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FY2025 R&D Project Implementation Status Report (Results)

Moonshot R&D Program
Realization of a mentally healthy and dynamic society by increasing peace of mind and
vitality by 2050

“Jizai Hon-yaku-ki (At-will Translator)” connecting various minds
based on brain and body functions

Development of

(FRFERER]
Sensing the state of mind by the optically pumped magnetometer-
Magnetoencephalography (OPM-MEG)
KR E D TRt 0 eEE (OPM-MEG) ZFLZ Z ADIRREDSRAEXNY

SRRAHEES ¢
Sven Bestmann (University College London, Professor)
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1. HAZESIRERRE Research Progress and Outcomes

The aim of this R&D plan this year was 1) to optimize sensor arrays for detecting signals from

emotion-related deep brain structures, such as the medial frontal cortex (MFC), nucleus

accumbens (NAc), and amygdala (Amy), to record brain activity during emotion-evoking behavioral
tasks, and 2) to support the establishment of an OPM-MEG facility at NIPS in collaboration

with PI Kitajo (7-1).

1. We have designed and produced two dedicated 3D printed OPM sensor arrays, which allow for
positioning of OPM sensors across the entire head and neck, so that sensors can be optimized
for the regions of interest. We have also completed the groundwork for the simulations that
will evaluate the sensor positions for various brain regions relevant to this project.
Specifically, we are using the finest parcellation (7T Scale IV) available in the Melbourne
Subcortex Atlas. This parcellation defines subcortical parcels ( “sub-structures” , e.q.
hippocampus tail/body/head), defined based on functional connectivity gradient mapping using
data from the Human Connectome Project (n = 183 healthy adults), and additional cerebellar
sources (evenly distributed source grid; 3 orthogonal dipoles per sources, oriented along
the Cartesian axes). Our model utilizes the inner- and outer-skull compartments from the
ICBM152 T1 image. We are currently conducting detailed simulations of all 3 forward models
(Nolte, BEM, FEM), to then assess the similarity of different head models and sensor arrays
for the lead fields across all source locations, along with SNR and sensitivity maps. We
are currently drafting the first publication that will summarize this approach. In parallel,
we have designed and piloted several tasks to robustly activate emotional brain circuits,
including a) an emotion recognition task, b) aversive memory consolidation task
(naturalistic viewing trauma intrusion task), and c) Pavlovian conditioning task.

2. We have regularly consulted with Prof Kitajo/NIPS about the installation of the new OPM
system, especially on the design of sensor arrays, experimental tasks for benchmarking and
initial experiments, and training. This has included several meetings involving company
representatives.

2. KRBT EH Key Research Achievements

1) BREERICREE ST DR Outcomes Most Significantly Contributing to Goal Achievement
i. Sensor array head cast design and construction; ii. Successful setup of head models including
finite element models for evaluation of sensor arrays; iii. Initial recordings with the 3D
head casts to evaluate their usability, safety, subject comfort and functionality, in simple
evoked-response tasks.

2) REBLEH Representative Publications
Not applicable.

3) RFRBIHFEF Representative Patents
Not applicable.
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FY2025 R&D Project Implementation Status Report (Results)

Moonshot R&D Program
Realization of a mentally healthy and dynamic society by increasing peace of mind and
vitality by 2050

Development of “Jizai Hon-yaku-ki (At-will Translator)” connecting various minds
based on brain and body functions

(FRFERER]
Identification and utilization of long-term neural signal reflecting
the extinction of fear and anxiety (or the establishment of relief)
Tt - AEDEE (RIODFEL) ISHhHDS RIS JFIIVORERE EFIA

SRRAHEES ¢
Til Ole Bergmann (Leibniz Institute for Resilience Research, Professor)
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1. FAEIRRERER Research Progress and Outcomes

The project established a neural readout for fear extinction success and prepared an EEG-fMRI
study on fear extinction in N=80 participants, of which N=30 have already been successfully
tested.

2. ATRHIRSRENI Key Research Achievements

1) BIEERICREES T SDE Outcomes Most Significantly Contributing to Goal Achievement
During fear extinction, the unexpected omission of a feared outcome is accompanied by a
subjective feeling of relief and a neural surprise signal in the “ventral striatum” . There
are individual differences in how well people extinguish fear. We showed that fast extinction
learners show a strong surprise signal in the ventral striatum that only appears late in slow
extinguishers (see below). This provides a new fMRI-based readout for extinction success.

