipole from
a map withNside = 128 in RING ordering scheme. The fit is per-
formed on pixels with|b|> 15o.

MODULES & ROUTINES
This section lists the modules and routines used byremove dipole*.

pix tools module, containing:

RELATED ROUTINES
This section lists the routines related toremove dipole*.

adddipole routine to add a dipole and monopole to a map.
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RING ANALYSIS
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

This subroutine computes the Fast Fourier Transform of a single
ring of pixels and extends the computed coefficients up to the max-
imum m of the transform.

FORMAT call ring analysis(nsmax,nlmax,nmmax,datain,nph,dataout,kphi0)

ARGUMENTS

name & dimensionality kind in/out description

nsmax I4B IN Nside of the map.
nlmax I4B IN Maximum` of the analysis.
nmmax I4B IN Maximumm of the analysis.
nph I4B IN The number of points on the ring.
datain(0:nph-1) DP IN Function values on the ring.
dataout(0:nmmax) DPC OUT Fourier components, replicated to

Nmmax.
kphi0 I4B IN 0 if the first pixel on the ring is at

φ = 0; 1 otherwise.

EXAMPLE:
call ring analysis(64,128,128,datain,8,dataout,0)

Returns the periodically extended complex Fourier Transform of
datain in dataout. They are returned in the following order: 0 1 2 3
4 5 6 7 6 5 4 3 2 1 0. . .. The valuekphi0= 0 specifies that no phase
factor needed to be applied, because the ring starts atφ = 0.

MODULES & ROUTINES
This section lists the modules and routines used byring analysis.
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healpix fft module.

RELATED ROUTINES
This section lists the routines related toring analysis.

ring synthesis Inverse transform (complex-to-real), used in
alm2map, alm2mapder and synfast
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RING NUM
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

This function returns the ring number for a z coordinate.

FORMAT var=ring num(nside, z)

ARGUMENTS

name&dimensionality kind in/out description

nside I4B IN theNside parameter of the map.
z DP IN the z coordinate to find the ring

number for.

EXAMPLE:
print*,ring num(256, 0.5)

Prints the ring number of the ring at positionz= 0.5.

MODULES & ROUTINES
This section lists the modules and routines used byring num.

None
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RELATED ROUTINES
This section lists the routines related toring num.

in ring Returns the pixels in a slice on a given ring.
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RING SYNTHESIS
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

FORMAT call ring synthesis(nsmax,nlmax,nmmax,datain,nph,dataout,kphi0)

ARGUMENTS

name & dimensionality kind in/out description

nsmax I4B IN Nside of the map.
nlmax I4B IN Maximum` of the analysis.
nmmax I4B IN Maximumm of the analysis.
nph I4B IN The number of points on the ring.
datain(0:nmmax) DPC IN Fourier components as computed

from thealm.
dataout(0:nph-1) DP OUT Synthesized function values on

the ring.
kphi0 I4B IN 0 if the first pixel on the ring is at

φ = 0; 1 otherwise.

EXAMPLE:
call ring synthesis(64,128,128,datain,8,dataout,1)

This computes the inverse (complex-to-real) Fast Fourier Transform
for the second ring from the pole, containing 8 pixels, for a map res-
olution of Nside= 64. 128 complex Fourier compoments contribute
to these 8 pixels. The valuekphi0 = 1 specifies that a phase factor
needed to be applied to correctly rotate the ring into position on the
HEALPix grid.

MODULES & ROUTINES
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This section lists the modules and routines used byring synthesis.

healpix fft module.

RELATED ROUTINES
This section lists the routines related toring synthesis.

ring analysis Forward transform, used in map2alm and anafast
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ROTATE ALM *
Location in HEALPix directory tree: src/f90/mod/alm tools.f90

This routine transform the scalar (and tensor)a`m coefficients to
emulate the effect of an arbitrary rotation of the underlying map.
The rotation is done directly on thea`m using the Wigner rotation
matrices, computed by recursion. To rotate thea`m for `≤ `max the
number of operations scales like`3

max.

