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10 Abstract

The Science & Operation Center (S& OC) will use the Guide Star Catalog-11 (GSC-11) for
selecting IWST guide stars and ther assodated reference stars. The GSC-I1 is deived
from an all-sky survey in three optical passbands However, because IWSTGE FGS-
Guide is a near infrared camera, the GSC-II magnitudes mug be trandormed into the
near-infrared pass bands and ultimately into the expected electron count rates at the
Guider® detector, to suppot JWST opeations In this report we propos agorithms for
trandorming the GSC-11 magnitudes into the NIR J, H, and K system. These algorithms
have been derived and calibrated usng the 2MASS point source catalog for regionsof the
sky at high Galactic latitude where reddening is minimal and nearly uniform. We find
that thetrandormationsderived in this manna may not be applicable for observationsin
the disk of the Galaxy where extinction and reddening can be subdantial and locally
variable.

20 Introduction

The Fine Guidance Sensor-Guider (FGS-Guide) is a near-infrared (NIR) camera tha
measures the postion of aguide star onits detector. After aslew to anew target field, the
Observatory Scripts Subsystem (hereafter referred to as the nboad scripts command
the FGS-Guide to peform a series of fundions (Identification, Acquisition, Track, and
Fine Guide) that ultimately provide daa for stabilizing and fine guiding the observatory.
To facilitate the successful execution of these fundions the scripts provide the FGS-
Guide flight software (FSW) with the predicted electron count rate (brightness) of the
guide star and severd reference stars (which are needed by the Identification fundion).
The groundsystem, in turn, provides these countrates (along with postiond daa) to the
onboad scripts.

Check with the WWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PL M Servl et
To verify that thisis the current version.
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The reference and guide stars are selected from the Guide Star Catalog-ll (GSC-I1),
which is the degpest al-sky survey available (e.g., Lasker et a. 2008) The GSC-II is
based on ~1! resolution scans of phographic plates tha were obtained at the Palomar
and UK Schmidt telescopes over multiple epochs. The catalog contains the postions
magnitudes, prope motionsand classifications(stars and non-stars) of aboutonebillion
objects. The GSC-11 conssts of three pass bandsB; (" 4 = 0.47 um), R- (0.64 um), and I
(0.85 um) tha cover the optical region of the electromagneic spectrum. The absolute
faint limit of the catalog reaches magnitudes B, < 225, R: < 20.8, and I < 195. In this
report, the JpgMag, FpgMag, and NpgMag pass bandsgiven in GSC-11 are abbreviated to
B, R:, andl, where theindices J, F, and N comes from the phobgraphic emulsionsliia
Jfor theblue Illa-F for thered, and VN for theNIR (see, e.g., Reid et al. 1991).

Because the FGS-Guider isaNIR instrument with a pass band covering 0.6 pm to 5 pm,
the GSC-II magnitudes mus be conveted into the NIR so tha we can chos the
appropriate reference and guide stars for optimizing the FGS-Guider performance.
Chayer et al. (2006) developed color trandormations for the convesion of the GSC-11
phoometric system to the Two Micron All Sky Survey (2MASS) phobmetric system.
2MASS is a NIR all-sky survey tha imaged the sky in three pass bandsJ (1.25 pum), H
(1.65 pm), and K (2.17 pm) to limiting magnitudes of 15.8, 15.1, and 14.3, respectively
(Skrutskie et al. 2006) The color trandormations obtained by Chayer et a. (2006) are
given as a set of pdynomials of degree oneand two.

In this report we present an algorithm for trangdorming the GSC-11 pass bands into the
NIR pass bandsJ, H, and K. This algorithm will be used for predicting the magnitudes
of the reference and guide stars in the NIR, and ultimately for predicting the electron
count rates at the deector (to be provided in a subsequent report). The magnitude
trandormation algorithm uses the polynomials developal by Chayer et a. (2006) This
report is structured as follows: we first summarize the work of Chayer et al. (2006)in
Section 3.0. The uncertainties assodated with the trandormations are discussed in
Section 4.0. The magnitude limits for selecting the reference and guide stars are
discussed in Section 5.0. Theavailability of the GSC-11 pass bandsis discussed in Section
6.0. Our algorithmis presented in Section 7.0., and the validity of the algarithm applied
to fieldsnear the disk of the Galaxy is discussed in Section 8.0.

