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SBND-PRISM in a nutshell
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SBND is sufficiently close to the beam target such that 
effects due to the beam angular spread are noticeable
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*not to scale, not a real picture of SBND
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SBND-PRISM in a nutshell
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The physics
In meson two-body decays, 

there is a correlation among meson energy 
and nu energy and direction

For a given pion energy, give me θν and I give you Eν
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SBND-PRISM in a nutshell
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The physics
In meson two-body decays, 

there is a correlation among meson energy 
and nu energy and direction

The effect
By looking off the beam axis, we scan 

different neutrino spectra

The beauty
This correlation is purely due to kinematics,

which mitigates flux systematics
Signal and background could have 

different angular dependences
Only requires effort on analysis

<latexit sha1_base64="0CCxHi1cUF6/YPT0uzda6ntO2Sw=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx68RjBmEBmCD2dnqRJb/QihCG/4cWDIl79GW/+jZ1kDpr4oODxXhVV9VLFqLFh+B2UVlbX1jfKm5Wt7Z3dver+waORTmPSwpJJ3UmRIYwK0rLUMtJRmiCeMtJOR7dTv/1EtKFSPNixIglHA0EzipH1UhwrGlsZcxcL16vWwno4A1wmUUFqoECzV/2K+xI7ToTFDBnTjUJlkxxpSzEjk0rsDFEIj9CAdD0ViBOT5LObJ/DEK32YSe1LWDhTf0/kiBsz5qnv5MgOzaI3Ff/zus5m10lOhXKWCDxflDkGrYTTAGCfaoItG3uCsKb+VoiHSCNsfUwVH0K0+PIyeTyrR5f1i/vzWuOmiKMMjsAxOAURuAINcAeaoAUwUOAZvIK3wAUvwXvwMW8tBcXMIfiD4PMHYk6R7Q==</latexit>

⇡ ! µ⌫

*From Marco del Tutto

mailto:pmachado@fnal.gov


04/03/2024 Pedro Machado | The potential BSM prospects of SBND-PRISM                                                                                               pmachado@fnal.gov

SBND-PRISM in a nutshell
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• SBND can be logically divided in several 
slices
• At 110 m from the target, 1º ~ 2 m
• Divide the detector in 8 slices of 0.2º

+
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Quantitatively, this is what happens to the 
muon neutrino flux as we go off-axis:
1. Shifts down in energy
2. Gets more peaked

+
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Quantitatively, this is what happens to the 
muon neutrino flux as we go off-axis:
1. Shifts down in energy
2. Gets more peaked

Mean νµ energy goes down by ~ 20%

What about νe ?

+
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Quantitatively, this is what happens to the 
muon neutrino flux as we go off-axis:
1. Shifts down in energy
2. Gets more peaked

Mean νµ energy goes down by ~ 20%

Since νe comes from three-body decays 
(mostly K), the flux is more “isotropic”

+

*From Vishvas Pandey @ MITP 2023

SBND simulation

mailto:pmachado@fnal.gov
https://indico.mitp.uni-mainz.de/event/324/contributions/4422/attachments/3247/3936/MITP_June2023_VPandey.pdf
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Quantitatively, this is what happens to the 
muon neutrino flux as we go off-axis:
1. Shifts down in energy
2. Gets more peaked

Mean νµ energy goes down by ~ 20%

Since νe comes from three-body decays 
(mostly K), the flux is more “isotropic”

The relative νe contamination increases 
going off-axis

+

*For reference, for 6.6E20 POT, we get 

between 1k to 6.5k νe events in each slice
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SBND-PRISM in a nutshell

Vishvas Pandey                           SBND: Neutrino Interactions Measurement Capabilities                          MITP, Mainz 2023

Beyond the Standard Model Searches at SBND 

• For the (vector portal, sub-GeV, light) dark matter-
electron scattering signal,  -  elastic scattering  
is one of the primary background. 

• The neutrino induced background decreases as a 
function of OAA, while the DM induced signal 
(produced via neutral meson) is isotopic.

ν e

SBND-PRISM provides a natural way to mitigate neutrino induced background 

• NC elastic scattering is one of the primary 
background for many BSM  pair signatures. 

• Neutrino induced NC  background significantly 
decreases as a function of OAA. While the BSM signal, 
if produced via neutral meson, will be isotopic.

