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1. Overview of DMICA
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Target material: muscovite mica KAl3Si3O10(OH)2

modifies the ion–ion interaction and may promote their mobility33, in
turn modifying the ions’ arrangements. In solution, the distribution of
the hydrated ions may be affected by their increased mobility20,
ion–water and water–water interactions24, and the pH. The measured
arrangements havebeen explained in termsofwater-mediated ion–ion
interactions24,33, while the potential role of the aluminosilicate sub-
surface has not been considered or deemed negligible24. As shown in
this work, however, this assumption should be revised.

Doubts exist not only on the surface K order but also on the Al
order in the subsurface tetrahedral sheets. The Al distribution is hard
to determine experimentally since Al and Si have similar scattering
factors in X-ray diffraction. Early nuclear magnetic resonance (NMR)
combined with Monte Carlo (MC) simulations36,37 have suggested the
presence of Al short-range ordering. Such ordering could affect the
distribution of the surface K+ ions through electrostatic interaction.
Testing this hypothesis in the ambient or solution is, however, difficult
for the reasons listed above.

Imaging the mica surface under ultra-high vacuum (UHV) should
be well suited to assess the intrinsic ordering of the K+ ions and
potentially relate it to the distribution of the subsurface Al ions.
However, so far, individual K+ ions could not be resolved because UHV
cleaving often introduces strong electrostatic fields that make AFM
imaging challenging38. To the best of the authors’ knowledge, the only
account of K+ ordering after UHV cleaving comes from low-energy
electron diffraction (LEED)39, which has suggested a random distribu-
tion. Instead, the present results—based on non-contact (nc) AFM
acquired on UHV-cleaved, cleanmica—show that its surface K+ ions are
arranged with short-range order. The distribution is analyzed with
density functional theory (DFT) calculations and MC simulations,
which demonstrate a close relation to the subsurface Al arrangements.

Results and discussion
Figure 1c, d shows atomically resolved images of themica surface after
UHV cleaving. The images were acquired using the qPlus sensor40,41,
which is stiffer (2000–3500N/m) than standard AFM cantilevers.
Hence, it is less affected by the long-range interactions with the highly
charged surface of mica42,43 that otherwise hamper atomic contrast38.
The images reveal an array of isolated, round, dark features arranged
on a hexagonal lattice. The dark contrast represents attractive inter-
action between the nc-AFM tip and the sample (negative frequency
shift). In the background, regions of different contrast of a few nan-
ometers in width are visible (two of them are marked by a white and a
black circle in Fig. 1c). The background contrast variation suggests an
inhomogeneous long-range interaction with the AFM tip, possibly
originating from trapped subsurface charges. This is also evidenced by
frequency shift curves acquired as a function of tip-sample distance
and sample bias (Supplementary Note 4).

The isolated dark features in Fig. 1 are assigned to the K+ ions left
on the surface after cleaving. The features sit on a hexagonal lattice
with the expected lattice constant of 0.52 nm, as determined by the
Fourier transform of Fig. 1e (see Supplementary Note 5 for the analysis
of the diffuse background of the Fourier transform). As expected from
electrostatic considerations, the cations occupy approximately half
(precisely 47.8 ± 0.1%) of the surface sites. Supplementary Note 5 dis-
cusses how the coverage was derived and why it differs from the
expected 50%. It is worth noting that the exclusively attractive inter-
action between isolated, undercoordinated cationic adatoms on the
surface and the tip is typical in nc-AFM44,45. The K+ ions cannot be
deliberately nor inadvertentlymanipulated with the AFM tip, and their
relatively large height hampers the resolution of the underlying
aluminosilicate sheet.

Fig. 1 | Cation ordering on as-cleavedmica. a, b Crystal structure of mica. Al ions
(blue) in the tetrahedral sheets areplaced in a pseudo-randomarrangement akin to
Fig. 4e, showing one possible arrangement fitting the experimental data. a Side
view of bulkmica. Cleaving occurs at the K layer, leaving half the K+ cations on each
side. b Top view of the surface after cleaving. Before cleaving, each ditrigonal
cavity (ring, highlighted in white) is occupied by one K+ ion. After cleaving, 50% K+

ions remain on each cleaved surface. c, d Atomically resolved constant-height nc-
AFM images of mica after UHV cleaving, acquired with a CO-functionalized tip and

a metal tip, respectively. The images were acquired at 4.7 K with different qPlus
sensors and ondifferent samples. Yellow (red) arrows highlight specieswith darker
(fainter) contrast than average. e Fourier Transform of the image shown in panel
(c). Yellow circles mark selected diffraction spots of the underlying bulk. Unit cells
of the (almost) hexagonal lattice in panels (b), (d), and (e) are highlighted in yellow
(strictly speaking, the muscovite unit cell is rectangular because the tetrahedral
rings are not perfect hexagons).
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Cleaving along a potassium layer produces 
atomically flat, nearly perfect surfaces.

