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GEMINI

1.0 Purpose

Near-infrared filter bandpasses for use in future Gemini instrumentation is
addressed in this technical note. This topic was first raised during informal discussions
between the IfA, IRTF, and Gemini personnel during the summer of 1995. Soon
thereafter the idea of modeling an infrared filter set for Gemini was proposed before the
IRISWG and generally accepted as a useful step in the infrared instrument program.
The September 1995 IRISWG also agreed that such an analysis should include both
high altitude sites like Mauna Kea and lower altitude sites like Kitt Peak to determine if
a single common bandpass specification could be achieved across a broad range of
observatories. In the following note, the relatively simple technique used to define and
characterize bandpasses is described. The intent is to reach consensus within Gemini
through the IRISWG on a bandpass definition set, before defining filter fabrication
specifications and polling the astronomical community to see if broad interest exists in
the establishment of a common filter set for near-infrared astronomical use. Ultimately
the IfA will coordinate the filter consortium that emerges from this activity since that
institution is central to all of the Mauna Kea observatories and is building near-infrared
instrumentation for several observatories over the next few years.

2.0 Analysis

Filter bandpasses were evaluated through MathCAD and a set of model
atmospheres, provided by a number of sources. For Mauna Kea, a 1-6 pm model
atmosphere generated by MODTRAN was kindly provided by Gene Milone. The model
consists of atmospheric absorption at air masses of 1.0, 1.5, 2.0, 2.5, and 3.0 for an
assumed 1 mm precipitable water vapor content at a 4200 m altitude location in the mid
tropics. This absorption model was merged with a night sky emission model based
upon the work of Roche and Glasse (1990, priv. comm.) to generate sky flux levels for
the various bandpasses under consideration. Finally, Steve Lord at JPL kindly provided
a model atmosphere for a 2 km altitude site, also at 1.0, 1.5, 2.0, 2.5, and 3.0 air
masses. The MODTRAN and JPL models have very similar spectral resolution. No
emission model was available for the low altitude site for this analysis, hence all sky
backgrounds mentioned in this note apply directly to Mauna Kea and assume a
telescope plus instrument emissivity of 3%, zenith pointing, and ambient temperature of
0 °C.

Filter curves were generated by convolving a simple Gaussian function with a
box-car function of specified width. The convolution of these functions, with degrees of
freedom specified in terms of bandpass width, central wavelength, peak transmission,
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pertinent model factors and simulated the

transmission curves of real filters fairly well. All filters were assumed to have a peak
transmission of 85%.

Model bandpasses were generated by first estimating a central wavelength for
each atmospheric window to define A.. For a fixed A, peak transmission, and roll-off,
the filters were allowed to expand in increments, AA, of typically ~0.03 pym for J, H, and
K and ~0.08 pm at longer wavelengths. Table 1 lists the A, adopted for each
atmospheric window. For each A; + AA increment the following performance parameters
were calculated:

» Sky background (under the aforementioned conditions) in terms of magnitudes per
arcsec’ and photons/arcsec?/sec at the Gemini focal plane

* Non-linearity of photometric extinction, o, in the 1.0-3.0 air mass range for Mauna
Kea and a 2 km altitude site. Here, ¢ is defined as the standard deviation of the set
fit; - (-2.5109(t))) where fit; is a linear least squares fit to the log of the atmospheric
transmission 1. The parameter ¢ is therefore an estimate of the photometric error
contribution in magnitudes.

* The zenith absorption, 1o, for both the Mauna Kea and 2 km site, defined as
1
T, =— |  fA)t(A)dA
0= ), FAR()
where f(A) is the filter function, t(A) is the atmospheric absorption at zenith, A; and A,
are the ~10% transmission points in the filter profile and AA=A,-A;. The parameter 1o is
therefore the mean value of the product f(A)t(A) across AL and gauges when further

broadening of a proposed bandpass no longer leads to increased flux through a filter.

