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NOvVA Near Detector (ND) at Fermilab, near Chicago
300 Tons, 20192 channels, liquid. scintillator (130t)

100 meters underground




NOvVA Near Detector (ND) at Fermilab, near Chicago
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See: NOVA Technical Design Report, FERMILAB-DESIGN-2007-01



3D view (google maps) Fermilab Neutrino Area
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Cosmic Rays arriving to Underground Detector

* Cosmic muons: 35 Hz Flux at NOvA-ND Y l;\{l Ey > 50 GeV 200 KW
-> continuously recorded RN
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 Zero dead time DAQ : AN 100 m wVulp 7e |
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-> 30 minutes in data memory buffer NOVA Near Detector {{_ T  10 > sec.




Cosmic Muon Tracks in NOVA-ND
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ANGULAR DISTRIBUTION OF
RECONSTRUCTED u-TRACKS

NOVA Near Detector
— ACCEPTANCE €

NOVA Preliminary | NOVA Preliminary
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TIME variation: Excessive Cosmic Muons Flux
Bump = More Muons in Sep.-Dec. 2015 compared to 2016 data

p-Flux Asymmetry [ 2016a , N*2015a ] p-Flux Asymmetry [ 2016a , N*2015a |
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Time Evolution of the Excessive Muon Flux

p-Flux Asymmetry [ 2016a , N*2015a ]
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Excess started on 24.8.2015, and it was changing
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p-Flux Excess (64+4° Zenith, and 179+9° Azimuth) in NOvA-ND, due to SBN-FD
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FINDING the LOCATION of MUONS on THE SURFACE

p-Flux Asymmetry [ 2016a , N*2015a ]
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ICARUS =gt

NuMi-region
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Time Evolution of the Excessive Muon Flux

Excess started on 24.8.2015, and it was changing
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p-Flux Excess (64+4° Zenith, and 179+9° Azimuth) in NOvA-ND, due to SBN-FD
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ICARUS Excess: was Temporal Variation

+ also via: Angular Difference
Forward — Backward g
u-Flux SUBTRACTION
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DIFFERENCIAL of the Muon Flux

DETECTOR
Acceptance

F(0,0) = F,-G(0) - K(0,0) - A(0, )"

/,L—Flux/ 1
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Satellite 2D view (google maps)
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https://pos.sissa.it/390/800
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Left — Right: absorption difference of the Muon Flux
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Muon — Radiography of NOvA-ND Cosmic Data (FNAL)
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Positions of the Surface Buildings at Fermilab:

400m/100m = tan(76°)
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Zenith [ deg ]

Muons Absorption Differences. NOvA-ND Data

[ Apr. 2015 + 18 months data] NOvA Near Detector A X
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Cosmic Muon Flux
UPSTREAM - DOWNSTREAM pu-Flux subtraction
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NOvVA Preliminary Up -stream

NuMI region
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CONCLUSIONS: | )
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For the SYMMETRIC detector ACCEPTANCE

--> direct subtraction of the angular u-Flux is possible

--> Radiographic images can be obtained straight from Data

(without Free-sky subtraction, and without Geant/MC simulation)

see: Nature 552 (2017) 368

* APPLICATIONSs: Geology surveys, Mines, e
Side view
in various Muon Radiography techniques y %Nw“v
* e.g. Search for the voids in Pyramids (central detector) mmmmmsp /550 A

* Useful for our (NOvA) studies of backgrounds to time-dependent cosmic ray phenomena


https://www.nature.com/articles/nature24647
https://pos.sissa.it/390/800

LEFT - RIGHT Difference: in NuMI beam Direction

u-Flux Asymmetry: Downstream (Right - Left) Satellite 2D view (google maps)
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