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Introduction

New Physics: Dark matter(DM), neutrino masses and mixing,
baryon abundance and various anomalies, g-2 of muon,
MiniBooNE etc.

Are they all correlated? Is there a model?
* Where is the new physics scale?

* Many experiments are probing new physics scales:
DM direct and indirect detections, LHC,
neutrino experiments, beam dump experiments, rare decays,
astrophysical observations etc.

LHC is mostly probing scales above 1 GeV



Introduction

Investigation of scales below 1 GeV

« Thisregion is difficult to search
« Anomalies, and puzzles can be addressed
e There are many new ideas

Models (Many ongoing activities):
Light mediators: scalar/pseudo-scalar, vector; sub-GeV DM

Low energy beam dump-based experiments, Forward physics facility at the
LHC, Astrophysical observations, etc. can investigate low scale models

This talk will discuss: Exploration of various models at GeV scale proton beam

dump-based stopped pion experiments:
High intensity beam, various production possibilities, large detectors



Proton beam-based experiments

Beam_dump-based (proton beam) Proton (p) @ @
[ongoing]: 800 MeV-3 GeV: COHERENT — © @

(Oakridge), CCM (LANL), JSNS2(JPARC) R
Detectors, Csl, LAr, Nal, Ge Igh Intensity
~12mpor | W () ()

Fermilab SBN program: 120 GeV NUMI, 8

GeV BNB beams (ongoing) DUNE (120 GeV)

Far Detector SBAD

I%;tR t) ; MicroBooNE 180t LAY
170t LA

.

\"A K

i

« FASER, FASERv, SND are ongoing

How complementary are these searches?



Stopped pion experiments

800 MeV protons, 100kW, 275 nanosecond pulsed beam
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COHERENT
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COHERENT (2017) No CEVNS rejected at 6.7c: Csl
(2020): 11.6c

COHERENT (2020) No CEvVNS rejected at 3.8c : LAr



CENS-DM

The ongoing CEWNS experiments, COHERENT, CCM etc. are probing light DM

Deniverville, Pospelov, Ritz, PRD, 2015, Ge, Shoemaker, JHEP, 2018,
Dutta, Kim, Liao, Park, Shin, Strigari, PRL, 2020

 Both neutrinos, DM produce nuclear recoils: how to distinguish them?

» The timing and energy recoil measurement at COHERENT, CCM, JSNS? can be used
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CCM: KeV to MeV

CCM recently showed sensitivities to energies from KeV to 100 MeV
_ _ o CCM, 2112.09979 (PRD)
This opens up various new possibilities:

Axion, Inelastic DM-nucleus scattering, Dark photons,
Light mediators: MiniBooNe anomaly, HNL, Mirror Neutrons etc.

New particles can be produced at the target using v, e*, pion flux
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New physics at v experiments

A': Vector
From y: dp=scalar
a=pseudo-scalar
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New physics at v experiments
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> Not helicity suppressed =» both electron
and muon final states contribute
> Needs to include all the internal
bremsstrahlung diagrams IB; (i=1,23) 10



Example 1: MeV signal - DM
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MeV signal - DM

My, Telastic ~ 1/(2myE, + 'm?\})?

gp=V2im, M, B ~1/(2myE,)* if m‘ < 2mnyE,
B. Dutta, W. Huang, J. Newstead, arXiv:2302.10250
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* We use CCM background measurements and projections

e t<200 ns, prompt window reduces the neutrino background down to O(1) events

» Rescale the shell model prediction to be consistent with the experiment, W. Tornow et al.,
2210.14316
» Alower threshold detector will help to improve the sensitivity in the elastic channel

» Signal: Recoil (KeV), deexcitation photon 12



MeV signal — DM: Leptophobic

U(1)g Model
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Example2: dark photon

Dark Photon
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Productions involve: Charged and neutral meson decays,
protons, electron/positron flux induces bremsstrahlung and various other production processes

Decay final states

Scattering final states (ongoing)

Dutta, Karthikeyan, Kim, to appear
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Example 3: ALP

Gay in GeV 1

o 5 eT fluxes, Primakoff/Compton productions, inverse Compton/Primakoff, decays
final states are used by CCM(LANL) to explore new physics

« For g,,, coupling, the CCM engineering run data has started - « T

exploring new parameter space
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Example 3.1: Absorption

N*

Additional detection and production modes:

MeV Lines from inelastic absorption, y
e.g., axion absorption;
a/lA’
N E=0 N

N

Axion productions from deexcitation
lines at the target

v

N

Primakoff/ Compton production
Inverse Primakoff/Compton detection }
Yaeer Jayy

Dexciation production
Inelastic Absorption Yann
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1 z, Radiation type Label
1 -1 |Electric Dipole radiation El
1 +1 | Magnetic Dipole radiation M1
2 -1 | Magnetic Quadrupole radiation M2
2 +l | Electric Quadrupole radiation E2
3 -1 |Electric Octapole radiation E3
3 +1 | Magnetic Octapole radiation M3

We use these lines to produce axions,
dark photon production

T = (—I)I for £ transitions
T = (—1)!+1 for M transitions

multipolarity = 0!

Ji 7 o '

/\/\/V Parity = -1

2+ —_—

jf 7T J™=17(E1),27(M2),3(E3)

i = Sl < T < Jit Ty
T = TGTf

These lines are also utilized at IsoODAR

[60 MeV proton beam dump experiment with
Be target]

Can be utilized at PIP2 and DAMSA
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Dutta, Newstead, Huang, to appear

» De-excitation line at the target is due to absorption:
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Example4: Dark Sector

MiniBooNE anomaly: Dark sector

» [For dark sector appearing from n%->V vy only: ruled out by MB dump

Use the charged pion 3 body
Decay (helicity unsuppressed):
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Can be probed at CCM, MicroBooNE, SBND, DUNE

Dutta, Kim, Remington, Thompson, Van de Water, PRL 129 (2022) 11, 111803



Dark Sector
MiniBooNE puzzle at CCM/PIP2

cem | | PIP2 l

Isotropic flux of dark-sector particles

Productions via n° and ©* can be investigated = would help to discern light mediator models



Dark Sector

Vector IB2 (my = 5 MeV)., m'"-mediated scattering
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» Light mediator models can explain various anomalies and puzzles
* Many model possibilities

* M(new physics) < GeV is not easy to probe, e.g., LHC, direct and indirect detection
experiments mostly probe M > GeV

» Stopped pion based proton beam dump experiments have unique opportunities to
probe the dark sector with MeV e, y final states
neutrino-related background is small

« New physics can be searched using pion, v, e, meson fluxes, Lower mass scales
can be probed efficiently

* Ongoing CCM is already providing interesting results on dark sector model
parameter space

« PIP2-BD can investigate a larger range of parameter space of various models )
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