Figure 1 shows a typical prototype filter bandpass used in the investigation of the
K-band. Also shown is the Mauna Kea zenith atmospheric absorption. Figure 2 shows
the corresponding extinction linearity analysis for this bandpass. The line represents a
least squares fit to the extinction measured between 1 and 3 air masses. Figure 3
shows the sky emission for this spectral region which was used in conjunction with the
filter bandpass to estimate sky background levels for each A\ increment in the analysis.
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Figure 2 - Crosses denote model transmission emission. This includes a 3% ¢ telescope
of the filter and atmosphere shown in Figure 1. contribution.

The line is a least squares fit.

3.0 Proposed Bandpasses

A number of optimization strategies can be used to define near-infrared
broadband filters. For example, Young, Milone, and Stagg (1994, A&AS, 105, 259)
conducted a detailed study of the JHKLMNQ bands by defining a figure of merit for the
linearity of extinction curves for various sites under various water vapor conditions.
Bandpasses were optimized primarily on the basis of reproducibility and transformability
of photometric measurements across various sites.

The approach adopted here was to assess extinction linearity, throughput, and
background flux for possible bandpasses in a simple manner. Unlike Young et al.
(1994), total throughput (atmosphere + filter) was heavily weighted in the optimization
process, not just photometric performance, on the assumption that most astronomical
applications demand peak S/N even if it means a few percent degradation in
photometric accuracy. The result is a set of bandpasses that are considerably broader

K-band than the triangular shaped highly
optimized bandpasses derived by

T Ty ‘ Young et al. (1994), resulting in
increased throughput but still fairly
S . good photometric performance.

As a “sanity check” proposed
filters were also compared with
stock Barr JHKLL'M filters to
determine if there is any real gain to

L1 be had from changing from this
0a a5 .s commonly used set. Table 2 lists the
filter sets in use now at several

. . . : observatories on Mauna Kea
Figure 4 - The atmospheric K window is plotted together . . . !
with the Young et al. “improved K" filter, which has a including those in NSFCAM (IRTF),

triangular shape and has been tuned to deliver optimal IRCAM3 (UKIRT), and Redeye
photometric accuracy, albeit at the expense of throughput. (CFHT), as well as the Barr set to
Also plotted are scans of the Redeye stock K and K’ filters.

Transmission

“improved K"

\
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illustrate filter commonality
between these observatories.

Plotted in the following
pages are Barr and proposed filter
bandpasses for the JHKLM
windows. All filter curves have
been plotted with the Mauna Kea
model atmosphere for 1.5 air
masses to illustrate how the filters
“fit” within windows. Also shown in
the upper right panel of each
page is ¢ (in millimag) and 1o as a
function of filter bandpass for
Mauna Kea and a 2 km altitude

Filter Barr UKIRT IRTF CFHT

MDA (UM) — Ag-Ap (UM)  Ag-Ap (M) Ag-Ap (Um)

J 1.11-1.39 1.13-1.42 1.11-1.42 | 1.10-1.39

H 1.50-1.80 1.53-1.81 1.48-1.76 | 1.51-1.79

K 2.00-2.40 2.00-2.41 2.02-2.41 | 2.02-2.41

K’ 1.95-2.29 | 1.95-2.29

Ks 1.99-2.32 1.99-2.31

L 3.20-3.80 3.15-3.75 3.20-3.81

L’ 3.50-4.10 3.50-4.10 3.49-4.08

M 4.50-5.10 4.54-5.16

M’ 4.55-4.80 4.67-4.89

Table 2 -Bandpasses for stock near-infrared filters at 3
observatories and Barr Associates are listed to demonstrate
commonality of
observatories.

filters

across

several

Mauna Kea

site. A vertical dotted line corresponds to the proposed bandpass at the ~10%
transmission level in the filter profile. In general the bandpass was selected on the
basis of when total throughput (o) begins to fall and photometric error () over the 1.0-
3.0 airmass range begins to rise rapidly with increasing AA. Also shown for each
window is the Mauna Kea zenith atmosphere plus telescope emission. This plot is not
included in the J-band plots because the model only covers A > 1.45 pm.