3.0 Converting GSC-II pasbandsintotheNIR pass bands

Chayer et al. (2006) andyzed 8 fields of 1Vradius at different Galactic latitudes varying
from b = 30%0 80Yausng the GSC-Il and 2MASS to deive trandormations from the
GSC-1l (B;, Rs, 1) to NIR magnitudes (J, H, KS)# usng color-color diagrams for the
34,204 stars common to both surveys. Figure 1 shows the (J $ B))(B, $ 1), illugrating
that thedaafall alongastraightline over awiderangeof color. By fitting a straightline

#Kriss & Stys (2003) carried out a similar preliminary analysis based on a 2-sgaure-degree rectangul ar
region centered on the Galactic coordinates | = 288.9%and b = 62.2%but the GSC-11 1, magnitudes were not
available at the time of their study.
Check with the WWST SOCCER Database at: http://soccer.stsci.edu/D msProdAgile/PL M Servl et
To verify that thisis the current version.
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to the data (red curve), a relationship between the GSC-II B, and |, magnitudes and the
2MASS J magnitudewas obtained. Nine color-color diagrams were congructed in order
to derive thetrandormationsbetween the GSC-11 pass bandsand the 2MASS pass bands
theresults of which are summarized in Table 1.

Figure1- (J'$ B;)(B; $ 1) color-color diagram for starsin common in the GSC-I1 and 2MASS (black
dots). The data correspond to eight combined 1j radiusfieldsthat span different Galactic longitudes
and latitudes: (I = 180j, b = 30j), (180j, 35j), (180j, 40j), (180;j, 60j), (150;, 80j), (0j, 60j), (90j,
60j), and (270j, 60j). Thered curve is a straight line that best fits the data. Typical error bars are
indicated in the lower left corner of the plot.

Check with the WWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PL M Servl et
To verify that thisis the current version.
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Table 1- Transfor mations of the GSC-11 pass bands (B;, R, and Iy) into the NIR passbands (J, H
and Ky)

Predicted GSC-I| %
J =B,D1.30(B,Pl,) D0.15 0.21
J =R: + 0.01(R: Bl,)? D1.56(R- Bl,) D0.44 0.25
J = B,D0.39(B, PR.)? D0.96(B, PR:) H0.55 0.40

NS =J+0.92
= By+ 0.06(B, D1,)? D1.71(B, Pl,) D0.10 0.25
H =R + 0.25(R: Bl,)? D2.17(R- Bl,) D0.67 0.33
= B,D0.24(B,PR.)?D1.66(B, PR H0.41 0.42
Hag =H+137
Ks =B, + 0.06(B, Ply)? D1.78(B, Bl,) 0.11 0.32
Ks =R: + 0.28(R: Bl,)? D2.35(R- B1,,) B0.73 0.39
Ks = B,D0.26(B,PR.)?D1.70(B,PR:) H0.45 0.48
Ksas =Kg+1.85

40 Uncertaintiesin the Transformations between GSC-Il and 2MASS

The accuracy of the trandormations for conveting the GSC-Il pass bands into the
2MASS pass bands depends mainly on the uncertainties of the individud magnitudes.
The extinction aong the line of sight is another source of uncertainty, but in order to
minimize its effect on the trandormation, Chayer et a. (2006) consgdered only data for
stars with gdactic latitudes b ! 30; (well above the disk). It is expected tha the
reddening for these stars is not significant. However, as demonstrated in Section 8,
further studies are needed to evaluate the effect of reddening and extinction for stars with
b & 30;. For such regions the use of 2MASS for selecting reference and guide stars is
likely to be a better alternaive than usng the transformationsfor conveating the GSC-I1
system into the NIR system. Even though2MASS does not go as degp as GSC-Il, the
increase in the numbe of bright stars in the Galactic disk should compensate for the
lower sengtivity of 2MASS.

