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MIT Kavli Institute Chandra X-Ray Center

MEMORANDUM
December 9, 2016

To:

Jonathan McDowell, SDS Group Leader

From: Glenn E. Allen, SDS

Subject: mkacisrmf spec

Revision: 1.00

URL: http://space.mit.edu/CXC/docs/docs.html#mkacisrmf
File: /ufs/inconceivable/d0/sds/specs/mkacisrmf/mkacisrmf spec_1.00.tex
1  Description

This spec, which is incomplete, describes how mkacisrmf computes an ACIS PHA RMF for a single region.
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Parameters
. infilefa,“” “Input CALDB file”
energy,s,a,” “,,,”Energy grid in keV”

M

channel;s,a,” “” Channel grid”

Error checking

. infile:

(a) Existence:
If the infile does not exist, then mkacisrmf exits with an error message.

(b) Permission:
If the infile exists, but the file permissions do not allow it to be read, then mkacisrmf exits
with an error message.

(c) Ideal front-illuminated RMF:
i. If the infile does not contain an HDU with

CONTENT = CDB_ACIS_.RESPONSE (1)

that is appropriate for the front-illuminated CCDs, then mkacisrmf exits with an error mes-
sage. Hereafter, this HDU is refered to as Rideal -



ii. If the infile contains an HDU hjqgea1,s, but the binary table does not include the columns
ENERGY, NGRP, PHABOUND, AVERESP, and SHIFT, then mkacisrmf exits with an error message.

iii. If the infile contains an HDU hiqeal,6, but the header does not include the keywords GAINO,
GAINOO, GAINO1, GAINO2, GAINO3, GAIN10, GAIN11, GAIN12, GAIN13, GAIN20, GAIN21, GAIN22,
GAIN23, GAIN30, GAIN31, GAIN32, GAIN33, GAIN40, GAIN41, GAIN42, GAIN43, GAINGO, GAING],
GAING2, GAING3, GAINSO, GAINS1, GAINS2, GAIN83, GAIN9O, GAINI1, GAIN92, GAIN93, SHIFTO0,
SHIFTO1, SHIFT02, SHIFT03, SHIFT10, SHIFT11, SHIFT12, SHIFT13, SHIFT20, SHIFT21, SHIFT22,
SHIFT23, SHIFT30, SHIFT31, SHIFT32, SHIFT33, SHIFTA0, SHIFT41, SHIFT42, SHIFT43, SHIFT60,
SHIFT61, SHIFT62, SHIFT63, SHIFTS0, SHIFTS1, SHIFT82, SHIFT83, SHIFTI0, SHIFTI1, SHIFT92,
and SHIFT93, then mkacisrmf exits with an error message.

(d) Ideal back-illuminated RMF":
i. If the infile does not contain an HDU with

CONTENT = CDB_ACIS_RESPONSE (2)

that is appropriate for the back-illuminated CCDs, then mkacisrmf exits with an error mes-
sage. Hereafter, this HDU is refered to as hideal,bi.l

ii. If the infile contains an HDU higcal,bi, but the binary table does not include the columns
ENERGY, NGRP, PHABOUND, AVERESP, and SHIFT, then mkacisrmf exits with an error message.

iii. If the infile contains an HDU hjqealbi, but the header does not include the keywords
GAINO, GAIN50, GAIN51, GAIN52, GAIN53, GAINTO, GAINT1, GAINT2, GAINT3, SHIFT50, SHIFT51,
SHIFT52, SHIFT53, SHIFT70, SHIFT71, SHIFT72, and SHIFT73, then mkacisrmf exits with an
error message.

(e) Front-illuminated scatter matrix data:

i. If the infile does not contain an HDU with
CONTENT = CDB_ACIS_RESP_CTI (3)

that is appropriate for the front-illuminated CCDs, then mkacisrmf exits with an error mes-
sage. Hereafter, this HDU is refered to as hscatter.fi-

ii. If the infile contains an HDU hgcatter,5, but the binary table does not include the columns
CCD_ID, CHIPX_LO, CHIPX_HI, CHIPY_LO, CHIPY_HI, PHACHAN, L1 _WIDTH, and L1_P0S, then
mkacisrmf exits with an error message.

iii. If the infile contains an HDU hgcatter,5, but the header does not include the keywords
L1ALPH1 and L1ALPH2, then mkacisrmf exits with an error message.
(f) Back-illuminated scatter matrix data:

i. If the infile does not contain an HDU with
CONTENT = CDB_ACIS_RESP_CTI (4)

that is appropriate for the back-illuminated CCDs, then mkacisrmf exits with an error mes-
sage. Hereafter, this HDU is refered to as hscatter,bi?

ii. If the infile contains an HDU hgcatter,bi, but the binary table does not include the columns
CCD_ID, CHIPX_LO, CHIPX_HI, CHIPY_LO, CHIPY_HI, PHACHAN, G1_FWHM, G1_POS, G1_AMPL, G2_FWHM,
G2_P0S, and G2_AMPL, then mkacisrmf exits with an error message.

