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Welcome 

 

Welcome to the 18th International Conference on Magnetic Resonance Microscopy (ICMRM), 

from August 17th to 21st, 2025. We are delighted to organize the conference in 2025 at the 

University of Würzburg, Germany. Founded in 1402 the university is the oldest university in 

Bavaria and number four all over Germany and hence has a long tradition of academic science 

and education. 

 

The aim of the ICMRM series is to promote the most recent advances in the development of 

spatially resolved magnetic resonance methods and their applications. It started in 1991 in 

Heidelberg, Germany and was continued as a biannual meeting (originally called “Heidelberg 

Conferences”) with its last meeting in 2023 held in Singapore. 

In 1995 the Division of Spatially Resolved Magnetic Resonance (SRMR) was founded as a sub-

division of Groupement AMPERE during the 3rd ICMRM held at Würzburg. Under the auspices 

of this community all further ICMRM conference have been organized. Almost to the day 30 

years after the conference was last organized at the University of Würzburg in 1995, the 18th 

ICMRM will therefore also celebrate the anniversary of SRMR at the very place of its formation. 

 

It is a pity students and scientists from some areas cannot join us for this year’s ICMRM due 

to the current geopolitical situation manifesting in wars or protectionist and anti-science 

stances of governments.  

Nevertheless, we are very happy to have more than 130 participants from a total of 19 different 

countries. The conference will see almost 70 talks and over 30 posters on all fields of MR 

imaging and for the first time a full dedicated session on the emerging field of magnetic 

particle imaging. Out of 13 submissions to the Paul Callaghan Young Investigator Award five 

are invited to present in the finals for the award. Lynn Gladden from the University of 

Cambridge receives this year’s Erwin Hahn Lecturer Award for her lifetime achievement on MR 

and her lecture will open the finals. The conference starts with a series of educational lectures 

and the first day is marked by a special plenary lecture celebrating the anniversary of SRMR. 

 

We wish to all of you an exciting, inspiring, and entertaining ICMRM 2025! 

 

Volker Behr and Peter Jakob 

Chairs of ICMRM 2025 
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Programme at a glance 

 

Sunday 

10:30 Arrivals and registration 

13:00 Educational Session 

16:45 
Plenary Session: 

30 years of SRMR 

19:00 Opening Reception 

 

 

  



Programme at a glance 

 

Monday       Tuesday 

8:45 Opening  8:45 Hardware 

9:00 Flow & Diffusion  11:00 Porous Media & Low Field 

11:15 Mobile & Low Field  12:45 
Lunch 

Executive Meeting 

13:00 Lunch  14:00 
Magentic Particle Imaging & 

Spectroscopy 

14:00 Biomedical Imaging  16:00 
Posters 

(even numbers) 

16:00 
Posters 

(odd numbers) 
   

 

 

 

  



Programme at a glance 

 

Wednesday      Thursday 

8:45 
Erwin Hahn Lecture 2025 & 

Young Investigator Finals 
 8:45 Plants 

10:50 
Young Investigator Finals & 

Erwin Hahn Lecture 2023 
 11:00 Engineering & Solid-State 

12:50 
Lunch 

Division Meeting 
 12:30 Lunch 

13:50 Free Afternoon  13:30 General Assembly Meeting 

17:30 Conference Banquet  14:15 Microscopy & Cellular 

   15:30 Closing 

 

 

 

  



Wrap-up 
 
 
The 18th ICMRM covered a wide spectrum of applications of NMR and also a novel emerging 
modality called magnetic particle imaging (MPI). 
On the first day an educational session on MR hardware and a plenary session on the four 
decades the conference has seen welcomed the participants. We were especially happy to 
have with Bernhard Blümich and Axel Haase two members of the first executive committee of 
SMRM give talks in the plenary session. 
The following four days included plenty of exciting scientific talks and posters. 
 
A special highlight was the awards sessions on Wednesday with the awards being presented 
at the conference banquet the same day. 
The Paul Callaghan Young Investigator Award, which is endowed with 1000 €, saw in its 
finals five excellent talks given by Tristhal Parasram (University of Windsor, Canada), Swantje 
Romig (University of Rostock, Germany), Alfredo Ordinola (Linköping University, Sweden), 
Melis Özdemir (Hamburg University of Technology, Germany), and Pierre Estienne 
(NeuroSpin, CEA-Saclay, France). The very high quality of all the talks made it hard for the 
jury to select a winner. They decided on Pierre Estienne, who gave a talk on �Functional Brain 
Imaging and Targeted Lesion Studies Using Manganese-Enhanced MRI and Focused 
Ultrasound in Non-Conventional Model Species�. 
 
 

 
 
 



The Erwin Hahn Lecturer Award was this year awarded to Lynn Gladden (University of 
Cambridge, United Kingdom) for her lifetime of contributions to the community. She opened 
the awards sessions with her lecture entitled �Spatially-Resolved Magnetic Resonance: More 
Than Just a Camera�. For his award in 2023 Henk van As (Wageningen University & Research, 
Netherlands) also gave his postponed Erwin Hahn Lecture on �Fascinated by NMR, MRI and � 
plants: about 50 years curiosity driven intact plant and plant materials applications with some 
relevant spin-off� closing the awards session. 
The prize for the best poster presentation went to Xiaoxun Chen (Technical University of 
Munich, Germany) for his poster on �Next generation optical widefield magnetic resonance 
microscopy�. 
Finally, the image beauty contest was won by Marcel Ochsendorf (Fraunhofer MEVIS, 
Germany) with a beautiful image of a pineapple. 
 
 

 
 
 

Finishing this report with some statistics on the conference: 
 69 oral and 33 poster presentations 
 126 participants, thereof 41 students 

o ca. 30% female 
o 19 countries 

 14 invited speakers (without PCYIA finalists) 
o 50% female 
o 7 countries 

 
We are already looking forward to the 19th ICMRM in 2027 which will be hosted in Göteborg, 
Sweden. 
 

Volker Behr and Peter Jakob 
Chairs of 18th ICMRM in 2025 
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Educational Session 

  



Optimizing signal-to-noise for portable low field MRI systems 

A.G.Webb, C.Najac, B.Lena, R. van der Broek 

C.J.Gorter MRI Center, Department of Radiology, Leiden University Medical Center,  

Leiden, The Netherlands  

 

Introduction: The recent growing interest in portable point-of-care (POC) MRI (1-4) has been driven 

by the concept of increasing the accessibility of a traditionally extremely expensive imaging modality. 

POC low-field systems increase access to MRI by enabling it to be used in situations in which it has 

not previously been possible: examples include the intensive care unit and emergency room in the 

developed world, and sites in lower and middle income countries (LMICs) which lack the finance 

and/or infrastructure for conventional MRI systems (5-9). The two major technical challenges of POC 

MRI are much lower signal-to-noise ratio (SNR) and much higher magnet field (B0) inhomogeneity 

compared to conventional clinical systems. This talk will consider the intrinsic SNR, and how RF 

coil and MR sequence design can be used to optimize image quality  

 

RF Coil design.  

 

Unlike the situation at conventional clinical field strengths, coil loss dominates for portable low field 

systems. This means that low-loss coil design is critical for obtaining the highest SNR. Litz wire can 

be used to obtain Q values >500. However, high Q also comes with challenges. The coil bandwidth 

may be less than the imaging bandwidth and the ring-down time can cause quite severe pulse shape 

distortions. In addition, construction of receive array coils becomes extremely challenging due to the 

very high inter-coil coupling in the absence of body loading.  

 

MR sequence design.  

