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Inelastic DM-Nucleus Scattering

Multipole expansion

Ground state

Dark matter

Dark photon
(gauge boson)

Excited state

Why not elastic?
Elastic has high signals but also high background

Photon signal
deexcite

Dark matter



Nuclear Shell Model Code: BIGSTICK

It takes a long time and needs tons of RAM and CPU
Is there a shortcut?

Heavy computation!



Fermi doesn’t contribute to inelastic scattering because 
it’s even-even operator. It only exists in elastic scattering

Long Wavelength Limit

Is GT (Gamow Teller) the shortcut?



Strength and Multipole in BIGSTICK

Strength Multipole

Time Short Long

RAM & CPU Light Heavy

Output Less detailed
The strength and energy

Comprehensive
Density matrix -> strength

Multipole has energy, spin, isospin, and density matrix
Strength only has energy, strength

BIGSTICK can calculate the strength of a given operator



GT Strength Lines
GT strength =

ground stateexcited state
Signal

convoluted with 150 keV width Gaussian

Ar40

one line = one transition = one excited state

Experiment data



Cross Section in Long Wavelength Limit

Ar40

Gamow-Teller (GT) operator

GT dominates the cross section!
GT strength is the shortcut!

Er -> 0

2206.08590

https://arxiv.org/abs/2206.08590


DM-Nucleus Scattering: Elastic vs Inelastic (GT)

Inelastic search can be better 2206.08590

https://arxiv.org/abs/2206.08590


Fermion

Scalar

Inelastic DM-Nucleus Scattering (GT)

Cross section has the same form for fermion and 
scalar DM, only difference is the current

Fermion DM ~ 2 * scalar DM



DM Flux pion absorption

pion decay *dominant
eta decay

bremsstrahlung

pion absorption

Decay in < O(-10) ns

Dan 2021

CCM
CCM



Experiments and Detectors

Why NaI and CCM?
They have large mass and low background



Reduced detector bkg

Detector Bkg reduction Bkg (after reduction)

COHERENT 
NaI

5 
(ones-like bkg)

~1

CCM 100 ~100

Detector Background

We also include inelastic nu as bkg



Prompt Window
Signal = inelastic DM from pion and eta decay
Bkg = inelastic prompt neutrino

CCM COHERENT

No bkg due to charge current

Detector CCM NaI

Bkg (w/o t cuts) 327 462

Bkg (w/ t cuts) 64.8 106

   Timing cut (upper cut)
- COHERENT NaI: 1 mus
- CCM: 0.3 mus



Sensitivities Plot Energy cut: No
Timing cut: Yes

Dashed is our calculation
No nu bkg
Detector bkg rescale to 10 total

Work in progress



Sensitivities Plot
Dashed is our calculation
Inel prompt nu bkg included

Energy cut: No
Timing cut: Yes

Work in progress



Conclusion

- We calculate the inelastic cross-section and event rates ratio for DM 
nucleus scattering.

- Gamow-Teller transitions (long wavelength limit) dominate the cross section.
- With inelastic DM, we have better probe on the parameter space.
- We can remove most of the neutrino background efficiently with prompt 

timing cut.



Backup slides



Rewrite in scattering angle with

Inel DM scattering cross section



Ar40
Na23

Cs133
I127

*convoluted with 150 keV width Gaussian

Convolution Plots



Ar40
Na23

I127

Raw Discrete Strength Lines



Other Cuts
Energy cut
  (lower cut)
  Set 1

- COHERENT NaI: 12MeV
- CCM: 16MeV

  Set 2
- COHERENT NaI: 5MeV
- CCM: 10MeV

Timing cut:
   (upper cut)

- COHERENT NaI: 1 mus
- CCM: 0.3 mus

Energy cut
Set 1

Energy cut
Set 2

No energy 
cut

Timing cut 0.74/3.16 52.7/39.5 64.8/106

No timing cut 9.32/18.25 275.4/185.3 327/462

Inel nu bkg CCM / NaI



Reduced detector bkg

Detector Bkg reduction Energy cut
(lower)

Total bkg 
(after energy cut)

COHERENT 
NaI

5 
(ones-like bkg)

5MeV 2.8

CCM 100 10MeV 2.84

Detector Background with Energy Cut

We include inelastic nu as bkg



Sensitivities Plot Energy cut: set2
Timing cut: Yes



Sensitivities Plot Energy cut: set2
Timing cut: Yes

No nu bkg
Detector bkg rescale to 10 total



Sensitivities Plot Energy cut: set1
Timing cut: No



Sensitivities Plot Energy cut: set1
Timing cut: Yes



Sensitivities Plot Energy cut: No
Timing cut: No



Inelastic neutrino-nucleus scattering
Similar to DM scattering, GT also dominates

Events



GT strength for neutrino scattering

30MeV nu energy

Ar40 I127Cs133



GT strength for neutrino scattering

30MeV nu energy
150 keV width Gaussian

Ar40 I127Cs133



BIGSTICK ground state to ground state 
comparing to Helm form factor 

Ar40

MPD = multipole decomposition



Delta chi squared test

Parameter space search



Confidence level sig

68.3% 1

90% 1.645

95.5% 2

99.7% 3

T test

Delta chi2 benefits from the 
low background too much

To make the inelastic nu more sensitive, 
we consider t test



BIGSTICK energy level and spin



BIGSTICK nuclear magnetic moments

in keV


