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Dark Matter (DM) Indications

* Anomalous Visible Matter Rotation: r. zwicky 1933 (coma cluster)
V.C. Rubin 1978 (Galaxies)

* Gravitational Lensing of Light: A. Einstein 1936, Zwicky 1937

* Galaxy Cluster Collisions: 80,

Aes-y eapuey)

* Cosmology: Planck 2014: CMB spectrum: 2,,,/ 2, =5/1

Direct detection of Dark Matter is Ultimate Goal of Experimental Physics
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& Fermiad NOVA Experiment A

* 810km Long-Baseline Neutrino Oscillation (v, ~ v,).

NOvA
Ash River .
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Fermilab

IL

-100m at Fermilab
underground
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& Fermiad NOVA Experiment A

* 810km Long-Baseline Neutrino Oscillation (v, ~ v,)

Fermilab

\

FAR detector: 60m Long, 16m high

IL

14000 tons, Liquid scintillator (oil) NEAR detector: 16m
344064 pixels, 10752 APDs identical functionality
APD sensors: 20192 pixels, 631 APDs
14. January 2020 Hunting For LDM with NOVA 300 tons 4



2= Fermilab

1 pixel
1 Fiber = 2 ends

32 Fibers 2 1 APD

Avalanche
PhotoDiodes

APDs cooled by
Peltier Modules
toT=-15°C
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Front-End-Boards
GPS synchronized

( Far + Near detector)

=~ 20 minutes of DATA
stored in Memory
(buffer PC Nodes)

for Trigger decisions

45sec of continuous

data can be saved to
permanent storage
upon "SN" Trigger



2% Fermilab

NOVA Experiment hS

€ 0. FAR detector
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detector

Near Detector

Target Focusing Horns
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srem DM at NOVA Experiment <2

* Dark Matter [ V,,, ~» xx ] production via Vector Portal

! X
i Near Detector
Target Focusing Horns Decay Pipe
120 GeV \ — T - ” Vv
P P P — $=ccsssssssss —/X/—’ S
- 7 ‘ s ___--_--__.', A AD
700 kw - ! Vi ar®
( ~200 kA Pulsed Horn Currents )
675m long 1km from the Target
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DARK Matter Search in NOvA-Near detector
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DARK Matter Search in NOvA-Near detector

MR o DETECTION

ELASTIC interaction: electrons

[ dark photon mass |

Dark mediator: Mpp = 60-1000 MeV
Kinetic mixing: &=~ 103—-10"*4
DM coupling to Vp,: &p = 0.5-0.05

DM particles mass: M ,, = 20-300 MeV

120 GeV 297 X 1020 POT
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DARK Matter Flux in NOVA-ND Detector
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Expected LDM Upper Limits from NOVA-ND detector
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Excess of the elastic-like forward electron showers
mmm——) cOUld mean: LDM signal in NOvA-ND
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Excess of the elastic-like forward electron showers
mmm——) cOUld mean: LDM signal in NOvA-ND
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Sideband Elastic electron showers may come from LDM
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NOVA Statistics Accumulation: ¥ POT = 6x107}

Daily exposure (108 POT)
S
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Gradually Increasing the NuMI beam intensity ( power ) 2 700 kW

o Daily neutrino beam

e Daily antineutrino beam
Accumulated beam

—— Accumulated neutrino beam
—— Accumulated antineutrino beam

o o

2014
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before Summary: 1) DM search in NOVA Far Detector
Annihilation of DM in Sun 3 Upward going Muons

( Sun is at + 10° off the horizon)
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hefore Summary: 2) DM search in Far+Near Detector
nterstellar or DM Stream 3 mini-SNova-like events

( low-energy neutrinos )

Ecllptlc Plane \

THIS EFFORT ASSUMES:
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SUMMARY

* NOVA-ND can put competitive Limits on LDM
p+C"” > (Mpp: 20 — 200 MeV) 2> XX’

* DATA taking plan: until 2025 (POT— 6x1021)

+ Far Det. NOvVA Dark Matter Project Active

5~ search for WIMP annihilation in Sun + DM stream focusing
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~ Thank You and NDM-2020 organizers'

for the Attention and Hospitality.
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