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Predicted by the SM…

…and experimentally detected by COHERENT 
collaboration! 

[Akimov et al. (2017)]

NDP predicts upscattering process: 

NDP contribution cross section

that may modify the expected recoil spectrum!
3

[Shoemaker et al. 1811.12435 (2018)]
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CE𝝂NS at Spallation Sources
like COHERENT

𝑬𝝂 ≤ 𝟓𝟎𝑴𝒆𝑽

not low enough thresholds
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[Miranda et al. 2008.02759 (2020)]
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𝜈𝜇 coupling only

ℒ𝑁𝐷𝑃 ⊃ 𝑑 ҧ𝜈𝐿
𝜇
𝜎𝜇𝜈𝐹

𝜇𝜈𝑁𝑅 + ℎ. 𝑐.

[Shoemaker et al. 1811.12435 (2018)]

CURRENT BOUNDS:

• NOMAD

• CHARM

• MiniBooNE

• IceCube

• SN-1987A

EXPECTED 
SENSITIVITY:

• SuperCDMS

• XENON1T
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[(1998)]

[(1989)]

[0704.1500 (2007)]

[Coloma et al. 
1707.08573 (2017)]

[Magill et al. 
1803.03262 (2018)]
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…so why not combine them?

Different experimental setups…
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DD + Spallation: why it’s a good idea

1. Increase the statistical significance of a 
prospective discovery.

2. Improve the parameter reconstruction of 
the model.

3. Allow to discriminate between NDP and 
other models that can give similar 
experimental evidence.
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What can we expect from future
Spallation Experiments?

9



What can we expect from future
Spallation Experiments?

BP 1 2 3 4

𝑑 (𝐺𝑒𝑉−1) 2.1 ∙ 10−7 2.1 ∙ 10−7 2.1 ∙ 10−7 2.1 ∙ 10−7

𝑚4 (𝑀𝑒𝑉) 2 10 20 30 9

[Preliminary]



10[Preliminary]



Spallation cannot 
see small energy 

recoils!
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Spallation cannot 
see small energy 

recoils!

DD cannot see 
larger sterile 

neutrino masses!

10[Preliminary]



ESS
𝐸𝑡ℎ ∼ 20 keV
𝐸𝑏𝑖𝑛 = 20 keV

11
[Preliminary]

BP1

BP2

BP3 BP4



ESS
𝐸𝑡ℎ ∼ 20 keV
𝐸𝑏𝑖𝑛 = 20 keV

11
[Preliminary]

BP1

BP2

BP3 BP4



ESS10
𝐸𝑡ℎ ∼ 0.1 keV
𝐸𝑏𝑖𝑛 = 5 keV
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[Preliminary]
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Parameter reconstruction in SS

[Miranda et al.
2008.02759 (2020)]
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For BP1 ….

Parameter reconstruction in SS

[Miranda et al.
2008.02759 (2020)]

13

[Preliminary]



and for BP2 ….

Parameter reconstruction in SS

[Miranda et al.
2008.02759 (2020)]
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[Preliminary]



Conclusions…
• Neutrino Dipole Portal (NDP) models can be proven with 

Spallation Source (SS) and Direct Detection (DD) experiments.

• DD will be able to access to very low recoil energies thanks to 
its low threshold.

• SS will be able to access to heavier sterile neutrinos.

• SS experiments by themselves may not have sufficient 
statistics to reconstruct parameters of TMM models.

• Combining DD and SS may help constraining the parameter 
space, improving the significance and allowing parameter 
reconstruction and model discrimination.
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