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The deep underground neutrino experiment (DUNE)
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DUNE science goals:

 A precise measurement of neutrino oscillation parameters (δ
CP

, mass ordering)

 The detection of neutrinos from supernovas and the sun

 Beyond the standard model (BSM) searches
sin2 θ12, Δm2
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The deep underground neutrino experiment (DUNE)
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The DUNE far detectors:

  Four 17 kton Liquid Argon TPC modules (>40 kton fiducial mass)

 Phase I: FD1 Horizontal Drift (HD) and FD2 Vertical Drift (VD)
 Phase II: Two additional modules with enhanced low-energy capabilities

https://doi.org/10.2172/1873688

https://doi.org/10.2172/1873688


The deep underground neutrino experiment (DUNE)

Andrés López Moreno | Prospects for solar oscillation measurements at DUNE4

The DUNE Horizontal Drift module:
  Four drift regions of 3.6 m each

 Wire readout plane (APA) technology

 X-ARAPUCA photon detectors integrated in 
anode planes

JINST 15 (2020) 08, T08010

The DUNE Vertical Drift module:

 Two drift regions of 6.25 m each

 Charge readout plane (CRP) technology

 X-ARAPUCA photon detectors integrated in cathode 
plane and membrane walls

JINST 19 (2024) 08, T08004



Low energy interactions at DUNE
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 CC channel

 ES channel

PRD 107 (2023) 112012

- Clean track-like signal

- Offers some directionality

- Lower energy threshold

- Lower statistics

- Short electron track,  
accompanied by gammas

- High statistics

- Higher energy threshold

- Coincidental gammas harm 
energy reconstruction

EPJC 81 (2021) 423

https://doi.org/10.22323/1.414.0621
https://link.springer.com/article/10.1140/epjc/s10052-021-09166-w


Solar neutrinos at DUNE
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https://doi.org/10.1038/s41586-018-0624-y

 Use the large 8B flux to measure the oscillation parameters                    O( 2 x 105 ) CC events from 8B 
 Attempt to measure (discover!) the hep flux using the CC interaction      O( 3 x 102  ) CC events from hep 
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Solar flux prediction from the SSM Unoscillated event rates at earth

After 100 Kton years:



Solar neutrinos at DUNE
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Solar neutrinos at DUNE

Andrés López Moreno | Prospects for solar oscillation measurements at DUNE8

ν

P(νe)

E

Day

Night

Amount of νe in ν2 (MSW resonance)

θ12 , θ13

{



Solar neutrinos at DUNE
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Solar neutrinos at DUNE
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P(νe)

E

Night-time correction

Δm2
21

 At night, the survival probability depends on the 
angle between the detector and the sun

 The night-time correction increases with energy



Solar neutrinos at DUNE
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MSW upturn

Amplitude of regeneration increases with energy
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The measurement strategy
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MSW effect:

   Pe (Δm2
21, sin2 θ12, sin2 θ13 )

Night-time regeneration:

   Pe (Δm2
21, sin2 θ12, sin2 θ13 )



The measurement strategy
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MSW effect:

   Pe (Δm2
21, sin2 θ12, sin2 θ13 )

Night-time regeneration:

   Pe (Δm2
21, sin2 θ12, sin2 θ13 )

Use the ES channel to constrain 
the total (NC) and MSW resonant 
(CC) fluxes at lower energies

Use the CC channel to 
measure the oscillations 
on the regeneration



Things are never that easy
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Radiological backgrounds dominate the low-energy regime. The main culprit: fast neutrons:

 Cannot be fiducialised

 Coincidental gammas prevent us from accurately reconstructing the CC interaction
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Radiological backgrounds dominate the low-energy regime. The main culprit: fast neutrons:

 Cannot be fiducialised

 Coincidental gammas prevent us from accurately reconstructing the CC interaction



Things are never that easy – The good news
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 After a large reconstruction and selection effort, we expect the hep flux to extend past the 
radiological backgrounds of the HD module

Reconstructed event rates in the central APA

16

 Selection cuts targeting the highest energies

Fiducialisation

+



Things are never that easy – The good news
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Hep discovery should be possible even just with the HD!

SSM flux uncertainty



Things are never that easy – The bad news
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 The background rates on the HD are extremely large, even after the selection cuts

DUNE work in progress

More aggressive cuts targeting the 8B ROI

Fiducialisation

+



Things are never that easy – The bad news
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 The background rates on the CC channel limit our constraining power on the solar oscillation 
parameters  

- KamLAND

- Solar (global)

- Dune HD (10y)

DUNE work in progress

HD constraint (100 Kton years)

Preliminary study:
 CC channel only

 Prior on θ
13

 from reactor experiments

 Prior on ϕ
8B

 with 4% uncertainty (Imitating ES 

channel constraint)

 HD module geometry



Things are never that easy – Reducing the backgrounds
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- KamLAND

- Solar (global)

- Dune HD (10y)

DUNE work in progress

DUNE work in progress

HD results with reduced backgrounds

 Even with moderate amounts of passive shielding, the same analysis yields large improvements on 
sensitivity

 A proposal to shield the VD module is under consideration. Extrapolating from this analysis we can 
expect a similar boost in sensitivity



Conclusions
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 DUNE will exploit its high-statistics CC channel to attempt to measure the solar hep flux.

 Solar oscillation measurements are particularly challenging and plagued with large 
backgrounds.

 A push to shield the VD module would enable competitive measurements of the solar 
parameters even in phase I

 Passive shielding in phase II will be crucial for maximising DUNE’s solar oscillation 
measurement capabilities 



Thanks
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Backups
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HD sensitivity to day-night asymmetry (assuming global best-fit point)



Backups
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Significance for hep discovery



Backups
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Solar neutrino signal at DUNE
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