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	Purpose/Objective:  To provide relevant protection thresholds for telescopes that employ bolometers designed for background-limited performance and similar technologies that observe with large fractional bandwidths.

	Abstract: Following the adoption of the Report ITU-R RA.2512 “Technical and operational characteristics of broadband, background-limited detectors operating in the millimetre-wave regime”, this new Recommendation will provide guidance on protection thresholds for telescopes that employ bolometric and other similar types of incoherent detectors such as Kinetic Induction Devices (KIDs) that achieve background-limited performance. Report ITU-R RA.2512 provides characteristics of extremely sensitive, background-limited millimeter-wave bolometric detectors with large fractional bandwidths of order 30% or more, and the characteristics of the atmosphere at observing sites which set the detector performance, especially those used for observations of the Cosmic Microwave Background (CMB). Recommendation ITU-R RA.769 calculates RAS thresholds with no consideration given to usable dynamic range, and given observing bandwidths much smaller than what typical bolometric detectors offer and therefore does not provide sensible protection criteria as applicable to bolometers and similar technologies. Multiple bolometric CMB telescope experiments such as the Simons Observatory and the Background Imaging of Cosmic Extragalactic Polarization (BICEP) telescopes have instruments that observe across entirely primary-allocated RAS bands yet are not adequately protected under Recommendation ITU-R RA.769. 





THIS DRAFT DOCUMENT IS NOT NECESSARILY A U.S. POSITION AND IS SUBJECT TO CHANGE

THIS DRAFT DOCUMENT IS NOT NECESSARILY A U.S. POSITION AND IS SUBJECT TO CHANGE


[bookmark: TITUS1FooterPrimary]  

	Radiocommunication Study Groups
	[image: A blue logo with a black background

Description automatically generated]

	
	

	
	

	Received:	

	Document 7D/XXX

	
	XX March 2026

	
	English only

	
	

	United States of America


	WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT 
NEW RECOMMENDATION ITU-R RA.[BOLO]

	Protection thresholds for background-limited detectors with large fractional bandwidths


Introduction
Report ITU-R RA.2512 provides characteristics of extremely sensitive, background-limited millimeter-wave detectors with large fractional bandwidths of order 30% or more, and the characteristics of the geographically remote observing sites where they operate. Recommendation ITU-R RA.769 calculates RAS thresholds with no consideration given to usable dynamic range and for observing bandwidths that are much smaller than typical bolometric detectors, and therefore may not be applicable to bolometers and similar technologies. Multiple bolometric CMB telescope experiments such as the Simons Observatory and the Background Imaging of Cosmic Extragalactic Polarization (BICEP) telescopes have instruments that observe across entirely primary-allocated RAS bands yet are not adequately protected under Recommendation ITU-R RA.769.
Proposal
Following the adoption of the Report ITU-R RA.2512 “Technical and operational characteristics of broadband, background-limited detectors operating in the millimetre-wave regime”, the United States would propose to examine and consider protection methods for telescopes that employ bolometric and other similar types of incoherent detectors that achieve background-limited performance. The United States would seek input and feedback from the members of WP 7D on this proposal.
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ATTACHMENT
Working Document Towards a Preliminary
Draft New Recommendation [BOLO]
Protection thresholds for bolometric background-limited detectors with large fractional bandwidths 
(202X)
Scope
This Recommendation addresses protection thresholds for background-limited detectors with large fractional bandwidths. It references the characteristics of such detectors described in Report ITU-R RA.2512.
The ITU Radiocommunication Assembly,
considering
{Editor’s note: considerings to be developed further}
a)	that bolometric and other similar types of incoherent detectors such as Kinetic Induction Devices (KIDs) are used to measure the Cosmic Microwave Background (CMB) to address fundamental questions in understanding the Universe, and these detectors provide the only way to investigate some certain cosmic phenomena;
b)	that telescopes employing bolometric and other similar types of incoherent detectors achieve background-limited performance over large fractional bandwidths of order 30% or more;
c) 	that multiple bolometric CMB telescope experiments have instruments that observe across entirely primary-allocated RAS bands,
recognizing
{Editor’s note: recognizings to be developed further}
a)	that Report ITU-R RA.2512 provides characteristics of extremely sensitive, background-limited millimeter-wave bolometric detectors with large fractional bandwidths and the characteristics of the atmosphere at observing sites which set the detector performance; 
b)	that Recommendation ITU-R RA.769 calculates RAS thresholds with no consideration given to total usable dynamic range and given for observing bandwidths much smaller than what typical bolometric detectors, offer and therefore does not provide sensible protection criteria as applicable to bolometers and similar technologies,
c)	that Recommendation ITU-R RA.769-2 had notednotes that the sensitivity of radio astronomical receiving equipment was is steadily improving, particularly at millimetre wavelengths
recommends 
{Editor’s note: recommends to be written later following further discussion}
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Sensitivity of background-limited detectors with large fractional bandwidths

[bookmark: _Toc205304520][bookmark: _Toc219459539]1	Introduction
Advances in detector and instrument technology have led to certain classes of astronomical instruments achieving a fundamental performance limit, where the noise floor of the instrument is negligible, and the sensitivity of an observation can be dictated solely by the statistical fluctuations of the radiation it is designed to receive.  This is known as background-limited performance, where the background includes the cosmic sources being observed as well as thermal radiation from the atmosphere.  Background-limited detectors are typically extremely broadband, both due to the detector technologies used, such as bolometers, as well as the sensitivity advantages from observing across a wider bandwidth.  Background-limited detectors achieve maximum sensitivity by being carefully engineered with saturation power limits as low as possible, just exceeding the maximum expected natural background power.  This intentional limit on their dynamic range means that excess received power comparable to or less than the natural background can result in complete data loss.  Detectors that have achieved background-limited performance must be carefully tuned for expected power levels, which results in extremely limited dynamic range, with saturation and complete data loss occurring at low levels of excess power beyond the designed background level. Bolometers respond incoherently to the total power admitted by their inherently broad front-end filters.  Finer channelization to support efficient excision of interference within a specific frequency range is not possible, and so they respond to the sum of all sources of interference within their filter bandwidth. With bolometers and similar incoherent detectors, data is recorded continuously, and observations are combined later in analysis, with different measurements combining hours to years of data. Excision of interference in time is possible, with the limitation on time resolution coming from the detector’s response time (typically on order 0.1 sec). These are also incoherent detectors, unable to distinguish between incident photons, and thus are unable to utilize any frequency excision techniques.
Determining harmful interference levels for background-limited detectors is distinctly different from the methods described in Recommendation ITU-R RA.769-2.  While fewer assumptions need to be made about the instrument itself, natural background power levels vary significantly from site to site.  Thus, a site-specific threshold, considering all sources of excess power integrated across the detector bandwidth, is required. An important consideration for determining whether harmful interference will occur with broadband incoherent detectors is that all sources of excess power must be integrated across the detector’s entire bandwidth.
[bookmark: _Toc219459540]2	Scientific investigations including RAS enabled by background-limited detector technologies
	{Editor’s note: Content to be developed further, including references to existing material in Report ITU-R RA.2512}
[bookmark: _Toc219459541]3	Design considerations for achieving background-limited performance
	{Editor’s note: Content to be developed further, expanding on the engineering and design considerations and limitations introduced in the introduction.}
[bookmark: _Toc219459542]4	General considerations and assumptions used in the calculation of interference levels
	{Editor’s note: Content to be developed further, including special considerations coming from detector characteristics, clear guidance on how site characteristics are used in determining interference thresholds, and how to interpret and use calculated interference levels.  }
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