 

The field dependence of dipole-dipole interactions means that the T1 values of tissue are substantially 

shorter than at clinical field strengths, with the T2 values remaining very similar. This has the 

advantage of allowing more rapid pulsing, but the disadvantage that tissue contrast between, for 

example, white matter and gray matter is reduced. Since it is essentially liquid, the cerebrospinal fluid 

has very long T1 and T2 values, making sequences such as fluid attenuated inversion recovery 

(FLAIR) very time consuming. The specific absorption ratio (SAR) is not a concern for portable 

systems, and so long train turbo spin echo (TSE) sequences can be run, with the echo train length 

(ETL) only limited by the available gradient strength. Given all of these considerations, sequence 

design is a multi-factorial process, which continues to evolve: Figure 1 shows current results from 

our 46 mT system with different clinically-relevant contrasts.  

 
 Figure 1. Images acquired on a healthy volunteer on 

a portable 46 mT scanner. Spatial resolution 1.5 x 

1.5 x 5 mm, diffusion 2.5 x 2.5 x 6 mm. Imaging 

times: 4 mins, 10 mins, 10 mons and 16 mins, 

respectively.  
 

 

 

 

References: [1] Liu YL et al.. Nat Commun 2021;12(1).[2] Yang L et al. IEEE T Bio-Med Eng 2022;69(11):3415-3426. [3] 

O'Reilly T et al. Magn Reson Med 2021;85(1):495-505.[4] Cooley CZ et al.Nat Biomed Eng 2021;5(3):229-239.[5] 

Salameh N et al. MAGMA 2023;36(3):329-333. [6] Arnold TC et al. J Magn Reson Imaging 2023;57(1):25-44.[7] 

Samardzija A et al. Annu Rev Biomed Eng 2024;26(1):67-91.[8] Kimberly WT et al. Nat Rev Bioeng 2023;1(9):617-630. 

[9] Wald LL et al. Magn Reson Imaging 2019. 
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How to build a new imaging modality … and make it work 

 

P. Vogel1,2 
1Experimental Physics V (Biophysics), University of Würzburg, Germany 

2phase VISION GmbH, Rimpar, Germany  

 

Abstract: Magnetic Particle Imaging (MPI) is an emerging tomographic imaging modality that offers 

high sensitivity, high temporal resolution, and quantitative capabilities without ionizing radiation. 

Since its first demonstration in 2005, MPI has evolved into a versatile platform for imaging magnetic 

nanoparticle distributions in vivo, with growing relevance for preclinical imaging, diagnostics, and 

theranostics [1,2]. 

This talk aims to provide a comprehensive overview of MPI tailored for physicists interested in the 

intersection of magnetism, instrumentation, and biomedical applications. 

Beginning by demystifying the physical principles underlying MPI, including the nonlinear 

magnetization response of superparamagnetic nanoparticles and the generation of spatial encoding 

fields. A comparative look at different scanner geometries – such as field-free point (FFP) and field-

free line (FFL) configurations – will shed light on how spatial resolution and acquisition speed can 

be optimized. 

On the hardware side, several key components are required for building an MPI system, including 

gradient and drive-field coils, receive chains, and analog-digital converter. 

After digitization, there are multiple strategies for image reconstruction, nanoparticle 

characterization, and calibration techniques that enable accurate and quantitative imaging. 

Emphasis will also be placed on the fingerprinting of nanoparticles and how these can be used to 

distinguish between particle types, states, or functionalization. 

Finally, the talk will highlight recent advances and promising near-future applications of MPI, such 

as real-time vascular imaging, cell tracking, hyperthermia applications, and functional imaging. 

 
Fig. 1: From the idea behind Magnetic Particle Imaging to the application in the clinical environment. 

 

Whether you're a physicist curious about novel imaging technologies or a researcher considering 

MPI for your own applications, this session will equip you with the fundamental understanding and 

practical perspective needed to engage with this rapidly evolving field. 

 
References: [1] A. Davida, B. Basari, J.Appl.Phys. 136:220701 (2024). [2] C. Billings et al, Int.J.Mol.Sci. 22:7651 (2021). 
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Portable MRI scanner: Magnet designs, gradient coils, and open-source resources 

Shaoying HUANG 

Singapore University of Technology and Design  

 

Magnetic resonance imaging (MRI) is an important imaging modality for diagnostic and therapeutic 

purposes. It offers the best soft tissue contrast without ionizing radiation. However, due to the high 

cost and/or immobility, it is only available in the radiology department in a hospital and to less than 

30% of the world population. A conventional MRI cannot be taken to a patient. Portable MRI is 

compact with light weight and a small footprint, and is low cost. Its compactness makes MRI 

available to the bedside of a patient, and to the sites, e.g., in an ambulance and a medical tent for 

disaster rescues. The low cost makes MRI more available to the under-developed counties and 

regions.  

With the advancements of 3D printing technology and when personal computers become more 

affordable and powerful for signal acquisition and image processing, building one MRI scanner in 

the lab or by oneself as a hobby becomes possible. The talk will provide a detailed introduction on 

the design and building of permanent magnet array and gradient coils for portable MRI scanners, 

and the open-source resources.  
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Plenary Session 

 

30 Years of SRMR 

  



 

30 years of SRMR: The 1990s 

Prof. Dr. Axel Haase 

Technical University of Munich 

The 1990s are widely regarded as one of the most formative and diverse 
decades in the evolution of Magnetic Resonance Imaging (MRI). This era brought 
landmark advances across clinical, preclinical, and non-biological domains. Key 
developments included the introduction of high-field MRI systems (≥ 3 T), the 
emergence of functional MRI using the BOLD contrast mechanism, the advent of 
diffusion-weighted and diffusion tensor imaging (DWI/DTI), and the rise of parallel 
imaging methods such as SMASH and SENSE. Sequence innovations like MP-RAGE, 
the first real-time cardiac imaging in mice, and portable systems like the NMR-MOUSE 
further expanded the scope of MRI into previously uncharted territories. 

In parallel to all these exciting advances in MRI a new series of conferences, 
the ICMRM, was initiated in 1991 at Heidelberg and its society, the Division of Spatially 
Resolved Magnetic Resonance, was founded in 1995 during the meeting in Würzburg. 

Of course, any historical account of this period reflects the lens of the observer. 
Depending on one’s background, certain milestones may seem more defining than 
others. And speaking with a wink: those who were actively contributing to MRI during 
this decade—including the author—may carry a particularly personal bias in selecting 
what mattered most. Still, there is broad agreement that the 1990s shaped the field in 
ways that continue to define modern MRI practice and research. 

 

PL 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Proceedings of the 18th ICMRM 2025 in Würzburg, Germany



Remembering ICMRM 2001 - 2009 

B. Blümich 

Institut für Technische und Makromolekulare Chemie 

RWTH Aachen University, Aachen, Germany  

 

The first International Conference on Magnetic Resonance Microscopy (ICMRM) was an endeavor 

initiated by Winfried Kuhn and Bernhard Blümich, enthused by the many opportunities which pulsed 

gradient fields in magnetic resonance provide. Both were engaged in Magnetic Resonance Imaging 

beyond biomedical applications with an interest in materials and plant science [1,2]. It took place in 

Heidelberg in 1991, the same year that Paul Callaghan’s seminal book “Principles of Nuclear 

Magnetic Resonance Microscopy” was published [3]. Paul Lauterbur gave the opening lecture and 

Raymond Andrew the after-dinner talk [4]. The success of the conference encouraged the organizers 

to have the 2nd ICMRM two years later. Then Sir Peter Mansfield gave the opening lecture. At this 

meeting it was agreed to form Division of Spatially Resolved Magnetic Resonance within the 

AMPERE Society, and Raymond Andrew subsequently worked out the by-laws. The third ICMRM 

in Würzburg commemorating the 100th anniversary of the discovery of X-rays by Wilhelm Conrad 

Röntgen in Würzburg was the first ICMRM organized by the new AMPERE Division.  

