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Mirror Design for an ARICH Detector
in a Hadron Production Experiment

What is the motivation?

What is an ARICH and why it needs a mirror?

How was the mirror studied?




To reduce neutrino production modeling uncertainties in
accelerator-based and atmospheric neutrino experiments. - DecayPpe

Absorber

ut —
— U
£ . — ‘ 5m = 2 :“

" Hadron

Therefore help in the neutrino nucleus cross-section
measurements, sterile neutrino searches, neutrino mass hierarchy
and CP violation.
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Many of the hadron interaction data relevant to GeV-energy neutrino flux
predictions are insufficient for the precise neutrino flux predictions.
Reduction of the flux uncertainty to levels of 3% are necessary.
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Experiment to Measure the Production of Hadron At a Test beam In Chicagoland

Measurements with beam energies below ~15 GeV (not
currently accessible in NA61/SHINE beam line).

Measurements connecting production from ~2 GeV to
120 GeV beams in single experiment.

Measurements on a broad range of target materials
relevant for out-of-target interaction modeling.

New detection methods with independent systematic
effects from NAG1/SHINE.
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Aerogel Ring Imaging CHerenkov detector

Silicon strip detectors Light tight box Mirror
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Geant4 Simulation Setup
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Mumancde PMT H127004 - Quantum Efficiency

All Reflectad Photons Weighted by O.E.
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All Income Phatons Weighted by Q.E.

Multianode PMT H12200A - Quartum Efficiency All Income Photons Weighted by Q E.
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Example:

Photons reflected histogram area: 320232.84
Photons that hit the mirror histogram area: 488112.91

Ratio of the reflected photons : 0.66
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Reflectance Curves Signal-to-Noise Ratio of Reflected Photons
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Companies provided the reflectance curves for the mirror materials.
The reflectance was then incorporated into a Geant4 simulation.
Miro Silver material showed a better performance reflecting most of the signal photons.
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What is the motivation?

Fractional Error

Neutrino Flux
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Mirror Design for an ARICH Detector
in a Hadron Production Experiment

What is an ARICH and why it needs a mirror?

How was the mirror studied?
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Thank You!
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$1227-1010BR  S1227-66BR (Characteristic _____________| MIN | TvP | MAX

Main Reference 07 (vp.Ta=25°C)  Wavelength 400 @ 405 410 nm
Optical Output Power (CW) 0.8 0.9 <1.0 mW
oo Polarization State Extinction Ratio - 20 - dB
S os Power Stability (8 Hours) - = 5 %
§ Power Stability (1 Minute) - - 0.5 %
g 04 Axis Deviation® - - 5 mrad
2 o3 Beam Diameter® - 3.0 - mm
g Beam D«verqence‘l - -0.6 - mrad
Pt 165£0.2 £ 02 Operating Voltage 4.9 - 5.2 v
area 01 Operating Current (CW) - 70 90 mA
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EMPHATIC Measurement Plan

1

Beam Aerogel counter
FTBF SSDs
Small aperture magnet

4, 8,12, 20, 31,

Was supposed to be Spriné 2020, but then COVID-19 happened...

* Low-acceptance
(150mrad) hadron

(E"Q:Ef:”"g Fall 2021 | gall aperture A-RICH | 60, 120 Gev/ie | © A" F€ | broduction with
ToF counters PID up to 8 GeV
Lead glass calorimeter
e e S X CoFlarrasic 3 U al LSt o1t DL LoD « e
Beam Aerogel counter
Laer?zfreSfSD;Ds C, Al Fe, | Full-acceptance
o Spring/Fall Full ag Ve Fashet 4, 8,12, 20, 31, | H20, Be, (350mrad) hadron
2022 P 9 60,120 GeV/c | B,BN, | production with
Full aperture A-RICH
B20s PID up to 8 GeV
ToF counters
Lead glass calorimeter
Samaas: [ Full-acceptance
3 2023 Same as Phase 2 + 20, 31, 60, 80, Phase 2 + (350mrad) hadron
Extended RICH 120 GeV/c Ca. Ha. Ti production with
1 PID up to 15 GeV
Spare :
Charged-particle
4 2024 350 mrad acceptance 120 GeV/c NuMI spectrum
spectrometer target and
A downstream of horns
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