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Thank you Mr. Chair. My name is Petr Bohacek and I am a Research Fellow at the 
Association of International Affairs as well as a Space Applications Specialist at the HiLASE 
Laser Center of the Institute of Physics, Czech Academy of Sciences. I am honored to be 
here on the panel to discuss “Topic 3: Current and future space-to-space threats by States 
to space systems.”  
 
I was asked to address the following questions: 
What are the trends in the development and deployment of lasers in outer space, what 
are their capabilities and uses? Can space-based lasers designed for non-hostile means, 
such as communications, be used to intentionally interfere with, disrupt, damage or 
destroy satellites? Are there significant risks of unintended acts of interference emanating 
from non-hostile uses of space-based laser and, if so, how can such acts be distinguished 
from intentional acts? 

 
Laser technology offers numerous potential benefits in space in areas from space traffic 
management and communications to space resource utilization, planetary defense, and 
interstellar travel. These benefits are matched by the number of safety and security risks 
arising from the absence of norms and rules of responsible use of lasers in space. This can 
include intentional and unintentional misuses of otherwise benign technology. 
Firstly, satellite laser ranging (SLR) provides precise and up-to-date data, addressing the 
otherwise lack of accurate data on orbital objects that represents an important limitation 
to global STM capabilities. Despite Earth’s orbits being spacious even for 100,000 
satellites, what limits the use of Earth’s orbits is not necessarily the spatial dimension of 
the domain but our capacities to ensure the safety, reliability, and long-term sustainability 
of space traffic management. The existing STM capacities, however, are already stretched 
and their capability to deal with the exponential growth is uncertain. Additionally, the rise 
of mega-constellations and new methods for low-propulsion maneuvering of satellites 
(such as differential drag) also makes some techniques for the modeling of the space 
environment less accurate, increasing the need for more up-to-date data on objects’ 
trajectories. The limits of STM capabilities are partially defined by the number of collision 
warnings that satellite operators must check and act on, with the majority of them being 
false due to imprecise data on the tens of thousands of operational and non-operational 
orbital objects. With estimates that by the year 2029 there might be up to 2,5 million 
collision warnings with an average of 40 orbital collisions a year, more sensors and more 
precise data will be critical to lowering the number of false collision warnings, improve 
overall modeling of the space environment and ensure its sustainability as the number of 
objects on Earth’s orbit continue to exponentially rise. Secondly, laser technology 
represents an effective solution for the active removal of small debris, which is otherwise 
challenging to achieve. Concepts for the application of ground-based laser technology are 
investigated and developed for maneuvering orbital debris using photon pressure as well 
as removing debris using laser ablation6 , while space-based laser instruments for objects’ 
ablation are being developed by private and public institutions.  

 
Lasers can provide valuable solutions in the area of space resource utilization (SRU). The 
utilization of various chemical elements and mineral resources available in space, 
especially on the Moon, Mars, and near-earth asteroids, is a critical step for sustainable 
human expansion into space. They can also be used for planetary defense, advanced 
propulsion systems or interstellar travel. Most attention in recent years has been given to 
laser communication that enables significantly larger data transfers, long-distance 
communication but as well as new methods for secure communication through quantum 
key distribution.  
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China, Russia, and the US can be considered the main actors in the testing and 
development of ASAT laser systems. US officials in the past claimed that China has tested 
a ground-based laser to blind a US satellite, which could also be interpreted not 
necessarily as testing of a weapon but of a satellite tracking system. US Defense 
Intelligence Agency has repeatedly described China’s satellite laser ranging (SLR) stations 
as a threat to US satellites. Mobile satellite laser ranging (MSLR) units offer another type 
of dual-use capability, which strips satellites of many ways to protect themselves against 
laser dazzling, blinding, or damage while passing over known permanent SLR bases. Both 
France and Germany have developed or are currently developing MSLR units. In 2020, 
Russia has made public detailed information about a new Russian mobile satellite dazzling 
laser system, Peresvet, which is believed to be deployable on a ground vehicle as well as 
on aircraft. Additionally, new analysis has revealed a significant amount of information 
about a construction of a Russian ground-based laser ranging station Kalina, intended to 
not only track but also target and blind satellites in orbit. Further, France has unveiled 
plans to construct a laser-armed satellite constellation to destroy satellites posing threat 
to French space assets in an act of self-defense. South Korea has announced plans to 
develop anti-satellite laser systems and space-based lasers for surveillance and tracking 
capabilities. Furthermore, another 20-30 states, including Libya and Iran, have reported 
or been considered as possessing ASAT laser capabilities to interfere with satellites.  
The direct threat of satellite blinding by low-powered ground-based lasers rose to 
prominence after the testing of the US two-megawatt Mid-Infrared Advanced Chemical 
Laser in 1997 on a defunct US Air Force satellite, during which the main laser failed but 
another smaller 30-watt laser surprisingly demonstrated capabilities to temporarily blind 