π0

e+e−

π0

42/43
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Quantitatively, this is what happens to the 
muon neutrino flux as we go off-axis:
1. Shifts down in energy
2. Gets more peaked

Mean νµ energy goes down by ~ 20%

Since νe comes from three-body decays 
(mostly K), the flux is more “isotropic”

The relative νe contamination increases 
going off-axis

+

Other backgrounds can also 

decrease nontrivially
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Why should we care?
A couple of searches that could benefit from SBND-PRISM

+
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Sterile neutrinos
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Take as an example 
SBND-only sterile neutrino search 

(ICARUS, μB, bear with me here for a second…)

Single detector search is always tricky

FIG. 6. Expected background events

in SBND from electron neutrinos in-

trinsic to the beam (dark green), and

expected signal for �m2 = 20 eV2 and

sin2 2✓ = 0.002 (light green).

FIG. 7. Expected background events in SBND-PRISM

from electron neutrinos intrinsic to the beam (dark

green), and expected signal for �m2 = 10 eV2 and

sin2 2✓ = 0.002 (light green). The light grey line shows

the ration between signal and background events in the

case of the full SBND detector.[PM: check inputs, use

same]

neutrino beam flux and Pµe is the ⌫µ ! ⌫e oscillation probability, and the background flux

is �B ⌘ �e, where �e is the intrinsic electron neutrino flux. Here we are considering a two-

flavor oscillation framework and assuming that the survival probability Pee is approximately

unity. The number of events at SBND would be proportional to

N / (�S + �B)� ⇠ (�µPµe + �e)�, (5)

where � is the charged-current neutrino-argon interaction cross section, which we took to

be the same for both ⌫µ and ⌫e. We note that while oversimplified, this argument should

su�ce to understand the role of SBND-PRISM. Although the quantity of interest in eq. (5)

is Pµe, if uncertainties are su�ciently large one may fit � ! �/(1+�µPµe/�e) and completely

hinder the sensitivity to a nonzero appearance probability. In the case of SBND-PRISM, if

one, still in a simplified framework, assumes that �i
µ and �i

e vary with o↵-axis position i,

then the number of events in each layer goes as

Ni / (�i
S + �i

B)� ⇠ (�i
µPµe + �i

e)�, (6)

and now there is no redefinition of � that can absorb the signal in all layers, as long as �i
µ

and �i
e are su�ciently di↵erent. A similar argument would apply if one takes the energy

9
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Take as an example 
SBND-only sterile neutrino search 

(ICARUS, μB, bear with me here for a second…)

Single detector search is always tricky

In principle, cross section uncertainties 
can wash out impact of Pμe

We do the best we can (e.g. νµ to tune for νe) 
but it’s always good to have more handles
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green), and expected signal for �m2 = 10 eV2 and

sin2 2✓ = 0.002 (light green). The light grey line shows

the ration between signal and background events in the

case of the full SBND detector.[PM: check inputs, use
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Take as an example 
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Single detector search is always tricky

In principle, cross section uncertainties 
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But if we can leverage SBND-PRISM, the 
cross section uncertainties could, 

in principle, be mitigated

Cannot fit all slices at once!
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But if we can leverage SBND-PRISM, the 
cross section uncertainties could, 

in principle, be mitigated

Cannot fit all slices at once!

Currently studying what we can gain

Interplay between SBND-PRISM and 
ICARUS could be very interesting
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π+ K+
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π+ K+

μ νμ

π e νe

two body

three body
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π+ K+

π0 η0

μ νμ

π e νe

two body

three body
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π+ K+

π0 η0

μ νμ

π e νe

two body

three body

two body

2x two body

A A’ 

A χ χ 
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Concept works well in enhancing BSM 
sensitivity at DUNE

More studies are needed for SBND 
and for different BSM scenarios:

axions, DM, dark photons, light scalars, …
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Neutrino angular spread in BNB have noticeable impact on SBND

The correlation among pion energy, and neutrino energy and direction allows for 
“scanning” the neutrino spectrum by looking at off-axis events in SBND

That correlation is due to kinematics, which could mitigate impact of 
flux systematics on experimental searches

Several BSM scenarios could benefit from SBND-PRISM: sterile neutrinos (and all 
variations), dark matter, dark photons, axions, light scalars, …

How can we further leverage SBND-PRISM?
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