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Overview

Status

» MicroBooNE - See Stefan’s talk

« ArgoNEUT, SBND - millicharged particles

* SpinQuest & DarkQuest - dark mediator
spectrometer searches

Prospects

* PIP-Il Beam Dump, SBN Beam Dump -
DM rescattering with proton beams

« M2 and muon beam dump (3 GeV) -
muon-specific couplings

« REDTOP - n factory

* DUNE - See Joachim’s talk
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Physics drivers
see arXiv:2209.04671

Dark Matter

Dark Sector Portals

New Flavors,
Rich Structures
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Fermilab accelerator complex

Long Baseline Neutrino NuMI-MINOS

Facility Y., Booster Neutrino Beam (120 GeV)
(60-120 GeV)  *., Beam(8GeV)

Main Injector

(120 GeV) 7 oy ~ Switchyard
Recycler (0.8 GeV) 22

(8 GeV)



Fermilab accelerator complex

Long Baseline Neutrino
Facility Y., B
(60-120 Gev) *», B

DUNE

Main Injector
(120 GeV)

Recycler
(8 GeV)

MicroBooNE

SBN Beam Dump

anm (o UEv)

ArgoNeuT
Nulvl I-MINOS

Beam (120 GeV)

REDTOP Campus

g : Booster (8 GeV)

Linac (400 MeV)

g N ~ Switchyard
PIP-llinac %, (120GeV)
(0.8 GeV) SpinQuest/DarkQuest

PIP-1l Beam Dump

\ M




Phys. Rev. Lett. 124, 131801

ArgoNeuT millicharged particle search POC: Omella Palamara

NuMI 120 GeV beam, analysis with 120 PoT, data from 2009-2010
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ArgoNeuT millicharged particle search

NuMI 120 GeV beam, analysis with 120 PoT, data from 2009-2010
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First search for mCPs with LArTPC neutrino detector
Search strategy:

Two low threshold (<MeV) electromagnetic hits
pointing back to the target

Phys. Rev. Lett. 124, 131801
POC: Ornella Palamara
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ArgoNeuT millicharged particle search Phys. Rev. Lett. 124, 131801

POC: Ornella Palamara

NuMI 120 GeV beam, analysis with 120 PoT, data from 2009-2010

Signal Charge vs Mass parameter space
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First search for mCPs with LArTPC neutrino detector _
Search strategy: SBND: 8 GeV beam, closer detector

Two low threshold (<MeV) electromagnetic hits (110m), lower threshold (50 keV)
pointing back to the target
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DarkQuest

DarkQuest, 2203.08322
Snowmass report, 2209.04671

DarkQuest is EMCal upgrade to SeaQuest/SpinQuest proton beam dump experiment at 120 GeV at
Fermilab Main Injector — high impact, near-term, modest-cost

Station components:

] ot chambers s a2

3 Hodoscopes

E Dark Photon Hodoscopes
: Muon Prototubes
EM Calorimeter

Top view (Bend plane)

x[m] z[m]
[ | [ | |
0 5 10 15 20 25
T [ "
— "
R "
[ 1"
— [ "
f"" [ "
H " €
[ "
- EERE T 10
[ I
T TT
f— (B "
B "
— i 1"
i "
I 1 (N
= 1"
I 1 "
T [ "
Station 1 Station 2 Station 3 Muon station
34
pu™ e} L _etet <
and S e % : ca\°““\ep-\o5°‘be
2 9“ 296 aono¥ 046"
s B’

1077

107°%

10795
10

10!
ma [GeV]

Experimental Approach
e Collider

pp Collider

pp LLP

e Fixed Target

p Fixed Target

Muon Decay

Line/Shading Types
Excluded

Operating & DUNE

Proposed (U.S. Based

— —— Proposed (U.S. Leadrsh.
-~ Proposed (International)

Post —2032 Proposed

10

+ additional sensitivity to several other
signatures (SIMPS, mu-philic scalar, etc.)




DarkQuest

» Dark sector community formalizing collaboration with SpinQuest

« Snowmass white paper includes several new studies to
develop detector concept and simulation — advance
dark sector physics case and experimental plan

» Upgrade physics case presented to / endorsed by
Fermilab PAC in June

« Target Timescale: FY25

Meanwhile...