TN-PS-G0037

Page 4




Gabed LEOOO-SA-NL

‘ssedpueq pasodolid ay) Jano
Jousa oudwoloyd pue (sspniubew G0~) punolbxaeq Axs pasealoul Apuediiubis siJnsal 18u ayl ‘ssedpueq 1) Leg paziSIano
a8yl ybnouy) passed A|ssa|pasu ale yolym saull uoissiwa HO yum pajeindod Ajiaeay si mopuim [ ayl ‘alowlayun ‘ssedpueq
pasodoid ay) ueyl uonnguUIuod Joiid adwoloyd Jarealb xg~ e 0] Buipes| ‘saull Jodea Jarem Ag pareulwrgiuod si Jaljy deg ayl Aq
palanod ssedpueq ayl J0 905 AleaN ‘alaydsowie ay) 01 yolew Jood e AJes|o si ‘doy ye panoid ‘iayiy pueg-r pasn Ajuowwod ayl SjUBWIWIOD

(wn) YISudaaepy

ST 7T GET €T SCT ¢t STT 1T S0T 0
B+ =
I 8
| 50 3
8.
o
=}
T
UOKSIWSUe] | Jol|1H 7 aJeydsowly yliuez
(wr) Y3udrosepy
ST A €T T TT T
(wrl) yv 0
€0 eral) 20 STo T0 S0°0
90 00
S0
50 | o Bl 1eg —
ST a m
0z \w) S0 m
0y ot sz = 7]
o€ w =)
«Q
ge >~
SL0 |
oy | I
Sy
80 0's | N

UOSSSILUSUR. | JBY|1H 3 950ydsowy Y)iueZ



gabed /£009-Sd-NL

‘wrl 0g°0 Jepun Aybiis yipim e sey yoiym sayy
H pasodouid ay1 01 Buipes| ‘wr og 0~ ueyl Jarealb sassedpue(q Joj Ajfeanewelp asl 01 Usas SI Joud alawoloyd ayp b Jaddn ayy
01 "MOpUIM SIYl 01 )1} pooB Ajgeuoseal e asimIaylo si ing wrl 08'T Jeau pueq Joden larem ay) ojul Apybiis sapnaul Jayiy H Jeg ayl SlUBWIWOD

(wr) Y3udrosepy

6T 8T LT 9T ST 7T 0
o
B4 H pasodoid g
(um) p3usjeaepy S0 m
6T 8T LT 9T ST v 7
g
=}
it A 1
UosSILSUe. | Jel|1H 7 aJeydsouny YliueZ
- onaR
;0880 efew 8T :punoiboeq MIN Sa e
— 0t
| l | ] | | 2700 (wr) Y13udrose
uoissiwg A4S eay eure
6T 8T LT 9T ST 7T 0
(wrl) yv
GE0 €0 eral) 20 GT0 T0 S00
90 00
50 3
_ B4 H Jreg g
S90 T - so 3
a 7
st 3 &
0 ot = i
0z 3
Q
L :
suo t se :dz
o€ LU EE T

s UOSSIWSUE | B[ 3 9.8ydSoLlY YHUBZ

80



L 3bed LEOOO-SA-NL

J8)1)
M deg ayi 1o Sy .y 01 paredwod Answoloyd panosdwi Buipinoid ‘wid TO'Z 1€ aull 0D Buons ayy pioAe 01 paubisap S| pue Jamolreu
Apybys si sy M pasodoud syl "usss ate wr g0 pue 0£0 ~ YV 01 Buipuodsalod joid o syl ul sdwng ailsym ‘eanoge o Jo 10(d
3Y} Ul Uaas sI asiou aulawoloyd palaldp uo saul 20D asays jo 1oedwi ayl wr 9oz pue TO'Z 1e saul 20D Buons ayl Aq paroaye
S| aouewlopad oudWOoloyd ‘Mopuim duaydsowre wr z'z ayi o1 1y poob Alqeuoseal e si Ja)ly Y leg ay) ‘Jayy H reg ayl ai SjUBWIWOD

