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A talk in three

• Showcase spectra of various astronomical sources  

• The instrument 

• Calibration of the grisms



Supernovae
to date: 29 SN Ia, and 20 core-collapse SNe (II, IIP, Ib, IIn, IIL). Typically around 

maximum, with multiple visits using uv grism



Novae
RS Oph 2006, GK Per (nova per 1901, outburst 2006),    

KT Eri 2009,    U Sco 2009,  T Pyx 2011,  
V339 Del 2013,   V745 Sco 2014,   V1280 Sco 2013, 

 V1369 Cen 2014,  V5666 Sgr 2014



** stars **
Solar-type stars (spectral type F) 

Wolf-Rayet Stars 
cool M-type 

etc. 

Sp. type M

Wolf-Rayet star

White Dwarfs

Solar-type (F)



comet 
Toutatis Sun

comet



UVOT Instrument

• Telescope  

• filter wheel 

• detector: image intensifier 

• electronics / operational software











Overview of the 
grism images

The spectra of the visible grism are 
straight and orders fall along the 

same line. 
  

Two modes:  
nominal means the grism centre is 

aligned with the optical axis. 
!

clocked means the filterwheel rotates 
further to obscure part of the grism - 

its centre is not aligned with the 
optical axis.  

!
Nominal and clocked spectra angle  

is different. 
!



uv grism

clocked nominal

•curved orders 
•higher spectral resolution (~3Å/pixel) 
•not blazed -> lots of power in zeroth and 2nd orders 



next to the  
first order

Modulo-8 noise 
zeroth order

overview: 
mod8 in 

Bright sources
clocked grism



Grism calibration
• selection of sky calibration sources 

• anchor point to match a spectrum to the sky position 

• using the optical model to predict variation over 
detector 

• wavelength calibration 

• coincidence loss calibration 

• effective area calibration 



Calibration sources
• Known spectra, HST flux calibrated sources, accuracy 2-3% 

• typically white dwarfs, solar type spectra (F) 

• Use WR stars with many emission lines for wavelenght calibration



grism optical model (zemax)

•includes telescope 
•does not include fibre taper (MCP->CCD)



Anchor: a reference point to the 
location in the sky

• up to 5 spectral orders on the detector: -1,0,1,2,3

UV Grism



ground calibration 
small passband

in orbit

UVOT uv grism



choosing the anchor
• original choice (like XMM-OM): 

zeroth order peak 

• 0th order is extended: 

!

!

!

• 0th order suffers MOD-8  

• 0th order positions on det 
image do no correspond  
linearly to sky positions 

distortion in position 
over detector



• There was a problem with zeroth order anchor 
accuracy 

• Remedy: use zeroth order distortion map and weak 
zeroth orders to locate anchor from sky position 

• This method is better but sometimes fails depending 
on the kind and number of field stars present in the 
image

choosing the anchor...



This one ?
keep looking



• An alternative: observe grism+lenticular filter in one 
go, back to back 

• pick anchor at a fixed wavelength in the first order 

• Use spectra with bright lines (WR stars) to find the 
anchor in the spectrum on the image 

• Compare to location star on a lenticular filter image  

• Find map from position in lenticular filter image to 
anchor in grism image. Use optical model for 
variation over detector 



positions  
on detector

anchor  
accuracy

wavelength 
accuracy



positions  
on detector

anchor  
accuracy

wavelength 
accuracy



resulting accuracy



Coincidence loss
• lost counts when multiple 

photons incident during a frame 

• long an outstanding issue for 
spectra 

• well understood for point sources 
and flat illumination 

• correction based on statistics of 
many readout detector frames  

• first successful correction was 
ad-hoc  

• recognition of different 
coincidence loss area key

coincidence loss 
 in the MIC detector



coincidence area in spectrum
• box of length = 24/cos(angle spectrum) pixels

•averages over mod8 noise 
•fine tuned to theory





coincidence loss

• well characterised now for spectra 

• errors of coincidence loss correction are from 5 - 10%



effective area

• zemax model prediction  

• not much variation over detector for nominal mode 

• lots of variation over detector for clocked mode



optical model: predicted sensitivity variation



locations of uvot observed spectra for flux 
calibration by anchor position



nominal grisms

• effective area varies over 
detector by ~5%, within 
measurement errors



effective area clocked modes



flux calibration

• effective area accuracy varies from 5% (uv grism) to 
15% (visible grism) 

• flux depends on coincidence loss correction also, so 
typically the flux error is 5 to ~20%, depending on the 
size of the coincidence loss correction



other calibration issues
• for the zeroth order an equivalent photometric zeropoint has 

been derived 

• the second order wavelengths have been derived using the 
brightest lines in WR spectra, and can be used to determine 
where bright spectral lines may contaminate the first order 

• second order effective area is roughly known, but complicated 
by coincidence loss and overlap with first and third orders 

• not discussed were the PSF variation, the width of the orders, 
and the grism software which are in the upcoming calibration 
paper




