Direct observation of the Migdal effect induced by neutron bombardment
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« Dark matter makes up most of the mass in

pakerry A G0 galaxies and galaxy clusters.
i I » Current evidence comes solely from
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Detector Requirements

ER: 5.9 keV , NR: 300 keV

e ER~keV, NR~hundreds keV

e Good energy resolution

e Large dynamic range.

e ER shares vertex with NR

e Good vertex resolution

e Reduce possible background

e Good time resolution
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Digital signal
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Topmetal-II M1/M2 Topmetal-L
Chip Size /mm? 6 %6 18 x 23 17 x 24
Pixel Array 72 x 72 400 x 512 356 x 512
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Power Consumption ~1W @3.3V ~4.3W @3.3V ~0.8W @3.3V
Clock 40MHz 5MHz 20MHz

0.37ms

Frame Rate 2.5ms 2.4ms @Sentinel Readout
Readout Mode Rolling Shutter Rolling Shutter IS

Readout Channel
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Detector performance
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D-D source monitoring b &

Scintillator @

n/gamma spectrum meas.

Scintillator 3@

D-D source monitoring

Working gas:

0.8 atm @ ~300 K
40% Helium + Dimethyl ether (DME,C,H;O)
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Migdal I
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it MARVEL

Background Component Description Expectation value (5 - 10 keV) Method
Recoil induced o6 ray 0 electron near NR track origin 0.035+0.023(stat.) = 0.0068(sys.) Data driven

Particle Induced X-ray Emission

X-ray emission Photoelectron near NR track origin 0
Auger electrons Auger electron near NR track origin 0
Bremsstrahlung processes
Quasi-Free Electron (QFEB) Photoelectron near NR track origin <
Secondary Electron (SEB) Photoelectron near NR track origin <
Atomic (AB) Photoelectron near NR track origin =
Nuclear (NB) Photoelectron near NR track origin =
Random track coincidences Photo-/Compton electron near NR track 0.180+0.022(stat.) +0.042(sys.) Data driven
Muon induced 6 ray 0 electron near NR track origin 0.013 MC+Data
Gas radioactivity
Trace contaminants Electron from decay near NR track origin 0.001+0.00087(sys.) Data driven
Neutron activation Electron from decay near NR track origin =0
Secondary nuclear recoil fork NR track fork near track origin =0

Total background 0.22940.032(stat.) = 0.043(sys.) 21




1. DeltalB F A&
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> 5.5E - Prob 0.4509
= ke B p0 87.21 +48.75 -
> UE 20 pl 099740263
= 4.5E - ]
) 4 = [
m S 15 - } & ray
35 ; E Exp fitting (Integral: 0.59 +/- 0.40) -
3E 10 E
2.5E N
2E 51 ~
1.5E : g
_ 1 C 0 I L N 4 . L 1 L L L
r\-\;‘:‘\.uﬂ :“:‘v‘ a;::-o‘: 0 1 2) 3 2 4 6 8 10
s gt s Hadron Energy [MeV] No & above 5 keV were found. keV
Only H has the  electron > 5 keV. Estimate by extrapolating from

the exponential fit

e Consider the selection efficiency for d-electrons.

e Finally get: 0.035+0.023(stat.)
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Topmetal-11™

Topmetal-L

Chip size [mm?]

Active area [mm?]

Pixel array

Pixel density [pixelslmmz]
Power density [W/cm?]
Pixel gain [V/e™]

ENC [e]

Readout mode

Time cost

8 x9
6 x6
72 x 72
145
2.778
13.9
Rolling Shutter

2.6 ms/frame

17 x 24
16.02 x 23.04
356 x 512

494

0.195

76.04
22.8

Rolling Shutter / Sentinel

0.73 ms/frame @ Sentinel

 6Xx6 mm, 83 um in pitch -> 2.3x1.5 cm, 45 um in pitch

* Fresh time: 2.6 ms/Frame -> 0.7 ms/Frame

« Readout logic: Rolling Shutter -> Sensitive area

Larger GMCP
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