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What is a Fixed Target 
Experiment?



1. Fixed Target

First fixed target experiment!

History Lesson: 
● Rutherford’s Gold Foil 

Experiment (1909) 
● Beam of particles on 

gold
● Inferred gold nucleus 

from scattering
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1. Fixed Target

Target Detector

Schematic Picture:

BSM?

BSM?
BSM?

Today: 
● Many fixed target 

experiments
● Send a proton to a target 
● Study final state products
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1. Fixed Target
● Production 

         for colliders:

● Important considerations:
○ Fixed Target (1)
○ Long-lived particles (2) 
○ Decay within detector volume (3)
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Target Detector
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Enter: The Heavy Neutral 
Lepton (HNL) and The Z’



2. HNLs from a Z’

Rescale results for other similar U(1) models
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Interaction terms



How far can we take an HNL 
and Z’ at a Fixed Target Exp?



3. Resonant HNL Production

● Focus on resonant 
production of HNLs

● Generate events using 
Madgraph
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3. Resonant HNL Production

● s-channel production of HNLs
○ Such processes studied previously 
○ Scales as      during resonance

11

[1604.06099]



3. Production
● Studied various fixed target scenarios

○ SBND
○ DUNE ND
○ DarkQuest 
○ SHiP
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3. Production



4. Final States:
● Flavor alignment:
● Studied two final states

○

○



5. Background Considerations (1):
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SBND:

DarkQuest:

SHiP: Negligible background due to vacuum in
            decay vessel

[1, 2]

[1]: F.J.N. Arnaldos, “Neutrino Interaction 
Measurements with the SBND Experiment.”
[2]: R. Rajagopalan, “Searches for Physics 
Beyond the Standard Model with the 
Short-Baseline Near
Detector.”

 [2203.08322, 
2405.17651, 
2410.07624]

[2112.01487]



5. Background Considerations (3):
DUNE: 

[2410.07624, 
2507.21228]



6. Sensitivities: HNL Mixing 
Angle:



6. Sensitivities: Gauge Coupling



Answer: HNL and Z’ can 
probe well outside of the 
excluded limits!



Conclusions/Outlook:
● Within our kinematically accessible region for 

some benchmarks, DUNE ND and SHiP may 
probe the Type I Seesaw band

● Drell Yan Resonance can be a powerful tool to 
search for BSM fields at a fixed target 
experiment.

20Thanks for coming to my talk!



Decays: Z’ (1)
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Decays: Z’ (2)
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Decays: HNL (1)
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Decays: HNL (2)
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HNL Production:

25



26

Experimental Benchmarks Additional
● SBND

○ Currently running 
Liquid Argon Time 
Projection 
Chamber (LArTPC) 
at Fermilab

○ HNL must decay 
within LArTPC

https://sbn-nd.fnal.gov/

https://www.researchgate.net/figure/Outline-of-the-short-baseline-neutrino-program-at-Fermialb-The-neutrino-beam-is-provided_fig4_324619466


27

Experimental Benchmarks Additional
● DarkQuest

○ Proposed upgrade 
to SpinQuest at 
Fermilab

○ HNL decay 
products must pass 
through three 
tracking stations

○ ECAL Detector [2203.08322]
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Experimental Benchmarks 
Additional

● DUNE ND
○ Proposed complex to be 

built on Long Baseline 
Neutrino Facility (LBNF)

○ HNL must decay in LArTPC 
detector

https://www.dunescience.org/

[2103.13910]

https://www.dunescience.org/
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Experimental Benchmarks Additional
● SHiP

○ Proposed high intensity facility at 
CERN Super Proton Synchrotron

○ HNL decay products may decay in 
long vacuum decay chamber

○ ECAL Detector

[2112.01487]



HNL Energies:
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DUNE ND HNL vs Background:


