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What happens in neuclear recoil?

Neutral projectile

1. Low energy transition

Vn<<αc

The entire atom moves together

2. High energy transition

Ionisation

Vn>>αc

2. Middle energy transition

?
Vn≈αc

β decay

α decay



The Migdal effect?

Neutral projectile Xe atom

Scattered nuclei

Migdal electron

• Energy deposition = nuclear scattering + Migdal effect electron

• Without the uncertainty of quenching factor 
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astropartphys.2023.102853

*Particle Avenues in the Dark Universe Arena (PADUA): Light dark sectors, 6 September 2023 

*
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Sub-GeV searches increasingly dominated by Migdal 



The Migdal effect?
Predicted by A.Migdal date back to the 1940s

Predicted effect in:

1. α，β decay

2. Neutral scattering

oberved in α decayoberved in β decay

Haven’t been oberved in Neutral scattering
Migdal electron haven’t been oberved directly 
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PhysRevC.11.1740

PhysRevLett.108.243201



Proposed MIGDAL experiment

Optical TPC
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MARVEL experiment
l Mixture of dimethyl ether(DME,C2H6O) and 

helium gas at 1 atm

Ø High efficency

Ø low diffusion coefficient

Ø relativly long electron track

l Gas Microchannel Plate(GMCP) amplification

Ø High gain upto~104

Ø Fine granularity

Ø Stable gain coefficient

l Topmetal Charge-sensitive chip imaging

Ø Fine granularity

Ø High resolution
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Detector construction
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Working principle
GMCP:

• 50 um diameter, 60 um pitch
• High energy resolution
• Stable gain coefficient 

Topmetal-II-:
• 83 um pitch
• 2.5 ms time resolution
• noise 13.9e- 
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Detector Calibration
Energy resolution:

keV

Position resolution:

19% @ 5.9keV

~180 um
position resolution



Simulation Framework
l Motivation:

      Establish a framework for Migdal electron and Ion measurement simulation and offline data analysis

ü  Simulate Migdal effect interaction with detector
Ø  Simulate different interaction
Ø  Provide energy deposit 

ü  Analog detector digital readout
Ø Simulate electron drifts, multiplies, collected procession
Ø Output file for data analysis and reconstruction algorithm

Track simulation

Detector modeling
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Simulation
• The cross sections for nuclear interaction and electromagnetic interaction are 

from Geant4
• The theoretical Migdal cross sections for Ar/C/F/Ge/He/Kr/Ne/Si/Xe nuclei are 

available.
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×10-3



Digitization
l The digitization is entirely based on the 

electronic readout logic design.

A simulation example

The consistency with experimental data nicely
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Reconstruction& Selection
● ResNet50 neural network trained based 

on simulated data for Migdal instance 
identif ication.

● A few keV electrons and recoil ing 
nuclei bear distinguished features in 
circularity and dE/dx.
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Backgrounds Analysis

Theoretical Migdal electron > 5keV probably：~ O(10-5)   
tens of Migdal electron should be found per million 

Backgrounds in 1 million neuclear recoil events
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Pre-test & Placement



Track Imaging

5.9keV Fe55 photon-e- Cosmic muon Recoiled ion

Bragg peak
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Neutron flux monitor MeVNeutron spectrum



● The Migdal effect plays a very important role in light dark matter research.

● However this effect has not been observed with the neutral projectile. 

● Many experiments have been proposed.

● The capability of the GMCP detector to measure the Migdal effect is being discussed.

● Simulation and reconstruction is ready.

● Background analysis has been done.

● More work is currently in progress.

Thanks for your attention!

Exper iment  is  ready,
Looking forward  to  resul ts !


