VENUS (BL-10) Gap Analysis

1. Current State (as of December 2025)
VENUS is a new time-of-flight (TOF) hyperspectral neutron imaging beamline designed to study a broad range of scientific applications such as advanced alloys, additively manufactured materials, energy materials, nuclear materials, geomaterials, biomedical, forensic, plant physiology, paleontology and archaeometry. The beamline is optimized for two unique capabilities called Bragg edge and resonance imaging. Current TOF capabilities are limited by the TOF detector field-of-view, which is 28x28 mm2. VENUS is also designed to perform white beam imaging data across a broad range of neutrons, ranging from cold to epithermal, with a 200x200 mm2 FOV. Moreover, VENUS has demonstrated the use of artificial intelligence (AI) for the acquisition of hyperspectral computed tomography (HyperCT) data, making it the only imaging beamline with integrated AI capabilities. Software development efforts tailored to Bragg edge and resonance imaging are undergoing. Utilization of sample environment (SE) at VENUS is nascent, both in terms of utilizing existing SE capabilities available at the Spallation Neutron Source (SNS) and implementing VENUS’s dedicated SE such as an AMTECO furnace.
VENUS is comparable to its sister TOF imaging facilities, RADEN at J-PARC, Japan, and IMAT at ISIS, U.K.
2. Desired State
The desired VENUS beamline should be equipped with a suite of appropriate detectors that fully enable its capabilities, both in terms of hyperspectral and FOV capabilities. Moreover, VENUS is designed to be versatile and should implement advanced imaging techniques such as neutron grating interferometry (nGI) and polarized neutron imaging (PNI) while enabling quantification since the data is inherently hyperspectral. Prompt gamma neutron imaging (PGnI) should also be implemented at VENUS. This offers crucial data on how long a sample can be measured before potential delays or impossibilities arise in its release. Furnaces, load frames and cryostats should be optimized for imaging measurements at VENUS. This will ensure the highest quality (highest spatial resolution, highest signal-to-noise) data is acquired. Data processing such as normalization, reconstruction and segmentation, should be performed during an experiment with the ability for users to visualize the results and make decisions on-the-fly. VENUS should also aim at providing the user community with fully analyzed tensorial strain, phase, and resonance maps. Finally, since VENUS is new, a series of workshops should be set to educate the user community of researchers at universities, national facilities and industry alike.
3. Gap Identification
Detectors and DAQ integration: VENUS has not reached its full potential yet. While the instrument is fundamentally working, it is not yet a world-leading instrument partly due to the limited detector capability. As of now, the only available detector available at the beamline is the micro-channel plate (MCP) Timepix1 (TPX1). Although TPX is a TOF detector, it is limited in detection efficiency, count rate and FOV. A higher count rate detector, the Timepix3 (TPX3), is available but not yet integrated to the data acquisition interface called EPICS. Moreover, both the ANDOR iKon-Xl 230 charge-coupled device (CCD) and QHY411 scientific Metal-Oxide Semiconductor (sCMOS) detectors are not implemented in the user program either for the same reasons.

Software and AI: Software development, including AI, is challenging due to the unique challenges at VENUS such as the size of a data set, which can reach tens of TB, the complexity of the data which can be 5D (x, y, z, neutron wavelength, changing SE conditions), the required personalized data processing analysis which is unique to each experiment. These challenges are exacerbated by the fact that the current single computational instrument scientist (CIS) is shared between VENUS and MARS, the two most data intensive beamlines within the ORNL’s neutron science program. Tools are often untested (by the instrument team due to the lack of manpower) until it becomes an emergency.

Data storage and data sharing for AI model training: There is currently no plan for storing event data beside a limited 320 TB local storage capability purchased during the construction of the beamline. The VENUS network is also not on par with the data acquisition and processing paste and is often a bottleneck at the beamline.

Advanced techniques and SE: Compared to RADEN for example, VENUS is behind in terms of advanced techniques (nGI, PNI, PGnI, etc.) and SE. RADEN was commissioning with advanced techniques and optimized SE.

4. Action Plan
Detectors and DAQ integration: Internal (or external/subcontracted) resources with proper expertise must be assigned to the VENUS detectors integration into the data acquisition interface EPICS (TPX3, CCD and sCMOS). Careful consideration should be given NOW to the current beamline complete data architecture and how to bring it to TPX4 standards (i.e., 1.2 GHits/s/chip). TPX4 technology can cover the full 20 x 20 cm2 FOV available at VENUS.

Software and AI: Software development assisted with AI should become the expectation at VENUS due to the complexity of the data and the limited software expertise manpower. Hence, a second computational instrument scientist (CIS) with AI expertise should be hired for VENUS and possibly shared with MARS. Testing and implementation of software tools should be required from the instrument team, thus staffing the beamline so that this is possible.

Data storage and data sharing for AI model training: a policy for long term data storage for imaging data should be established. A policy to allow the imaging team to train AI models using existing user data should also be written and shared with the user community before the next call for proposal ends on March 25, 2026.

Advanced techniques and SE: the imaging team needs to establish collaborations with colleagues at ORNL and at other facilities to demonstrate and later implement these advanced techniques. There is already a clear synergy with the nGI early career project and the VENUS nGI capabilities.
