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The Keck Planet Imager and Characterizer (KPIC)1 is the first 
instrument to enable high-dispersion coronagraphy (HDC)2,3, an 
advanced technique to characterize directly imaged exoplanets at high 
spectral resolution. KPIC is being built in phase. To achieve this, KPIC 
corrects for the atmospheric turbulence with an adaptive optic (AO) 
system, suppresses the unwanted starlight, and then transports the 
light from the planet to a high resolution spectrograph (NIRSPEC) via a 
single-mode fiber. Phase I includes a NIR pyramid wavefront sensor 
(PyWFS)4 and a basic fiber injection unit (FIU), which are routinely 
used for science observations. KPIC phase II includes upgrades to the 
FIU to maximize the throughput of the planet light and minimize the 
stellar leakage to be able to reduce the overall integration time. Here 
we show the opto-mechanical design, the assembly and report on the 
status of phase II development. 

KPIC phase II sub-module development is well under way. 
Four modules have been completely characterized and 
several others are about to be built. All modules will be built 
and tested by March 2021. They will then be integrated into 
the instrument and tested for 6 months before being deployed 
in late 2021.

Fig. 1: A CAD drawing of the phase II version of the fiber injection unit for KPIC. (Top) View from the 
front. (Bottom) View from the rear. All major opto-mechanical sub-modules are labelled, along with 
the direction of propagation of the beam through the system. The four main sub-modules introduced 
in phase II to boost planet light and reduce starlight are the deformable mirror (DM), the 
coronagraph switching mechanism, the beam shaping optics (PIAA lenses) mechanism and the 
atmospheric dispersion compensator (ADC). The PyWFS and tracking camera pickoff mechanisms 
allow for the split between science and tracking to be adjusted. 
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OPTO-MECHANICAL DESIGN

Fig. 2: The ADC opto-mechanical assembly. (Right) A cross-sectional view showing the prisms 
mounted in their cells, the cells mounted in the rotation stages, and the stages mounted on the 
adapter plates. The rotators use magnetic encoders to prevent light leak. The module is very precise 
and ultra-compact. 

Fig. 3: The tracking camera opto-mechanical assembly. (Left) Focal plane viewing configuration. 
(Center) Pupil plane viewing configuration. (Right) The camera is mounted on a plate, which is 
pinned to the optics block. The entire block is pinned to the master plates for easy removal and 
replacement for servicing.

Fig. 4: Several opto-mechanical assemblies. (Left) Beam shaping optics mechanism. (Center) 
Coronagraphic mask switching mechanism. (Right) Fiber injection port switching mechanism.

Fig. 5: Status of the development of the phase II sub-modules. ZWFS refers to the Zernike WFS. 
I&T refers to integration and testing. Test bench refers to custom optical bench where all modules 
are tested in isolation initially. Plates means that the module has been integrated onto the master 
plate as it will be at Keck and is undergoing testing at the system level. Make it move refers to initial 
attempts to communicate with opto-mech. by any means possible.

Fig. 7: Scatter plot of the position of the centroid each time a mirror is inserted into the beam with 
the PyWFS pickoff mechanism. (Left) Without and (Right) With compensating for the hysteresis 
effect. The dashed blue circle indicates the requirement for co-pointing. With hysteresis removal 
turned on, the mirrors co-point nicely and the scatter is very small. 

Fig. 8: Scatter plot of the position of the centroid each time a mirror is inserted into the beam with 
the TCP mechanism. (Left) Centroids and (Right) RMS spread of centroids for each mirror. All three 
mirrors point in slightly different directions (offset by ~5 ƛ/D), which is well within the FOV of he 
camera. There positioning is highly repeatable. 

Fig. 6: Image showing the setup used to test the 
PyWFS and tracking camera pickoff 
mechanisms. The orange path shows the 
direction of the laser beam used to test the 
PyWFS pickoff. The reflected beam is imaged 
onto a detector. The centroid is recorded. The 
mechanism rotated to another mirror and the 
process repeated several hundred time. A 
similar process is used for the tracking camera 
pickoff mechanism, although it is a linear stage. 
The blue path shows the direction of the laser 
beam used for testing. The detector was placed 
above, out of the shot. 
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Four modules have thus far been tested. Here we present the results of 
testing two of the riskiest, the PyWFS and tracking camera pickoff 
mechanisms. For both mechanisms, the key is to be able to co-align 
the beams reflected from each of their mirrors/dichroics and do this 
repeatably. The setup below was used to conduct these tests. 

KPIC is located in a small space inside Keck AO and so its optics are 
mounted on a vertical plate. The plate is mounted on kinematics so that 
the phase I plate at Keck could be replaced with the phase II plate.