4.1 GSC-Il and 2MASS Pass Band Uncertainties

The GSC-1I provides the magnitudes B,, R, and I, with ther estimated unaertainties.
Figure 2, 3, and 4 show the histograms of thedistribution of starsin GSC-11 as afundion
of the stated errors on thar magnitudes B,, R, and |, respectively. These daa were
retrieved from 1 radiusfieldsat the gaactic coordinaes indicated aboveeach pand.

Check with the WWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PL M Servl et
To verify that thisis the current version.
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Figure 2- Histograms showing the distribution of starsin GSC-11 fields of 1j radius as a function of
the errors in their B; magnitudes (bin size = 0.01). The Galactic longitudes and latitudes are
displayed above each panel.
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Figure 3- Sameas Figure 2, but for the magnitude Re.
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Figure4- Sameas Figure 2, but for the Iy magnitude.
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Figure5- Histograms showing the distribution of the same starsasin Figure 2, but as a function of
the B; magnitude for two ranges of errors on the magnitude (%& 0.45 and %> 0.45).

Check with the IWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PL M Servl et
To verify that thisis the current version.

-6-



JWST-STScl-001410

Figure 5 shows thedistribution of the same stars as in Figure 2, but as afundion of the B,
magnitudefor two ranges of errors on the magnitude Thefigure shows that the stars with
an uncertainty %& 0.45 mag are not necessary the brightest stars (e.g., a bright star can
have a sizable magnitudeerror if its image was saturated on the phoographic plate). Stars
with an uncertainty %& 0.45 mag have magnitudes from the bright end to the faint end of
the catalog. Stars with larger uncertainties have also magnitudes that cover the whole
magnituderange
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Figure 6- (Upper panel) Histogram showing the distribution of starsin 2MASS as a function of the
errorson J, H, and Ks magnitudes. The starswere retrieved from a field of 1j radius located at / =
180j and b = 35j. The size of the bin is 0.01 magnitude. (Lower panel) Histograms showing the
distribution of the same stars as a function of the J magnitude for two ranges of uncertainties (bin
size = 1.0 magnitude).

On the other hand, the uncertainties in the 2MASS pass bands are much lower than the
uncertainties in the B,, R, and I, given in GSC-I11. Figure 6 shows thedistribution of stars
in 2MASS as afundion of theuncaertaintiesin J, H, and Ks. The stars were retrieved from
afield of 1j radiuslocated at | = 180; and b = 35j. Theuncertainties in the J, H, and Kq
magnitudes vary from 0.01 to 0.35 mag. In the case of the J magnitude about 66% of
stars have an uncertainty %& 0.1 mag, and about31% with 0.1 < %& 0.2. Thefigure also
shows (lower pand) that, compared with the GSC-11 distribution, the faintest stars have
the largest phobmetric uncertainties. Similar results are observed for the H and Kq
magnitudes.

Check with the WWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PL M Servl et
To verify that thisis the current version.

-7-



JWST-STScl-001410

42  Uncertaintiesin the Predicted J, H, and K

Thedispersion of data in a color-color diagram as the oneilludrated in Figure 1, should
have two sources: (1) any spread in theintringc correlation between the two colors, and
(2) the measurement error in the colors themselves. The cross in the lower left corner of
Figure 1 shows thetypical error bars assodated with the colors (J BB,) and (B, Pl,). The
individud uncertaintiesin B, and I, come from the unaertainties listed in the GSC-11, and
the uncertainties in J come from the uncertainties listed in 2MASS. Because the
uncertainties in the J magnitude are much lower than the B, and I, magnitudes, the
contribution to the errors %4J B B;) comes essentially from the B, magnitude If we take
%J) = 0.05and %B,) = 0.4, theerror in thecolor (J BB,) isthen

"(J#B))=("*(J)+ " (B,)"? $(0.05 +0.40%)"2 = 0.40. (1)