FORMAT call rotatealm*(lmax, almTGC, psi, theta,
phi)

ARGUMENTS

name & dimensionality kind in/out description

nlmax I4B IN maximum̀ value for thea`m.
alm TGC(1:p,0:nlmax,0:nlmax) SPC/

DPC
INOUT complex a`m values before and after

rotation of the coordinate system. The
first index here runs from 1:1 for tem-
perature only, and 1:3 for polarisation.
In the latter case, 1=T, 2=E, 3=B.

psi DP IN first rotation: angleψ about the z-axis.
All angles are in radians and should
lie in [-2π,2π], the rotations are ac-
tive and the referential system is as-
sumed to be right handed, the rou-
tine coordsys2eulerzyz can be used to
generate the Euler anglesψ,θ,ϕ for
rotation between standard astronomi-
cal coordinate systems;

theta DP IN second rotation: angleθ about the
original (unrotated) y-axis;

phi DP IN third rotation: angleϕ about the origi-
nal (unrotated) z-axis;
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EXAMPLE:
use alm tools, only: rotate alm

...

call rotate alm(64, alm TGC, PI/3., 0.5 dp, 0.0 dp)

Transforms scalar and tensoralm for `max = mmax = 64 to emulate
a rotation of the underlying map by (ψ = π/3,θ = 0.5,ϕ = 0).

EXAMPLE:
use coord v convert, only: coordsys2euler zyz

use alm tools, only: rotate alm

...

call coordsys2euler zyz(2000.0 dp, 2000.0 dp, ’E’, ’G’, psi, theta, phi)

call rotate alm(64, alm TGC, psi, theta, phi)

Rotate thealm from Ecliptic to Galactic coordinates.

RELATED ROUTINES
This section lists the routines related torotate alm* .

coordsys2eulerzyz can be used to generate the Euler anglesψ,θ,ϕ for ro-
tation between standard astronomical coordinate sys-
tems

createalm Routine to createa`m coefficients.

alter alm Routine to modifya`m coefficients to apply or re-
move the effect of an instrumental beam.

map2alm Routines to analyze aHEALPix sky map into itsa`m

coefficients.

alm2map Routines to synthetize aHEALPix sky map from its
a`m coefficients.

alms2fits, dumpalms Routines to save a set ofalm in a FITS file.
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SAME SHAPE PIXELS NEST,
SAME SHAPE PIXELS RING
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

These routines provide the ordered list of allHEALPix pixels hav-
ing the same shape as a given template, for a resolution parameter
Nside. Depending on the template considered the number of such
pixels is either 8, 16, 4Nside or 8Nside.

The template pixels are all located in the Northern Hemisphere,
or on the Equator. They are chosen to have their center located at

z= cos(θ)≥ 2/3, 0 < φ≤ π/2,

2/3 > z≥ 0, φ = 0, or φ =
π

4Nside
.

They are numbered continuously from 0, starting at the North Pole,
with the index increasing inφ, and then increasing for decreasingz.

FORMAT call sameshapepixels nest( nside, template
[, list, reflexion, nrep])

FORMAT call sameshapepixels ring( nside, template
[, list, reflexion, nrep])

ARGUMENTS
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name & dimensionality kind in/out description

nside I4B IN theHEALPix Nside parameter.
template I4B OUT identification number(s) of the template

matching in shape the pixel(s) provided (the
numbering scheme of the pixel templates is
the same for both routines).

list(0:nrep-1)
OPTIONAL

I4B OUT pointer containing the ordered list of
NESTED/RING scheme identification num-
bers (in{0,12Nside

2−1}) of all pixels having
the same shape as the template provided.
The routines will allocate thelist array if it
is not allocated upon calling.

reflexion(0:nrep-1)
OPTIONAL

I4B OUT pointer containing the transformation(s) (in
{0, 3}) to apply to each of the returned pix-
els to match exactly in shape and position its
respective template. 0: rotation around the
polar axis only, 1: rotation + East-West swap
(ie, reflexion around meridian), 2: rotation +
North-South swap (ie, reflexion around Equa-
tor), 3: rotation + East-West and North-South
swaps. The routines will allocate thelist
array if it is not allocated upon calling.

nrep
OPTIONAL

I4B OUT number of pixels having the same template
(either 8, 16, 4Nside or 8Nside).