» SpinQuest is getting ready to run this winter!

* Goal: displaced dimuon search (m,, > 2mu), triggers implemented in FW

» Design and testing of EMCal electronics on-going

10

DarkQuest, 2203.08322
Snowmass report, 2209.04671
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POC: Matt Toups, Jacob Zettlemoyer
PIP2-BD

PIP2-BD: GeV Proton Beam Dump at Fermilab’s PIP-II Linac

M. Toups,* S.J. Brice, Jeff Eldred, Roni Harnik, Kevin J. Kelly, Tom Kobilarcik, Gordan Krnjaic,

° PI P2— B D iS a |OW—threSh0|d argon SCi nti | |ation—on Iy detector Pedro A. N. Machado, V. Pandey, Z. Pavlovic, William Pellico, Jacob Zettlemoyer, and Bob Zwaska

Fermi National Accelerator Laboratory, Batavia, IL 60510, USA

placed just downstream of a ~1 GeV PI P_II beam d u m p R.G. Van de Water,* Patrick deNiverville, Bill Louis, and R. T. Thornton

Los Alamos National Laboratory, Los Alamos, NM 87545, USA

Brian Batell
* Makes use of the proton beam power capabilities of PIP-ll but | "Moo s s e
. Vo . askar Dutta, Aparajitha Karthikeyan, Doojin Kim, Nityasa Mishra, Adrian Thompson
reqL“reS addltlon Of an accumulator rlng Mitchell Institute for Fundamental Physics and Astronomy,

Department of Physics and Astronomy, Texas A&M University, College Station, TX 77843, USA

* Developed detector concept, simulation to study dark sector, “BRfMlthSthSk 2
sterile neutrino sensitivities for 3 different accumulator rings cotantie RNTI e s ?;
— PIP-Il Accumulator Ring R — 3
— Compact PIP-Il Accumulator Ring 5

— New Rapid Cycling Synchrotron Accumulator Ring -

n
fCRESST-I
/
/

s
« Strong synergies with the Advanced Muon Facility £ 10100

« Snowmass white paper will be updated and submitted to PRD
this year
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https://arxiv.org/abs/2203.07339
https://arxiv.org/abs/2203.08707
https://arxiv.org/abs/2203.08278

SBN-BD

* SBN-BD is a proton beam dump for the
BNB as a follow-on to MiniBooNE-DM

* Makes use of the excess Booster beam
power capabilities in the PIP-Il era

* Dark sector and sterile neutrino sensitivities
studied for 2 different detectors

POC: Matt Toups, Jacob Zettlemoyer

FERMILAB-FN-1157, LA-UR-22-22524
SBN-BD: O(10 GeV) Proton Beam Dump at Fermilab’s PIP-II Linac

Contacts
Matt Toups (FNAL) [toups@fnal.gov], R.G. Van de Water (LANL) [vdwater@lanl.gov]

Authors and Proponents
Brian Batell (University of Pittsburgh), S.J. Brice (FNAL), Patrick deNiverville (LANL),
Jeff Eldred (FNAL), A. Fava (FNAL), Kevin J. Kelly (FNAL), Tom Kobilarcik (FNAL),
W.C. Louis (LANL), Pedro A. N. Machado (FNAL), Z. Pavlovic (FNAL), Bill Pellico (FNAL),
Josh Spitz (University of Michigan), Rex Tayloe (Indiana University), R. T. Thornton (LANL),
Jaehoon Yu (University of Texas at Arlington), J. Zettlemoyer (FNAL)

arxiv:2203.08278
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https://arxiv.org/pdf/1503.01520.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.092010