The year before the first ICMRM, the first International Conference on Magnetic Resonance in 

Porous Media was organized at the University of Bologna. The second one followed in 1993, the 

same year the 2nd ICMRM took place. As both meetings were of interest to largely the same 

community, they were subsequently aligned to take place biannually in alternating years. One major 

topic at the MRPM was relaxometry with stray-field NMR sensors for well-logging. This stimulated 

the interest in mobile low-field NMR for materials testing so that in 2001 a Colloqium on Mobile 

Magnetic Resonance (CMMR) was organized by RWTH Aachen University in Bacherach. The 

CMMR was subsequently repeated every year with the number of attendees growing form initially 

about 20 to about 80 in 2006. To alleviate the burden of organizing it, it was eventually made part of 

the ICMRM and MRPM beginning with the 2007 ICMRM in Aachen. Both conferences feature 

mobile NMR session still today.  

Hot conference topics of the first decade of the current millennium were two-dimensional 

Laplace NMR, mobile stray-field NMR instrumentation, methodology for well-logging and depth 

profiling including applications to cultural heritage, fast MRI for studying the dynamics of transient 

processes, and more [6]. Among others were Paul Callaghan and Eiichi Fukushima were regular 

contributors. The progress in field of magnetic resonance microscopy over the years is summarized 

in four edited books based on ICMRM conferences [4–7]. Selected conference highlights of the 

period from 2001 to 2010 will be reviewed and recalled with photos.  

  
References 

[1] B. Blümich, H.W. Spiess, NMR Imaging of Materials, Angewandte Chemie 100 (1988) 1460–1461; B. Blümich, NMR 

Imaging of Materials, Clarendon Press, Oxford, 2000. 

[2] W. Kuhn, NMR Microscopy – Fundamentals, Limits and Possible Applications, Angewandte Chemie Int. Eng. 29 

(1990) 1–19.  

[3] P.T. Callaghan, Principles of Nuclear Magnetic Resonance Microscopy, Clarendon Press, Oxford, 1991. 

[4] B. Blümich, W. Kuhn, eds., Magnetic Resonance Microscopy – Methods and Applications in Materials Science, VCH, 

Weinheim, 1992. 

[5] P. Blümler, B. Blümich, R. Botto, E. Fukushima, eds., Spatially Resolved Magnetic Resonance – Methods, Materials, 

Medicine, Biology, Rheology, Geology, Ecology, Hardware, Wiley-VCH, Weinheim, 1998. 

[6] S.L. Codd, J.D. Seymour, eds., Magnetic Resonance Microscopy – Spatially Resolved NMR Techniques and 

Applications, Wiley-VCH, Weinheim, 2009. 

[7] S. Haber-Pohlmeier, B. Blümich, L. Ciubanu, eds., Magnetic Resonance Microscopy – Instrumentation and 

Applications in Engineering, Life Science, and Energy Research, Wiley-VCH, Weinheim, 2022. 
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ICMRM in the 2010’s 

S. L. Codd1,  
1Montana State University, Bozeman, USA 

 

We’ll start the 2010’s oƯ in 2009 with a trip down memory lane to geysers, moose, and a 
wonderful week of science on the edge of Yellowstone Park in Montana, USA.  We gathered 
throughout this decade as a community in Beijing, Cambridge (UK), Munich, Halifax and 
Paris.    The 2010’s were a time of loss for our community with the passing of Sir Paul 
Callaghan, but also a time of great advances by the young investigators in our community.  
We honored his leadership by giving his name to the Young Investigator sessions.  This 
decade will be covered by revisiting the some of the Young Investigators you heard from at 
those meetings from the Montana State University lab and collaborators and by 
remembering the places in which we gathered, and those we gathered with.  
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The 2020s in MRI: Precision, Integration, and Open Science 

 

Luisa Ciobanu 

Neurospin, CEA-Saclay, France  

 

In the past few years, MRI has undergone rapid development — from the expansion of ultra-high-field 

(UHF) systems to new ways of combining MR with other techniques. In this talk, I will highlight recent 

advances in UHF MRI, including enabling technologies such as advanced RF coils, parallel transmission, 

and improved shimming methods. I will show how combining MR with approaches like two-photon 

microscopy and calcium imaging helps us better understand the origins and limits of the MR signal. I 

will also briefly mention how AI-based methods are being explored to enhance image acquisition and 

reconstruction, along with ongoing efforts in standardization and data sharing that aim to support 

more reproducible and collaborative research. 
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Flow & Diffusion 

  



Careful Comparison of MRI and Computer Simulations of Bubbly, Particle-Laden 

Flows 

C.M. Boyce 

Columbia University, New York, NY, USA  
 

Introduction: MRI has long been used to characterize bubble motion in multiphase flows as well as 

fluid and particle velocity in particle-laden flows. These measurements can be used to validate or 

find areas for improvement in computational fluid dynamics (CFD) models. However, the post-

processing of CFD data for accurate comparison with MRI measurements is often non-trivial due to 

complexities of MRI measurements. Here, we discuss development and utilization of MRI 

techniques to measure a range of bubbly, particle-laden flows as well as use of MRI simulations to 

identify the best ways to compare MRI measurements with CFD simulations.  
 

Methods: A range of MRI pulse sequences, from single-point imaging to echo planar imaging are 

used to characterize multiphase flows [1]. Multi-band EPI is introduced to take rapid images of 3D 

bubble structures [2]. Measurements are conducted in both pre-clinical and full-body MRI scanners. 

Particle and gas flow are modeled using computational fluid dynamics – discrete element method 

(CFD-DEM) simulations [3]. MRI simulations are conducted with in-house codes as well as JEMRIS 

software [4]. Oil inside particles are 

used to measure particle flow and 19F 

nuclei inside SF6 gas is used to measure 

gas flow  [5]. Flow is measured inside 

fluidized beds [5–7], bubble streams in 

dense suspensions [2] and analog lava 

flows (Fig. 1) [8]. 
 

Results and Discussion: MRI measurements of fluidized beds show that particle and gas velocities 

are fastest directly in the line of bubbles, and slowest to the sides of bubbles [5,7]. Simulations of 

fluidized beds simulated as passing through an MRI pulse sequence reveal the most accurate ways 

to process particle positions and velocities for comparison with MRI simulations [9,10]. Fully 3D 

measurement of bubble streams in dense suspensions reveal highly non-axisymmetric bubble 

shapes, particularly surrounding bubble coalescence [2]. MRI velocimetry of lava analog flows can 

be used to develop new rheological models for magma [8].   
 

Conclusions: MRI can characterize structural and flow features of bubbly, particle-laden flows. MRI 

simulations applied to output of CFD simulations reveal the most accurate ways to postprocess CFD 

data for comparison with simulations. MRI pulse sequences can be tailored to meet the specific 

resolution requirements of a particular flow system. 
 

References: [1] E. Lev and C. M. Boyce, iScience (2020). [2] A. Bordbar, W. Zia, J. Birnbaum, J. Omidi, R. F. Lee, E. Lev, 

and C. M. Boyce, Chemical Engineering Journal (2024). [3] Y. Tsuji, T. Kawaguchi, and T. Tanaka, Powder 

Technology (1993). [4] T. Stöcker, K. Vahedipour, D. Pflugfelder, and N. J. Shah, Magnetic Resonance in Medicine 

(2010). [5] C. M. Boyce, N. P. Rice, A. Ozel, J. F. Davidson, A. J. Sederman, L. F. Gladden, S. Sundaresan, J. S. Dennis, 

and D. J. Holland, Phys. Rev. Fluids (2016). [6] A. Penn, A. Padash, M. Lehnert, K. P. Pruessmann, C. R. Müller, and 

C. M. Boyce, Phys. Rev. Fluids (2020). [7] A. Penn, T. Tsuji, D. O. Brunner, C. M. Boyce, K. P. Pruessmann, and C. R. 

Müller, Science Advances (2017). [8] J. Birnbaum, W. Zia, A. Bordbar, R. F. Lee, C. M. Boyce, and E. Lev, Journal of 

Geophysical Research: Solid Earth (2023). [9] C. M. Boyce, D. J. Holland, S. A. Scott, and J. S. Dennis, Ind. Eng. 

