THE SPECTRAL-CORRELATION FUNCTION METHOD
(SCF METHOD)

Assume that the spectra below represent a small segment of a much larger data cube.

Box of sizer? on the sky

’
ekl

L et the indices on the spectrain the cube be (i }).
L et the abscissa of each spectrum be velocity, v.

Let the ordinate of each spectrum be antenna temperature, T, .
Let the total dimensions of the data cube be (0...X, 0...Y,0...V).

Given the above, the basic SCF subroutine proceeds as follows:

1. Estimateline parameters, T, ,Av,V, «, , for each spectrum in the map (can be done by
fitting Gaussians, or calculating moments--initially, test which procedureis more
reliable).

2. Remove basdline, using windows based in Step 1, and determine the rms, o
each spectrum in the map.

for

rms?

3. Refit line parameters, using same method asin Step 1. This post-baseline-subtraction
set of parameters is referred to below as T, (X, ¥),AVX,Y),V, (X V) .
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4. Select resolution for SCF, r. Minimum is “r=3" meaning a spectrum and al of its

5.

nearest neighbors.

Consider a spectrum at position (x,y)=(i,j), and perform the following mathematical
operations, considering only the restricted velocity range (within g FWHM linewidths
of VLSR)

Vig(l, 1) = 0Av(i, ) <vig(iy])) < (i ]) +0AV(,L]),
i.) Cdculatetheintegrated intensity, T (X,Y) , over thisvelocity range. Then, for
each of the spectra satisfying the criteria
i—(r-1/2<x<i+(r—1)/2butx #i
J-(r=1/2<y<j+(r-1)/2 buty # j,

ii.) determinetheoptimumlag, 1., =1,,,andscding, s,,,;; =S, ,, between the
spectrum being considered (call it (a,b)) and theoneat (i,j) and, by diding and
scaling (a,b) until the function

[6a,b,i,j (V)]2 = [Sa,bT/: (@ab,(v-1,) _T;(i' j’v)]z

isminimized. 5(v) represents the deviation between the spectrum at (i,j) and the
shifted one a (a,b), and is afunction of velocity, but only exists over the velocity
range specified above.

iii.) Calculate the vel ocity-averaged deviation,

ViR X Y)+0AV( X y)

2= 2 _ VLSQ(va)_qAW(XvY) [6
[6a,b,i,j] _[6a,b] -

20Av

(V)FFdv

ab,i,j

for each spectrum (a,b), which isjust a number.

iv.) Calculate the “average” deviation, 9, ;, at the position (x,y)=(i,j) by averaging
over al the (a,b)’ s within the resolution element, r.

i+(r-012  j+(r-1)y2
a=i—(r-1 2b-'—zr—16%b
5, = );2;11( . azib#j

v.) Calculate the “average” lag, T, , at the position (x,y)=(i,j) by averaging over al
the (a,b)’ s within the resolution element, r.
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iHr=02  jHr-12

= le_'Z;[a;,b
T, ==L :2;‘1“ 2. azib#]

vi.) Repeat, calculating all relevant parameters, for cases where various
combinations of lag and scaling are employed, producing results as follows:

Scaling ON Scaling OFF (s=1)

(RN

Lag OFF (1 =1) o o

] 1]

6. Repeat Item 5 for every spectrum in the map that has at least r* —1 neighbors.

7. The output of the subroutine, for agiven resolution, is.

X, ¥, 1, T;(x,y), AMXY), Vig(6Y) s Tu( W) s O s T W) /O s Oy Tij 6io,j’ 6i|,j’
| S
T,0

ij i

8. Thisoutput isthen used to generate contour maps of al the (non-coordinate-like)
parameters listed above.

9. The sub-routine can be run again at a different resolution, where anew output tableis
produced.

Possible modifications:

Only include spectrawith S/N above athreshold. (Should not be necessary).
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