EXAMPLE:
call same shape pixels ring(256, 1234, list, reflexion, np)

Returns inlist the RING-scheme index of the all the pixels hav-
ing the same shape as the template #1234 forNside = 256. Upon
return reflexion will contain the rotation/reflexions to apply to
each pixel returned to match the template, andnp will contain the
number of pixels having that same shape (16 in that case).

RELATED ROUTINES
This section lists the routines related tosameshapepixels ring .

nside2templates returns the number of template pixel shapes available
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for a givenNside.

templatepixel ring

templatepixel nest return the template shape matching the pixel pro-
vided
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SCAN DIRECTORIES
Location in HEALPix directory tree: src/f90/mod/paramfile io.f90

Function to scan a set of directories for a given file

FORMAT var=scandirectories(directories, filename,
fullpath)

ARGUMENTS

name&dimensionality kind in/out description

directories CHR IN contains the set of directories (up to 20),
separated by an ASCII character of value
< 32 (seeconcatnl). During the search,
it is assumed that the given directories and
filename can be separated by nothing, a/
(slash) or a\ (backslash)

filename CHR IN the file to be found.
fullpath CHR OUT returns the full path to the first occurrence

of the file among the directories provided.
Empty if the file is not found. The search is
not recursive.

var LGT OUT set to true if the file is found, to false other-
wise.

EXAMPLE:
use paramfile io

character(len=filenamelen) :: dirs, full

logical(lgt) :: found

dirs = concatnl(’dir1’,’/dir2’,’/dir2/subdir1/’) ! build directories

list.

found = scan directories(dirs, ’myfile’, full) ! do the search

if (found) print*,trim(full)
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Search for ’myfile’ in the directories ’dir1’, ’/dir2’,
’/dir2/subdir1/’

RELATED ROUTINES
This section lists the routines related toscandirectories.

parsexxx parse an ASCII file for parameters definition

concatnl concatenates a set of substrings into one string, inter-
spaced with LineFeed character
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STRING ,
STRLOW -
CASE,
STRUPCASE
Location in HEALPix directory tree: src/f90/mod/misc utils.f90

The Fortran90 module miscutils contains three functions to create
or manipulate character strings.

ARGUMENTS

name & dimensionality kind in/out description

number I4B/
SP/
DP

IN number to be turned into a character string.

instring CHR IN arbitrary character string.
outstring CHR — output character string.
format
OPTIONAL

CHR IN character string describing Fortran format of
output.

FUNCTIONS:
outstring = string(number [,format])

returns inoutstring its argumentnumber converted to a character
string. If format is provided it is used to format the output, if not,
the fortran default format matchingnumber’s type is used.

outstring = strlowcase(instring)

returns inoutstring its argumentinstring converted to lower-
case. ASCII characters in the [A-Z] range are mapped to [a-z],
while all others remain unchanged.

outstring = strupcase(instring)
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returns inoutstring its argumentinstring converted to upper-
case. ASCII characters in the [a-z] range are mapped to [A-Z],
while all others remain unchanged.

EXAMPLE:
use misc utils

character(len=24) :: s1

s1 = string(123,’(i5.5)’)

print*, trim(s1)

print*,trim(strupcase(’*aBcD-123’))

print*,trim(strlowcase(’*aBcD-123’))

Will printout 00123, *ABCD-123 and*abcd-123.
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SURFACE TRIANGLE
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Returns the surface in steradians of the spherical triangle described
by its three vertices

FORMAT call surfacetriangle(v1, v2, v3, surface)

ARGUMENTS

name&dimensionality kind in/out description

v1(3) DP IN cartesian vector pointing at the triangle first ver-
tex.

v2(3) DP IN cartesian vector pointing at the triangle second
vertex.

v3(3) DP IN cartesian vector pointing at the triangle third ver-
tex.

surface DP OUT surface of the triangle in steradians.

EXAMPLE:
use healpix types

use pix tools, only : surface triangle

real(DP) :: surface, one = 1.0 dp

call surface triangle((/1,0,0/)*one, (/0,1,0/)*one, (/0,0,1/)*one,

surface)

print*, surface

Returns the surface in steradians of the triangle defined by the octant
(x,y,z> 0) : 1.5707963267948966

RELATED ROUTINES
This section lists the routines related tosurface triangle.
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pix2ang, ang2pix convert between angle and pixel number.

pix2vec, vec2pix convert between a cartesian vector and pixel number.

querydisc, querypolygon,

querystrip, querytriangle render the list of pixels enclosed respectively in a
given disc, polygon, latitude strip and triangle
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TEMPLATE PIXEL NEST,
TEM -
PLATE PIXEL RING
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Routines to provide the index of the template pixel associated with
a givenHEALPix pixel, for a resolution parameterNside.

