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Configuration CharacteristicsEljen (EJ-200) [50 x 3 x 1 cm3 ] scintillator bar coupled with 2 SiPMs/side [AdvanSiD NUV3S]
x2 SiPMs

Trigger imposed by 2 scint+PMTs in “sandwich” configuration and placed towards the bar center Both SiPMs function around Vbias ~ 29.5 V**for this configuration
● Left ~ 29.4 V
● Right ~ 29.52 V
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Scintillator Characteristics
Comparison of characteristicsbetween EJ-200 & BC-404

Such a comparison will be discussed in the following
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Summary of Muon Spectral Measurements“Sandwich” trigger placed in various positions along the barLeft & Right SiPMs

The full 50 cm bar is graphically illustrated with its trigger positions (in cm) 
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Muon Spectral Measurements
BC – 404 w/ AdvanSiD SiPMsa.k.a “Long Bar”EJ – 200 w/ AdvanSiD SiPMsa.k.a “Short Bar”

MPV of all SiPMs w/ expo fits

Bar Size: [50 x 3 x 1 cm3] Bar Size: [150 x 5 x 1 cm3]10 % uncertainties in measurements due to:
● Minor instabilities in both SiPM bias voltages (~0.05 V)
● Possible cable disturbances during the data-taking procedure
● Bar wrapping effects & possible scintillator damage

Left side SiPMs show a small discrepancy due to:Slightly different GainVariability in SiPM coupling

Both configurations are instumented with the same model of AdvanSiD SiPMs 
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Muon Spectral Measurements
BC – 404 w/ AdvanSiD SiPMsa.k.a “Long Bar”EJ – 200 w/ AdvanSiD SiPMsa.k.a “Short Bar”

Attenuation length: Λ = 184 ± 13 cmAttenuation length: Λ = 55 ± 7 cm

Average Normalized MPV of all SiPMs w/ expo fits

Bar Size: [50 x 3 x 1 cm3] Bar Size: [150 x 5 x 1 cm3]

Both configurations are instumented with the same model of AdvanSiD SiPMs 

Keep in mind:Short/Long bar SiPMs work with a ~0.5 V difference in VBIASShort: ~29.4, 29.5 V, Long: ~30 V



PSD Meeting, 25/6/2021 Attenuation Length Updates 7

Muon Spectral Measurements
BC – 404 w/ AdvanSiD SiPMsa.k.a “Long Bar”EJ – 200 w/ AdvanSiD SiPMsa.k.a “Short Bar”

Average MPV of all SiPMs x (eL/Λ)

Bar Size: [50 x 3 x 1 cm3] Bar Size: [150 x 5 x 1 cm3]
An exponential behavior from the various acquired trigger points is justifying an expected flat behavior in the Average SiPM MPVThe fit values correspond to the best fit of the average SiPM MPV
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Summary [Lab activities]
Construction, calibration and test of 50 cm EJ – 200 bar w/ AdvanSiD SiPMsMuon data acquired in 7 trigger positionsLanGaus fits on all exported charge distributionsX – plot derived from all MPVsMeasurement of the light attenuation length
Comparison with results obtained from 1.5m BC – 404 w/ AdvanSiD SiPMs

All presented results and their conclusions will be compared to the onesobtained from the beam-test prototype bars 
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Attenuation length studies with simulation 
Bulk attenuation length (BAL): Pure attenuation length, depends on the scintillator material properties. Describes the attenuation of a photon beam travelling in a straight line in a hypotetical infinite scintillator medium.

Bulk and Technical attenuation lengths 

Aim of the simulation: 
● study TAL dependence on the bar cross section and wrapping reflectivity
● study the relationship between BAL and TAL 

Technical attenuation length (TAL): Depends on the scintillator material properties, on the bar geometry and on the optical properties of the wrapping. Value obtained from laboratory measurements, fitting the normalized MPVs of the SiPM charge distribution for different trigger positions with an exponential.Manufacturers may report one, the other, or both on the datasheet without quoting any uncertainties.
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TAL estimation from simulation 
Beam: Monoenergetic muons: 1 GeVDifferent positions along the bar: 0, 40, 67, 72.5 cm from the center500 events for each position  

Simulation setup 
Geometries (rectangular bars, two 3x3mm2 SiPMs per side):
● 200 x 3 x 0.5 cm3
● 200 x 3 x 1 cm3
● 200 x 5 x 1 cm3
● 200 x 12 x 0.5 cm3
● 200 x 12 x 1 cm3
● 200 x 12 x 2 cm3

Parameters :
● MC Attenuation Length = 200 cm (to be normalized) 
● BC-404 emission spectrum and light yield
● Wrapping thickness: 0.5 mm
● 100% or 97% wrapping reflectivity  

TAL estimation: for each geometry, fit average number of photons collected by a SiPM as a function of the beam position with an exponential.  
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TAL as a function of the bar cross section areaSimulation results 
From Saint-Gobain datasheet (link): study on BC-408 barsTypical BAL = 380 cmFor 200 cm long x 12 cm wide cast sheets they report:
Plot TAL as a funciton of the bar cross section area.

https://www.crystals.saint-gobain.com/sites/imdf.crystals.com/files/documents/organics-plastic-scintillators.pdf
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TAL as a function of the bar cross section areaSimulation results 
Try reproducing values from manual (BC-408) with simulation. TAL plotted normalizing highest simulation value with highest  value from the manual, referring to the same geometry.

Good agreement between simulation and manual values. Simulation wrapping has 100% reflectivity.Simulation emission spectrum: BC-404 
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TAL as a function of the bar cross section areaSimulation results 
TAL decreases with wrapping reflectivity.At 97% refelectivity the TAL is reduced by a factor 10/15%.Light yield was increased by x10 to compensate for low photon counts at SiPMs. 
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TAL as a function of the bar cross section areaSimulation results 
 Increasing trend of the estimated TAL with the bar cross section area.Lab points refer to different scintillators: EJ-200 and BC-404.  From datasheets: EJ-200: TAL = 380 cm for 300 x 20 x 2 cm3 BC-404:BAL = 160 cmTAL = 140 cm for 200 x 20 x 1 cm3  
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Summary [MC activities]
Aim of the simulation: study TAL dependency on cross section area and wrapping reflectivity. Observed behaviour is a TAL increase with the cross section area. Six geometries were simulated: 200 m long rectangular bars with different cross section.Wrapping reflectivity set to 100 % or 97%  Beam: 1 GeV muons in different positions along the barEstimation of TAL for different set-upsResults:TAL increases with bar cross section areaTAL decreases with wrapping reflectivity To be also tested with trapezoidal bars 
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Back-up slides
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TAL estimation from simulation Simulation results (BAL set to 200 cm) 

+ measurements from manual:
● 200 x 12 x 0.5, 1, 2 cm3, BC-408
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TAL estimation from simulation, 97% reflectivity

Reflectivity set to 97% for some geometries, increasing the light yield by x10 to compensate for photon counts at the SiPMs. As a general trend the estimated TAL decreases with reflectivity. 

Simulation results (BAL set to 200 cm) 
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