Attenuation Length at TallBo

Zander Moss




Lightguides

uBooNE plates are cloudy
due to high TPB
concentrations at the
surface.

In clear plates, due to
internal reflection, a large
fraction of emission occurs
at plate edges.

Can we take advantage of
this?




The Bar

 Instrument the ends of the bars.

 Arrange bars into a large “paddle” to gain sensitive
surface area, saving money on photomultiplier devices.

 Need to characterize overall efficiency and attenuation
length.




Coating Composition

100mL Toluene MU
20mL Ethanol Hn '

1g TPB (tetraphenyl
butadiene: wavelength
shifter)

29 UV Transmitting Acrylic
(in solution)

(Acrylic solute + low TPB
concentration provides
clarity, matched indices of
refraction)




The Bars

Attenuation Length ~20cm Attenuation Length 77?7

Hand Painted Dipping Rig Dip Coated




Attenuation Length

« Attenuation length in air has been characterized.

e Results in air will not necessarily match those In
argon.

« Excellent, quick way to compare coating methods.




The Setup

210Po sources

¥
TPB-
coatedy )
light 2 .
guide Cryogenic
PMT

8" Cosmic Veto




Run Schedule

Stability Checks

Test Run

Initial Full Final Full
Calibration Calibration




SIPM Calibration

File Edit \Verticll ' Horizdcq  Teg | Display | Cursors | Measure Mask = Math | MyScope | Analyze | Uiilities  Help ﬂ
L




LED Flasher

Optical Fiber  Read waveforms in
\ fixed window,
beginning at pulser
Tigger trigger.

Adjust LED intensity to
ensure the majority of
nonzero waveforms are
single photoelectrons.

Y

Oscilloscope




Initial Waveform Calibration

Initial SPE Calibration
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Initial Waveform Calibration

Initial SPE Calibration

Entries 94838
Mean -6.016e-12
RMS 7.2587e-12
¥2 / nlf 111.3/83
Prob 0.02065
Marm 4.601e-09 = 4.666e-11
Npe 0.6699 + 0.0252
Gain -8.4682-12 + 1.7332-13
Sigma 2.927e-12 £ 7.120e-14
Pedestal Mean -2.182e-15 + 7.045e-15
Pedestal Width 214913 + 5.352e-15
Beta 01764 £ 0.0181
Omega 256312 + 5.942e-13
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Final Waveform Calibration

Final SPE Calibration

—

Entries

Mean

RMS

¥/ ndf

Prob

Morm

Mpe

Gain

Sigma
Pedestal Mean
Pedestal Width
Beta

Omega

9936

-5.734e12

6.947e12

1027778

0.0381

4.68-09 = 4.7e-11
0.6735 £ 0.0448
-8.011e-12 + 2.096e-13
3.003e-12 + 8.200e-14
-6.798e-15 £ 7.920e-15
1.968e-13 + 5.607e-15
0.1454 + 0.0377
3.66e-12 + 1.85e-12
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Stability Check

Oscilloscope Calibration PE Spectrum

h
Entries 12704
Mean -4.168e-12
RMS 5.43e-12
¥2 [ ndf 385.3/240
Prob 7.639e-09
Norm 1.066e-09 + 1.007e-11
Npe 0.7118 + 0.0171
Gain -8.46e-12 £ 1.32e-13
Sigma 3.253e-12 + 9.434e-14
Pedestal Mean 4.22e-13 + 1.53e-15
Pedestal Width 1.101e-13 + 1.360e-15
Beta 0.1272 £ 0.0125
Omega 1.86e-12 + 3.14e-13
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Gain Stability

Zero Suppressed! Zero Suppressed!
Histogram SPE Charge Calibration _ Histogram SPE Sigma Calibration
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» Fit values for SPE mean charge and SPE RMS charge.
« Uncertianty from fit does not account for spread.

« Systematic uncertianty is calculated (shown on plots)
and fed into analysis.




Conclusions

« We are confident in our calibrations of the SiPMs
and the collection PMT.

 The PMT gain is quite stable over our runs (Gain to
+-2.7% of mean, Sigma to +-3.5% of mean), and
shouldn't cause trouble...




Histogram Calibrations

Histogram SPE Charge Calibration Histogram SPE Sigma Calibration

%2 / ndf 13.14/6 ¥2 / ndf 21.81/6
Prob 0.04087 Prob 0.00131
p0 -8.566e-12 + 4.727e-14 p0 3.297e-12 + 3.164e-14
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Histogram SPE Charge Calibration Histogram SPE Sigma Calibration
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Histogram Calibrations

Histogram SPE Charge Calibration
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Histogram SPE Sigma Calibration
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2" PMT Calibration

Noise > N.e FH. (1 — ,.B) s GGHS(.’E: Hnoise gnuisa)

Thermionic—»+N -3 -e " - 0(—(x — ltnoise)) - [EH:PG((-T = M-rmase):wﬂ

n
3 i . 2 2
—] : GH.HS(.’L: n - Hspe + Hnoises \/ﬂ’ : gspe T grwise)

1 to 4 PEs
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