cleaved and etched mica samples 
under an optical profiler
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Pioneering DM search with mica by Snowden-Ifft et al. 1995

• Using only 0.08 mm² of 0.5 Gyr-old mica, they set one of the tightest WIMP cross-section 
limits of the time—an exposure of 10⁻⁶ ton · year.


• DMICA will enlarge the scanned area by six orders of magnitude, targeting 1 ton · year of 
exposure, by replacing AFM with an optical profiler for mica scan.
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• A TRIM simulation shows a 10 keV O ion stochastically leaving atomic vacancies—its recoil track.


• Mica can retain nuclear recoil “tracks” for billions of years unless thermally annealed.

vacancy

path of oxygen ion

50nm

50
nm

Single elastic scattering with  
recoil energy of ~ keV / nucleon

DM

K, Al, Si, O

“recoil track”

DM scattering recorded as nuclear recoil tracks
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etch cleaved surface 
with 49% HF 
for 1 h at 25℃

Etch-Pit Observation of Recoil Tracks

• Recoil tracks intersecting the cleavage are revealed as μm-wide, nm-deep pits after HF etching.


• Pit depth is a key observable for distinguishing DM-recoil pits from α-recoil pits.


• Fast neutron recoil pits are genuine backgrounds, being indistinguishable from DM-recoil pits.

cleavage

chained tracks

238U

206Pb

K, Al, Si, O

DM or n

DM-recoil α-recoil

single track

n-recoil 

pit
pit

pit pit

~um

~nm

α-recoil pit DM-recoil pit
n-recoil pit
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n-recoil pits—pseudo signal

(n-irradiated mica after annealing)

alpha-recoil pits

(ancient mica ~ 0.8 Gyr-old)

α-recoil and neutron-recoil pits (optical profiler images)

height [nm
]

height [nm
]

• Fast‑neutron pits mimic DM recoils and illustrate mica’s potential for DM detection.


• α-recoil pits are consistently deeper than fast-neutron-recoil pits.


• This depth contrast makes pit depth a key observable for separating DM signals from α-recoil backgrounds.
10



• ROI (4.0–6.4 nm) was expected to host DM pits, but no events were observed in a 0.08mm2 mica scan.


• The null result set an upper limit on the WIMP cross section.

Pit-depth histogram and WIMP limit in Snowden-Ifft et al. (1995)
↓Region of Interest (4.0–6.4nm)

ancient  
mica

n-irradiated 
mica

α-recoil pit

pit
pit

pit pit

α-recoil pit DM-recoil pit
n-recoil pit

n-recoil pit

←null events
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AFM scans  
(40um)2 with (256px)2  
in 280 sec

Optical profiler scans  
(173um)2 with (1000px)2  
in 3 sec

Optical profiler covers a 173 µm × 173 µm area in 3 s, whereas AFM needed ~280 s for just 40 µm × 40 
µm at similar lateral resolution.

Snowden-Ifft et al. (1995)

comparable 
lateral resolution

DMICA replaces slow AFM scanning with Fast optical profiling

12



DMICA: 524,765 um2  

(total scan time: 53s)

Our R&D test processed a ~0.5 mm² mica surface—about 6.5 times the area of Snowden-Ifft et al.—yet 
reproduced their pit-depth histogram.

6.5x

Snowden-Ifft et al. 1995: 80,720 um2  
(total scan time: 4 hrs)

Preliminary DMICA scan: 0.5 mm² in 53 s
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Snowden-Ifft et al. 1995 DMICA

Exposure 
(Scan area)

1e-6 ton-year 
(0.08 mm2)

1 ton-year 
(800 cm2)

Readout 
(Scan speed)

Atomic force microscopy 
(48 hr/mm2)

Optical profiler 
(100 sec/mm2)

Nominal scan time 4 hours 92 days

Lateral sampling 0.156 um 0.173 um

Backgrounds 
in ROI

virtually no background 
because of small exposure radiogenic fast neutrons

Comparison of DMICA with Snowden-Ifft et al. 1995

By replacing slow AFM read-out with a fast optical profiler, DMICA can scale the scanned area by six 
orders of magnitude—reaching one ton-year of exposure—at the cost of a radiogenic fast-neutron 
background in the ROI.
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Projected DMICA sensitivity:  
1 ton-year, 0.5 Gyr integration, 800 cm² scan

