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What is a Fixed Target
Experiment?



1. Fixed Target

History Lesson:

e Rutherford’s Gold Foil
Experiment (1909)

e Beam of particles on
gold

e Inferred gold nucleus
from scattering

First fixed target experiment!




1. Fixed Target BSM?

o BSM?
Schematic Picture:
Today:

e Many fixed target ‘
experiments D Detect
e Send a proton to a target Target etector

e Study final state products

BSM?
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Enter: The Heavy Neutral
Lepton (HNL) and The Z’



2. HNLs from a 7’ Interaction terms

/ \

1 1
Lx D —ZFLVF'“V+§m2Z/ZLZ'“+QXZL(Zf’Y“(gi+gA #75) f+Nv*(gv,n+9a4 N’Y5)N)
f
9v,q YGAgq||9v, 9A||9V,N GAN
Ul)s_z 13 0 |[-1 o ||o -1
U(l)B-3L. 1/3 0 -3 0 0 -1
U()s 1/3 0 |lo o || 0o -1

Rescale results for other similar U(1) models



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



3. Resonant HNL Production

e Focus on resonant
production of HNLs
e (Generate events using

Madgraph
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3. Resonant HNL Production >W<

e s-channel production of HNLs
o Such processes studied previously [1604.06099]
o Scalesas g%_, during resonance
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3. Production

e Studied various fixed target scenarios

o SBND

o DUNEND

o DarkQuest

o SHiP [2601.18874]
Detectors (beam target) Beam, E [GeV| Baseline [m] POT ||ltarget [cm] Aine [cm] p [grem™] o,n [mb]
SBND (Be) [1, 65] BNB, 8 110  1x10*'|| 711 42.10  1.848 21.37
DarkQuest (Fe) [8] FMI, 120 5 1 x 10'® 500 16.77 iy 12.55
DUNE ND (Graphite) [3, 66] LBNF, 120 574 7 x10% 150 38.83  2.210 19.36
SHiP (Mo) [9] SPS, 400 33 6 x 10%° 140 15.25 10.2 10.68




3. Production
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4. Final States:

e Flavor alignment: | U - |

e Studied two final states
o N — eTe .
°N — 72 (= vy)v;




5. Background Considerations (1):

SBND:  E,+.—, Epo >1.8 GeV .2
[2203.08322,

DarkQuest: F_, _ > 500 MeV and FE_ o > 2 GeV 240517651,

2410.07624]

SHiP: Negligible background due to vacuum in [2112.01487]
decay vessel

[1]: F.J.N. Arnaldos, “Neutrino Interaction
Measurements with the SBND Experiment.”
S — 2 3 [2]: R. Rajagopalan, “Searches for Physics
. Beyond the Standard Model with the
Short-Baseline Near
Detector.” 15



5. Background Considerations (3):
DUNE:
E.ie- >5GeV, BOpeam <5° and 1° < e < 20° Goprsrons]
S = 2.3
E.o>20GeV, Opeam <2°, and 6., >1°

o= 2 is+p(1+9) 3

Zy = 1.64




6. Sensitivities: HNL Mixing
Angle:
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6. Sen51t1v1t1es Gauge Couplmg




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



Conclusions/Outlook:

e Within our kinematically accessible region for
some benchmarks, DUNE ND and SHiP may
probe the Type I Seesaw band

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

experiment.

Thanks for coming to my talk!
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Decays: Z’ (1)
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Decays
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NL Production:
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Experimental Benchmarks Additional
e SBND ev———

. ** Three Detectors. Distance from  Active
@) Current]_y runnlng g:;’:m‘;z:::::w (LAFTPC), Detector BNB Target  LAr Mass
. . . |} - SBND 110 m 112 ton
Liquid Argon Time i R 57 ton,
. . ICARUS 600 m 476 ton
Projection — |
Chamber (LArTPC) S E )
at Fermilab | S

4

.\
.....

o HNL must decay [l 7
within LArTPC L

MicroBooNE SBND

https://sbn-nd.fnal.gov/ 26



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

Experimental Benchmarks Additional

e DarkQuest

o Proposed upgrade
to SpinQuest at
Fermilab

o HNL decay
products must pass
through three
tracking stations

o ECAL Detector

Station components:
”"" Drift chambers (6 planes)| -2
i H

ooooooooo

EM Calorimeter

x[m]

DarkQuest Spectrometer: Top view (Bend plane)
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Pl i DEEP UNDERGROUND
m— NEUTRINO EXPERIMENT

Experimental Benchmarks
Additional

e DUNE ND
o Proposed complex to be
built on Long Baseline
Neutrino Facility (LBNF)
o HNL must decay in LAr'TPC
detector

[2103.13910] |+ oo

https://www.dunescience.org/



https://www.dunescience.org/

Experimental Benchmarks Additional

e SHIiP

o Proposed high intensity facility at
CERN Super Proton Synchrotron

o HNL decay products may decay in SHiP
long vacuum decay Chamber Search for Hidden Particles
o ECAL Detector —

[2112.01487]

y
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Scatteringand

neutrino detector
Muon shield
Target and

29
hadron absorber



HNL Energies:

—_
()
S

- —_
o <
LRAL | A U B | L B RO EE | L BB R | L EE B B

Events/Bin
2

my = 2.1 GeV

gplp=10"*

_J_J_J‘J SHiP L—LHENL::1<3er

U= 1073

DUNE ND

15 DarkQuest
10~ 1E S AN,I_T_L\_‘  silis
10° 10 107

E N [GGV]

30



DUNE ND HNL vs Background:
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