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Searching for Dark Matter
Weakly Interacting Massive Particles (WIMPs)

Dark Matter-Nucleus scattering  

Direct detection
My research applies here



Searching for Dark Matter

Dark Matter-Nucleus scattering  

Nuclear recoil or movement → signal! 



Theoretical Model

Building blocks of dark matter-nucleus 
elastic scattering theory 

Particle 
Physics

Differential scattering 
(interaction) rate

Nuclear 
Structure
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Theoretical Model

Particle 
Physics

Differential scattering 
(interaction) rate

Nuclear 
Structure
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Experiments use different nuclei 
as targets



Nuclear Structure– Standard Characterisation

&Spin-independent (SI) Spin-dependent (SD)

Takes into account 
all nucleons

Sensitive to 
nucleon spin

Early models use a simple picture



Nuclear Structure– Standard Characterisation
Early models use a simple picture

&Spin-independent (SI) Spin-dependent (SD)

Takes into account 
all nucleons

Sensitive to 
nucleon spin

Need to consider motions of nucleons in nucleus!



New Interactions From Nucleon Motion

Spin-
independent (SI)

Standard

!"# Σ"#% , Σ"#%% +

- A. L. Fitzpatrick, W. Haxton, E. Katz, N. Lubbers, and Y. Xu, Journal of Cosmology and Astroparticle Physics (2013), ISSN 14757516.
- N. Anand, A. L. Fitzpatrick, and W. C. Haxton (2013), URL http://arxiv.org/abs/1308.6288

Spin-
dependent (SD)

Additional channels

Nucleon orbital 
angular momentum 

Spin-orbit 
structure

Tensor term

Δ"# )Φ%"#Φ"#%%
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New Interactions From Nucleon Motion

Spin-
independent (SI)

Standard

!"# Σ"#% , Σ"#%% +

- A. L. Fitzpatrick, W. Haxton, E. Katz, N. Lubbers, and Y. Xu, Journal of Cosmology and Astroparticle Physics (2013), ISSN 14757516.
- N. Anand, A. L. Fitzpatrick, and W. C. Haxton (2013), URL http://arxiv.org/abs/1308.6288

Spin-
dependent (SD)

Additional channels

Nucleon orbital 
angular momentum 

Spin-orbit 
structure

Tensor term

Δ"# )Φ%"#Φ"#%%

Need to choose specific nuclear model to use



Research Goal

Effect of nuclear structure: a neglected aspect

Investigate the sensitivity of Dark Matter-
Nucleus scattering to nuclear structure
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Research Goal

Effect of nuclear structure: a neglected aspect

Investigate the sensitivity of Dark Matter-
Nucleus scattering to nuclear structure
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Form Factor -
Nuclear Structure

Differential 
scattering 

(interaction) rate

• Different nuclei
• Fit to different 

data sets



Nuclear Input in Form Factors

• Hold nuclear structure information
• Indicate scattering probability as 

function of momentum transfer q
FΦ''
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Nuclear Input in Form Factors

where ! = !# = $, &

Integrated Form Factor (IFF)

in units of 
(MeV)2

• Hold nuclear structure information
• Indicate scattering probability as 

function of momentum transfer q
FΦ''
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The Setup – Nuclear Shell Model
Nucleons in orbits & shells within nucleus, move in effective potential.
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The Setup – Nuclear Shell Model
Nucleons in orbits & shells within nucleus, move in effective potential.



The Setup – Nuclear Shell Model

Nuclear core – includes all 
filled levels & shells. 
Nuclear core wave function 
has spin-parity !" = 0%.



The Setup – Nuclear Shell Model

Nuclear core – includes all 
filled levels & shells. 
Nuclear core wave function 
has spin-parity !" = 0%.



The Setup – Nuclear Shell Model

Angular momentum, 
parity and overall nuclear 
wave function dictated by 
the valence nucleons –
those outside the core.  



Research Completed

Used NuShellX (nuclear shell model 
program) to calculate IFF values

For the nuclei/isotopes  
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Integrated Form Factor Results 
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Integrated Form Factor Results 
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Integrated Form Factor Results 
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20% is a significant difference!



Integrated Form Factor Results 
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Integrated Form Factor Results 
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Dark Matter 
formalism sensitive 

to aspects of nuclear 
structure 



Important Takeaway

To constrain Dark Matter 
Candidates via Direct Detection

Must account for nuclear 
structure modelling & 

uncertainties!



Important Takeaway

Nuclear Structure 
is Important!

…. Hire the nuclear physicists



Thank you for listening! 