DSNB ν

solar ν

GSNB ν

radiogenic neutron

predicted pit depth histogram based on a pit-creation model 
(Snowden-Ifft and Chan 1995)

ref. DM (100GeV, 1e-43cm2)

• Muscovite mica

• age: 500 Myr

• Uranium concentration: 0.1ppb

• exposure: 1 ton yr

Snowden-Ifft et al. 1995

• Muscovite mica

• age: 500 Myr

• Uranium concentration: 0.1ppb

• exposure: 1 ton yr

~ 5 orders of mag.

Including the radiogenic-neutron background, a 1 ton-year exposure improves the spin-independent 
WIMP limit by ~5 orders of magnitude relative to Snowden-Ifft et al. 15



DMICA’s plate geometry gives an A/V about eight orders of magnitude larger than XENON;  
for the same 1 ton-year exposure, the upper limit on detectable DM mass rises to ~1e25 GeV.

DMICA XENON

geometry comparison

 (not to scale)

Surface-to-volume advantage and 1e25 GeV mass reach
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Ancient minerals records Gyr-old DM events,  
enabling a galaxy-wide survey

Credits: NASA/JPL-Caltech/R. Hurt (SSC/Caltech)

Sun’s orbital period around the 
Galactic center~ 0.2Gyr

Artificial detectors capture brief, high-sensitivity snapshots, whereas minerals archive billion-year, Galaxy-
wide exposure—together providing complementary insight.



2. Optical profiling of etch pits
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z

de Groot 2017

incoherent light 
550nm ±20nm

The instrument scans in z and—with AFM-level precision—assigns each pixel the height where the 
interference envelope between reference and sample reflections reaches its maximum.

Principle of  Optical profiling  (white-Light Interferometry)
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de Groot 2017

x

y

2-D Interference Fringes Trace Surface Height Contours

• Only points whose optical path matches the reference mirror appear as high-contrast fringes.


• The resulting contours indicate equal height.
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The 2-D interference fringe pattern is diffraction-limited: spatial frequencies above the cutoff are 
suppressed, so the finest height details cannot be reproduced.

Diffraction-Limited Resolution in Interference Fringe Imaging

<latexit sha1_base64="PMgc2mZ6jo4VcRqt/A2bGqmam1Y="></latexit>
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AFM WLI

(raw data)

WLI

(restored data)

Diffraction-Limited Transfer in WLI Blurs Fine Surface Features
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Binary Pseudo-Random Array (BPRA)

A two-level pixel pattern is randomly distributed 
across a two-dimensional plane.

BPRA Quantifies the Diffraction-Limited Transfer Function

<latexit sha1_base64="cpvmMa4OnFOD8AvPJu6aa4t0g04="></latexit>

F {z[x, y]} = H[fx, fy]F {z0[x, y]}
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Measured topography 

Topography Restoration with the Measured Transfer Function

Fourier spectrum 
Corrected  

Fourier spectrum 

Restored topography 
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AFM WLI

(raw data)

WLI

(restored data)

Restored WLI Topography Approaches AFM-Level Fine Detail
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Impact of restoration on the pit-depth histogram

Restoration shifts α-recoil pits to larger depths, leaving the shallow-depth ROI almost empty.

original data restored data
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3. Etch-pit formation model
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Recoil energy spectrum 
(Theory)

Track length histogram 
(Observable)

Recoil energy—track length relation 
(SRIM table)

Recoil Energy – Track Length Correspondence

SRIM tables convert recoil energy to track length, mapping the theoretical spectrum to the observed 
histogram—and the measured track-length distribution, in turn, reveals the recoil-energy spectrum.
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Etch-Pit Yield vs. Stopping Power

Snowden-Ifft and Chan implanted ions into mica and showed that the etch-pit yield—pits per incident ion—
depends mainly on the nuclear stopping power, with little sensitivity to the electronic component.

Based on Table 1 in 
Snowden-Ifft & Chan (1995)
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Etching pits in muscovite mica advance in 1 nm increments—precisely the thickness of a single layer—
so the measured pit depths occur only at integer-nanometre steps (Snowden-Ifft et al. 1993).

modifies the ion–ion interaction and may promote their mobility33, in
turn modifying the ions’ arrangements. In solution, the distribution of
the hydrated ions may be affected by their increased mobility20,
ion–water and water–water interactions24, and the pH. The measured
arrangements havebeen explained in termsofwater-mediated ion–ion
interactions24,33, while the potential role of the aluminosilicate sub-
surface has not been considered or deemed negligible24. As shown in
this work, however, this assumption should be revised.