Chem. Res. (2013). [10] A. Bordbar, S. Benders, W. Zia, A. Penn, and C. M. Boyce, Ind. Eng. Chem. Res. (2023). 

 

Fig. 1 Experimental setup for MRI of lava analog flows. 
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 MRI measurement of fluid mechanical properties in granular flow 

K. Johna, V. Klempaua, Sanyogitab, A. Khanb, P.R. Nottb, S. Grundmanna, M. Bruschewskia 

aInstitute for Fluid Mechanics, University of Rostock, Rostock, Germany 
bDepartment of Chemical Engineering, Indian Institute of Science, Bangalore, India 

 

Introduction: The transport and processing of granular materials pose longstanding industrial 

challenges due to their complex mechanical behavior. While numerous studies have explored the 

kinematics of granular flow and suspensions, these investigations are mainly limited to transparent 

boundaries or free surfaces. The interior flow remains poorly understood, largely due to the opacity 

of granular media to light. Non-invasive imaging techniques like X-ray CT and MRI [1-4] have been 

employed to probe these flows, but previous studies often suffered from limited field of view or 

insufficient spatial resolution. 

This study aims to advance the use of MRI for capturing 2D and 3D spatially resolved flow fields of 

granular media in both canonical (e.g., Couette cell) and complex geometries (e.g., flow around 

obstacles and in screw feeders). These configurations have seen limited investigation, and we 

anticipate that MRI will yield new insights into the mechanics of granular materials and enable 

rigorous testing of continuum models, particularly regarding the coupling between density and 

velocity fields. The data may also contribute to the development of models for cohesive granular 

media, which remain poorly understood. 

 

Methods: 

Experiments are conducted at the MRI Flow Lab at the University of Rostock, a DFG-funded core 

facility equipped with a 3T whole-body MRI system (Magnetom Trio, Siemens). The lab has 

previously validated high-accuracy flow imaging methods using gradient-recalled echo (GRE)[5] and 

single-point imaging (SPI)[6], focusing on minimizing displacement artifacts and higher-order 

gradient moment effects, which are key sources of error in velocity-encoded MRI. 

One of the main challenges in MRI of granular flows is the short T2* relaxation time of natural 

granular materials such as oilseeds. Although spin echo (SE) sequences are commonly used in 

granular media studies, their long encoding times and higher-order gradient artifacts limit their 

accuracy for fluid mechanics. This study, therefore, employs GRE and SPI sequences and optimizes 

experimental design to match their requirements.  

 

Results and Conclusion: The project is currently in the commissioning phase, focusing on validating 

both the imaging sequences and the custom-designed granular media. A significant innovation is 

the development of gel-water beads coated with a polymer shell that supports GRE imaging without 

requiring ultra-short echo times. In addition to much longer T2*, these particles offer better-

controlled experimental boundary conditions than natural granular materials, which typically have 

variable geometry and uncontrolled surface properties. Manufacturing these particles was 

challenging since over 10,000 such particles are needed for meaningful granular flow experiments. 

The successful fabrication of this MRI-optimized granular material marks a key milestone. 

Initial experiments are being carried out in a large-scale Couette setup containing approximately 

30,000 particles, previously studied using optical methods and numerical simulations. These MRI 

measurements provide spatially resolved velocity data, paving the way for a deeper understanding 

of granular flow mechanics in realistic conditions. 

 
References: [1] Losert, Phys. Rev. Lett. (2000). [2] Meuth, Nature (2000) [3] Baker, Nat. Commun. (2018). [4] Clarke, 

Particuology (2023). [5] Romig, Magn. Reson. Imag. (2025).  [5] Bruschewski, Magn. Reson. Med. (2019).  
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Spectrally Resolved Turbulent Flow in Porous Structures Using Modulated 

Gradient Di�usion NMR
D. Clarke  1  , D. Topgaard1

1Division of Physical Chemistry, Lund University, Lund, Sweden 

Introduc on: Turbulent �ow is relevant to �elds such as meteorology, medicine, and chemical 

engineering. Turbulence has been quan#�ed using pulsed �eld gradient NMR over the last 35 years. 

Despite widespread use, these measurements lack speci�city, returning only the mean squared 

�uctua#ng velocity. Analogous to restricted di,usion, modulated gradient methods [1] have been 

proposed to measure the turbulent energy spectrum [2] thereby gaining more informa#on on the 

microscale characteris#cs of the �ow. 

Methods: We  simulated  the  NMR  signal  from 

computa#onal  �uid  dynamics  simula#ons.  We 

consider  two  cases:  (1)  direct  numerical  simula#on 

(DNS)  of  homogeneous turbulence [3]  that  resolves 

eddies at all scales. (2) large eddy simula#on (LES) of a 

periodic  Schwarz  Diamond network  [4].  Trajectories 

(Fig. 1) were generated from the velocity �elds for use 

in the NMR simula#ons. The modulated gradients were 

designed using the work�ow in [5].

Results and Discussion: The di,usion spectrum tensor 

for the homogeneous DNS obtained using simulated 

NMR  was  in  excellent  agreement  with  the  ground 

truth. Because NMR operates in a Lagrangian frame 

(following nuclei along their trajectories), the power-

law scaling of the di,usion spectrum is -2 and not -5/3 

observed by op#cal and probe techniques. Simulated 

experiments on the LES were in poor agreement with 

the ground truth because the assump#on of a Gaussian 

phase distribu#on was not sa#s�ed. Instead, the phase 

follows a Laplace distribu#on (Fig. 2), illustra#ng the 

need  for  an  appropriate  theore#cal  formula#on,  or 

gradient waveforms that can produce a Gaussian phase 

distribu#on.

Conclusions: Modulated gradient di,usion NMR can accurately measure the turbulent di,usion 

spectrum provided that the assump#on of a Gaussian phase distribu#on is met. This method allows 

for more detailed study of turbulence features such as isotropy, energy cascading, and dissipa#on in 

various systems.  Experiment design for microimaging and preclinical  systems is  the subject of 

ongoing work.

References: [1] Callaghan & Stepišnik, J. Magn. Reson. (1995).  [2] Dillinger, et al., Magn. Reson. Med. (2022). 

[3] Biferale, et al., TURB-Lagr Database (2024). [4] Clarke, et al., Chem. Eng. J. (SubmiDed) 

[5] Jiang, et al., Magn. Reson. (2023).

Fig.  2:  Distribu#on  of  phase  for  simulated 

modulated gradient NMR experiments showing 

a Laplace distribu#on.

Fig.  1:  Trajectories  for  turbulent  �ow  in  a 

Schwarz  Diamond  network  used  to  simulate 

modulated gradient NMR experiments.
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Rapid Flow Characterization Measurements Using a Modified CPMG Measurement 
with Incremented Echo Times, Phase Cycling and Filtering 

S. J. Richard, B. Newling and B. J. Balcom  

MRI Centre, University of New Brunswick, Fredericton, Canada 

Introduction: We present a low-field magnetic resonance (MR) rheology technique for 

characterizing pipe flows with a simple, low-cost setup [1-3]. By analyzing the phase and magnitude 

of a series of single spin echoes acquired at varying τ, we extract the average velocity and flow 

behavior index to reconstruct the flow velocity profile. A modular benchtop system built around 

ceramic magnets and a pitched magnet sensor design enables flexible operation, including 

controlled pre-polarization length for slow-polarizing fluids like aqueous solutions. Recent advances 

include an echo-train acquisition scheme [4] that gathers N echoes per CPMG sequence, reducing 

experiment time by a factor of 1/N. Phase cycling and filtering improve signal quality by suppressing 

unwanted coherence pathways. 

