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Outline

» Semantics
» The DUNE Near Detector Complex
» Using DUNE-PRISM for Light Dark Matter

» Using the DUNE Multi-Purpose Detector for Hidden Sector Decays



Symbiosis is a close relationship between two species in which at least one species

benefits. For the other species, the relationship may be positive, negative, or neutral.

There are three basic types of symbiosis: mutualism, commensalism, and parasitism.
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Mutualisnis a symbiotic relationship in which both species benefit. An example of
mutualism involves goby fish and shrimp (see Figure below). The nearly blind shrimp
and the fish spend most of their time together. The shrimp maintains a burrow in the
sand in which both the fish and shrimp live. When a predator comes near, the fish
touches the shrimp with its tail as a warning. Then, both fish and shrimp retreat to the
burrow until the predator is gone. From their relationship, the shrimp gets a warning of

approaching danger. The fish gets a safe retreat and a place to lay its eggs.
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Commensalism is a symbiotic relationship in which one species benefits while the other

species is not affected. One species typically uses the other for a purpose other than

food. For example, mites attach themselves to larger flying insects to get a “free ride.”

Hermit crabs use the shells of dead snails for homes.
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Parasitism is a symbiotic relationship in which one species (the parasite) benefits while

the other species (the host) is harmed. Many species of animals are parasites, at least

during some stage of their life. Most species are also hosts to one or more parasites.




DUNE Near Detector Complex
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Liquid Argon TPC

(beam direction), 3m (tall), 7m

-
L)
v
E__
S0
oL
o
()
>
00
< )
A

\ /[
/._/..

~ -~

POy i b

o

-
L)
A
"
0
v
&
QO
2
=
O
<
A

t
ff

&

modules

)

- » 35 separate (Tmx Tm x 3.5 m
» Pixelated charged readout

2 » Fiducial mass: 50t

~30 m)

up to

(

» Movable off-axis

\ o \\ .. e .,.. 1 E
. / i ] 7 A 771 /4
. . d £ =
\ Yy NN 8N
& - .‘ ..
% f /4
._-. = R —— —

/
NNy 8N
—M — — ——

, ¥ (R — ]

N
J.lllll’l

)

At N

_>“§ﬁWI;:l|i~\&\

~J

4

[Alan Bross's talk at NuFact 2019]



Multi-purpose Detector

» High-pressure Gas TPC (10 bar)
» ECAL Surrounding Gas TPC
» Magnet surrounding ECAL

‘ _?_ (e:ctrometer for particles that exit Liquid Argon

» Low thresholds, fine-grained tracking
’ » Moveable off-axis with LAr TPC

[Alan Bross's talk at NuFact 2019]



3D Scintillator Tracker-Spectrometer (3DST-3)

» Active target of scintillator tracker (8 t)

» Gas tracking chambers (1 atm)

» 1x1x1 cc cubes (total volume 2.4 mx 2.4 m x 2 m)
» Independent program for cross sections on CH.

» Remains on-axis to monitor flux

[Alan Bross's talk at NuFact 2019]



Neutrino Trident Scattering for New Physics

Recent, DUNE-focused work:
1902.06765] W. Altmansshofer, S. Gori, J. Martin-Albo, A. Sousa, and M. Wallbank
1902.08579] P. Ballett, M. Hostert, S. Pascoli, Y. Perez-Gonzalez, Z. Tabrizi, R. Zukanovich Funchal




New Physics Contribution (via interference) to SM Trident Production

L,— L, DUNE ND, 75 tonnes, 5y v-mode
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Light Dark Matter and DUNE-PRISM
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(or similar with scalar DM)

In a fixed-target environment, many neutral mesons that can decay mv — yy
are produced. With suitable masses, they can decay instead by
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Neutrino Mode Antineutrino Mode
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Neutrino Mode
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Fermionic DM x, ap = 0.1, My = 3M, Fermionic DM x, ap = 0.1, M, =20 MeV
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Fermionic DM y, ap = 0.1 Scalar DM ¢, ap = 0.1

{1y = Qops. limit saturated




Decaying Portal Particles in the DUNE MPD
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ECAL/Magnets
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* Minimal dark photon assumptions:
* Mixes with the SM photon via kinetic mixing parameter,

* Decays preferentially into visible SM particles.

1 > 10 A’ Decays
1 > 100 A’ Decays

5 m diameter at 579 m distance

— A

SN1987A
= pp — ppA’

Number passing through MPD in 10 yr



Conclusions

» The DUNE Beamline can serve as a production mechanism for many hidden
sector particles of interest.

» Beyond the benetits of a liquid argon TPC, the DUNE Near Detector complex has
many features that may be exploited in searches for BSM physics.

» Two such features:
» DUNE-PRISM: moving off-axis to reduce neutrino-related backgrounds

» Multi-purpose Detector: Large volume with lower mass, beneficial for searches
of decaying particles.
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