We can aso obtain an estimate of the uncertainty on the color %J B B,) from thefit in
Figure 1. An estimate of the standard deviation from the best fit is given by

n2 _ 1 2

5P (v #arbx) ()
where (N B2) isthe number of degrees of freedom, y, isequd to (J BB;), aand b are the
intercept and dope correspondng to a straight line, and x; correspondsto (B, B1,). The
parametersa and b are given in Table 1 (a = $0.15; b = $1.30). Thevalue of the standad
deviation of the daa from the fit in Figure 1 is %= 0.21. This standad deviation is
significantly smaller than the expected uncertainties in the color (J BB;), which should be
close to 0.4 according to the uncertainties provided by GSC-11 (see, e.g., Figure 2). This
suppots thefinding of Lasker et al. (2008)tha the uncertainties in the B, magnitudes in
GSC-Il are ovearestimated. This is aso illugrated in Figure 7, in which the dispersion of
thestandad deviation fromthefit is shown. Thestandad deviation of thisdistributonis
%=0.21

We could arguetha the tight dispersion of the standad deviation illugrated in Figure 7
may betheresult of the cross-correlation between 2MASS and GSC-I1 produdgng alist of
bright stars, since 2MASS does not go as deep as GSC-11. Furthe ingection shows,
however, tha this is not necessarily the case. The uppe panel of Figure 8 compares the
distribution of stars with B,, I, and J magnitudes that are in common in GSC-Il and
2MASS. The stars were retrieved from 8 fields of 1 radius taken at different gdactic
longitudes and latitudes. The lower pand shows the distribution of the total number of
stars in GSC-11 with B, and I, magnitudes for the same fields Theuppe pand shows tha
a sgnificant number of faint starsin GSC-I1 are in common with 2MASS. Even though
thereisalarge fraction of stars in GSC-I1 with B, and I, magnitudes tha have cataloged
unaertainties of 0.4 mag, the actud distribution of stars in Figure 1 suggests tha thereal
unaertainties are consderably smaller.

Check with the WWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PL M Servl et
To verify that thisis the current version.
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Figure 7- Histogram showing the error distribution for transforming the GSC-1I B; and Iy
magnitudes into the 2M ASS J magnitude from the polynomial given in Table 1, J = B; ©1.30(B; B1y)
PO0.15and illustrated in Figure 1.
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Lasker et a. (2008) obtained smilar results when compaing the very accurate
phoometry of the Sloan Digital Sky Survey (SDSS) Data Release 5 (Addman-McCarthy
et al. 2007) phoobmetric system to the GSC-Il phoometric system. They trandormed the
SDSS ugriz phoometry into the GSC-II pass bands BRI, and compared them to the
phobgraphic magnitudes. Table 2 summarizes some of ther results from a comparison of
alargenumber of starsin the northern hemisphere (* 40,000to ' 300000stars). Thetable
gives the standad deviations of the (GSC-II B SDSS) phobmetric residuds for each
GSC-I1 pass band [%( B,), %( R-), and %( 1,)] as afundion of magnitudein bin sizes of
0.5 mag.

Table2- GSC-I1 BSDSS Photometric Residuals ( B, ( Re, and ( Iy

By Re Iy %( B,y A(Re) (1)

1356140 0.16 0.17
1456150 042 0.13 0.13
1556160 0.19 0.12 0.14
1656170 0.17 0.12 0.15
1756180 0.17 0.13 0.19
1856190 0.16 0.15 0.26
1958200 0.18 0.22

205E210 0.22

215E020 0.27

Data adaptedfrom Lasker etal. (2008)

Table 2 shows tha the GSC-II magnitudes can achieve a precison of %( B,) ) 0.16,
%( R)) 0.12,and%( I,) ) 0.13.Theprecisiondecreases for bright (saturated) stars, and
for stars near the faint limit of the plates. The precison in those cases can reach ~0.20D
0.25mag. The standad deviationsin Table 2 show similar values to the ones we obtained
when compaing GSC-11 and 2MASS, and suggest once again tha the uncertaintiesin B,,
R-, and I, magnitudesthat arelisted in GSC-I1 are overestimated.

