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FIGURE 2. A default
mode network, as
examined by fMRI and
fiber photometry.

regulates subjective feelings into cognitive and motivational
processes, to the retrosplenial cortex (RSC; a cortical area in
the brain that makes connections with numerous other brain
regions), which facilitate access to attentional resources as
observed in hemodynamic fMRI studies.

The team is expanding the study, as well, with the dev
opment of a silent zero echo time (ZTE) fMRI technique. It

Researchers exploit disordered

scattering to improve depth
control for holograms
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uses “auditory oddball paradigms” to manipulate the SN
and DMN in awake, stress-free mice, Shih explains. The
researchers are working to record excitatory and inhibi
tory neurons in the RSC, the anterior cingulate gyrus (Cg;
a component of the limbic system that’s involved in
cessing emotions and behavior regulation), the prelimbic
cortex (PrL; a protein hormone that controls reproduction,
immunomodulation, and energy metabolism), and the an-
terior insula simultaneously during a silent fMRI sequence.
Here, the researchers will also manipulate selected neuro
nal populations at specific brain regions to investigate the
neuronal mechanisms of DMN and SN modulation in head-
fixed awake mice.

“These methods, combined with computational modeling,
have revealed critical in vivo evidence of the causal influence
of direct anterior insula activation on SN-DMN dynamics,”
Shih says, noting the team will expand upon their findings

“with ground-truth neuronal information” using the new fiber
photometry platform.—JUSTINE MURPHY

Researchersin Chinaand S
gapore recently teamed up to shape
arbitrary light fields and came up with
anovel way to break the depth-control
limit to create dynamic ultrahigh-den
sity 3D holographic projections (see

A 3D hologram can presentareal 3D
scene’s continuous and fine features,
but two long-standing problems with

currently available digital holographic
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techniques—low axial resolution and
high interplane crosstalk—prevent fine
depth control of holograms and limit the
quality of 3D displays of objects.
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Fig. 1). Ultrahigh-density holograms
are desirable for virtual-reality (VR) ap-
plications, in particular, because they
pack in more depth information—and it
results in more realistic-looking 3D dis-
plays of objects.

Light scattering “is usually per
ceived as a destructive effectin
holography, but our work shows disor-
dered scattering can be exploited to
break the limitations in holographic p
jections,” says Lei Gong, a professor
of optics at the University of Science
and Technology of China, whose group
worked on the project with Professor
Chengwei Qiu’s group at the National

Panpan Yu (left) and Lei Gong in the
lab, working on their 3D-SDH project,
observe the speckle light field behind
a scattering medium. The speckle field
helps break the depth-control limit of
holographic projection.
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University of Singapore. “It's why we
call our method ‘3D scattering-assisted
dynamic holography.”

Spatial light modulators (SLMs)
are commonly used for dynamic ho-
lographic projection, but a serious
drawback is that very few images can
be projected onto separable planes
and they’re at a low depth resolution.

The team outmaneuvered this with
their three-dimensional scattering-as-
sisted dynamic holography (3D-SDH)
method, which combines a SLM with a
diffuser. “It enables multiple images to
be separated by a much smaller depth
of focus (DoF)—without being limited
by SLM pixel pitch or pixel number,”
explains Gong. “Interplane crosstalk
is suppressed by introducing random

FIGURE 1. Ultrahigh-density multiplane projection illustration of a dolphin.
3D-SDH is a new method for dynamic projection of 3D objects onto ultrahigh-

phase and orthogonality of random density successive planes. Packing more details into a 3D image may enable
fields, so our method simultaneously more realistic representations for use in VR, 3D printing, and holographic-based
reduces the DoF of image planes and optical encryption.
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suppresses interplane crosstalk to
power up ultrahigh-density 3D holo-
graphic projection.”

Path to realistic
3D holograms
The team’s work is “a new paradigm Hologram
toward realistic 3D holograms that

can deliver exceptional representa-
tion of the 3D world around us,” says
Gong. “We leverage disordered scat
tering by a diffuser for ultrafine 3D light
field projection—and our approach
breaks the depth-control limit of current
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) . Hologram Conventional multi-plane projection
state-of-the-art methods in multiplane
holographic projection.” FIGURE 2. Conventional and ultrahigh-density multiplane projection. The 3D-SDH
When they put 3D-SDH to the test approach creates a digital hologram by projecting high-resolution images onto

planes spaced close together (a), achieving a more realistic representation than

via simulations, the researchers found . .
conventional holography techniques (b).

it produced 3D reconstructions with a

much smaller depth interval between successive images planes at a depth projected. This is a big improvement
gach plane (see Fig. 2). As part of this interval of 0.96 mm within a single compared to random vector-based
test, a 3D rocket model—with 125 1000 x 1000 pixel hologram—was computer-generated holography, which
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can achieve only 32 image planes with
adepth interval of 3.75 mm.

The team also experimentally
validated the concept by building a
prototype 3D-SDH projector so they
could create dynamic 3D projections
to compare to a conventional setup
for 3D Fresnel computer-generat-
ed holography.

Compared to projection with a SLM,
3D-SDH provides an improvement in
depth resolution by more than three
orders of magnitude. It also enables
dynamic 3D vectorial projections with
phase-only holograms.

3D-SDH may find use in applications
such as VR, 3D printing, and holograph-
ic-based optical encryption. VR creates
an illusion of 3D viewing commonly via
headsets, while holograms can provide
better naked-eye 3D visualization. For a
holographic VR headset, 3D-SDH can
help greatly improve the viewing angle
of the holographic display—which en-
hances the 3D-viewing experience. And
holographic-based optical encryption
can benefit from more data being en-
crypted inside a hologram.

Singapore-MIT Alliance for Research
and Technology (SMART) research

ers and colleagues from the Disruptive
and Sustainable Technologies for Ag-
ricultural Precision (DISTAP) and the
Temasek Life Sciences Laboratory cre
ated near-infrared (near-IR) fluorescent
carbon nanotube sensors to detect
gibberellins (GAs), a class of plant hor-
mones that are crucial for growth.

The nanosensor differentiates
between GAs and two other related
hormones: GA3 and GA4—diterpenoid
phytohormones, which help control the
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“Our current 3D holograms recon-
structed only point-cloud 3D images
(which can’t present the solid body of
a 3D object), but they can be viewed
from any direction over the full 417 solid
angle,” says Gong. “Our ultimate goal is
to project a solid body of 3D objects with
a hologram. The complexity of recon-
structed 3D images is still limited due to
the finite modes of the hologram, and a
much higher pixel-count hologramis re
quired to project complicated 3D scenes.”

Generating such a 3D hologramis
achallenge, and the researchers say
new algorithms will be necessary to
pull it off. Beyond this, they say a |
cially designed scattering medium will
also be needed—instead of meas
ing the large 3D transmission matrix
of the medium.

“We're thrilled that light scatter-
ing from a scattering medium can
bring new perspectives for improving
depth control for holograms,” Gong
adds.—SALLY COLE JOHNSON

FURTHER READING

P. Yuetal, Optica, 10, 4 (2023); doi:10.1364/
optica.483057.

processes involved in plant growth and
development.

“We now have a tool to monitor, in
real time, how our crops are grow
ing—allowing us to make expedient
adjustments or interventions when
necessary,” says Mervin Chun-Yi Ang,
associate scientific director of DISTAP,
an interdisciplinary group that’s part of
the SMART alliance.

The sensors are polymer-wrapped,
single-walled carbon nanotubes
(SWNTs) featuring corona phases that
selectively bind to bioactive forms of
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