Methods: Analysis of spin echo phase and magnitude as a function of τ in a constant gradient 

enables reconstruction of the velocity profile (Fig. 1). An echo-train acquisition scheme with 

incrementally adjusted τ, combined with 4-step phase cycling and filtering, allows rapid data 

collection while minimizing coherence pathway artifacts and preserving optimal pulse spacing.

Results and Discussion: Validation experiments conducted with Newtonian and shear-thinning 

fluids confirmed the effectiveness of the methodology. Additionally, the approach reliably 

distinguishes between laminar and turbulent regimes with high sensitivity. The faster echo-train 

acquisition scheme produced results consistent with the original method of individual spin echo 

acquisitions. Our 4-step phase cycling strategy, combined with incremented pulse spacings, enabled 

acquisition of N = 3 echoes per train in our benchtop apparatus. Incorporating an optional filtering 

strategy to further mitigate off-resonance effects suggests the approach can be extended to at least 

N = 5, while also improving echo signal normalization without any requirement to stop the flow. 

Conclusion: We developed a simple, low-cost MR method and apparatus for rheological 

measurements of pipe flow using spin echoes at varying τ. With incremented pulse spacings, phase 

cycling and optional filtering, we achieve the same flow-sensitive echo response in less time. The 

modular hardware is easily adapted for industrial use. We anticipate extending this work to a new 

online viscosity (rheology) measurement, providing a less disruptive alternative to conventional 

methods and addressing industry need for improved real-time rheological monitoring 

References:  [1] Guo et al, Phys. Fluids. (2022). [2] Richard et al, Phys. Fluids. (2023). [3] Richard et al. Phys. Fluids. 

(2024), [4] Richard et al, J. Magn. Reson. (submitted) 

Fig. 1: In a magnetic field gradient, 

a modified CPMG echo train with 

variable τ yields flow-sensitive 

echoes. Phase and magnitude data 

are fit to a signal model to extract 

average velocity (vₐvg) and flow 

behavior index (n), which define the 

velocity profile. 

Proceedings of the 18th ICMRM 2025 in Würzburg, Germany

O 3 



Ex-Vivo Diffusion Tensor Characterization of Peri-Fibrotic Myocardial Regions 
In Myocardial Infarction 

Ali Nahardani1, Rao Dai1, Miriam Schiffer2,3, Bernd K Fleischmann2, Wilhelm Roell3, Verena Hoerr1 
1 Department of Internal Medicine II, University Hospital Bonn, Bonn, Germany  
2 Institute of Physiology I, Medical Faculty, University of Bonn, Bonn, Germany. 

3 Department of Cardiac Surgery, University Hospital Bonn, Bonn, Germany. 
Introduction:  
Diffusion tensor imaging (DTI) is a powerful MRI technique for studying tissue microstructure, 
though its use in the cardiovascular system poses technical challenges [1]. Recently, ex vivo cardiac 
DTI has become a key tool for examining how cardiomyopathies affect heart structure. This study 
investigates changes in diffusion properties and macrostructure of the peri-infarct areas during 
chronic myocardial infarction (MI), with DTI findings supported by histology. 
Methods:  
3D multishell Stejskal–Tanner DTI was performed on an ex vivo heart with myocardial infarction at 
an 11.7 T Bruker scanner using a transceive cryoprobe and two reference power settings to reduce 
excitation field inhomogeneity. Imaging parameters included three b-values (0, 1500, 3000 s/mm²) 
and the spatial resolution of 200 µm³. The diffusion data were reconstructed as described in [2]. 
Mean, axial, and radial diffusivity maps (MD, AD, and RD, respectively), fractional anisotropy 
(FA), and restricted diffusion index (RDI) were calculated. To assess fibrosis, samples were fixed in 
formalin afterwards, frozen, sectioned (10 µm slices, 100 µm intervals), and stained with Sirius Red 
and Fast Green (SR/FG). Tractography-based fiber orientations were finally reconstructed and 
compared with histological images. 
Results and Discussion:  
MD, AD, and RD were significantly higher in peri-infarct tissue than in remote myocardium (P < 
0.05), suggesting that MRI and the collagen deposition disrupts tissue integrity and enhances water 
diffusion. FA was also elevated in peri-infarct regions, reflecting higher anisotropy from dense 
collagen alignment. RDI was higher in peri-infarct areas, consistent with increased extracellular 
collagen seen in histology. Tractography and SR/FG staining confirmed transverse fiber orientations 
and collagen alignment along mesocardial sheetlets in peri-fibrotic zones (Fig. 1). 
Conclusion:  
Diffusion metrics and histological findings converge to provide a coherent depiction of chronic 
post-infarction remodeling with elevated MD, AD, RD, and RDI in peri-infarct regions. 
Tractography and SR/FG staining matched with fiber orientations, highlighting DTI’s effectiveness 
in capturing fibrosis, cell loss, and fiber reorganization in chronic MI. 
References: 
[1] Dall’Armellina, E., et al, J. Cardiovasc. Magn. Reson. 27, 101109 (2025). 
[2] Yeh, F. C., Wedeen, V. J., Tseng, W. Y., IEEE Trans. Med. Imaging 29, 1626–1635 (2010). 

 
Fig 1. Representative image showing the peri-infarct zone’s  fiber tracking correlation with the SR/FG histology 
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Microstructural Assessment of Oral Squamous Cell Carcinoma Using Time-

Dependent Diffusion MRI 

C.J. Guichelaar1, M.M. Jokivuolle2, R. van de Woude1, H.J.G. Smits1, G.E. Breimer1, A. van der

Toorn1, K.H. Madsen3, H. Lundell3, F. Mahmood2, M.E.P. Philippens1 
1University Medical Center Utrecht, Utrecht, the Netherlands, 2Odense University Hospital, 

Odense, Denmark, 3Danish Research Centre for Magnetic Resonance, Hvidovre, Denmark 

Introduction: Although diffusion-weighted (DW) MRI and its derived metric, the apparent diffusion 

coefficient (ADC), are widely used for tumour assessment1, ADC provides limited insight into specific 

microstructural features such as cell density (CD)2. Time-dependent diffusion contrast (TDDC) was 

previously introduced to characterise tumour microstructure3. This study tested the hypothesis that 

TDDC is a more specific measure of CD than ADC in oral squamous cell carcinoma (OSCC).  

Methods: Ex vivo DW-MRI was performed on ten fresh OSCC specimens using a 3 T MRI (Ingenia 3 

T, Philips HealthCare, The Netherlands) with three diffusion sequences: two pulsed gradient 

waveforms (pWFshort, pWFlong) and one oscillating (oWF) waveform, with effective diffusion times of 

26, 46, and 16 ms. Two TDDC maps were generated by subtracting normalised DW-MRI signals with 

the same b-value: TDDCo (pWFlong – oWF) and TDDCp (pWFlong –  pWFshort). After MRI, specimens 

were formalin-fixed, sectioned parallel to MRI slices, paraffin-embedded, and stained with 

haematoxylin and eosin (HE). Tumours were manually delineated on the HE-stained slices, and a cell 

detection algorithm generated CD maps. Within the tumour delineation, voxel-wise and ROI-based 

correlation analyses were conducted on TDDC, ADC, and CD maps (Figure 1). 