Our sources of errors on the predicted NIR magnitudes not only come from the qudity of
the data retrieved from GSC-11 and 2MASS, but aso from the qudity of the fit of the
color-color diagrams. Figure 1 shows tha thefit of the distribution of stars in the color-
color diagram (J BB,)(B, P1,) is very good.In this case, for indance, the uncertainty on
the predicted J magnitude comes essentially from the qudity of the data. On the other
hand, fitting daa in the color-color diagram (J BB,)(B; PR:) with a polynoma may not
give results as accurate as those for the color-color diagram (J BB,)(B, P1,). Figure 9
shows tha the distribution of stars in the (J B B;)(B, P R:) diagram has a bulge in the
regionwhee 1.7 & (B, PR;) &2.7 and 4.0 & (J BDB,) &6.0. The best fit to the daa (red
curve) does not reproduce the daa very well in the region where the bulge is present.
This meansthat for stars with color intherangel.7 & (B, PR;) & 2.7, thedeermination

Check with the WWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PL M Servl et
To verify that thisis the current version.
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Figure 9- Sameas Figure 1, but for the (J $ B;)(B; $ RF) color-color diagram.

of the I magnitudewill not bevery accurate.

The qudity of thefit can be assessed with the assistance of Figure 10, which illudrates
thedistribution of the deviation from the best fit shown in Figure 9. Figure 10 shows tha
the distribution is not as tight as the one illusrated in Figure 7. The tails of the
distribution, in paticular, showthat the errors on the predicted J magnitudes can be quite
large Theextendd tailsin Figure 10 are the result of the poorfit in therangel.7 & (B, D
R:) &2.7. The standad deviation of the daais %= 0.40. This valueis twice the onefor
thebest fit that isillugrated in Figure 1 (%= 0.21).

The standad deviation from the best fits, when fitting the distribution of starsin a color-
color diagram, can be used for assessing the trandormationsgiven in Table 1. The last
column in Table 1 gives the standard deviation from the best fit for each trandormation
tha we deived when fitting color-color diagrams involving data from GSC-11 and
2MASS. Ther vaues vary from 0.21 to 0.48. Based on these values we can specify
which trandormations are going to provide the mog accurate NIR magnitudes. Table 1
shows that the best trandormationsfor deriving the J, H, and Ky magnitudes are those
tha use the B, and I, magnitudes. Trandormations usng the R: and |, magnitudes
provide NIR magnitudes tha are somewhat less accurate. Findly, usng only the B, and
R-magnitudes provides the least accurate NIR magnitudes.

Check with the WWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PL M Servl et
To verify that thisis the current version.
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Figure 10- Same as Figure 7, but for transforming the GSC-11 B; and Rr magnitudesinto the 2MASS
J magnitude from the polynomial given in Table 1 J = B; D0.39(B; D Rr)* D0.96(B; D Rr) D0.55 and
illustrated in Figure 9.

50 Magnitude Limits

The FGS-Guider is sensitive to lightin the NIR from 0.6 um to 5 pum. The guider@ faint
l[imiting magnitude and required field of view (FOV) is derived from requirement MR-
365 (ISIM-265), which stipulates that no single point failure in the FGS shall decrease
the probabiity of acquiring a guide star bd ow 90%, alongwith the requirement tha the
16 Hz guide star centroids have a noise equivalent angle less than 3.5 mas 1-%/axis. The
guide star faint magnitude limit is derived from an andysis tha convolves the OTE and
FGS optical throughpus and detector sengtivity with the spectral energy distribution of
stars of various spectral types to determine the electron countrate at the detector (which
then determines the accuracy with which the guide star@® postion can be measured.
Current estimates put the faint magnitude limit at J,g = 194 for an MO star (J,z < 199
for an AO star). On the other hand, thereference stars used for the Identification fundion
can befainter, both because the Identification exposure time is ~16 times longe then the
Fine Guide expoaure time, and there is no forma requirement for an accurate centroid
measurement. It is expected that the FGS will GeeOobijects in the Identification image
down to J,5 ~ 235 (note that GSC-I1 will not contain these faint stars, so they will notbe
used asreference stars in the ldentification fundion). The guide stars and reference stars
may be as bright as J,z * 13. In summary, the bright and faint magnitude limits for a

Check with the WWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PL M Servl et
To verify that thisis the current version.
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guide star are: 13 & J,z & 195. Reference stars have the same bright limit but have no
effective faint limit.”