Any pixel can bematched in shapeto a single of these templates
by a combination of a rotation around the polar axis with reflex-
ion(s) around a meridian and/or the equator.

The template pixels are all located in the Northern Hemisphere,
or on the Equator. They are chosen to have their center located at

z= cos(θ)≥ 2/3, 0 < φ≤ π/2,

2/3 > z≥ 0, φ = 0, or φ =
π

4Nside
.

They are numbered continuously from 0, starting at the North Pole,
with the index increasing inφ, and then increasing for decreasingz.

FORMAT call templatepixel nest(nside, pixelnest, tem-
plate, reflexion)

FORMAT call templatepixel ring(nside, pixelring, tem-
plate, reflexion)

ARGUMENTS
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name & dimensionality kind in/out description

nside I4B IN theHEALPix Nside parameter.
pixel nest I4B IN NESTED scheme pixel identification num-

ber over the range{0,12Nside
2−1}.

pixel ring I4B IN RING scheme pixel identification number
over the range{0,12Nside

2−1}.
template I4B OUT identification number(s) of the template

matching in shape the pixel(s) provided (the
numbering scheme of the pixel templates is
the same for both routines).

reflexion I4B OUT in{0, 3} encodes the transformation(s) to
apply to each pixel provided to match ex-
actly in shape and position its respective
template. 0: rotation around the polar
axis only, 1: rotation + East-West swap
(ie, reflexion around meridian), 2: ro-
tation + North-South swap (ie, reflexion
around Equator), 3: rotation + East-West
and North-South swaps

EXAMPLE:
call template pixel ring(256, 500000, template, reflexion)

Returns intemplate the index of the template pixel (16663) whose
shape matches that of the pixel #500000 forNside = 256. Upon
returnreflexion will contain 2, meaning that the template must
be reflected around a meridian and around the equator (and then
rotated around the polar axis) in order to match the pixel.

RELATED ROUTINES
This section lists the routines related totemplate pixel ring .

nside2templates returns the number of template pixel shapes available
for a givenNside.

sameshapepixels ring

sameshapepixels nest return the ordered list of pixels having the same shape
as a given pixel template
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UDGRADE NEST*
Location in HEALPix directory tree: src/f90/mod/udgrade nr.f90

Routine to degrade or prograde the pixel size of aHEALPix map
indexed with the NESTED scheme. The degradation/progradation
is done assuming an intensive quantity (like temperature) that does
NOT scale with surface area.
In case of degradation, a big pixel that contains one or several bad
pixels will take the average of the valid small pixels, unless a ’pes-
simistic’ behavior is assumed in which case the big pixel will take
the bad pixel sentinel value. In case of progradation, a bad pixel
only spawns bad pixels.
The routine accepts both mono and bi-dimensional maps.

FORMAT call udgradenest*(mapin, nsidein, mapout,
nsideout [, fmissval, pessimistic])

ARGUMENTS
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name & dimensionality kind in/out description

map in(0:12*nsidein**2-1) SP/
DP

IN mono-dimensional full sky map to be pro-
graded or degraded.

map in(0:12*nsidein**2-
1,1:nd)

SP/
DP

IN bi-dimensional full sky map to be pro-
graded or degraded. The routine finds the
second dimension (nd) by itself.

nsidein I4B IN the Nside resolution parameter of the input
map. Must be a power of 2.

mapout(0:12*nsideout**2-
1)

SP/
DP

OUT mono-dimensional full sky map after
degradation or progradation.

mapout(0:12*nsideout**2-
1,1:nd)

SP/
DP

OUT bi-dimensional full sky map after degrada-
tion or progradation. The second dimen-
sion (nd) should match that of the input
map.

nsideout I4B IN theNside resolution parameter of the output
map. Must be a power of 2. If nsideout
> nsidein, the map is prograded (ie, more
and smaller pixels) with each pixel hav-
ing the same value as its parent; otherwise,
the map in degraded (ie, fewer larger pix-
els), with each pixel being the average of
its (nsidein/nsideout)2 components.

fmissval
(OPTIONAL)

SP/
DP

IN sentinel value given to bad pixels in input
and output maps. (default: −1.6375 1030)

pessimistic
(OPTIONAL)

LGT IN if set to.true., during a degradation, a big
pixel containing at least a small bad pixel
will be returned as bad as well, instead of
taking the average of the remaing valid pix-
els. (default: .false.)