(wr) 3udroAe

9¢C ¥4 44 ez 2 12 z m.H
i J
RBlH )
g
() p3usponepy _ L m
9z vz 2z z m.
T
uosssiwsuel| B4 % aeydsowny yiuez
i JoesorefBew /T punoiboed SN | 0?5
B 0T.T
T
_ . . OT.T
uossiwg NS eay eure |y T
(wr) YSudpeAB A
9 44 € 22 T2 z 6T -
(wrl) vv
S0 v0 &0 20 o
° , , , , 00
190
. E e BN 5 e .
S9°0 ]
18T a / W
| 2 g
0y L0 r 142 w m
1 0¢€ w g
«Q
16€ ~
GL0 |
1 0%
ERh4
o0 , , , ' 0's H

UOSSSILUSUR. | JBY|1H 3 950ydsowy Y)iueZ



gabed LEOOO-SA-NL

'S91IS Jawem pue sadodass|al Jay1o 01 a|qealjdde Ajisea ag 10u Aew siayo Ajeanaloay) 1 sabeiuenpe ay) ‘sadoass|al AlAISSILLD
MOJ] 10} paun) s JaI} SIYl S2UIS "YIpIM ajgeredwod aAey pue saull 20D dasp ayl pioAe yioq aouls Jai M pasodold ay) 01 Jejiuis sl
Buory) 10 @ourewWIoyad [[I8A0 BU Y pue Sy Jano parcidwil ag pjnom ALreaul) uonounxae pue indybnosyr ajiym ssedpueq e yans wolj
JInsal pjnom punolboeq Axs ul asealoul Juediubis oN “wr 9o’z pue TO'z e saull uondiosqe 0D daap syl sploAe pue ANAISSILIS
MO| SulwaS) jo afeluenpe saxel yoiym pasodolid si PUoly paganp sl JUBIBHIP V SY ueyl aduewlopad Bunoedwi lodea isrem

0] 3|gndaasns aiow S| aduay ‘SY ueyl syibusiaABM 181I0YS SISA0D J3)JI} M SUL ‘UMOUS aJe MOPUIM M 8yl ulyum sialy Aernads 'SJUBWIWOD
(wrl) p3uapesepy
9¢C x4 44 €¢C 2c 4 4 6T
=
N B4 Y [ g
[ g
S
|
UOSSIWSURIL BY|I4 79 2.YdSOWY YHUSZ
(wmrl) p3uspoaepy (wr) p3udjaaepy
x4 e €¢C (44 4 c 6T 8T x4 44 €7¢ 2c 12 I 6T 8T
0
)
; 3 B M1 g
B SY 4141 |l w0 & _ il g
8. 8.
S S
(| bl 5_
. Wy

UOSSIWLSURI | B)|14 %9 210YdSounY Uiz UosSIWSURI | 81|14 %9 218ydsounY YHeZ



69bed LEOOO-SA-NL

"'S9SEI Wy Z pue MIA 9yl usamiaq
asiwoidwod Janaq e sI pue punoibxoeq paonpal e siayo ssedpueq 7 ueg ayl ‘ybnoy ssedpueq siyl 1o} asiom € JO Jojoe}
e Aeau sI © wy g ayl ‘pasodoid ssedpueq ayl 01 dn e} Ajyeau si jojd © ay) se ‘pajeald sI ssedpueq JapIim SIYl WOy O Ul 1S00q
jueoliubis ou ‘ased eay euney ayl ul ‘s1old bl 1addn syl ul usas sk ‘SalIS Wy Z pue Bay euney ayl Yyioq Joj wiod uoissiwsuen
JJo-|jo4 8y 01 spuodsaniod ssedpueq 7 .paziwndO MA, 9yl Ynap si dsuewlopad omawoloyd poobh pue punoibxoeq moj