Doubts exist not only on the surface K order but also on the Al
order in the subsurface tetrahedral sheets. The Al distribution is hard
to determine experimentally since Al and Si have similar scattering
factors in X-ray diffraction. Early nuclear magnetic resonance (NMR)
combined with Monte Carlo (MC) simulations36,37 have suggested the
presence of Al short-range ordering. Such ordering could affect the
distribution of the surface K+ ions through electrostatic interaction.
Testing this hypothesis in the ambient or solution is, however, difficult
for the reasons listed above.

Imaging the mica surface under ultra-high vacuum (UHV) should
be well suited to assess the intrinsic ordering of the K+ ions and
potentially relate it to the distribution of the subsurface Al ions.
However, so far, individual K+ ions could not be resolved because UHV
cleaving often introduces strong electrostatic fields that make AFM
imaging challenging38. To the best of the authors’ knowledge, the only
account of K+ ordering after UHV cleaving comes from low-energy
electron diffraction (LEED)39, which has suggested a random distribu-
tion. Instead, the present results—based on non-contact (nc) AFM
acquired on UHV-cleaved, cleanmica—show that its surface K+ ions are
arranged with short-range order. The distribution is analyzed with
density functional theory (DFT) calculations and MC simulations,
which demonstrate a close relation to the subsurface Al arrangements.

Results and discussion
Figure 1c, d shows atomically resolved images of themica surface after
UHV cleaving. The images were acquired using the qPlus sensor40,41,
which is stiffer (2000–3500N/m) than standard AFM cantilevers.
Hence, it is less affected by the long-range interactions with the highly
charged surface of mica42,43 that otherwise hamper atomic contrast38.
The images reveal an array of isolated, round, dark features arranged
on a hexagonal lattice. The dark contrast represents attractive inter-
action between the nc-AFM tip and the sample (negative frequency
shift). In the background, regions of different contrast of a few nan-
ometers in width are visible (two of them are marked by a white and a
black circle in Fig. 1c). The background contrast variation suggests an
inhomogeneous long-range interaction with the AFM tip, possibly
originating from trapped subsurface charges. This is also evidenced by
frequency shift curves acquired as a function of tip-sample distance
and sample bias (Supplementary Note 4).

The isolated dark features in Fig. 1 are assigned to the K+ ions left
on the surface after cleaving. The features sit on a hexagonal lattice
with the expected lattice constant of 0.52 nm, as determined by the
Fourier transform of Fig. 1e (see Supplementary Note 5 for the analysis
of the diffuse background of the Fourier transform). As expected from
electrostatic considerations, the cations occupy approximately half
(precisely 47.8 ± 0.1%) of the surface sites. Supplementary Note 5 dis-
cusses how the coverage was derived and why it differs from the
expected 50%. It is worth noting that the exclusively attractive inter-
action between isolated, undercoordinated cationic adatoms on the
surface and the tip is typical in nc-AFM44,45. The K+ ions cannot be
deliberately nor inadvertentlymanipulated with the AFM tip, and their
relatively large height hampers the resolution of the underlying
aluminosilicate sheet.

Fig. 1 | Cation ordering on as-cleavedmica. a, b Crystal structure of mica. Al ions
(blue) in the tetrahedral sheets areplaced in a pseudo-randomarrangement akin to
Fig. 4e, showing one possible arrangement fitting the experimental data. a Side
view of bulkmica. Cleaving occurs at the K layer, leaving half the K+ cations on each
side. b Top view of the surface after cleaving. Before cleaving, each ditrigonal
cavity (ring, highlighted in white) is occupied by one K+ ion. After cleaving, 50% K+

ions remain on each cleaved surface. c, d Atomically resolved constant-height nc-
AFM images of mica after UHV cleaving, acquired with a CO-functionalized tip and

a metal tip, respectively. The images were acquired at 4.7 K with different qPlus
sensors and ondifferent samples. Yellow (red) arrows highlight specieswith darker
(fainter) contrast than average. e Fourier Transform of the image shown in panel
(c). Yellow circles mark selected diffraction spots of the underlying bulk. Unit cells
of the (almost) hexagonal lattice in panels (b), (d), and (e) are highlighted in yellow
(strictly speaking, the muscovite unit cell is rectangular because the tetrahedral
rings are not perfect hexagons).
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Unit-Layer Quantization of Etch-Pit Depths

