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•  Goal: measure zodiacal light (ZL) brightness in the near 
infrared DIRBE bands�
•  Scientific motivation: �

•  accurate subtraction of ZL foreground for extragalactic 
background light (EBL) COBE DIRBE�
•  ZL dust cloud kinematics �

•  Method: high resolution (R=2 104) spectroscopy of single 
ZL Fraunhofer line �
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Zodiacal light pictures 
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Zodiacal light line spectroscopy:  
early experiments in ’60-80ies�

Mg I line�

I.R. East & N.K. Reay A&A  (1984) 



Night sky spectrum VIS 

Zodiacal light spectroscopy P. Hickson & A. Stockton 

Mauna Kea 



Zodiacal light spectroscopy 

Zodiacal light Fraunhofer line 
spectroscopy by WHAM 

•  MgI 5184 first observations 
(R.Reynolds 2004)�

200 km/s �
5184 A �

Tint=30sec	




Zodiacal light spectroscopy 

Brian May: 2007 PhD 
thesis on Zodiacal light 

absorption spectrum 



Line selection 
high res �
solar spectrum �

high res solar spectrum - �
convolved 25km/s FWHM profile�

Si I 1.21035�Mg I 1.18281 �
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•  Solar spectrum �
•  Telluric lines�
•  solar+telluric�



Nightglow emission lines 

Zodiacal light spectroscopy 
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ZL Fraunhofer line  

Zodiacal light spectroscopy 
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Maihara (1993) 



Zodiacal light spectroscopy 

Zodiacal light 
Fraunhofer line IR 

spectroscopy 
•  IR spectrometry of selected 
lines (J band) �

continuum 
intensity�

line equivalent 
width  �

•  V(λ,ε) �
•  Line width�

•  ZL kinematics�
•  dynamic models�

ZL MAP�

Si I 1.21035�

Mg I 1.18281 �

continuum�
300 km/s �



Contributing sources 
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Direct stellar light 

Atmospheric continuum (?) 

Scattered ZL+ stellar light 



Photon noise 
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Integration time (seconds) 
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SN=50 in ~15 
minutes 



Stellar component background 
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model  prediction  

2MASS point source count 

zodiacal light  



Stellar masks 

•  mask out stars to Jlim 
to reduce stellar 
contribution to ≤ 0.1 of 
ZL brightness�
•  ZL area loss: 10%-15%�
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4.5o	




Zodiacal light spectroscopy 

ZL spectrometer - instrumentation solution 
•  Solid silicon dual etalon 0.25 mm and 0.3 mm thick �
•  High Spectral resolution - 2 x104 �
•  Spectral range 300 km/s �
•  Clear aperture  75 mm�
•  Operation mode: pupil imaging (integral spectrum)�
•  4.25o beam on the sky (non-imaging mode)  �
•  Simultaneous acquisition of the whole spectrum (ring 
summing) �
•  Temperature tuning: temperature change DT required to 
tune over the etalon free spectral range: ~ 40K�
•  observing in two spectral lines:a) 1.18281 mm  (Mg I )  b)  
1.21035 mm (Si I) �
•  1024 x 1024 HAWAII I FPA�



Dual etalon 
spectrometer 

•  Silicon etalons IMMERSION (!)�
•  100 mm dia (85mm CA) �
•  thickness  210 um and 250 um  �

•  Temperature tuned�
•  ≈10K per order �

Out of band 
rejection 
quality model�

Mounted 210um 
(above) and 250um 
(left) Si etalons�

85 mm�
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ZL spectrometer optical layout 

Telescope�
Cross-Dragone�

Relay �
lenses�

LN2 dewar�
cold space �

Stellar �
mask �

Field lens�

dual�
Fabry-Perot� Narrow �

band IF �

Camera�
Lens assy �

detector�

Guide/mask �
alignment �
CCD camera�3/30/10	




Instrument as of March 23, 2010 

Zodiacal light spectroscopy 

Fabry-Perot etalon 
Filter box Camera lens  

detector 
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Summary�

•  Direct measurement of the zodiacal light brightness in 
$ COBE DIRBE J band: �

 - improved accuracy of the infrared extragalactic 
background �
 - measurements at several epoques - variability �

•  Zodiacal cloud kinematic and dynamics �
•  V (λ,ε) maps�
•  line(s) widths�

•  Potential for spaceborne  or balloon instrument �
•  5AU instrument �

•  kinematics of ZL - view from the outside�
•  view of “residual” ZL �

•  High Spectral resolution - 2 x104 �
•  Large beam on the sky (non-imaging mode)  �
•  High throughput �
•  Multiple lines �



Backup slides 

Zodiacal light spectroscopy 



Spectrometer layout inside the dewar 
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dual etalon 



[7014-128] - Zodiacal light spectroscopy 

Bryan May - PhD on 
zodiacal light after 

30 years 



Instrument mount 
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Zodiacal light spectrometer 
Dragone system folded  

825 mm� 245 mm�

Dewar wall�

~245 mm�

~6
25

 m
m
�
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Zodiacal light Fraunhofer line 
spectroscopy in NIR  

•  IR spectrometry of selected lines �
 J band�

continuum intensity�

line equivalent width  � •  V(λ,ε) �
•  Line width�

•  ZL kinematics�
•  dynamic models�

ZL map �continuum�
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Zodiacal light Fraunhofer line 
spectroscopy 

•  MgI 5184 first observations (R.Reynolds 2004)�

200 km/s �

5184 A �
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Etalon lab spectra 
Deuterium+hydrogen spectral source	
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Selected Lines 

Si I 1.21035�

Mg I 1.18281 �

300 km/s � Blue – solar spectrum�
Black – solar+telluric�
(both are convolved with 
25km/s line profile)�
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Zodiacal light spectroscopy 

IR Fraunhofer line selction 



Lines selection 

Zodiacal light spectroscopy 



Dual etalon transmission 

Zodiacal light spectroscopy 
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