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Improvements	to	the	Hubble	Space	Telescope COS/FUV	Wavelength	
Calibration	at	Lifetime	Position	4

Standard Modes

The Cosmic Origins Spectrograph (COS) team has been improving the wavelength calibration of the FUV channel at each lifetime position. The dispersion solutions for COS can be found
in the dispersion reference file (DISPTAB) and are defined using the equation: λ = a0 + a1× pix + a2 × pix2 (COS ISR 2010-06). In the FUV channel, the medium resolution grating
dispersion solutions are linear (a2 = 0). For the lifetime position 4 (LP4) effort, we updated both a0 and a1 for the G130M and G160M standard modes as well as G130M/1222. We used a
cross-correlation technique, correlating COS data to STIS data of the same target to derive zero points and dispersion coefficients. We used STIS as a reference spectrum when possible
because of its higher wavelength accuracy. The absolute wavelength accuracy of the STIS detectors is ~2 km/s compared to the current COS wavelength accuracy of ~15 km/s. With this
effort, we aimed to increase the FUV wavelength accuracy to ~7.5 km/s, i.e, from one COS resolution element (6 pixels) to half a resolution element (3 pixels).

Overview

✧ Dispersion solutions in the FUV were found to 
be focus dependent. 

✧ For every Lifetime Position (LP), ray-trace 
models were fit to the data to determine the 
dispersion coefficient.

✧ Zero-points were determined by cross-
correlating COS-to-STIS exposures and fitting 
the data to the ray-trace models.

✧ The focus changes with LP, so each circle in 
Figure 2 corresponds to a COS cenwave at 
different LPs.

Figure 2: FUV ray-trace and measured dispersion coefficients for LP1 (black), LP2 (red), LP3 (blue), and LP4 (green) for G130M and G160M.

Differences with 1222
At Lifetime Position 4 (LP4), COS is operating under the COS2025 policy, which restricts 
use of G130M/FUVB to cenwave 1291 only, and encourages users to use G130M/1222 
instead because Lyman Alpha airglow falls in the gap between the two detectors.
✧ Because STIS wavelength coverage stops at ~1140Å, we used an emission line model 

shifted into the velocity frame of the star as our reference instead.
✧ To test the solution, and therefore our model, we performed a cross-correlation of COS 

AzV75 and COS ε Eri 1222 data to FUSE data of the same targets.
✧ When compared to FUSE and when compared to STIS, the COS data agreed well, and 

the residuals for both were all centered around zero and within ±3 pixels.

Methodology
Because there was no data yet at Lifetime Position 4 (LP4), we needed to observe a good wavelength
calibration target. We selected the target ε Eri to cover all G160M modes, G130M/1222, and
G130M/FUVA modes. Because Lyman Alpha was too bright for the FUVB detector, it was turned off
and the target AzV75 was used instead.
✧ We determined wavelength offsets by cross-correlating COS and STIS data in pre-defined 

spectral windows corresponding to emission/absorption spectral features. The spectral windows 
excluded airglow lines (N I, Lyα, and O I) and stellar wind lines. 

✧ Wavelength offsets between COS and STIS spectra were fit to a linear solution, which provided 
preliminary dispersion coefficients. 

✧ A chi-square minimization was then performed between the dispersion slopes from the COS-to-
STIS cross-correlations and the ray-trace model predictions to determine the final dispersion 
coefficients.

✧ At LP4 a new lifetime-dependent lamp reference table was also created. The new dispersion 
coefficients were derived using this LAMPTAB, which affected the zero points. The new DISPTAB 
must be used with the LP4 LAMPTAB.

Figure 3 (left): Examples of COS-to-STIS
cross-correlation residuals, G130M (top) and
G160M (bottom). The residuals from the
corrected DISPTAB (stars) show we now fall
within 3 pixels compared to the old DISPTAB
residuals (circles) which mostly fell within 6
pixels. Different colors represent different FP-
POS.

✧ To test the solutions at LP4, the 
same COS-to-STIS cross-
correlation was performed on 
the data calibrated using the 
new coefficients. The residuals 
needed to fall between the new 
requirement of ±3 pixels. We 
will continue to monitor the 
dispersion solutions as more 
data at LP4 come in.

Figure 4 (top left): COS-to-STIS 
cross-correlation residuals for cenwave
1222 for both segments FUVA and 
FUVB. The residuals from the corrected 
DISPTAB (stars) show we now fall 
within 3 pixels compared to the old 
DISPTAB residuals (circles) which 
mostly fell within 6 pixels. Different 
colors represent different FP-POS.

Figure 5 (bottom left): Same as 
Figure 4, except these are the residuals 
compared to FUSE data which were not 
used to derive the solutions. They also 
fall within the 3 pixel requirements.

Figure 1: A section of the COS spectrum compared to a STIS spectrum of the target ε Eri for G160M cenwave 1623. The
original COS spectrum (red) compared to STIS (black) has a slight offset, whereas when the COS data is calibrated with the new
solution (orange), the offset disappears, except around the detector edges. The features used in the cross-correlation are
highlighted in blue.