Results and Discussion: In the voxel-wise analysis, TDDCo demonstrated a stronger correlation with 

CD than TDDCp (TDDCo: 𝜌௦= 0.23 [-0.03, 0.42], TDDCp: 𝜌௦= 0.06 [-0.08, 0.31], ADC: 𝜌௦= -0.04 [-0.57, 

0.27]), likely due to higher SNR in TDDCo. Stronger correlations between CD and both TDDC maps 

were observed in the ROI-based analysis (TDDCo: 𝜌௦= 0.58, TDDCp: 𝜌௦= 0.79), while ADC showed a 

weaker inverse correlation with CD (𝜌௦= -0.47), further highlighting the potential advantage of TDDC 

for characterising tumour microstructure. Future studies should focus on a larger sample size and 

quantify histological features such as stromal content and tumour-infiltrating lymphocytes to refine 

our understanding of TDDC’s relationship with tumour microstructure.   

Conclusion: The findings support the hypothesis that TDDC is a more specific measure of CD than 

ADC and show promise for improved characterisation of tumour microstructure in OSCC. 

References: [1] Koh, AJR Am J Roentgenol (2007). [2] Bourne, Diagnostics (2016). [3] Jokivuolle, Med Phys (2025). 

Fig. 1: Visualisation of the TDDC maps, ADC map, zoomed-in CD map and two magnified sections of the HE-slice from 

voxel 1 and 2 (black arrows). A positive percentage in the TDDC maps corresponds to more restricted diffusion. The 

tumour delineation is visualised in red on the TDDC and ADC maps. Voxel 1 (high TDDC, high CD) showed tumour 

cells with lymphocyte infiltration, while voxel 2 (low TDDC, low CD) contained mainly keratin structures.  
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Halbach 2.0 – Creating homogenous fields with finite size magnets 
 

Ingo Rehberg1 and Peter Blümler2 

 

1) Experimental Physics, University of Bayreuth, 95440 Bayreuth, Germany 

2) Institute of Physics, University of Mainz, 55128 Mainz, Germany 

 

Homogenous magnetic fields can be created by suitable arrangements of permanent magnets, with 

Halbach rings being a well-established approach [1,2]. These rings are most effective when composed 

of very long (theoretically infinite) magnetic rods, modeled as line dipoles. 

However, the classical Halbach concept is inherently limited when dealing with finite-sized per-

manent magnets. To overcome this, three-dimensional configurations of such magnets have been ex-

plored. In [3], optimal designs for both single and stacked rings of point dipoles are presented, achiev-

ing superior field strength and homogeneity compared to the original Halbach design and previous 

numerical approximations [4]. 

The key innovation is the so-called focused configuration, achieved by tilting the dipoles out of 

the plane of the ring. This design enables highly homogeneous fields that are shifted out of the magnet 

plane—an essential feature for single-sided magnetic resonance applications [5]. 

Furthermore, rotating these tilted rings relative to one another further enhances field homogeneity, 

albeit at the expense of a uniform field direction. However, such configurations remain suitable for 

NMR, as the field vector rotates only within the transverse plane of the rings, while the axial direction 

remains stable and can be used for rf excitation. 

The theoretical predictions are validated through experimental realizations of various magnet ar-

rangements using cuboid magnets (see Fig. 1). 

The results demonstrate 

that these novel configura-

tions effectively overcome 

the limitations of finite-

sized magnets in Halbach ar-

rays, providing enhanced 

field strength and homoge-

neity. This makes them par-

ticularly well-suited for ap-

plications in mobile mag-

netic resonance. 

All configurations can be 

explored, analyzed, and ex-

ported for 3D printing via a 

dedicated Python GUI [6]. 

 

References: 
1. K. Halbach, Nuclear Instruments and Methods 169, 1 (1980). 

2. P. Blümler, H. Soltner,. Appl. Magn. Reson. 54, 1701 (2023). 

3. I. Rehberg, P. Blümler, https://arxiv.org/abs/2502.18262 (2025). 

4. S. Tewari, T. O’Reilly, and A. Webb, Journal of Magnetic Resonance 324, 106923 (2021). 

5. P. Blümler, F. Casanova, in Mobile NMR and MRI: Developments and Applications, The Royal Society of Chem-

istry (2015). 

6. I. Rehberg, P. Blümler,  https://zenodo.org/records/15064360 (2025). 

 

Fig. 1: Top row single rings, bottom row stacked version. (a) classical Halbach, 

(b) according to [4], (c,d) focused configuration (c) with focal length, f =0 , and 

(d) f = -0.576. 
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A New Approach for Shimming Halbach Ring Magnets: Magnetically Soft Materials  
Andrew F. McDowell1, J. Beau W. Webber2 

1NuevoMR, LLC, Albuquerque, USA, 2Lab-Tools, Ltd, Ramsgate, UK 
 

Introduction: The Halbach Ring Magnet design is attractive due to its mathematical sophistication, 
compact size, and expected high homogeneity.  Also, significant resources exist to aid those wishing 
to build their own [1].  However, the homogeneity achieved is often less than hoped for and may 
undermine applications requiring better field quality.  We have adapted our methods for using 
magnetically soft materials for passive shimming [2] to the Halbach Ring Magnet geometry.  
Magnetically soft materials are more precise and accurate than hard materials and are generally 
easier to manipulate.  By using these passive materials, we seek to achieve field improvements 
previously requiring thorough material characterization and careful mechanical adjustment of 
permanent magnet blocks.   

Methods: Magnetically soft materials become magnetized in the direction of B0 once placed in the 
magnet.  Hence, the use of soft materials for the ring magnet configuration requires a rethinking of 
the geometrical properties of the shim fields.  Following a method inspired by the work of Anderson 
[3], we show that the unipolar material can produce the familiar harmonic fields of either sign.  We 
demonstrate that a compact shim structure defined by a small number (64) of localized regions of 
constant magnetic moment density is capable of producing harmonic fields through the fourth 
order, or more.   

Results and discussion: We have used 3D printed shims to correct a lab-made 0.3T Mandhalas-style 
magnet and a 0.5T ring magnet built from arc-segments.  We have also applied both 3D printing and 
2D magnetic ink printing to correct a much more homogeneous 1.4T magnet.  Figure 1 shows two 
examples in the form of before/after field maps.  

Commercially available soft magnetic materials such as ink for jet printing or filament for 3D printing 
are consistent enough to allow for shimming to succeed.  In addition, the available printers and 
software are well-suited to rapid, nearly automatic production of inexpensive shims.  The lack of 
steel in a Halbach Ring Magnet allows theoretically simple calculation of the expected shim fields 
with adequate accuracy for developing useful shim designs.   

Conclusion: The ability to use well-engineered consumer printers (both 3D and 2D) for shim 
production removes practical barriers for considering complex designs.  We show that the magnetic 
ink and filament materials, together with their printing processes, are accurate enough to realize 
the calculated design at a useful precision.  We discuss the remaining limitations for achieving very 
high homogeneity, including the lack of magnetic strength in the ink shims and the need to develop 
custom software for controlling the 3D printer. Magnetically soft materials provide an effective and 
efficient path to higher homogeneity Halbach Ring Magnets.  

References:  
[1] Blümler, Conc. Mag. 
Reson. (2004). 
[2] McDowell, App. Magn. 
Reson. (2023).   
[3] Anderson, Rev. Sci. Inst. 
(1961).  

Fig. 1: Before/After 10mm spherical field maps of two Halbach Ring Magnets. 
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Introduction: The homogeneity of the static magnetic field B₀ is a decisive factor for image quality 

in magnetic resonance imaging (MRI) [1]. This is especially true in low-field MRI systems, such as 

those based on permanent magnet arrays around 50 mT, where field inhomogeneities are 

pronounced and difficult to correct. A key challenge in these systems is the efficient acquisition of 

the B₀ field map required for the shimming process [2,3]. Conventional techniques typically rely on 

dense 3D grid measurements, which are time-intensive and often impractical, particularly for 

iterative or interactive shimming procedures [4]. To address this, we present a real-time adaptive 

magnetic field mapping approach that selectively samples regions of high inhomogeneity or model 

uncertainty. This significantly reduces measurement time without compromising accuracy. 