(g) Gain tweak data:

IHereafter higear is used to generically refer to hideal,fi for a front-illuminated CCD or higeal,ni for a back-illuminated CCD.
2Hereafter hscatter is used to generically refer to hscatter,s for a front-illuminated CCD or hgcatter,bi for a back-illuminated
CCD.



4.1

i. If the infile does not contain an HDU with

CONTENT = CDB_ACIS_RESP_GCORR, (5)

then mkacisrmf exits with an error message. Hereafter, this HDU is refered to as hgtweak-

ii. If the infile contains an HDU hgiweak, but the binary table does not include the columns
ENERGY, GTWEAKO, GTWEAK1, GTWEAK2, GTWEAK3, GTWEAK4, GTWEAK5S, GTWEAKG, GTWEAK7, GTWEAKS,
and GTWEAKY, then mkacisrmf exits with an error message.

2. energy:

(a)

(b)

Number:

If Nenergy, the number of elements in the input energy grid, is less than two, then mkacisrmf
exits with an error message.

Minimum:

If energy[0], the first element in the energy grid, is less than ENERGY[0], where ENERGY[0] is the
value in the first row of the column ENERGY of HDU h;geal, then mkacisrmf exits with an error
message.

Maximum:

If energy[Nenergy — 1], the last element in the energy grid, is greater than ENERGY[Nigeal — 1],
where ENERGY[Nigeal — 1] is the value in the last row of the column ENERGY of HDU hjgea;, then
mkacisrmf exits with an error message.

3. channel:

(a)

(b)

(c)

Number:

If Nchannel, the number of elements in the input channel grid, is less than two, then mkacisrmf
exits with an error message.

Minimum:

If channel[0], the first element in the channel grid, is less than 1, then mkacisrmf exits with an
error message.

Maximum:
If channel[Nehannel—1], the last element in the channel grid, is greater than 4096, then mkacisrmf
exits with an error message.

Processing

An RMF is a two-dimensional array R[i,j] with Nepergy — 1 energy elements ¢ and Nchannel €lements j.
Here, Nchannel = 4096. The three basic steps to computing an RMF, which are described hereafter, are: (1)
obtaining a “position-independent,3” ideal RMF, (2) obtaining a position-dependent scatter matrix, and (3)
convolving the ideal RMF and scatter matrix.

The steps in sections 4.1-4.3 are performed for each energy index i =0, 1, ..., Nenergy — 2.

Ideal RMF

To obtain the “ideal” or “pre-CTI,” response for energy bin i:

1. The mean energy is computed:

. energy|i| + energyli + 1

3There is one ideal front-illuminated RMF and one ideal back-illuminated RMF.



2. The mean energy is tweaked:
(a) If
Emeanli] < ENERGY[0], (7)

where ENERGY([0] is the value in the first row of the column ENERGY in HDU hAgtweak, then

Eiweaked|[i] = Emean|i] GTWEAKc[0], (8)
where ¢ = 0, 1, ..., or 9, depending on the value of the CCD_ID of the region, and GTWEAKc is a
column in HDU hgtweak-
(b) If
Emcan [Z] Z ENERGY[Ngtwcak - 1]7 (9)

where Ngtweak is the number of rows in the column GTWEAKc, then
Fiweaked[!] = FEmean|t] GTWEAKc[Ngtweak — 1]. (10)

(c) If there is a row r such that

Fmeanli] > ENERGY[r] and (11)
FEreanlt] < ENERGY[r + 1], (12)
then
L , FEnean(i] — ENERGY(r]
Eiweaked[t] = Emean[z]([ENERGY[T—i— 17— ENERGY[r] (GTWEAKC[T—}— 1] GTWEAKc[r]) +(13)

GTWEAKc[r]) : (14)