o} ssedpueq siy) Buiziwndo Ajsnosueynwis ‘Saul| o1N|81 JO Jea|d osfe SI mopuim wi y~ ayl Jo pua (Aunissiwa ybiy) pal ayy asuls :SjusWIWo)
(wn) Yruseaepy
4% A% v 8¢ 9€ v'e rA>
- 0
(url) 3uspesepy .‘_0”—__”_ _UwN_E _”—Qo x _\/_ —
5y v e 3
T T T vOH.H S0 m
- — OTT m
- ;08801 Bew 0°9 :punoiBreg ey BUMR N ] QLT S
07T m
OT.T m
8 2
(T m
Soﬁ.ﬂw T
L J oot uossiwsuel | Bl ' dlydsowy Yiuez
1T
| | N._”o_”.._”
uoissiwg AXS eay eune |\
(wr) Y3udrosepy
a4 A% v 8¢ o€ Ve ze
(wr) vy - 0
60 L0 S0 €0 T0
S50 00
or (os[e pasodo.d)
90
Bl .1 1ked =
0z 2 !
590 | 3 S0 m
0y = w
sol o€ w w
=]
oY
GL0 |
i)
0'S
80 : : : : I

uosssiwsuel | Bl ' aleydsouwny yiuez



0T abed

"IN pue 7 1o} sjuswade|dal [ed160] ate siall N pue 7 pasodoud ay) asnedaq aiay pasodoud
S| SIa]|l} @sayl Joj a1NISqnNs ON "Saull ouN||81 Ag pareulweluod AjiAeay ale Uoliym Jo ylog ‘UMoys alte siayl) I pue T deg ayl

(wrl) P3usporep

§'S S Sy
_ _ : LOTeT
L ~ ot
- — Tt 2
Nuwmo._m\mmrc €T punoibxdeg eay eure i\ m
- — ,0T.T
L
L — §ONT m
L JuR: mv
N
L . Soﬂm
Lo — 0%t
| | | OT.T
uossiwg ANS eay eune a
(wrl) P3usporep
Sv v gt B
T T T T ol
— — OT.T
Nommua\mmE €T :punoibxdegeay eure |\ S
Tt 2
L
8
6
| | | | oT.T

uosssIWg A)S eay eure

() yy3usaaepy
99 'S 8 9 4% (44
Bll4 N Heg
|
uosssiwsuel | Bl ¥ alydsowly yiuez
(wr) y13uarose
44 14 8¢ 9¢ 14 4 €

S0

el

91114 7 Jegd

A e Al

S0

UOSSSILUSUR. | JBY|1H 3 950ydsowy Y)iueZ

LEOOO-SA-NL

Sluswwo)

uoissiwsuel |

uossiwsuel |



TT3bed LEOOO-SA-NL

"Sa)s apnie ybiy pue piw Ylog 1oy pains ||9m si Jey) ssedpueq s|buls e 109]8s 03 JNdIP ) Buiew ‘sus
apnife Wy Z e pue Bay BUNB U0 Pasn Uaym Siajly yons jo asuewopad ouiawoloyd ayl Ul SISIXa adualayip Juediubis e “Jayy ]
3y} 917 "eay| vune uo Bewijjiw 2~ J0 uonNgLIUOD Joia duldwWoloyd [eanaloay) B sey pue 1H|MN Je asnh ul 13}l INgU 8y} 0] 8S0|9
Ajremoe si Jayly pasodoud ayl ‘N/S |[elono Bunsooq ‘punoibxoeq Jamo| Apuedliubls siayo osfe Yoiym ‘MOopuIm |\ 8yl ulyim uoibal
juaedsuen aiow e ol ‘1anjig Apuedyiubis paylys si Jay pasodold ayl 'dus apniye wy Z e uo Bewlw QT~ pue eay eunep
uo pasn uaym Beuwjjiw g8~ Jo Joid ddwoloyd parewnss ue 0y Buipes| ‘saull uondiosge [BISASS WOUY SIayNs JaYL A 414l 9yl SjUBWIWOD