EXAMPLE:
call udgrade nest(map hi, 256, map low, 64)

Degrades a NESTED ordered map withNside= 256 into a NESTED
map withNside= 64

RELATED ROUTINES
This section lists the routines related toudgrade nest*.
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udgradering prograde or degrade a RING ordered map.
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UDGRADE RING *
Location in HEALPix directory tree: src/f90/mod/udgrade nr.f90

Routine to degrade or prograde the pixel size of aHEALPix map
indexed with the RING scheme. The degradation/progradation is
done assuming an intensive quantity (like temperature) that does
NOT scale with surface area.
In case of degradation, a big pixel that contains one or several bad
pixels will take the average of the valid small pixels, unless a ’pes-
simistic’ behavior is assumed in which case the big pixel will take
the bad pixel sentinel value. In case of progradation, a bad pixel
only spawns bad pixels.
The routine accepts both mono and bi-dimensional maps.

FORMAT call udgradering*(map in, nsidein, mapout,
nsideout [, fmissval, pessimistic])

ARGUMENTS
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name & dimensionality kind in/out description

map in(0:12*nsidein**2-1) SP/
DP

INOUT mono-dimensional full sky map to be pro-
graded or degraded. The routine finds the
second dimension (nd) by itself. Note that
the map is modified on output (reordered
into NESTED scheme).

map in(0:12*nsidein**2-
1,1:nd)

SP/
DP

INOUT bi-dimensional full sky map to be pro-
graded or degraded. Note that the map
is modified on output (reordered into
NESTED scheme).

nsidein I4B IN the Nside resolution parameter of the input
map. Must be a power of 2.

mapout(0:12*nsideout**2-
1)

SP/
DP

OUT mono-dimensional full sky map after
degradation or progradation.

mapout(0:12*nsideout**2-
1,1:nd)

SP/
DP

OUT bi-dimensional full sky map after degrada-
tion or progradation. The second dimen-
sion (nd) should match that of the input
map.

nsideout I4B IN theNside resolution parameter of the output
map. Must be a power of 2. If nsideout
> nsidein, the map is prograded (ie, more
and smaller pixels) with each pixel hav-
ing the same value as its parent; otherwise,
the map in degraded (ie, fewer larger pix-
els), with each pixel being the average of
its (nsidein/nsideout)2 components.

fmissval
(OPTIONAL)

SP/
DP

IN sentinel value given to bad pixels in input
and output maps. (default: −1.6375 1030)

pessimistic
(OPTIONAL)

LGT IN if set to.true., during a degradation, a big
pixel containing at least a small bad pixel
will be returned as bad as well, instead of
taking the average of the remaing valid pix-
els. (default: .false.)

EXAMPLE:
call udgrade ring(map hi, 256, map low, 64)

Degrades a RING ordered map withNside= 256 into a RING map
with Nside= 64
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RELATED ROUTINES
This section lists the routines related toudgrade ring* .

udgradenest prograde or degrade a NESTED ordered map.
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VEC2ANG
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Routine to convert the 3D position vector(x,y,z) of point into its po-
sition angles(θ,φ) on the sphere withx = sinθcosφ, y = sinθsinφ,
z= cosθ.

FORMAT call vec2ang(vector, theta, phi)

ARGUMENTS

name&dimensionality kind in/out description

vector(3) DP IN three dimensional cartesian posi-
tion vector (x,y,z). The north
pole is(0,0,1)

theta DP OUT colatitude in radians measured
southward from north pole (in
[0,π]).

phi DP OUT longitude in radians measured
eastward (in [0, 2π]).