In N=30 participants, we conducted state-of-the-art concurrent EEG-fMRI measurements during
and after fear extinction to identify EEG fingerprints reflecting the ventral striatal surprise
signal observed in fMRI and also activation of the ventromedial prefrontal cortex after
extinction, which is relevant for consolidation and later remembering the extinction learning
experience. To achieve high-quality EEG recordings during fMRI, we established the novel Carbon
Wire Loop technology. We also include various measures of the function of the sympathetic
nervous system, to test its relation to extinction learning and its neural correlates, based
on recent findings by the group of collaborator R. Kalisch. Evaluating these individual
differences required considerable upgrading of the sample size to N = 80.

2) XFRMIZRERS Representative Publications

Andres E et al. A ventral striatal learning signal reflecting individual differences in the
success of fear extinction. Mol Psychiatry. 2026, epub ahead of print.

Across four datasets of the LIR comprising healthy male participants, we identified two
reproducible extinction phenotypes: fast extinguishers, who showed rapid reduction of
conditioned fear responses, and slow extinguishers, who showed more persistent fear responding
during extinction. This two-class solution was replicated in two publicly available external
datasets including both female and male participants, supporting generalizability of the
identified individual-difference structure. In the subset of datasets with fMRI, we showed
that fast and slow extinguishers differed in ventral striatal responses to the omission of an
expected unconditioned stimulus during extinction. This identifies a neural read-out of
extinction prediction errors and suggests that individual differences in extinction success
depend on how efficiently the brain registers and uses safety-learning signals.

3) RFRBISHFEF Representative Patents
None.
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FY2025 R&D Project Implementation Status Report (Results)

Moonshot R&D Program
Realization of a mentally healthy and dynamic society by increasing peace of mind and
vitality by 2050

Development of “Jizai Hon-yaku-ki (At-will Translator)” connecting various minds
based on brain and body functions

(FRFERER]
Identification and utilization of long-term neural signal reflecting
the robustness to emotional disturbances (the unwavering mind)
BEIMIAELICH T DM EHELRVWCCS) [SHHDSRIANEIED J T IIVDRE CFIFA

SRRAHEES ¢
Oliver Tuscher (Leibniz Institute for Resilience Research, Professor)
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1. HAZESIRERRE Research Progress and Outcomes

During FY2025, significant progress was achieved toward identifying neural network markers of
resilience and stability against emotional perturbation across human EEG/MEG and translational
animal datasets. Simultaneous EEG/MEG recordings during a Go/NoGo task revealed oscillatory
neural mechanisms underlying inhibitory control and emotional perturbation. Drift Diffusion
Model analyses linked behavioral parameters to neural activity and revealed a beta-band top-
down interaction from frontal cortex to visual cortex carrying inhibitory control information
from previous trials during proactive states. In parallel, spectral Transfer Entropy analyses
in mouse social defeat stress (SDS) datasets revealed bidirectional medial prefrontal-amygdala
information transfer and cross-frequency interactions. Finally, convergent analyses
integrating human EEG and mouse calcium imaging data revealed cross-species evidence linking
resilience to adaptive visual cortical dynamics and fronto-visual top—-down control.

2. ATRHRNSREHI Key Research Achievements

1) BRERICREE ST DR Outcomes Most Significantly Contributing to Goal Achievement
We identified a translational fronto-visual neural mechanism associated with resilience and
stability against emotional perturbation. In human EEG/MEG datasets, we revealed that beta-
band top-down modulation from frontal cortex to visual cortex encoded inhibitory control
information from previous trials during proactive preparatory states. Complementary analyses
in mouse SDS datasets revealed altered burst dynamics and reduced spontaneous burst activity
associated with resilient outcomes, a phenomenon that could also be reproduced in human EEG
datasets. These findings support adaptive fronto-visual modulation and stabilization of visual
cortical dynamics as conserved neural mechanisms underlying resilience. We also evaluated
small LLMs for mental-state classification (see publication), with potential future deployment
on smartphones and consumer devices within “JIZAI (At-will) Translator” project.

2) {XRHIZRERY Representative Publications

Pinzuti E, Tischer 0, Ferreira Castro A. Comparative performance of large language models in
emotional safety classification across sizes and tasks. Front Artif Intell. 2025 doi:
10. 3389/frai. 2025. 1706090.

This study evaluates LLaMA models ranging from 1B to 70B parameters on emotional-safety
classification using a new mental-health dataset with 15,000 samples. Larger models generally
performed better, particularly for nuanced multi-label risk classification and zero-shot
inference. However, lightweight fine-tuning enabled the 1B model to achieve results comparable
to larger models in several well-represented categories while requiring less than 2 GB of VRAM.
These findings support the use of small, privacy-preserving on-device models for safety-
critical mental-health applications.

3) RFRBIHFEF Representative Patents
Not applicable.
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