What about g- 2? https://indico.fnal.gov/event/48936

A No-Lose Theorem for Discovering the New Physics of (g — 2), at Muon Colliders

Rodolfo Capdevilla, David Curtin, Yonatan Kahn, Gordan Krnjaic

https://arxiv.org/abs/2101.10334

Discovering the new physics of g-2 with fixed target muon facilities at

Fermilab
Tuesday Jun 22,2021, 12:00 PM = 5:00 PM Us/Central Invisible Visible
Andrew Whitbeck (Texas nivi Christian Herwig (FNAL), Cristina Ana Mantilla Suarez (FnaL) , .
Gordan Krnjaic (Fermilab), Nhan Tran (FNAL), Yonatan Kahn (University of llinois at Urbana-Champaign) final state/ Lf’“g' neutrinos | DM photons | electrons muons hadrons
mediator lived v xx 174 ete™ ,4+ u Rssas
Introduction Muon beam options at Fermilab Accel Facility and d .
Speaker: Nhan Tran (FNAL no(? es es e no(? yes no(?
& Introductory slides ® Y Y ] (my > 2m,) @)
muon-beams-nt.pdf
¢ L — L_gauge boson: UV complete, automatic coupling to neutrinos, easy to
Th ivati ) vector y — Lo " ‘
g —— on§ (Minimal) M*3 couple to DM. (* my > 2m, constrained by dedicated BABAR search)
Spsaker: Gordan Kinjaic Famdas) Spselar; Cristns Ane Madtita' SUateZ (PN « Challenging to build viable models with sizable couplings of vector mediator to
[8 MiniMuWorkshop.pdf CMS_M3_Jun22 pdf electrons or hadrons (gauge anomalies, constraints from neutrino physics)
es es es es es
Muon beam dumps at muon campus Y yes yes Y Yy Y Y

Theory phenomeniology Speaker: Yiming Zhong (Boston University (mg < Zmﬂ) (mg < 2m“) (mg < Zm”) (mg > 2my) (mg > 2m,)

Speaker: Brian Batell (University of Pittsburgh)
muon_beam_dump_..
Batell-muon-pheno.... scalar
DarkQuest
Speaker: David Sperka

¢ All minimal signatures can be realized in scalar simplified models.

* UV complete models require new SM-charged states above weak scale with
special flavor structure (such states can in principle affect (g-2)

* More phenomenological studies needed to chart the parameter space

DarkQuest_g2works..

signature missing momentum prompt or displaced resonance

M*3 in SpinQuest
Speaker:Phip Haris (i Credit: Brian Batell

PCH_DQforM3_14_

2% Fermilab
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M2 and muon beam dump

M?3: invisible search

Work on-going to understand if muon flux

can be achieved in NM4 hall (SpinQuest)
e -

20 cm
MAGNET

=

RECOIL
e—1 s s A AR s s s AALL r—ed  TRACKER

arXiv:1701.07437
arXiv:1804.03144

Visible searches

3 GeV muon beam dump and DarkQuest could
cover remaining ground in visible ee and yy final
states, pp final states to be understood

Target (W) Detector
3 GeV e*
u beam -< (a)
....... ’ e
Y
- O.\’IA (b)
Y

What does a worldwide program look like to systematically explore sub-GeV solutions to g-2?

14
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M2 and muon beam dump

Snowmass report, 2209.04671

M?3: invisible search

Work on-going to under
can be achieved in NM4
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2% Fermilab
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https://arxiv.org/abs/2203.07651
POC: Corrado Gatto
redtop.fnal.gov

REDTOP

a n/n’ factory to search for Dark Matter
and CP-violation

16

G T, CR-uiolation
GCP Violation via Daliz plot warror asyrametry: 7 — 2° % %
HSCP Violation (Type I —P and T 0dd, C even): n—>47° — &
UCP Violation (Type Il -C and T odd, P even): 57 — nott and 5 — 3y

SCP invariance in angular correlation studies: — & p - 7=
CCP invari@ce in p polar. in studies: 57 — 2 p'u"
OT npar, via x transverse polarization: 7 — FU R~ @A 7 — yR -

SCPTviolation: 1 polar.in 7 — Huvos 57— XUV -y polar.in 7 —yy

Other discrete symmetry violations
Slepton Flavor Violation: 7 — w'e~+cc.
SRadi@ive Lepton Flavor Viola@ion: 7 — y (e~ + c.c.
UDouble lepton Flavor Violation: i — jere=e- +cic.

