


 

 
 

 

 

This mission will answer fundamental open questions on black hole physics such as 

• What are the spins of supermassive black holes? 

• What powers the feedback from supermassive black holes? 

• How do black holes grow? 

The ability to uniquely image the black hole with sufficient resolution to measure the photon ring relies on achieving 

sufficient sensitivity and long baselines greater than the diameter of the earth [8,10]. Sampling and downlinking the 

observational spectrum at 64 Gbps enables a successful mission with only a ~3m class antenna, thus enabling ground-

breaking scientific discoveries in a small, low cost mission such as the NASA Small Explorer class missions.   

To enable this vision, in 2021 we developed a scalable architecture based on high TRL technologies [11].  A design was 

developed for a GEO-based satellite capable of downlinking data from 16 Gbps up to 256 Gbps – well beyond what is 

required.  To support the required error-free transmission of data captured at 64 Gbps with a cost-effective, low size weight 

and power system leveraging high TRL technologies, the laser communications system will support a downlink operating 

at 100 Gbps.  This design relied on two major developments that showed the maturity of laser communications 

technologies for supporting BHEX: the high data rate communications module, based on the Terabyte Infrared Delivery 

(TBIRD) mission, and the large aperture optical terminal suitable for higher orbits, based on the Modular, Agile, Scalable 

Optical Terminal (MAScOT) developed for two NASA missions.  In addition, since the original study was undertaken, 

the lasercom space industry has begun to mature and additional options for optical terminals are now beginning to be 

offered on the commercial market. In section 2, we give an update on the results of the TBIRD mission and the MAScOT 

terminal.  In section 3, we give an update on the BHEX lasercom downlink requirements and outline the implications on 

the laser communications system design. 

2. TBIRD: 200-GBPS CLASS DATA DOWNLINK 

TBIRD (Terabyte Infrared Delivery) is a cubesat mission demonstrating the potential of laser communications systems to 

deliver large volumes of science data from space to ground [4,12].  The short wavelengths (high carrier frequencies) of 

the optical spectrum results in lower diffraction losses and more directed beams in free space, allowing for smaller 

apertures to achieve the same gains as radio-frequency systems.  In addition, optical wavelengths provide a larger spectrum 

and more data bandwidth.  Optical wavelengths, however, are more susceptible to atmospheric impairments and laser 

communication systems between space and ground use a variety of techniques to mitigate these impairments such as beam 

diversity, interleaving-and-coding, and adaptive optics systems.  TBIRD demonstrated high data rates (200 Gbps), small 

size, weight and power (a 3L, 3kg cubesat payload), and a novel atmospheric mitigation technique that can be used with 

commercial low-cost high bandwidth terrestrial transceivers.   

In addition, this technique demonstrates a new “buffer and burst” architecture which enables large data volume delivery 

without the need for substantial ground infrastructure [13].  By buffering data on board with a 2-TB buffer, a sensor 

generating megabytes of data can collect and store the data on board over multiple orbits.  Then, when the appropriate 

optical ground station is available, TBIRD can downlink the data in a burst, emptying its entire buffer of science data 

directly to a ground station that can be co-located with the science analysis center.  Analysis of the results from the cubesat 

demonstrator indicated that 6 TB could potentially be downlinked in a single pass to a small ground terminal with only a 

25-cm aperture [12]. 

The TBIRD mission launched in 2022 and the payload is still in operation as of July 2023.  Recent results showed the 

capability of downlinking up to 4.8 TB of data in a single ~5-minute pass (Fig 2).  This demonstration shows the capability 

of laser communications in revolutionizing science missions and bringing about a new era of scientific discovery.  The 

BHEX mission will leverage this capability to deliver substantial new scientific discoveries with a modest-sized space 

mission from a Medium Earth Orbit (MEO) of 20,000 km.  As this is substantially longer range than the TBIRD LEO 

~500 km orbit, the BHEX lasercom system will need a larger space aperture. 
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Figure 4. System architecture of the lasercom downlink for the Black Hole Explorer (BHEX) mission.  

 

With the substantial relaxation of requirements from the initial architecture, we can now broaden the trade space and allow 

for our system design to take better advantage of recent commercial and government developments in maturing laser 

communications systems.  Table 1 presents a few design options for the laser communications system, focusing on a range 

of achievable space apertures, ground apertures, and high power space-qualified amplifiers.   

 

Table 1. Potential design points within the BHEX lasercom downlink trade space.  Smaller space apertures will require 

higher transmit amplifier power and larger ground apertures.  Larger space apertures can enable smaller, cheaper ground 

terminals potentially avoiding the need for adaptive optics. 

Transmit Amplifier 8W 2 W 1.1 W 6 W 

Space Aperture 7 cm 10 cm 13.5 cm 13.5 cm 

Ground Aperture 50 cm 70 cm 70 cm 30 cm 

 

Due to the high sampling rates required, we have selected pseudo-real-time streaming approach to the data downlink for 

BHEX.  This means that a near-global ground infrastructure is required.  Two potential strategies exist: (1) leverage 

existing astronomical and optical communications telescopes to provide suitable coverage (2) develop the ground stations 

required.  Many ground stations are in development today, with a range of aperture sizes and capabilities [16-20]. By 

reducing ground station aperture requirements, we allow for a substantially larger number of ground station telescopes to 

be potential data downlink sites for BHEX.  For strategy (2), we calculate that the BHEX data needs can be met by using 

only 4 ground stations if they can be located in specific locations (e.g., as shown in Figure 4: Hawaii, Greece, Australia, 

and South America).  Additional ground stations (example locations shown in blue) can provide site diversity for cloud 

cover. 
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