 electro op cal satellites.  
 

Even low-power lasers have the capability to temporarily blind, jam, and interfere with 
electro-optical satellites. Low-power lasers ranging from as little as 10W are capable of 
dazzling and temporarily blinding satellite imaging sensors, while even a 40W laser star 
guide system can easily permanently damage silicon photosensor array or silicon diodes. 
Note that the latter power level is appropriate for laser ranging to space debris. Therefore, 
it is difficult to draw a line between what lasers can cause temporary dazzling and which 
can lead to temporary damage. 

 
When used for space debris maneuvering by photon pressure or ablation, lasers can be 
used for hardly attributable actions. Maneuvering of space debris can accommodate 
malicious intent if the debris is redirected as a kinetic weapon into another satellite or 
another piece of debris, making the maneuver appear as an error. While rather aiming for 
debris fragments than for (still) integer space debris, moving space debris by the ablation 
method can easily damage satellites. 

 
Methods of space-based laser ablation are being developed to function on the typical 
materials satellites are made of (aluminum, composite materials, titanium alloy, hardened 
steel, etc.) since it is mostly pieces of satellites that make up space debris. The threshold 
of laser fluence for ablation of such materials is estimated between 5-7 J/cm² at pulse 
lengths in the nanosecond range, which are typically proposed for ground-based laser-
ablative debris removal. Considering a fraction of 10- 60% of this fluence that might enter 
the irradiated object in form of residual heat, such surface energy density would be fatal 
if directed at payloads or the satellite bus, especially in the case of highly repetitive 
irradiation and/or targeting for example tanks with fuel or batteries. A similar thermal 
risk, depending on the debris absorptivity, applies for debris nudging by photon pressure, 
demanding for several tens of kW on a spot of a few square meters, however, without the 
additional risk that arises from laser-induced shockwaves in the case of laser ablation. 
Also, if any benevolent actor wishes to act on their maneuvering, they become liable for 
any incidents resulting from their final trajectory. Such legal framework can complicate 
the use laser debris removing, given its high necessity of reliable prediction of laser-
imparted momentum that, however, depends on a variety of parameters like beam 
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pointing offset and jitter, tracking uncertainty, target orientation and outshining ratio, as 
far as albedo (in the case of photon pressure) and actually the specific debris material 
itself (for laser ablation). As the origins of millions of small debris cannot be easily 
determined, leaving culprits unaccountable for their emission, then laser operators, even 
if the ultimate goal of moving the debris was its removal, would become accountable for 
those pieces if they caused an unexpected collision. 
In case of a high-power laser array, diffractions of a powerful laser beam from an 
intentionally irradiated object could unintentionally blind sensors of other satellite. In 
more advanced concepts for the use of laser technology for planetary defense, the 
capability to change the trajectory of a near-earth object, even a small one, could be 
misused to direct it towards another actor’s space assets. In the low-power lasers for 
communication, the targeted irradiance at as low as 25 𝜇𝑊/𝑚2 cannot be considered as 
a sufficient for blinding a camera. Yet, with the high precision targeting and beam control, 
such systems do can be used for disrupting other laser systems by generating noise signals 
in highly sensitive photon detectors.  