RELATED ROUTINES
This section lists the routines related tovec2ang.

ang2vec converts the position angles of a point on the sphere
into its 3D position vector.
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VECT PROD
Location in HEALPix directory tree: src/f90/mod/pix tools.f90

Returns the vectorial product of two vectors.

FORMAT call vectprod(v1, v2, v3)

ARGUMENTS

name&dimensionality kind in/out description

v1(3) DP IN cartesian vectorv1.
v2(3) DP IN cartesian vectorv2.
v3(3) DP OUT cartesian vectorv3 = v1×v2

EXAMPLE:
use healpix types

use pix tools, only : vect prod

real(DP), dimension(3) :: vec

real(DP) :: one = 1.0 dp

call vect prod((/2,0,0/)*one, (/0,1,0/)*one, vec)

print*, vec

will return : 0.00E+000 0.00E+000 2.00

RELATED ROUTINES
This section lists the routines related tovect prod.

angdist computes the angular distance between 2 vectors
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WRITE ASCTAB*
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine stores a power spectrum in an ascii FITS-file. The
routine can store temperature coeffecientsCT

l or both temperature
and polarisation coeffecientsCT

l , CE
l , CB

l , CT×E
l .

FORMAT call write asctab*(clout, lmax, ncl, header, nl-
header, filename)

ARGUMENTS

name & dimensionality kind in/out description

filename(LEN=filenamelen) CHR IN the FITS file to which the power
spectrum is written.

lmax I4B IN Maximum` value to be written.
ncl I4B IN 1 for temperature coeffecients

only, 4 for polarisation.
clout(0:lmax,1:ncl) SP/

DP
IN the powerspectrum to be saved in

the file.
nlheader I4B IN number of header lines to write to

the file.
header(LEN=80) (1:nlheader) CHR IN the header to the FITS-file.

EXAMPLE:
call write asctab (cl,64,1,header,80,’cl.fits’)

Writes a powerspectrum in the array cl(0:64,1:1) to a FITS-file
called ‘cl.fits’. The cl array contains the temperature powerspec-
trum CT

l up to an` value of 64. 80 header lines are written to the
file from the array header(1:80).
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MODULES & ROUTINES
This section lists the modules and routines used bywrite asctab*.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related towrite asctab*.

alm2cl Routine computing the power spectrum from spheri-
cal harmonics coefficientsa`m

fits2cl Routine to read a FITS file created by writeasctab.
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WRITE BINTAB *
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine creates a binary FITS-file from aHEALPix map. The
routine can save a temperature map or both temperature and polari-
sation maps (T,Q,U) to the file.

FORMAT call write bintab*(map, npix, nmap, header, nl-
header, filename [,extno])

ARGUMENTS

name & dimensionality kind in/out description

map(0:npix-1,1:nmap) SP/
DP

IN the map to write to the FITS-file.

npix I4B IN Number of pixels in the map.
nmap I4B IN number of maps to be written, 1 for

temperature only, and 3 for (T,Q,U).
header(LEN=80) (1:nlheader) CHR IN The header for the FITS-file.
nlheader I4B IN number of header lines to write to the

file.
filename(LEN=filenamelen) CHR IN the map(s) is (are) written to a FITS-

file with this filename.
extno OPTIONAL I4B IN extension number in which to write the

data (0 based).
(default: 0)

EXAMPLE:
call write bintab (map,12*32**2,3,header,120,’map.fits’)

Makes a binary FITS-file called ‘map.fits’ from theHEALPix maps
(T,Q,U) in the array map(0:12*32**2-1,1:3). The number of pix-
els 12*32**2 corresponds to the number of pixels in aNside = 32
HEALPix map. The header for the FITS-file is given in the string
array header and the number of lines in the header is 120.
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MODULES & ROUTINES
This section lists the modules and routines used bywrite bintab* .

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related towrite bintab* .

input map, readbintab routines which read a file created by writebintab*.

map2alm subroutine which analyse a map and returns thealm

coeffecients.

outputmap subroutine which calls writebintab*

write bintabh subroutine to write a large array into a FITS file piece
by piece

input tod* subroutine to read an arbitrary subsection of a large
binary table
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WRITE BINTABH
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine is designed to write large (or huge) arrays into a binary
table extension of a FITS file. The user can choose to write the array
piece by piece. This is designed to deal with Time Ordered Data set
(tod).