 

Methods: A cost-effective modular measuring system based on a converted 3D gantry has been 

developed. Despite its rudimentary mechanics, it allows precise sub-millimeter 3D scans using IMU 

sensor-based calibration procedures to correct mechanical tolerances. A bounding-box model 

ensured collision-free operation in constrained geometries. The adaptive measurement algorithm 

initializes with a coarse-resolution survey scan, based on which a probabilistic modeling of the 

magnetic field is performed using Gaussian Process Regression (GRP) [5]. It is based on its ability to 

provide a continuous field distribution and a spatially resolved, quantitative uncertainty estimate. 

Based on the posterior variance, new measurement points are added in regions of maximum model 

uncertainty in each iteration. The measurement process is continued in closed loop operation, until 

the uncertainty predicted by the model in the volume is below a predefined value [6]. 

 

Results: In addition to the simulation data, the OSII 30 cm Halbach 

magnet was measured to evaluate the adaptive measurement 

strategy [3]. A reference scan with 10 mm point spacing over a 

Volume of 200 mm length and 200 mm diameter yielded 7k points 

and required a total scan time of 36 hours. The adaptive GPR-based 

method required only about 1k points of specially selected 

measurement points (Fig. 1), resulting in an 85 % reduction in 

time. This resulted in an MSE of 15.4 uT and an MAE of less than 

92.6 uT, leading to an overall inhomogeneity loss of 348 ppm 

compared to the reference. This is acceptable as the overall 

homogeneity of the field in the reference is 36k ppm. 

 

Conclusion: The presented method for real-time adaptive magnetic field mapping using GPR 

demonstrates a reduction in the measurement effort for interactive user B₀ shimming applications 

in low-field MRI systems. The number of required measurement points can be significantly reduced 

in intermediate shimming steps, thus significantly reducing the iteration time.   

  
References:  

[1] de Graaf et al., Anal. Biochem (2017), [2] Wenzel et al., Front. Phys., (2021), [3] O’Reilly et al., J. Magn. Reson 

(2019), [4] Stockmann et al., IEEE Trans. Med. Imaging, (2018), [5] Solin et al., Magnetic field interpolation with GPR, 

IEEE Trans. Robotics, (2018), [6] Arunkumar et al., Adaptive sampling for GPs with mobile sensors, IROS, (2011) 

Fig. 1: Initial survey measurement in 

the center with 100 points. After 

the 6th of 16 iterations, 395 were 

added, mostly placed on the shell of 

the magnet volume.  

Adaptive Mapping - Iteration 6 of 16 - 139 Points 
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A Self-Supervised Inversion Framework for Low-Field 2D NMR Relaxation Spectra 

with Embedded Fluid-Specific Physical Priors 

Gang Luo, Sihui Luo, Lizhi Xiao, Guangzhi Liao, Rongbo Shao 

China University of Petroleum, Beijing, China 

Introduction 

Low-field nuclear magnetic resonance (NMR) is a key technique in downhole logging for non-

invasive characterization of fluid composition. Two-dimensional spectra (T₁-T₂, D-T₂) enhance 

sensitivity to fluid differentiation and reservoir evaluation [1]. However, limited acquisition time and 

tool mobility in low-field environments often lead to sparsely sampled, noisy data, making the 

inverse Laplace transform highly ill-posed. Conventional regularized methods struggle to provide 

stable, high-resolution spectra, especially in systems with overlapping relaxation components. 

These challenges highlight the need for inversion frameworks that embed fluid-specific physical 

priors and leverage data-driven approaches to improve stability and interpretability under sparse 

acquisition conditions. 

Methods 

This study introduces a self-supervised deep learning framework for 2D NMR relaxation spectrum 

inversion (Fig.1), integrating physical priors of fluid relaxation behavior. The model is composed of 

three modules: (1) a multi-scale convolutional encoder with positional encoding for hierarchical 

feature extraction; (2) a self-attention mechanism to enhance recognition of long-delay and weak 

signals; and (3) a physics-informed module that embeds a multi-exponential decay forward model, 

enabling spectrum-to-echo reconstruction as part of a self-supervised loss. Additionally, fluid-

relaxation priors [2] (e.g., for bound water and hydrocarbons) are introduced as spectral priors, 

guiding the network toward physically consistent outputs. 

Results and discussion 

Experiments show that the method achieves stable, high-fidelity spectrum reconstruction under 

sparse and low-SNR conditions, with enhanced peak localization and reduced artifacts compared to 

traditional methods. The integration of physical relaxation priors further improves interpretability 

and robustness in realistic measurement situation. 

Conclusion 

This work presents a novel self-supervised inversion framework for 2D low-field NMR data, 

integrating fluid-specific physical priors to enhance spectral resolution, stability, and interpretability. 

The approach is particularly effective in complex environments and holds strong potential for 

extension to multi-dimensional relaxation analysis and complex reservoir evaluation. 

 
Fig. 1: A Self-Supervised Inversion Framework for 2D NMR Relaxation Spectra with Embedded Fluid Response Coupling. 

References: 

[1] Lizhi Xiao. Practical NMR for Oil and Gas Exploration. Royal Society of Chemistry, (2023).  

[2] Yi-Qiao Song, Ravinath Kausik. NMR application in unconventional shale reservoirs – A new porousmedia research 

frontier. Progress in Nuclear Magnetic Resonance Spectroscopy. (2019). 
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A Frequency Selective Surface (FSS) Shield for Portable Low-Field MRI 

Junqi YANG1, Meena RAJENDRAN2, Shaoying HUANG2, Wenwei YU1 
1Chiba University, Chiba, Japan, 2Singapore University of Technology and Design, Singapore  

Introduction: Portable low-field MRI systems suffer by low signal-to-noise ratio. It require 

effective RF shielding to suppress environmental noise while preserving coil sensitivity. Traditional 

copper shields offer strong noise attenuation[1] but often reduce B₁ field strength when placed 
near the coil[2]. To overcome this trade-off, we propose a wire-mesh Frequency Selective Surface 

(FSS) that does both shielding and sensitivity conservation for solenoid coils.  

Methods: Three shielding configurations—no shield, solid copper shield, and FSS shield (Fig. a)—
were simulated and fabricated, all impedance-matched to 50 Ω. Bench measurements (B₁ 
sensitivity, noise suppression) and imaging tests with phantoms and fruit samples were conducted 

using a 100 mT unshielded MRI system. 

Result: As the Fig. b shows that the FSS shield suppressed over 90% of external noise while 

maintaining higher coil sensitivity than the copper shield. Imaging tests showed ~30% higher SNR 

than the copper case and nearly 10× improvement over the unshielded configuration (Fig. c). 

Conclusion: The proposed FSS shield enables efficient noise suppression in portable, unshielded 

MRI systems without compromising coil sensitivity. This compact design provides a practical 

shielding solution for low-field MRI in challenging environments. Evaluation of the proposed wire-

mesh Frequency Selective Surface (FSS) shield for noise suppression in low-field MRI. 

 
Fig: (a) FSS geometry: a solenoid coil (diameter 60 mm, pitch 4 mm) enclosed in an FSS mesh shield with 10 mm pitch 
and 1 mm wire width. (b) Simulated B₁ sensitivity maps and induced noise distributions for FSS, copper, and no 
shielding configurations. At various imaging depths (z = 0, 10, 20 mm).  (c) Imaging results for cylindrical phantom and 

fruit sample (small apple). 