Non- 7p/7f based BSM Physics
ONeutral pion decay: # — yA — e
SALP’s searches in Primakoff processes:p Z —p Za — - (F.
Kahihoefer)
UCharged pion and kaon decays: m+ — v A’ — pwvee and K+ —
wvA —rvee

- T

New particles and forces searches
CScalar meson seaches (charged channel): 3 — »°H with H—ee and
H—pp
SDark photon searches: 7 — yA" with A" — ot
CProtophobic fifth force searches : 7 — yX,; with X,; — a*s-

OQCD axion searches : 7 — AR@,, uitha,, — e'e-

ONew leptopholic baryonic force searches : 7 — yB uithB— ee- or B—
YR

Sindirect searches for dark photons new gauge bosons and leptoquak: 7
— K anidn—ee

aSearch for true nuoninm: 7 — y(£ s -)lm“ — yee -

SLepton Universality

g7 — o H with Ho vN, ,N,> HN,, H > ¢e*e

Sproton radius anomaly: 7 — yHR-VS 7 — yee
LAl unseen leptoric decay mode of 1/ 1’ (SM predicts 104 -10)

High precision studies on medimm energy physics

“Nuclear models

CChiral perturbation theory

Elon-perturbative QCD

sospin drealing due to the w-d quark mass difference
COctet-singlet mixing angle

CElectromagnetic transition form-factors (fmportant input for g-2)

Sensitive to DM from 10 MeV up to ~n’ mass

Modest beam reqr’s: 1.8 GeV proton — 30 W (for 1014 h)
Moderate cost: $55M (+ contingency & labor)

Latest detector technologies: dual-readout, LGAD,...

sensitive to all 4 DM portals

2% Fermilab




https://arxiv.org/abs/2203.07651

R E DTO P POC: Corrado Gatto

redtop.fnal.gov
a n/n’ factory to search for Dark Matter
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SCPTviolation: x polar.in 7 — Ruvos 7 — T v - y polar.in 57— yy |\ ~Lepton Universality
o7 — 7o H with H— v, , N,—> HN,, H - e*e

Other discrete symmetry violations

SLepton Flavor Violation: 77 — u'e=+ c.c.

SRadi@ive Lepton Flavor Viola@ion: 7 — y (e~ + c.c. 107

SDouble lepton Flavor Violation: 77 — & re-e- +cic. N
Non- 7/7f based BSM Physich 10-°

ONeutral pion decay: # — yA — e

SALP’s searches in Primakoff processes:p Z —p Za — - 0-6
Kandhosfer) .

UCharged pion and kaon decays: w+ — pwrv A’ — pwrvee and f&
wvA —rvee

ipTeysics

10°7

w

SDark photon and ALP searches in Drell-Yan processes: qgbly ~
-— l-l_

109
xals

e Sensitive to DM from 10 MeV up to ~n’ mass o8

e Modest beam reqr’s: 1.8 GeV proton — 30 W (for 1014 h) B :

e Moderate cost: $55M (+ contingency & labor) U < PR—
e Latest detector technologies: dual-readout, LGAD,... S et i

2% Fermilab
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To upgrade DUNE to 2.4 MW,

Proton intensity upgrade the Booster needs to be
upgraded. Fermilab currently

G . exploring additional physics
Long Baseline Neutrino Booster Neutrine NuMI-MINOS opportunities
Facility .. Beam (120 GeV)
(60-120 GeV) % Beam (8 GeV)

Main Injector

(120 GeV) - ~ Switchyard
PIP-Il linac \\ (120 GeV)
Recycler (0.8 GeV) &
(8 GeV) L \

If you’re interested, a good session at Snowmasss
https://indico.fnal.gov/event/22303/sessions/20651/#20220720



Outlook

Active program at the Fermilab accelerator complex to search for light DM and mediators
See also talk’s by Stefan (MicroBooNE) and Joachim (DUNE) on Friday

Current program leveraging neutrino detectors and existing infrastructure (e.g. SpinQuest)

Exciting prospects for future experiments in concert with planned accelerator facility upgrades
PIP-1l and Proton Intensity Upgrade (Booster replacement)

PIP-1l shutdown ~FY27, target operation in FY29

2= Fermilab