Snowden-Ifft et al. (1993)
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Phenomenological Model for the Energy—Depth Relation
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<latexit sha1_base64="6G8K70ehTBsLHIkR+C9ep8Y2naA=">AAAB9HicbVDLSgMxFM3UVx1fVZdugkVwIWXGRXUjFt24rOC0hXYomTTThmYyY3KnUIZ+g1sFd8Wtv+EniH6N6WOhrQcCh3Pu4d6cIBFcg+N8WbmV1bX1jfymvbW9s7tX2D+o6ThVlHk0FrFqBEQzwSXzgINgjUQxEgWC1YP+7cSvD5jSPJYPMEyYH5Gu5CGnBIzktTox6Hah6JScKfAyceekeP1hXyXjT7vaLnybHE0jJoEKonXTdRI4w6Fgj9LPiAJOBRvZrVSzhNA+6bKmoZJETPvZ9OYRPjFKB4exMk8Cnqq/ExmJtB5GgZmMCPT0ojcR//OaKYSXfsZlkgKTdLYoTAWGGE8KwB2uGAUxNIRQxc2tmPaIIhRMTbZtynAXv75Mauclt1wq3zvFyg2aIY+O0DE6RS66QBV0h6rIQxRx9ISe0Ys1sF6tsfU2G81Z88wh+gPr/QdsopSm</latexit>. . .

<latexit sha1_base64="/pJbW6LfgMHaAI17qrQUS5LYTVw=">AAAB9XicbVDLSgNBEJz1GddX1KOXwSB4kLDrIXoRg148RjAPSILMTnqTMbOz60yvEkL+wauCJ8Wrn+EniH6Nk8dBjQUNRVU33V1BIoVBz/t0Zmbn5hcWM0vu8srq2np2Y7Ni4lRzKPNYxroWMANSKCijQAm1RAOLAgnVoHs29Ku3oI2I1SX2EmhGrK1EKDhDK1Ua2AFkV9mcl/dGoNPEn5Dcybt7nDx/uKWr7FejFfM0AoVcMmPqvpfgPg0l3Khmn2kUXMLAbaQGEsa7rA11SxWLwDT7o6MHdNcqLRrG2pZCOlJ/TvRZZEwvCmxnxLBj/npD8T+vnmJ41OwLlaQIio8XhamkGNNhArQlNHCUPUsY18LeSnmHacbR5uS6Ngz/7+vTpHKQ9wv5woWXK56SMTJkm+yQPeKTQ1Ik56REyoSTa3JPHsijc+c8OS/O67h1xpnMbJFfcN6+ASIZlQw=</latexit>

ω <latexit sha1_base64="quySZxbip8ihX/CxsFf04KtGT/g=">AAAB+HicbVDLSsNAFJ34rPFVdelmsBVcSEm6qG6EohuXFexD2lAmk0k7dGYSZyZCDfUn3Cq4E7f+jX6NkzYLbT1w4XDOvdx7jx8zqrTjfFlLyyura+uFDXtza3tnt7i331JRIjFp4ohFsuMjRRgVpKmpZqQTS4K4z0jbH11lfvuBSEUjcavHMfE4GggaUoy0ke7KwYVbfhLc7hdLTsWZAi4SNyclkKPRL373gggnnAiNGVKq6zqxPoUhI/fCS5HUFDMysXuJIjHCIzQgXUMF4kR56fTuCTw2SgDDSJoSGk7V3xMp4kqNuW86OdJDNe9l4n9eN9HhuZdSESeaCDxbFCYM6ghmIcCASoI1GxuCsKTmVoiHSCKsTVR2FoY7//oiaVUrbq1Su6mW6pd5LAVwCI7ACXDBGaiDa9AATYABB8/gBbxaj9ab9W59zFqXrHzmAPyB9fkDK1aR9g==</latexit>

