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» DarkQuest is a unique proposal to upgrade existing detectors
(SpinQuest @ FNAL) and greatly extend the mass reach of the
search for visible-decaying dark sectors.

» [ will talk about the expected sensitivity, upgrade plans and
ongoing simulation studies.



DARK SECTORS AND LIGHT DARK MATTER
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Big opportunity to probe dark sectors in MeV-GeV regime
with high-intensity accelerators and fixed-target experiments



WHY DARKQUEST?
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A proton beam will yield higher effective luminosities than a lepton beam and DarkQuest’s
(existing) short baseline (5 m) makes it unique for LLP searches (Zdisplaced: 5 -10m)



AN EXAMPLE: A" PRODUCTION IN PROTON BEAMS Berlin, Gori, et. al. (2018)
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https://arxiv.org/pdf/1804.00661.pdf

PROTON BEAM SETUP
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Fermilab’s Main injector
120 GeV proton beam: max.

intensity of lel3 protons/ 4s. spill \ Y
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Expected luminosity: 1el8 Protons
on Target (POT) in 2023-2025 and
1e20 (>2025)

High energy neutrinos
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Berlin, Gori, et. al. (2018)

A" TO DI-LEPTONS REACH FROM PHENO STUDIES and N. Blinov
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https://arxiv.org/pdf/1804.00661.pdf
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Batell, Evans et. al. (2021), Kowalczyk et. al. (2020), Tsai et. al. (2019) ,
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SIMPs in Berlin et. al. (2018), (g-2) favored models?

Dark Scalars
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https://link.springer.com/content/pdf/10.1007/JHEP05(2021)049.pdf
https://inspirehep.net/files/ae44fc07ffe1b26c934a94ab5517cb7f
https://arxiv.org/pdf/1908.07525.pdf
https://arxiv.org/pdf/1801.05805.pdf
https://arxiv.org/pdf/1712.10022.pdf

EXISTING SPECTROMETER COMPONENTS
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High-momentum signal
focused near beam line
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EMCAL UPGRADE TASKS
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o Layers of lead and
2 existing EMCAL sectors @ BNL: scintillator tiles

1296 readout ch./sector

2m Ongoing and future tasks:

Update from PMT to SiPMs (ADC+TDC)
Design SiPM readout (e.g. from EMPHATIC experiment)
Integrate with current DAQ
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https://www.sciencedirect.com/science/article/pii/S016890020201954X?via=ihub

FULL GEANT4 STUDIES
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EMCAL energy resolution geometric acceptance (~ pheno-predictions)
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COLLABORATION
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Experimentalists:

° Los Alamos

NATIONAL LABORATORY

BU: Zeynep Demiragli, David Sperka, Amitav Mitra

e oY A:...
Theorists:
FNAL: Nikita Blinov, Yu-Dai Tsai

FNAL: Nhan Tran, Yongbin Feng, Cristina Mantilla Suarez PITT: Brian Batell, Mudit Rai

MIT: Phil Harris, Duc Hoang, Noah Paladino, Sergio Cuadra NYU: Asher Berlin

LANL: Ming Liu, Kun Liu UCSC: Stefania Gori

JHU: Petar Maksimovic

SLAC: Tim Nelson, Omar Moreno

» Establishing strong connections with SpinQuest collaboration

» LongQuest proposes new far detector and further upgrades (PID, new dump and fast
tracking) see Tsai et. al. (2021) - ongoing studies for Snowmass!

» We welcome new collaborators! Contact us: cmantill@fnal.gov, ntran @fnal.gov
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.181801
mailto:cmantill@fnal.gov
mailto:ntran@fnal.gov

SUMMARY

» DarkQuest offers a low cost (~500k) opportunity to expand the
mass reach for light dark sector mediators

» Plans for EMCAL upgrade that adds electron/photon channel

» Ongoing simulation studies: integration of EMCAL, displaced
tracking, signal and background yields

» Planned Timeline: SpinQuest will run (Fall 2021-2022): parasitic
run w. dimuons, and DarkQuest aims for Fall 2023-2025

14



