
Modeling electronic final states 
in liquid xenon 
for light dark matter detection

Theresa M. Backes
theresa.backes@chalmers.se

In collaboration with: Andres Tellez Mora, Riccardo Catena, Nicola Spaldin 



Searching sub-GeV DM with liquid Xenon

Theresa M. Backes2

Snowmass2021; arXiv:2203.08297

https://doi.org/10.48550/arXiv.2203.08297


Searching sub-GeV DM with liquid Xenon

Theresa M. Backes2

Snowmass2021; arXiv:2203.08297

https://doi.org/10.48550/arXiv.2203.08297


Searching sub-GeV DM with liquid Xenon

Theresa M. Backes3

Sub-
GeV

WI MPAtomic target

DM



Searching sub-GeV DM with liquid Xenon

Catena et al.; doi:10.21468/SciPostPhys.19.3.064

Atomic target
Crystal target

DM

Theresa M. Backes4

https://scipost.org/10.21468/SciPostPhys.19.3.064


Searching sub-GeV DM with liquid Xenon

Catena et al.; doi:10.21468/SciPostPhys.19.3.064

Atomic target
Crystal target

Liquid target

DM

Theresa M. Backes4

https://scipost.org/10.21468/SciPostPhys.19.3.064


Electronic states in EXCEED-DM

T. Trickle; doi:10.1103/PhysRevD.107.035035
S. M. Griffin, et al.; doi:10.1103/PhysRevD.104.095015

Calculates DM-electron interaction rates based 
on the electronic configuration of the target

Theresa M. Backes5

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.035035
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.095015


Electronic states in EXCEED-DM

T. Trickle; doi:10.1103/PhysRevD.107.035035
S. M. Griffin, et al.; doi:10.1103/PhysRevD.104.095015

Crystal targets

Single plane 
waves

DFT 
calculated

Slater type 
orbitals (STO’s)

Final states

Initial states

Calculates DM-electron interaction rates based 
on the electronic configuration of the target

Theresa M. Backes5

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.035035
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.095015


Electronic states in EXCEED-DM

T. Trickle; doi:10.1103/PhysRevD.107.035035
S. M. Griffin, et al.; doi:10.1103/PhysRevD.104.095015

Absorption in atomic targets:
G. Krnjaic, T. Trickle; doi:10.1103/PhysRevD.108.015024

Crystal targets

Single plane 
waves

DFT 
calculated

Slater type 
orbitals (STO’s)

Final states

Initial states

Core states (STO’s)

Coulomb states

Isolated Atoms

Calculates DM-electron interaction rates based 
on the electronic configuration of the target

Theresa M. Backes6

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.035035
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.095015
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.015024


Electronic states of Xenon

Theresa M. Backes7

fr
ee

co
nd

va
l

co
re

𝐸𝐷𝐹𝑇

𝐸𝑔

−33.3 𝑘𝑒𝑉 (1𝑠)

−5.1 𝑘𝑒𝑉 (2𝑠)

−75 𝑒𝑉 (4𝑑)

Xe

DFT + All-electron reconstruction



Electronic states of Xenon

Theresa M. Backes7

C
ou

lo
m

b
co

nd
va

l
co

re
𝐸𝐷𝐹𝑇

𝐸𝑔

−33.3 𝑘𝑒𝑉 (1𝑠)

−5.1 𝑘𝑒𝑉 (2𝑠)

Xe

DFT + All-electron reconstruction

Replace single plane waves by 
Bloch-Coulomb states

−75 𝑒𝑉 (4𝑑)



New Coulomb states
Positive energy solutions of the Schrödinger equation for isolated atoms:

Unbound 
hydrogen-like 

orbitals

G. Krnjaic, T. Trickle; doi:10.1103/PhysRevD.108.015024

Theresa M. Backes8

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.015024


New Coulomb states
Positive energy solutions of the Schrödinger equation for isolated atoms:

Make it Bloch electrons

G. Krnjaic, T. Trickle; doi:10.1103/PhysRevD.108.015024

Theresa M. Backes8

We want to describe ionization in a condensed matter system

Bloch wave function:

Periodic with 
the lattice

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.015024


New Coulomb states
Positive energy solutions of the Schrödinger equation for isolated atoms:

Make it Bloch electrons

G. Krnjaic, T. Trickle; doi:10.1103/PhysRevD.108.015024

Theresa M. Backes9

We want to describe ionization in a condensed matter system

Inspired by ARPES (Angle Resolved Photo Emission Spectroscopy)
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For the Coulomb states 
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Numerical integration over the unit cell 
causes problems 

How many sample points for a stable result?Take home message: 

We can calculate scattering rates with Bloch-Coulomb final states, but more testing is needed!
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