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The Dark Matter Problem

The dark matter problem is the longest
outstanding problem in modern physics.

What we observe in the universe, starting from
here, our planet Earth, the galaxies are made of
matter.

However, there’s more to the universe than the
matter we can see - an elusive substance, which
neither emits nor absorbs the light and yet affects
us by shaping our universe.

Scientists around the world are trying to figure B
out what it is. )

Credit : link

The MIGDAL project is to help them out in their o
endeavour.



https://henryrambow927065399.wordpress.com/2017/11/05/a-colored-version-of-the-flammarion-engraving/

What the Migdal effect 1s and why 1t matters in DM searches ?

Migdal Effect - nucleus moves relative to the electron cloud.
Individual electron might be ejected leading to 1onisation.

e DM searches use signal from nuclear recoils as a signature of the DM interaction with the
detector medium

e Targets with heavy elements such as Xenon and Argon are immune to light WIMPs unless
Migdal effect is experimentally confirmed 3




What do we already know about the Migdal effect ?

Arkady Migdal
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IONIZATION OF ATOMS ACCOMPANYING o- and B-DECAY
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The probability of ionization of the inner electron shells accompanying ¢- and f-decay
is oalculated. Also an estimation of the order of magnitude of ionization of the outer shells
is given.
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A. Migdal publications:
e |onisation in nuclear reactions [1]
e |onisation in radioactive decays [2]
First observations of the Migdal effect in :
e Alpha decay [3,4]
e Beta decay [9]
e Positron decay [6]

e Nuclear scattering [ ]




Migdal effect and Dark Matter

Migdal effect calculations reformulated by M. Ibe et al. with ionisation
probabilities for atoms and recoil energies relevant to Dark Matter searches:
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Dark Matter searches and Migdal Effect
- sensitivity extension to low mass region -

LUX (Xenon)
”Results of a Search for Sub-GeV Dark Matter Using 2013 LUX Data”
https://arxiv.org/pdf/1811.11241.pdf
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Migdal In Galactic Dark mAtter expLoration experiment

Nuclear recoil
DM or neutron > /7
|

lonisation Electron emitted due to Migdal Effect

e Extremely challenging experiment : Looking for a rare (10~) atomic phenomenon
never before observed in the nuclear scattering using high flux neutron generators
10'°/10° n/s with D-T/ D-D

e Aim of the MIGDAL experiment - unambiguous observation and measurement of
the Migdal effect using a low pressure Optical TPC



Experimental Goal

Observation of two tracks - a
nuclear recoil and an electron -
sharing the same vertex

Aim to make the first
unambiguous observation and
measurement by capturing both
electron and nuclear recoil

The MIGDAL Experiment
has a discovery potential!
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Migdal Effect Simulation
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The MIGDAL Optical Time Projection Chamber
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The MIGDAL Optical Time Projection Chamber
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https://www.sciencedirect.com/science/article/pii/S0927650523000397?via%3Dihub
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NILE facility and neutron generators oot ¢

e Commissioning of DD and the MIGDAL experiment - Summer 2023
e First and Second Science Runs (3 weeks each) have accumulated tens of millions of
images. 12



MIGDAL assembly at NILE
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MIGDAL assembly at NILE




The MIGDAL Experiment at NILE

MIGDAL experiment Lead shielding surrounds Fully integrated

shielded by borated high MIGDAL detector (captures experimental setup with DD
density polyethylene gammas from inelastics and generator at entrance of
(moderates and stops radiative capture). collimator.

15

neutrons).



The MIGDAL Experiment at NILE

One of the first nuclear recoils captured by the MIGDAL experiment.



The MIGDAL Collaboration

e Over 35 physicists and engineers

from 15 institutions across 8
countries led by PPD/RAL and
Imperial College

e Supported by RD51, GDD/CERN
and ISIS/NILE
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If you are thinking about :

- Joining an exciting project with a discovery potential
impacting globally the dark matter searches

- Working with a cutting edge detector technology
and detector R&D in the National Laboratory at RAL

- Working in a friendly environment with a medium
scale international collaboration

- Analysing data using extensively machine learning
with object detection

- Having your expermeriment “next door” and
accessing the data as soons as it is recorded

- Presenting results at international conferences

- Being recognised by the dark matter community

The MIGDAL project is for you !
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This young explorer can be YOU



More information about MIGDAL: https.//migdal.pp.rl.ac.uk

MIGDAL

Migdal In Galactic Dark mAtter expLoration

Welcome to the MIGDAL Collaboration’s webpage. Funded as part of the STFC's Xenon Futures project, we are working to design and build an
experiment capable of observing and measuring the Migdal effect.
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