3. The ideal response is computed:

(a) The row of HDU hjgea) corresponding to Eiweaked|?] is found:
i If

Eiweakedli] < ENERGY[0], (15)

where ENERGY|0] is the value in the first row of the column ENERGY of HDU higeal, then the

row
r = 0 (16)
and the weight for this row
w = 1 (17)
ii. If
Etweaked[i] > ENERGY[Nigea — 1], (18)
then
r = Nideal — 2 and (19)
w = 0. (20)



iii. If

Fiweaked[i] > ENERGY[0] and (21)
Fiweaked|[i] < ENERGY[Nigeal — 1], (22)
then r is the row such that
Eiweaked[t] > ENERGY[r] and (23)
Eiweaked[i] < ENERGY[r + 1] (24)

and the weight

ENERGY[r + 1] — Flweakeal]
ENERGY[r + 1] — ENERGY[r]

(25)

Items 4.1.3(a)i and 4.1.3(a)ii limit the energy range over which it is possible to create an RMF.*

(b) The mean PHA for each group in this row is computed:
For m =0, 1, ..., NGRP[r] — 2, where NGRP[r] is the value in row r of the column NGRP of HDU
higear:

i. Lower limit on PHA for group m:

lo[11] int ( PHABOUND[r, m] GAINO + SHIFT (26)
olm| = 1 r,m cn |,
J GAINcn

where PHABOUND[r,m] is the m™ element of row r of the column PHABOUND of HDU hjigeal
and GAINO, GAINcn, and SHIFTcn are keywords in the same HDU. Again, ¢ = 0, 1, ..., or
9 and n =0, 1, 2, or 3, depending on the values of the CCD_ID and NODE_ID® of the region,
respectively. If

Jlom] < 1, (27)

then
Jo[m] =1L (28)

ii. Upper limit on PHA for group m:
Jnilm] = int ((PHABDUND[T, m+1] — 1) (%) + SHIFTcn> . (29)
If

Jni[m] > 4096, (30)

then
Juilm] = 4096. (31)

iii. Mean PHA for group m:

el = (

PHABOUND PHABOUND 1]-1 GAINO
[rsm] + [rym + 1] + SHIFTcn. (32)
2 GAINcn

4For the CALDB file acisD2000-01-29p2_respN0006.fits, this range is 0.243-12.0 keV.
5The NODE_ID = 0, 1, 2, and 3 for CHIPX = 1-256, 257-512, 513-768, and 769-1024, respectively.



(c) The ideal response for this row is computed:

For m=0, 1, ..., NGRP[r] — 2:
i If
m = 0or (33)
m = NGRP[r] —2 or (34)
Jiolm] = Jjnilm], (35)
then, for j = jio[m], jio[m] + 1, ..., jni[m],
R.[j—1] = AVERESP[r,m], (36)
where AVERESP[r, m] is the m'" element of the column AVERESP in row 7 of HDU higeal.
ii. If
m > 0and (37)
m < NGRP[r] — 2 and (38)
Jielm] < jnilm], (39)

then, for j = jio[m], jio[m] + 1, ..., int((jio[m] + jui[m]) /2) — 1,

R.j—1] = (jmc :n[;ﬁnff}“iznfni]_ 1]) (AVERESP[T, m] — AVERESP[r, m — 1]) + (40)
AVERESP[r, m — 1] (41)

and for j = int ((jio[m] + jni[m]) /2), int ((io[m] + jni[m]) /2) + 1, ..., jui[m],
R.j—1] = (jmeanén — JjT]ca—n[Z]ean[m]) (AVERESP[r,m + 1] — AVERESP[r, m]) + (42)
AVERESP[r, m]. (43)

(d) The ideal response for this row is normalized:

i.

Rr,tot = 0. (44)
ii. For j = ji6[0], jio[0] + 1, ..., jni[NGRP[r] — 2],
Rr,tot = Rr,tot + Rr [] - 1] (45)
ili. For j = jio[0], jio[0] + 1, ..., jni[NGRP[r] — 2],
. Rr [.7 - 1]
Relg—1 = ———. 46
[] ] Rr,tot ( )

(e) The ideal response for the next row is computed:
Steps 4.1.3b—4.1.3d are repeated to compute R, for row r + 1.

