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ABSTRACT

RG830 and IR80 will be used as the optical blocking glassin the WFC3/IR channel to
ensure that short-wavelength (optical) light does not reach the detector. Thisis necessary
because the substrate-removed detector will be sensitive to wavel engths below 0.8 tm.
This ISR gives the expected transmission of these glasses. It also gives the maximum
expected ratio of light leaking through at optical wavelengths for infrared narrow-band
filtersin the case that those filters provide no blocking of their own.

I ntroduction

The WFC3 IR channel contains a HgCdTe detector for sensing light from 0.8 umto 1.7
pm. This type of detector is grown on a substrate to provide mechanical integrity during
the manufacturing process. Examples of such substrate material include Sapphire and
CdzZnTe. Thelatter has been used for the WFC3/IR detectors. Recently, radiation testing
has shown that this substrate material has an undesirable effect. It appears to produce
secondary light emission when struck by high energy protons. Because of this effect, the
substrate will be removed from the flight detector. When thisis done, the detector will be
sensitive to optical light, at least down to 400 nm. Because of this, the infrared channel
optical train must contain an optical blocking filter. In fact, most of the filters are
deposited on 3.66 mm thick IR80; the exceptions are FO93W, F110W, and F125W, which
areon fused silica

In the future, any replacements will be made of RG830. The following web page
gives transmission characteristics of 3 mm thick RG830, as given by Schott.

http: //www.optical-filters.com/rg830.html
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The contents of this web page are reproduced below. As can be seen, the transmission
through RG830 is very low at wavelengths below about 760 nm, thus providing blocking
at optical wavelengths.
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Figure 1. Characteristics of RG830 glass from Schott.

Figure 2 shows the optical density (OD) of 3mm thick witness sample of IR80, as
measured at GSFC. Note that OD=-LOG(T), i.e. OD=0 for 100% transmission.
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Figure 2. Optical density of 3mm thick IR80, as measured at GSFC.

M oddl

Does the blocking glass provide “enough” blocking? To answer this question, we
wrote a program (see Appendix) to count the number of photonsin an optical bandpass
that make it to the detector after having passed through the blocking glass, and assuming
no out-of-band blocking from the infrared filter in the WFC3/IR channel beam. To take
an extreme case, we assumed an O-star, using a non line-blanketed Kurucz model, and a
narrow-band (R=100) infrared filter.

Figure 3 shows the result of this calculation. The “leakage” percentage increases
with wavel ength because the number of in-band photons decreases at longer wavelengths
for the chosen source (O-star). In all cases, the percentage is less than 0.1% for an out of
band transmission of 1e-6. We also simulated the effects for an A-type star and found
results about afactor of two lower in leakage percentage. Of course, the realized leakage
should be much less, given that the narrow-band filters should provide some amount of
blocking on their own.

Conclusions

Contamination from a“blue leak” in the WFC3 filters should provide little
contamination to photometry, certainly less than 0.1% for the hottest sources.
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Figure 3. Percentage of number of photons through RG830 within 400 and 800 nm ver susthe
number transmitted through an R=100 narrow-band filter ver sus center wavelength.
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Appendix

pro RGB30ratio
; This program conputes the ratio of out-of-band flux to in-band flux, assum ng
; a WRC3/ IR filter and RG830 bl ocking gl ass.

set _plot, ' ps'
device,file="ratios.ps',/|andscape

I'p.thick=5.0
I'p.charsize=1.4
I'x.thick=8.0
ly.thick=8.0
I'p. chart hi ck=6
I P. FONT=1
! X. CHARSI ZE=1. 4
1'Y. CHARSI ZE=1. 4
set integration limts
RG830! anbda2=8000. *1. e- 8 ; cm
RG330l anbdal=4000. *1. e- 8 ;. cm

plot,[0.8,1.8],[0.1,100], xrange=[0.8,1.8],xtitle="Narrow band wavel ength
(um',/nodata,/ylog, $
ytitle="F(' +strtrin(string(R3E30l anbdal/ le-4,format="(F3.1)'),2)+ to
"+strtrimstring(RE30l anbda2/1.e-4,format="(F3.1)"'),2)+ um/F(Narrow band)*100'

; set range of possible throughputs
t hr oughput s=[ 1le- 4, le-5, le- 6]

; |l oop over possible throughputs
for z=0,2 do begin
| anmbdanar r oncent er s=9000* 1. e- 8* ( 1+i ndgen(10)/10.) ;cm

cd, ' c:\figerdev\ WC3

; read in stellar energy distribution for hot (50,000 K) star from
http://ww. stsci.edu/science/starburst/Kurucz. htm

; I is in angstrons, and f |S|n erg/s/cmcnm A

; readcol , ' t50000950p00. dat', I, f

readcol , "t 50000g50p00. dat ', I , f

; increase density of points by a factor of 100

new =i nterpol (I, indgen(n_el ements(l)),indgen(n_el ements(l)*100)/100.)
f=interpol (f,indgen(n_elenents(l)),i ndgen( n_el ement s(1)*100)/100.)

I =new

; define constants

h=0. 0000000000000000000000000066260755 , erg*s

c=3.el0 ; cnls
| anbda=I * 1e- 10* 100 ;. cm

nu=c/ | anbda
dl anmbda=(1 anbda(1: n_el emrent s(| anbda) - 1) - | anbda( 0: n_el ement s(| anbda)-2))/ 1e-8 ;

dnu=-c/ | anbda(1: n_el ement s(| anbda) -1) +c/ | anbda(0: n_el enent s(| anbda) - 2)
dnu=[ dnu, dnu(n_el enent s(dnu) - 1) ]

dl anmbda=[ dl anbda, dl anbda( n_el ement s(dl anbda) - 1) ]

phot ons=f/ ( h* nu) *dl anbda ; photons/s/cm cm

; define vector of transm ssion values for all |anbda
RG830t hr oughput =fl tarr (n_el enents(1))
RG830t hr oughput (*) =t hr oughput s(z)

integrate flux through RE30 gl ass
RGB30r egi on=wher e(| anbda It RG830l anbda2 and | anbda gt RGB30l anbdal)
RG830phot ons=t ot al ( phot ons( RG830r egi on) * RG30t hr oughput ( RG330r egi on))

; loop over set of narrow band filters
rati os=fltarr(n_el ements(l anbdanarrowcenters))
for i=0,n_el enents(lanbdanarrowcenters)-1 do begin

; define infrared narrow band filter and integrate flux through it,
assum ng 100% transm ssi on

| ambdanar r owcent er =I anbdanar r owcent er s(i )

bandpassnar r ow=l anbdanar r oncent er/ 100.

nar r owr egi on=wher e(| anbda gt | anbdanarrowcent er - bandpassnarrow 2. and
| anbda It | anbdanarr onwcent er +bandpassnarrow 2.)

nar r owphot ons=t ot al ( phot ons( narr ow egi on))
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; store result
rati os(i)=rg830phot ons/ narr owphot ons* 100

; print result
print,'ratio= "',ratios(i), ' %,format="(A F5.2, A

endf or

; plot data
opl ot, | anbdanarrowcent ers*1e4, rati os

xyout s, | anbdanarrowcent ers(0)*1e4, rati os(0)/1.3,"'throughput="+strtrim(string(throughpu
ts(z),format='(ell.1)'), 2)

endf or
devi ce, / cl ose

end



