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The elusive Migdal effect

ÅDirect DM experiments invoke the Migdal effect 
to search for nuclear recoils below threshold

ÅRare atomic effect predicted in the late 1930s and 
observed since in radioactive decays ςbut never recorded in nuclear scattering

Aim: The unambiguousobservation of the Migdal effect 
using an optical TPC with low-pressure CF4 and other gases

Measurements will probe recoil energies well above those 
indirectly searched for in most DM searches, but will allow
a systematic study in various atoms and molecules

>>> See talk by Chris McCabe for new Migdal calculations
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The MIGDAL experiment

ÅLow-pressure gas: 50 Torrof CF4
ÅExtended particle tracks
ÅAvoid photon interactions

ÅOptical TPC
ÅImaging: 2x glass-GEMs + camera
ÅIonisation: 120 ITO anode strips
ÅScintillation:photomultiplier tube

ÅHigh-yield neutron generators
ÅD-D: 2.47 MeV (109 n/s)
ÅD-T: 14.7 MeV (1010 n/s)
Å5ŜŦƛƴŜŘ ōŜŀƳΣ άŎƭŜŀǊέ ǘƘǊƻǳƎƘ ¢t/

ÅElectron and nuclear recoil tracks
ÅMigdal: NR+ER tracks, common vertex
ÅNR and ER have very different dE/dx
Å5 keVelectron threshold (Fe-55 calibration)
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The MIGDAL experiment

Chamber
млέ !ƭ-alloy cube

Active region 
10x10x3 cm3
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Optical-TPC

Double glass-GEMs

hole/pitch: 170/280 mm

gain: ~105

Transfer gap: 2 mm

Field: 600 V/cm

ITO anode

120 strips 

wire-bonded to 

Kapton flex-cable

strip pitch: 830 mm

Induction gap: 2 mm

Field: 400 V/cm

Cathode

Woven mesh

280 mm Al wire

Drift gap: 30 mm

Field: 200 V/cm

Fieldcage

3 field-shaping

electrodes
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Detector readout

VUV PMT (Hamamatsu R11410)
Detects primary and 
secondary (GEM) scintillation
Absolute depth (z) coordinate
Digitised at 2 ns/sample
[Trigger]

ITO anode strips
Post-GEM ionisation
Readout of (x,z) plane
Digitised at 2 ns/sample

sCMOScamera 
(Hamamatsu ORCA-Fusion)

Detects GEM scintillation through
glass viewport behind ITO anode

Readout of (x,y) plane
Exposure: 11.2 ms/frame

(continuous)
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