4. The pulse height shift is computed:

For m=0, 1, ..., NGRP[r] — 2,
(a) For j = PHABOUND|r, m], PHABOUND[r, m] + 1, ..., PHABOUND[r, m + 1],
GAINO PHABOUND 1]—j
sj—1 = 0.01 rm+ 1l = SHIFT[r, m] +

GAINcn PHABOUND[r, 7 + 1] — PHABOUND[r, m]
| — PHABOUND
J Ir, m] SHIFT[r,m + 1]|, (47)

PHABOUND][r, 7, + 1] — PHABOUND]r, 1]

where SHIFT[r,m] is the m'™® element of row r of the column SHIFT in HDU hjgeal.



5. The response R is obtained from w, R, R,+1, and s:

For j=1,2,...,4096,
(a) If
slj—1 < 0.1,
then the shifted pulse heights
j— = gjand
Jv = I

the fractional amount of the shifted pulse heights

A_ = 0and
A+ - 0,
and the out-of-bounds flags
f- = 1land
fv = L
(b) If
slj—1 > 0.1,
then
i.
. = j—(1-w)slj—1]
ve = j+wsfj—1]
j— = int(z_)
J+ = int(z4)
Aj. = x_—j_
Aj- = x4y —Jjy
ii. If
j— > land
j— <4095,
then
o=
iii. If
j— < 1lor
j— > 4095,
then
f- =0
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iv. If

j+ > 1land (68)
j+ < 4095, (69)
then
foo= 1 (70)
v. If
j+ < 1lor (71)
je > 4095, (72)
then
foo= o (73)
(¢) The shifted and interpolated response
RU-1 = oo [o(0- ARG~ U4 AR+ (7
f+ (1 —w) ((1 = Aj) Reyalis — 1]+ Aj+Rr+1[j+])] : (75)
4.2  Scatter matrix
To obtain a position-dependent scatter matrix S[m, k]:°
1. The scatter matrix data are read:
(a) Front-illuminated CCD:
If the CCD_ID corresponds to a front-illuminated CCD, then for m =0, 1, ..., Nphachan — 1,7

i. At and below the peak of the scatter matrix function:
For k = =500, —499, ..., int(L1_P0S[m)),

k — L1_POS[m] \ >
S[m,k+500] = —|L1ALPHi|log |1+ [ —r—+ : 76
o 500] =~ |LIALPHA]log ( () (70
ii. Above the peak of the scatter matrix function:
For k = int(L1_P0S) + 1, int(L1_P0OS[m]) + 2, ..., 500,
S[m, k+500] = |L1ALPH2|log [ 1+ k — L1 POS[m] ) * (77)
’ B & L1_WIDTH[m] '

L1ALPH1 and L1ALPH2 are keywords and L1_P0S, L1 _WIDTH, and PHACHAN are columns in HDU
hscatter,a Of the infile. The logarithm is used so that the contour interpolation in section 4.2.2
is performed on the log of scattering matrix function. The sign change of S from one side of the
peak (eqn. 76) to the other (eqn. 77) is also important for contour interpolation.

6There are Nphachan Pulse height channels m and Nscatter = 1001 scatter channels k. The number of scatter channels is
hard coded.

"For HDU hscatter,a of the CALDB file acisD2000-01-29p2_respN0006.fits, the Nphachan = 16 values of PHACHAN[m| are 40,
60, 80, 100, 128, 180, 230, 300, 380, 460, 512, 670, 1025, 1535, 2050, and 3100.



(b) Back-illuminated CCD:

If the CCD_ID corresponds to a back-illuminated CCD, then for m =0, 1, ..., Nphachan — 1,5
i If
G1_FWHMm| < 1.5, (78)
then
G1_AMPL[m] = G1_AMPL[m] (%@M[m]) and (79)
G1_FWHM[m] = 1.5. | (80)

ii. At and below the peak of the scatter matrix function:
For k = —500, —499, ..., int(G1_P0S[m]),

1 2.35482 \°
iii. Above the peak of the scatter matrix function:
For k = int(G1_POS) + 1, int(G1_POS[m]) + 2, ..., 500,
1 2.35482 1\’
S k+500] = = {((k—G1_P0OS S — 82
[, & + 500} 2 <( [m]) Gl_FWHM[m]) (82)

G1_AMPL, G1_FWHM, G1_P0OS, and PHACHAN are columns in HDU hgcatter,bi Of the inf ile.? Again,
equations 81 and 82 are logarithms of the scatter matrix function and the sign change above
the peak is intentional.