(wr) p3usrorepy

[A°] S 87 9v 4% 4%
- 0
/ ol N pesodoid
(uml) p3uajorepy o
zs S 8v v v (42 g
T T 1 1 1 T e so 8
- Qor =
= 8.
— wOH.HW w
- o w
- POTTE
= moﬂmv
_ oHoa.an T
3
o qou uoIssIWSURI] JB)|1H % aeydsowny Yliuez
| | | | | | 0T.T
uosssiwg A4S eay eune a
(wr) Y3udrosepy
(wr) v [A°] S 87 9 4% 0
9’0 9€0 920 91’0 900 /\ |./
€0 , , , , os \ BN N1l
GE0 0's
I_
0 oL Q m
w .
01 sy 06 = S0 m
: &
50 o Q >
G50 0€T
90 0'ST
T

uosssiwsuel | Bl ' aleydsouwny yiuez



4.0 Conclusions

Table 3 summarizes key performance levels and bandpass definitions for the
Barr and proposed new filters. All but one proposed bandpass (L) provides improved
photometry and reduced background over the Barr set with no loss in effective
throughput. In some cases, the difference between existing filters and new ones is
small but in all cases the proposed bandpasses meet or exceed the performance of
commonly used Barr filters. In the case of the J filter, the proposed bandpass will no
doubt lead to significantly improved photometry and signal-to-noise (due to the ~0.5
mag reduced background), with no real loss in effective throughput since so much of
the Barr J filter is heavily obscured by water vapor absorption. In general, not
surprisingly, lower photometric errors will be achieved on Mauna Kea than lower altitude
sites, but at least at J, H, and K, the differences should be quite small for the proposed
bandpasses. The L’ filter in particular represents a difficult set of trades. The ~4 pm
window is relatively clear of telluric lines at the red (high emissivity) end of the window,
hence simultaneously minimizing the effect of atmospheric absorption and emission is
difficult. Ultimately the signal-to-noise achieved for science targets is a function of the
color of the target, which can range from stellar (peak flux short of ~4 pm) to dust (peak
flux beyond ~4 pm), hence weighting the location of A on the blue end of this window to
cut the background will not necessarily lead to the highest signal-to-noise for all
sources. The best compromise between competing factors is the Barr L’ filter, which is
narrower than the proposed bandpass (hence lower background), centered in the
window (does not favor a particular color source), and offers better 2 km site
performance than the “MK Optimized” filter. No suggested changes are offered here to
the L and M Batrr filters, because these obsolete bandpasses are logically replaced by
the L’ and M’ filters anyway. The IRTF M’ filter does not appear to be well matched to
the ~5 pm atmospheric window and this analysis favors a filter closely resembling that
already in use at UKIRT (nbM in IRCAM3), which offers a lower background and better
extinction linearity than the IRTF M’ filter. A new specialty K filter is proposed, dubbed
Kiong, Which on Gemini offers improved throughput and photometry over Ks or K’ with no
increase in background, no doubt due to the low emissivity of the Gemini telescopes.
The gains of such a filter may not be achievable on other telescopes with higher
emissivities, hence expecting it to be broadly accepted as a new standard filter at other
observatories seems unlikely. Still, the gains of Kiong at Gemini are real and this filter
should be considered as part of Gemini’s standard filter set. Finally, in no case is the
background in the proposed filters prohibitively high for Gemini’s NIRI. Even in its wide
field mode (0.12 arcsec pixels) with modest read rates (few fps), the background
delivered by these filters can be tolerated.
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