6.0 Availability of GSC-II B,, R, and I, Magnitudes

Ingpection of GSC-11 shows that a given object may not have magnitudes available in all
three pass bands This can occur for a variety of reasons (see Lasker et a, 2008) but
noneghdess can present a difficulty for trandorming into the NIR magnitudes. Table 3
(from Chayer et al. 2006)illudrates that approximately 1/3 of the GSC-11 stars do not
have both a B, and I, magnitude which implies tha the less accurate J,gz(B;R:)
trandormation mug be applied ingead of the preferred J,z(B,,ly). Stars with jus one
GSC-Il magnitude should not be selected as guide stars (they may be useful reference
stars, but the magnitudetrangormation algorithmis still TBD.

Galactic Coord. Number of stars
Total | B, R, and Iy | By, R | By Iy | Re Iy B, R- Iy | NoB;, R, Iy

180%30Y4 9018 7197 537 21 16 383 | 335 | 374 155
180Y35Y4 7811 6027 302 6 194 | 366 | 482 | 270 164
180%40Y 7201 5461 556 5 17 582 | 202 | 239 139
180Y50Y4 7337 4701 726 2 23 1062 | 284 | 409 130
180Y55Y4 6818 4016 1383 0 14 699 | 337 | 277 92
180%60Y4 5155 3600 645 1 32 424 | 133 | 244 76
180Y65Y4 5750 3699 519 4 84 544 | 393 | 394 113
180%7 0% 6423 3671 394 3 237 | 949 | 646 | 429 94
150%80Y4 4669 3399 238 0 162 | 224 | 232 | 296 118

0v60Y4 14100 5728 6564 5 63 838 | 525 | 247 130
90Y60Y4 8331 5138 1280 29 69 865 | 655 | 164 131
180%60Y4 5155 3600 645 1 32 424 | 133 | 244 76
270Y60%4 7444 4638 890 2 78 942 | 412 | 419 63

Table 3- Number of starsfor which GSC-I1 magnitudes are available in three pass bands (B;, R, and
I\), two pass bands (B; and Rg; B; and Iy; Rr and Iy), and one pass band (Bj; Rf; Iy).

70  Algorithm for converting GSC-II into 2MASS

The agorithm tha we suggest for trandorming the GSC-11 pass bands into the NIR is
based on the trandormations that are listed in Table 1. As we have shown, some
trandormations are more accurate than others. Therefore, we need to select the
trandormationstha give the mog accurate results for a given set of GSC-1I magnitudes
B, R:, andl,. Based on our discussionin Section 4.0, we suggest thefollowing algorithm
for deriving the J,s, Has and Kgn,g magnitudes from the GSC-IlI B, R, and I,
magnitudes.

# The bright limit has not been fully analyzed. The issue is tolerance of saturation during Identification
(which applies to the guide star and reference stars) and Acquisition (guide star only) as these involve
longer exposure times than Fine Guide.
Check with the WWST SOCCER Database at: http://soccer.stsci.edu/D msProdAgile/PL M Servl et
To verify that thisis the current version.
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Read GSC-Il magnitudes B;, R, and

If (B,and |, are available) then compute J,g(B;, 1), Hag(By Iv), and Kgas(By, Iv)
trandormations where

Jna(By 1) =B, " 1.30(B, " 1) +0.77
H,o(B,,1y) =B, +0.06(B," 1,)>" 1.71(B, " I,)) +1.27
Kens(By,ly) =B, +0.06(B, " 1,)>" 1.78(B, " 1) +1.74