2. The scatter matrix is (contour) interpolated to the channel grid:

(a) Front-illuminated CCD:

If the CCD_ID corresponds to a front-illuminated CCD, then for j =1, 2, ..., 4096,
i If
j < PHACHAN[0], (83)
then
S[j—1,k+500] = &[0,k + 500] (84)
for k = —500, —499, ..., 500.
ii. If
j > PHACHAN[NphaChan —1], (85)
then
S[j—1,k+500] = S[PHACHAN[Nphachan — 1] — 1,k + 500] (86)

for k = —500, —499, ..., 500.

8For HDU hscatter,bi of the CALDB file acisD2000-01-29p2_respN0006.fits, the Nphachan = 20 values of PHACHAN[m)] are 40,
60, 80, 100, 114, 128, 142, 156, 170, 180, 230, 300, 380, 460, 512, 670, 1025, 1535, 2050, and 3100.

9The data in the columns G2_AMPL, G2_FWHM, and G2_P0S of HDU Rscatter,bi Of the infile are not used because the values of
G2_AMPL[m] = 0 for all m, at least for the CALDB file acisD2000-01-29p2_respN0006.fits.



iii.

iv.

If there is some m such that

j > PHACHAN[m] and (87)
j < PHACHAN[m + 1], (88)
then
| — PHACHAN
S[j—1,k+500] = J ] (89)
PHACHAN[m + 1] — PHACHAN[m]

(S[m 1,k +500] — Sm, k + 500]) + S[m,k+500]  (90)

for k = —500, —499, ..., 500.

At and below the peak of the scatter matrix function:
For k = —500, —499, ..., int(L1_P0S[m]),

S[j—1,k+500] = e b=k +500] (91)

The use of the exponential function removes the use of the logarithm in equation 76.

Above the peak of the scatter matrix function:
For k = int(L1_P0S) + 1, int(L1_P0OS[m]) + 2, ..., 500,
S[j —1,k+500] = e SU—LAk+500] (92)

The sign change in equation 105 relative to equation 104 removes the sign change in equa-
tion 77 relative to equation 76.

(b) Back-illuminated CCD:

If the CCD_ID corresponds to a back-illuminated CCD, then for j =1, 2, ..., 4096,
i If
j < PHACHAN[0], (93)
then
S[j—1,k+500] = log(G1_AMPL[0]) 4+ S[0, k + 500] (94)
for k = —500, —499, ..., 500.
ii. If
j > PHACHAN[Nphachan — 1], (95)
then
S[j—1,k+500] = log(G1-AMPL[Nphachan — 1]) + (96)
S[PHACHAN[Nphachan — 1] — 1, k + 500] (97)
for k = —500, —499, ..., 500.
iii. If there is some m such that
j > PHACHAN[m] and (98)
j < PHACHAN[m + 1], (99)
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then

S[j—1,k+500] — ( j — PHACHAN[m)] )

PHACHAN[m + 1] — PHACHAN[m]

[(Gl_AMPL[m + 1,k + 500] — G1_AMPL[m, k + 500]) +

(S[m 41,k +500] — Sm, k + 500])} +
G1_AMPL[m, k + 500] 4+ S[m, k + 500]

for k = —500, —499, ..., 500.

iv. At and below the peak of the scatter matrix function:
For k = =500, —499, ..., int(G1-P0S[m)),

S[j—1,k+500] = eSl—1k+500]
v. Above the peak of the scatter matrix function:
For k = int(G1_P0OS[m]) + 1, int(G1_POS[m]) + 2, ..., 500,
S[j—1,k+500] = e SU—Lk+500]

3. The scatter matrix is normalized:
For j =1, 2,...,4096:

(a)

500

St = > S[j—1,k+500]
k=-500
(b) For k = —500, —499, ..., 500,
S[j— 1,k + 500
Slj—1,k+500] = %
tot

4.3 Convolve ideal RMF and scatter matrix

To obtain the RMF"

1. The ideal RMF and scatter matrix are convolved:
For j =1, 2, ..., 4096,

(a) If
j < 501,
then
ko = 1—3
(b) If
j = 501,
then
ko = —500.
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then

then

R[Zv.] - 1]

5 TBD

1. PI RMFs
2. Nonstandard channel ranges or binning

3. Weighting for multiple regions

j < 3596,

kni = 500.

j > 3596,

kni = 4096 — ;.

kni

> RIG = 1)+ kIS[j — 1,k + 500].

k=ki
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