FORMAT call write bintabh(tod, npix, ntod, header, nl-
header, filename, [extno, firstpix, repeat])

ARGUMENTS
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name & dimensionality kind in/out description

tod(0:npix-1,1:ntod) SP IN the map or tod to write to the FITS-file. It
will be written in the file at the location
corresponding to pixels (or time samples)
firstpix to firtpix + npix -1.

npix I8B IN Number of pixels or time samples in the
map or TOD. See Note below.

ntod I4B IN number of maps or tods to be written.
header(LEN=80) (1:nlheader) CHR IN The header for the FITS-file.
nlheader I4B IN number of header lines to write to the file.
filename(LEN=filenamelen) CHR IN the array is written into a FITS-file with this

filename.
extno (OPTIONAL) I4B IN extension number in which to write the data

(0 based). (default: 0)
firstpix (OPTIONAL) I8B IN 0 location in the FITS file of the first pixel

(or time sample) to be written (0 based).
(default: 0). See Note below.

repeat (OPTIONAL) I4B IN length of the element vector used in the bi-
nary table. (default: 1)024 ifnpix ∝ 1024,
12000 isnpix > 12000 and 1 otherwise.
Choosing a largerepeat for multi-column
tables (ntod > 1) generally speeds up the
I/O. It also helps bringing the number of
rows of the table under 231, which is a hard
limit of cfitsio.

Note : Indices and number of data elements larger than 231 are only accessible in FITS files on
computers with 64 bit enabled compilers and with some specific compilation options of cfitsio
(see cfitsio documentation).

EXAMPLE:
use healpix types

use fitstools, only : write bintabh

character(len=80), dimension(1:128) :: hdr

real(SP), dimension(0:49,1) :: tod

hdr(:) = ’ ’

tod(:,1) = 1.

call write bintabh (tod, 50 i8b, 1, header, 128, ’tod.fits’,

firstpix=0 i8b, repeat=10)

tod = tod * 3.

call write bintabh (tod, 20 i8b, 1, header, 128, ’tod.fits’,
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firstpix=40 i8b)

Writes into the FITS file ‘tod.fits’ a 1 column binary table, where
the first 40 data samples have the value 1. and the next 20
have the value 3. (Note that in this example the second call to
write bintabhoverwrites some of the pixels written by the first call).
The samples will be written in element vectors of length 10. The
header for the FITS-file is given in the string arrayhdr and the
number of lines in the header is 128.

MODULES & ROUTINES
This section lists the modules and routines used bywrite bintabh.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related towrite bintabh.

input tod* routine that reads a file created by writebintabh.

input map, readbintab routines to readHEALPix sky map,
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WRITE DBINTAB
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine is obsolete. Use writeplm instead.
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WRITE FITS CUT4
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine writes a cut skyHEALPix map into a FITS file. The
format used for the FITS file follows the one used for Boomerang98
and is adapted from COBE/DMR

FORMAT call write fits cut4(filename, np, pixel, signal
, n obs, serror[, header, coord, nside, order,
units])

ARGUMENTS
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name&dimensionality kind in/out description

filename(LEN=filenamelen) CHR IN FITS file to be read from, containing a cut sky
map

np I4B IN number of pixels to be written in the file
pixel(0:np-1) I4B IN index of observed (or valid) pixels
signal(0:np-1) SP IN value of signal in each observed pixel
n obs(0:np-1) I4B IN number of observation per pixel
serror(0:np-1) SP IN rms of signal in pixel, for white noise, this is

∝ 1/
√

n obs.
header(LEN=80)(1:) (OP-
TIONAL)

CHR IN FITS extension header

coord(LEN=1) (OP-
TIONAL)

CHR IN astrophysical coordinates (’C’ or ’Q’ Celes-
tial/eQuatorial, ’G’ for Galactic, ’E’ for Eclip-
tic)

nside (OPTIONAL) I4B IN HEALPix resolution parameter of data set
order (OPTIONAL) I4B IN HEALPix ordering scheme, 1: RING, 2:

NESTED
header(LEN=80) (OP-
TIONAL)