 
The absence of norms for laser use in space does not only increases the likelihood of their 
intentional misuse due to the absence of clear rules, but most importantly it increases a 
chance of unintentional incidents. Intentional use can be motivated by self-defense, for 
example, if ground-based lasers are used to blind optical payloads of reconnaissance 
satellites as they pass above sensitive infrastructure critical to national security or if space-
based lasers are used as a protection against a non-cooperative satellite conducting a 
close-proximity operation. Similarly, the intent can be clearly offensive, if lasers are used 
to blind space-based sensors of an anti-ballistic missile system or damage payloads or 
satellites. 

 
To summarize, three characteristics of laser use in space play an important role in the 
discussion about their responsible use in space. Firstly, laser systems can be used for both 
malicious and peaceful purposes by their original design, increasing the risks of disguising 
the original intent of use. If a debris maneuvering laser is used to maneuver a dangerous 
piece of debris onto the path of another satellite, it could be hard to distinguish whether 
this was an accident or by malicious intent. Secondly, the use of lasers in many cases can 
be very hard to detect and thus verifiable. Unless an imaging payload of a reconnaissance 
satellite malfunctions while over an area with a known ground-based laser station or 
during close proximity of a non-cooperative laser-armed satellite, it would be hard to 
attribute damage to lasers. Thirdly, while lasers can have only a temporary or permanent 
effect on a satellite's functions, the threshold between what can cause temporary or 
permanent damage is technically hard to establish. Would the intentions to temporarily 
laser blind a satellite sensor in self-defense be considered the same as permanent laser 
damage to a satellite with the same intent? This absence of norms in this area increases 
risks of unintentional escalation as the original intent, whether it is to temporarily or 
permanently blind a sensor for defensive or offensive reasons. 

 
Many of these issues fall on the absence of general norms in outer space. What 
constitutes a right to self-defense by a spacecraft on orbit? What is the minimum distance 
for conducting non-cooperative rendezvous and proximity operations (RPO) or close-
proximity operations (CPO) before it is considered a threat? And what mechanism can 
lead the international community to lower such risks? Verification and transparency and 
confidence-building measures (TCBMs) are considered the main tools of arms control. 
Among the best practices belong notifications, registration, and disclosure, consultation, 
and maintenance of direct lines of communication and information sharing on 
capabilities. Yet, these measures can differ for each technical area. Most importantly, they 
require a prior agreement on what information needs to be shared on what type of 
behavior to ensure equal distribution of compliance's benefits and costs. 

 



 

 
5 

Cu
rr

en
t a

nd
 fu

tu
re

 s
pa

ce
-t

o-
sp

ac
e 

th
re

at
s 

by
 S

ta
te

s 
to

 s
pa

ce
 s

ys
te

m
s.

 
There are two institutions that serve as good starting points in terms of information 
sharing about the laser use in space and measures to prevent intentional or unintentional 
misuses. It is the Laser Clearinghouse established by the US Department of Defense. 
Secondly, it is the International Laser Ranging Service. Both the Laser Clearinghouse and 
the International Laser Ranging Service provide ideas and platforms for steps ahead in 
international coordination of laser use in space. Firstly, the LCH can be an example of a 
national authorization process to ensure safe laser use in space for other laser operating 
nations. Direct lines of communication between national laser clearinghouses or laser use 
contact points could provide an important deconflicting tool. Secondly, the ILRS provides 
a platform for building trust and transparency by sharing information about capabilities, 
plans, and intentions for laser use in space. In the case of ILRS, not all ground laser ranging 
stations are part of the network nor share their details. Other activities such as laser space 
debris maneuvering or the use of space-borne lasers are not covered by the service. 
Sharing information about tracking missions and programs outside of those carried out 
under the ILRS would be a valuable confidence building measure. 
Thank you to the chair and distinguished delegates for your attention. I look forward to 
my fellow panelists’ remarks and any questions. 
 

Association for International Affairs (AMO) 
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an active approach to foreign policy, provides an independent analysis of current political 
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