Elseif (R-and |y are only available) then compute Jg(Rs, Iv), Has(Re: 1), and Kgas(Re,
ly) trandormations where

Jas(Re, 1) =R +0.01(R. " 1)2" 1.56(R. " 1) +0.48
Hag(Re.1y) = Re +0.25(R. " 1,)° " 2.17(R. " 1) +0.70
Ksas(Resly) = Re +0.28(R. " 1)* " 2.35(R. " 1) +1.12

Elseif (B, and R: are only available) then compute J,5(B;, Ry), Has(By Rp), and Kgas(Bs,
R:) trandormations where

J,;(B,,R,)=B,-0.39B, -R,)*-0.96(B, - R,) + 0.37
H,,(B,,R,)=B,-0.24B, -R,)*-1.66(B, - R,) + 0.96
K ,;(B,,R.)=B,-0.26(, -R,)*-1.70B, - R,) +1.40
Else (only 1 pass band available) then do notuse the star,
Endif

We suggest tha the uncertainties in the predicted J,g, Hag, and Kg g magnitudes should
correspondto the standad deviationsgiven in Table 1. For ingance, the trandormation
Jas(B; 1) should be assigned an uncertainty %= 0.21 mag.

Once we have estimated the J,5, Hag, and Kgg magnitudes, we need to determine the
FGS-Guider electron count rates. The expected FGS-Guider electron count rates for a
given guide star and its assodated reference stars congsts of integrating the spectral
enegy distribution for each star over the FGS-Guider throughput This result is then
integrated for obtaining the total signd level in electron per second. The spectral energy
distribution is determined by usng the estimated J,g, Hag, and Kgag magnitudes. The
FGS-Guider throughputhas been determined by ComDev and is now available (see, e.qg.,
ComDev Technical Note: JWST FGS Guide Throughput 2009. We are now in a
postion to derive the algorithm for predicting the FGS-Guider count rates. This
algorithmwill be presented in a subsequent report.

Check with the WWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PL M Servl et
To verify that thisis the current version.
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8.0  Application of the High Latitude Transformationsto Fields Near the Disk

The GSC-II to NIR magnitude trandormations specified in the previous section were
derived usng 2MASS daa from fields at high Galactic latitudes. As expected (Chayer et
al. 2006) very little variation in the goodnes of fit of these trandormations was seen
over the 13 widdy sepaated fieldstha were studied by those authors. Thisis afortunae
result since it implies that extinction and reddening effects do not need to be modded on
aloca scale for fields outside of the Galaxy® disk (Jo[>30).

In this section we explore the application of thetrandormationsoutlined in Section 6 to a
field in CygnusOB2, a star forming region in the disk of the Galaxy, 1.7 kpc distant,
known to suffer significant reddening and extinction. Figure 11 illudrates the color-color
diagram for gtars in this region (J,H,K are from 2MASS, B,, R, | are from GSC-l1).
Compared to the high latitude field in Figure 1, these diagrams show much greater
dispersion, which will result in larger erors for predicted NIR magnitudes (1.5
magnitudes). Moreover, these diagrams are not likely to be representative of other
regions in the Galaxy@ disk. Fortunaely the 2MASS survey is sufficiently deep to
achieve an adequde areal dengty of stars to suppot JWST opeaationsgiven the size of
the FGS FOV. It is recommendel tha the guide star selection system use 2MASS if we
are able to integrate it into the GSC-I1 for WST opeations especially for low latitude
fieldstha are subject to locally varying levels of reddening and extinction.

Check with the WWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PL M Servl et
To verify that thisis the current version.
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Figure 11. Color-color diagramsfor GSC-11 and 2M ASS magnitudesfor Cyg OB2 indicatesthat the
high latitude transfor mation do not accurately apply for regionsin thedisk (compareto Figure1).

Check with the IWST SOCCER Database at: http://soccer.stsci.edu/DmsProdAgile/PL M Servl et
To verify that thisis the current version.
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