References: [1] de Vos B, et al., Journal of Magnetic Resonance, 2024, 362: 107669.  [2] Ochi H, et al. Electronics and 

Communications in Japan, 1994, 77(1): 37-45. 
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 Low-field Magnetic Resonance in Harsh Environments 

M.L. Johns1, K.T. O‘Neill, E.O. Fridjonsson 

School of Engineering, University of Western Australia, Perth, WA, Australia 

 

 

Low-field nuclear magnetic resonance (NMR) is now a well-established measurement utilised 

in laboratory and logging environments for characterisation of porous media.  NMR enables 

determination of porosity, fluid volumes and a qualitative estimation of permeability in complex 

geological environments.  Considerable technological advances in the design of NMR instruments 

has already enabled complex measurements to be performed in a range of challenging environments, 

such as oil and gas reservoirs and Antarctic sea ice.  This work examines extending NMR towards 

three applications with challenging operating and measurement conditions: (i) designing an NMR 

logging-while-drilling (LWD) tool to operate in hard rock iron ore mining, (ii) performing accurate 

quantitative characterisation in iron ore, and (iii) characterising water in space exploration. 

 

NMR LWD is now an everyday service in the oil and gas industry, enabling real-time formation 

evaluation.  Mineral exploration drilling is highly unfavourable to LWD due to the ‘high’ shocks and 

vibrations experienced.  Designing an NMR LWD tool for such environments requires a detailed 

understanding of the impact of tool motion on NMR measurements during logging.  This involves 

conducting electromagnetic simulations which quantify the magnetic fields generated by a logging 

tool, and subsequently introducing motion profiles within the relevant spin dynamic calculations [1].  

Such simulations can then be used to optimise the design of the tool to be robust to tool motion.  The 

critical design considerations are reducing the radial magnetic field gradient as well as the echo 

spacing in order to reduce the degree of signal attenuation due to motion. 

 

NMR measurements of water within iron ore samples is complicated by the presence of high internal 

magnetic field gradients due to magnetic susceptibility differences at the ore–water interface.  

Advanced 2D relaxometry measurements can be used to quantify key material properties.  We utilise 

Decay due to internal fields Carr-Purcell Meiboom-Gill (DDIF-CPMG) measurements to quantify 

2D ls-T2 (where ls is the pore length scale) which is subsequently used to quantify the surface 

relaxivity of samples.  Multi-echo measurements (consecutive CPMG measurements at variable echo 

spacing) can then be used to determine T2–geff (where geff is the effective internal gradients).  A new 

method, called the multi-regime model, is used to model the diffusive NMR signal attenuation in 

internal gradients [2].  The multi-regime model is a key step in accurately segregating surface 

relaxation and diffusive relaxation in high susceptibility materials.  This is crucial in accurately 

estimating properties such as pore size distributions and permeability in these iron ore samples. 

 

Finally, we consider the application of NMR towards extra-terrestrial materials in consideration of 

using NMR for space exploration.  This is achieved by conducting laboratory NMR measurements 

on Lunar and Martian regolith simulants [3].  DDIF-CPMG measurements are used to quantify the 

pore-size distributions.   These measurements are translated to particle size distributions (using a 

simple pore-to-particle model) and validated against laser particle size analysis measurements.  Multi-

echo measurements are used to quantify water volumes as both clay-bound and inter-particle water.  

The NMR measured moisture content showed reasonably good agreement to corresponding 

gravimetric measurements used for validation.  Finally, we discuss the implications of the current 

measurements for space exploration and the use of NMR to monitor plant growth in these simulants.   

 
References: [1] K.T. O’Neill, Jnl Mag. Res., 337, 107167 (2022) [2] K.T. O’Neill, Geophys. Jnl Int., 232, 3, 2017 (2023) [3] 

K.T. O’Neill, ICARUS, 339, 115544 (2023).    
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MagTetris+: A rapid simulator for magnetic field and force calculation for 

ferromagnetic materials and permanent magnets 

Jing Han Heng1, Junqi Yang2, Wenwei Yu2, Shao Ying Huang1 

1Singapore University of Technology and Design, Singapore, 2Chiba University, Chiba, Japan  

 

Introduction: Ferromagnetic materials play a significant role in many applications due to their 

strong magnetic responses under an external magnetic field, such as shimming permanent magnet 

arrays in NMR and MRI. However, rapid and accurate simulations of ferromagnetic materials remain 

challenging due to nonlinear hysteresis[1] and interactions of magnetization domains[2] which are 

the regions with uniform magnetization. Conventional numerical methods such as Finite Element 

Method (FEM) are computationally intensive and time-consuming[3,4], thus creating a growing 

need for rapid simulations of high accuracy using low computational resources and time.  

 

 

Method: MagTetris+ extends the magnet-only simulator 

MagTetris[5] to calculate magnetic field (B) and force of 

systems comprising both ferromagnetic materials and 

magnets. Magnetization (M) of a single-magnetization 

domain object is determined using Curie-Weiss Law[6], 

incorporating the contributions from an external magnetic 

field (HExt), self-demagnetization and hysteresis. 

Mangetocrystalline anisotrophy field[7] is approximated 

using the angle between HExt and M rather than using the 

object’s easy axes traditionally[7]. MagTetris+ discretizes a 

large ferromagnetic object into multiple domains and ensures 

stable and quick convergence of their interactions with a 

damping factor which prevents oscillation or divergence of M. 

 

 

Results and Discussion: MagTetris+ is benchmarked against CST magnetostatic solver (with 

sufficient meshes) [8] on the same setup (Fig.1(a)): a large ferromagnetic plate subjected to HExt 

generated by a permanent magnet. Fig.1(b)&(c) displays their Bs on the region of interest (ROI) and 

Fig.1(d) shows their difference maps. As shown, the calculated B by MagTetris+ is visually and 

quantitatively consistent with CST, proving high accuracy. To complete the simulation, CST took 40 

minutes and 50GB of peak memory consumption while MagTetris+ only requires 0.1 seconds and 

0.5GB. Thus, MagTetris+ possess speedup of 2400x and is 100x more memory-efficient against CST.  

 

 

Conclusion: MagTetris+ is a simulator for ferromagnetic materials and magnets which circumvent 

the computational bottlenecks of FEM mesh-based solvers. The computation time and resource 

requirements are significantly reduced, which facilitate integration with optimization algorithms 

and real-time design workflows. MagTetris+ offers a practical alternative to FEM-based tools with 

high computational efficiency and accuracy, thus accelerating research and development in various 

ferromagnetic applications such as passive shimming and iron yoke design for NMR and MRI. 

 
References: [1] Zheng, Elsevier. (2025) [2] Zeng, Elsevier. (2023) [3] Yan, Pier. (2015) [4] Dular, IEEE. (2024) [5] Liang, 

JMR. (2023) [6] Mugiraneza, Nature. (2022) [7] Kim, ACM. (2018) [8] www.3ds.com/products/simulia/cst-studio-suite 

 Fig. 1 
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Magne�c Resonance Fingerprin�ng:  Promise and Challenges
Nicole Seiberlich

University of Michigan, Ann Arbor, MI, USA 

Magne�c  Resonance  Fingerprin�ng  (MRF)  is  an  approach  for  e�ciently  and  simultaneously 

measuring mul�ple �ssue proper�es.  By tuning acquisi�on parameters and applying specialized 

reconstruc�on approaches, MRF can be deployed to assess T1, T2, PDFF, T1r, and/or T2* in organs 

including the brain, heart, liver, and prostate. While this powerful technique has been demonstrated 

in a variety of research se/ngs, it has not yet been translated for clinical use. This presenta�on will 

introduce the concept of MRF and its poten�al for �ssue characteriza�on, as well as the challenges 

faced by MRF which currently limit its clinical adop�on.
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