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Dark Sector Paradigm

dark quarks?

» Below the electroweak scale, new
particles should be neutral (“dark”)
under SM forces (EM, weak, strong) Rt

dark forces?

dark leptons?

* New physics connects to SM through
finite list of “portal” operators, enabling
systematic exploration

By X ¢/2F" Vector portal
« Also of interest: axion portal, gauging |h|? x S+ g Higgs portal
SM global symmetries LI < uvN Neutrino portal
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Dark Sector — Light Dark Matter (DM)

* Minimal models provide a thermal relic
explanation for sub-GeV DM that give the
correct cosmological abundance and
predict the DM can be produced and
detected at accelerator-based facilities

* Representative model: vector portal
Kinetic mixing with ma+» > m,
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 Thermal freeze out mechanism viable
above some minimum SM coupling €
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Mimicking Big Bang DM Production at Accelerators
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Re-Scattering
experiment

Missing-X Kinematics
Experiment

SM recoil

Dark Matter X
Excited State X~

-
-
-

Semi-Visible
Search

a= Fermilab



Mimicking Big Bang DM Production at Accelerators

.

Missing-X Kine
Experiment

SM recoil

Dark Matter X
Excited State X~

Re-Scattering
experiment

matics

s

-
1
e
L i

Semi-Visible

Seay

a= Fermilab



PIP-Il Linac Under Construction at Fermilab

» Expected completion by the end of the decade
» Will provide among the highest-power ~GeV
proton beams in the world
* Key high-level metrics
« Capable of 2 mA @ 800 MeV (1.6 MW)ike
« DUNE only uses 1.1% of this beam to achieve its
physics goalsite!
* Proton beam is ~continuous wave

» Excellent opportunity for an accelerator-based
dark sector program at Fermilab

v

Proton-beam Target

Detector Other Users
Secondary Particles 99% .
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Fermilab Facility for Dark Sector Discovery (F2D2)

* PIP-Il beam dump facility to host dark sector “agile projects”

New Initiative: A Portfolio of Agile Projects to Search
for Direct Evidence of New Particles th;wm

Cuantum
Unirerse

the hidden sectors through the Vector and Heavy Neutral Lepton portals. At Fermilab,
PIP-1l is expected to make many more protons than needed for DUNE, and we anticipate
proposals for experiments using the excess protons. These experiments should compete
in the portfolio for agile projects (see Recommendation 3a and Section 6.2).

* Focuses on 0.8-2 GeV proton beam dumps adjacent to PIP-II Linac

* Concept builds off a series of workshops laying out future physics

opportunities in the PIP-II era, which also included proposals for
experiments

* OSCURA: Skipper CCD, low threshold

* DAMSA: Very short baseline beam dump experiment
* PIP2-BD: 100t LAr Scintillator

* And other opportunities

Physics Opportunities at a Beam Dump Facility at
PIP-IT at Fermilab and Beyond
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https://arxiv.org/abs/2304.08625
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.L031901
https://arxiv.org/abs/2203.08079
https://arxiv.org/abs/2311.09915

F2D2 Task Force at Fermilab

» Launched this year
to study F2D2
feasibility

» Charged with
developing a vision | .
an d Im pl ementatl On Common Log of Heat Generation (W/m3)

Eah / Sail

T T .
plan for F2D2 to th € T e aeme
conceptual level :

« Work ongoing
following
submission of
preliminary report
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F2D2 Experimental Program
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Millicharged Particles (mMCPs)

Detector

* Millicharged particles arise from extensions of the Standard Model that
include a massless dark photon

* Millicharged particles are produced in high energy collisions at particle
accelerators

12
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Using DM Direct Detection Detectors for mCP Searches

« Significant progress on developing new detector technologies for direct
detection dark matter searches

* Opportunity to leverage these technologies for dark sector searches at high-

Scintillating Bubble Chamber (SBC)

Silicon skipper-CCD detectors

2= Fermilab
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Kg-scale Skipper-CCD Off-axis Experiment at F2D2
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MCP Sensitivity with 1kg-year total exposure
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Axion-like Particles

16

Beam Dump Depgy region | 0

Detector

Proton beam +

» Some axions are predicted dark sector particles in models that extend the
Standard Model

« Axion like particles (ALPs) also produced through copious EM interactions
that arise from beam dump collisions

» ALPs are a viable dark matter candidate related to unanswered questions
around the strong nuclear force
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DAMSA

* Dump-produced Aboriginal Matter Searches at an Accelerator (DAMSA)

* Search for axion like particles decaying to two photons, along with
possibilities for dark photon decay to e+/e- searches
* Place vacuum volume very close to the beam dump with bro

coverage

gular

Electromagnetic

Vacuum decay volume /\ calorimeter

W. Y. Jang et al., Phys. Rev D 107, LO31901 (2023)

17
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DAMSA Experiment Design

LGAD Si Teacker
(6% 10cm x 10co)
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DAMSA ALP Sensitivity
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DAMSA 1 yr
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Dark Matter (DM)

Detector

* Inelastic DM
— DM up-scatters to heavier DM state, which then decays in detector
* DM-nucleus inelastic scattering

— DM excites nucleus, which then decays in detector

2= Fermilab
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PIP2-BD Liquid Argon Scintillation Detector

21

100 tonne liquid argon (LAr)
scintillation detector instrumented with
1200 photomultiplier tubes (PMTSs)

Design similar to Coherent CAPTAIN-
Mills

Multi-purpose detector can search for
keV-scale or MeV-scale dark sector
signatures

arXiv:2203.08079 [hep-ex]
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PIP2-BD Sensitivity to Thermal Relic DM (2 GeV proton beam)
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Physics Opportunities at F2D2

 Light dark matter (LDM) / dark sector searches
— Decay and/or scattering signaturesis:
 Light sterile neutrino searches
— Both appearance and disappearance
« Coherent elastic neutrino-nucleus scattering
— Provides new way to search for LDM and
sterile neutrinosist!
« Searches for Non-standard interactions (NSls),
strtests of the Standard Model ist!
« Neutrino Cross Section Measurementsisk.
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Summary

24

The PIP-II Linac is coming online at Fermilab at
the end of the decade and is capable of driving
among the highest-power ~GeV proton beams in
the world

— Can simultaneously support multi-MW high
energy beams for LBNF/DUNE and intense
low (~GeV) energy protons beamiste

Excellent opportunity for a proton beam dump
based dark sector (and neutrino) physics program

Fermilab task force launched to study the
feasibility of a Fermilab Facility for Dark Sector
Discovery (F2D2) to host future agile projects
aligned with P5 vision

— Key feature of such a facility at Fermilab is that
it can be designed for and dedicated to high
energy physics

Exciting prospect for discovering accelerator-
produced light dark matter over the coming
decade!

Preliminary Report of the Fermilab Facility for Dark Sector Discovery
(F2D2) Task Force
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K.J. Kelly
Texas AEBM University, College Station, TX 77840, USA
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Thank you for your attention!
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