CHR IN FITS header to be included in the FITS file

units(LEN=20) (OP-
TIONAL)

CHR IN maps units (applies only to Signal and Serror)

Note: the information relative to Nside, Order
and Coordhasto be given, either thru these key-
word or via the FITS Header.
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MODULES & ROUTINES
This section lists the modules and routines used bywrite fits cut4.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related towrite fits cut4.

anafast executable that reads aHEALPix map and analyses
it.

synfast executable that generate full skyHEALPix maps

getsizefits routine to know the size of a FITS file and its type
(eg, full sky vs cut sky)

input map all purpose routine to input a map of any kind from a
FITS file

outputmap subroutine to write a FITS file from aHEALPix map

readfits cut4 subroutine to read aHEALPix cut sky map from a
FITS file
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WRITE PLM
Location in HEALPix directory tree: src/f90/mod/fitstools.f90

This routine creates a double precision binary FITS-file from a
given array. The routine is used by theHEALPix facility plmgen
to store precomputedPlm(θ).

FORMAT call write plm(plm, nplm, nhar, header, nl-
header, filename, nsmax, nlmax)

ARGUMENTS

name&dimensionality kind in/out description

plm(0:nplm-1,1:nhar) DP IN the array with the precomputedPlm(θ)
values.

nplm I4B IN Number ofPlm values to store.
nhar I4B IN 1 for scalarPlm only and 3 for tensor

harmonics.
header(LEN=80) (1:nlheader) CHR IN The header for the FITS-file.
nlheader I4B IN number of header lines to write to the

file.
filename(LEN=filenamelen) CHR IN the precomputedPlm(θ) values are

written to this file.
nsmax I4B IN Nside for the precomputedPlms.
nlmax I4B IN maximum̀ value for the precomputed

Plms.
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EXAMPLE:
call write plm (plm, 65*66*32, 1, header, 120, ‘plm 32.fits’, 32, 64)

Makes a double precision binary FITS-file called ‘plm32.fits’ from
the precomputedPlm(θ) in the array plm(0:65*66*32-1,1:1). The
number 65*66*32 corresponds to the number of precomputedPlm

s needed for aNside = 32 HEALPix map synthesis/analysis. The
header for the FITS-file is given in the string array header and the
number of lines in the header is 120.

MODULES & ROUTINES
This section lists the modules and routines used bywrite plm.

fitstools module, containing:

printerror routine for printing FITS error messages.

cfitsio library for FITS file handling.

RELATED ROUTINES
This section lists the routines related towrite plm.

readdbintab, readbintab routines which reads a file created by writeplm.

map2alm, alm2map routines using precomputedPlm(θ).
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XCC V CONVERT
Location in HEALPix directory tree: src/f90/mod/coord v convert.f90

This routine rotates a 3D coordinate vector from one astronomical
coordinate system to another.

FORMAT call xcc v convert(ivector, iepoch, oepoch,
isys, osys, ovector)

ARGUMENTS

name & dimensionality kind in/out description

ivector(1:3) DP IN 3D coordinate vector of one astronomical ob-
ject, in the input coordinate system.

iepoch DP IN epoch of the input astronomical coordinate sys-
tem.

oepoch DP IN epoch of the output astronomical coordinate sys-
tem.

isys(len=*) CHR IN input coordinate system, should be
one of ’E’=Ecliptic, ’G’=Galactic,
’C’/’Q’=Celestial/eQuatorial.

osys(len=*) CHR IN output coordinate system, same choice as above.
ovector(1:3) DP IN 3D coordinate vector of the same object, in the

output coordinate system.

EXAMPLE:
use healpix types

use coord v convert, only: xcc v convert

real(dp) :: vecin(1:3), vecout(1:3)

vecin = (/ 0 dp, 0 dp, 1 dp /)

call xcc v convert(vecin, 2000.0 dp, 2000.0 dp, ’g’, ’c’, vecout)

Will produce invecout the location in Celestial coordinates (2000
epoch) of the North Galactic Pole (defined invecin)
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RELATED ROUTINES
This section lists the routines related toxcc v convert.

ang2vec, vec2ang Routine to convert spherical coordinates (co-latitude
and longitude) into 3D vector coordinates and vice-
versa.
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