d = 1 nm

<latexit sha1_base64="RlZsD4jBNhU4kY1BTEUoVzcT+EA=">AAACBXicbVDLTgJBEJzFF+ILHzcvE8HEgyG7HNAj0YtHTOSRwGYzO/TChNnZdWaWBAle/Q2vmngzXv0O/RqHhYOClXRSqepOd5cfc6a0bX9ZmZXVtfWN7GZua3tndy+/f9BQUSIp1GnEI9nyiQLOBNQ10xxasQQS+hya/uB66jeHIBWLxJ0exeCGpCdYwCjRRvLyR8Wh14lBxlgXH9sidHMGXr5gl+wUeJk4c1JAc9S8/HenG9EkBKEpJ0q1HTvW5zjgcC/cMZGaUQ6TXCdREBM6ID1oGypICModp09M8KlRujiIpCmhcar+nhiTUKlR6JvOkOi+WvSm4n9eO9HBpTtmIk40CDpbFCQc6whPE8FdJoFqPjKEUMnMrZj2iSRUm9zSMJzF15dJo1xyKqXKbblQvZrHkkXH6ASdIQddoCq6QTVURxQ9oGf0gl6tJ+vNerc+Zq0Zaz5ziP7A+vwB3tyWFQ==</latexit>

v→t [nm]

<latexit sha1_base64="0E5Zs0mWz1OWjznig6UD+czN4/A=">AAAB8nicbVDLSgNBEJyNr7i+ooIXL4NB8CBh10P0GCKCxwTNA5IlzE5mkyGzs+tMrxCWfIJXBW/iVf/Cn9CD3+LkcdDEgoaiqpvuLj8WXIPjfFqZpeWV1bXsur2xubW9k9vdq+soUZTVaCQi1fSJZoJLVgMOgjVjxUjoC9bwB5djv3HPlOaRvIVhzLyQ9CQPOCVgpJurjtPJ5Z2CMwFeJO6M5EsH1W/+Xv6odHJf7W5Ek5BJoIJo3XKdGE5xINid9FKigFPBRnY70SwmdEB6rGWoJCHTXjq5eISPjdLFQaRMScAT9fdESkKth6FvOkMCfT3vjcX/vFYCwYWXchknwCSdLgoSgSHC4/dxlytGQQwNIVRxcyumfaIIBROSbZsw3PnXF0n9rOAWC8WqSaWMpsiiQ3SETpCLzlEJXaMKqiGKeugBPaInC6xn68V6nbZmrNnMPvoD6+0Hr5eTsA==</latexit>

E0

An ion stochastically creates EDs in each 1-nm-layer with probability Pr(χᵢ = 1|E_i). 
Pit depth equals the layer thickness multiplied by the number of ED-bearing layers removed.

etching defect (ED)

etching defect (ED)

etching defect (ED)

<latexit sha1_base64="azxiZTvGSeXnCs4DV2VicKJ4uo0="></latexit>

• Observed pit depth

D = d
M∑

i=1

ωi

• Probability of an etching defect in the i-th layer

Pr
(
ωi = 1|Ei

)
= 1→ exp

(
→keSe(Ei) + knSn(Ei)

cos ε

)

• Number of layers removed during etching

M =
v→ t

d
Recreated from Fig. 1 of Snowden-Ifft & Chan (1995)
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Recoil energy spectrum 
(Theory)

Pit depth histogram 
(Observable)

Recoil energy—pit depth relation 
(Snowden-Ifft and Chan 1995)

Recoil Energy – Pit Depth Correspondence

Etched tracks are observed as a pit-depth histogram. Snowden-Ifft & Chan (1995) convert recoil 
energy into pit depth, serving the same role for etched pits that SRIM plays for track lengths.
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mica

mica

mica

Measurement of Perpendicular Bulk Etch Rate, v⊥

HF-resistant coating

HF etch

Removal of HF-resistant coating

H
F-resistant 

coating

20nm

1 h etch in 49% HF at 25℃

Dartyge et al. 1981 12 nm/h fission-track intersections
Price and Salamon 1986 22 nm/h surface density of α-recoil tracks

Freeman and Snowden-Ifft 1995 18, 20, 23 nm/h laser interferometer
Hirose et al. (this study) 20 nm/h HF-resistant coating

①

②

③

33



Summary for DMICA overview
• DMICA extends Snowden-Ifft’s DM search with etched mica samples.


• Recoil tracks appear as nm-deep pits after chemical etching.


• Fast-neutron recoil pits demonstrate mica’s capability as a DM detector.


• Pit depth is a key observable; its histogram separates dark-matter-like pits 
from α-recoil pits.


• DMICA targets an exposure of one ton-year in practical time by scanning 
mica with an optical profiler.


• A 0.5 mm² R&D scan reproduced Snowden-Ifft’s pit-depth histogram.


• The extremely flat geometry of DMICA boosts the surface-to-volume ratio, 
giving reach to ultra-heavy DM at very low flux.
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