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Objectives

Analyze Fermilab Test Beam Data from March/April 2022

- Single waveforms

- Waveform peak fit & calibration

- PE distribution across neighboring counters

- PE count per 3 mm bins scanning across full quad-counter
- Contour
- Profile

- Efficiency per channel across quad-counter

- Beam intensity across run duration

- Resolution



Procedure

Four Quad-counters
- 1 unfilled quad-counter (1 m)
- 2 unfilled quad-counters (3.35 m)
- 1 Solaris-filled quad-counter (3.35 m)
o Counter was damaged; presented histograms
created for this quad-counter can be ignored

Data from used
- 0 degree angle
- DAC gain 0x680

Precision measurements conducted at 80 cm from readout end
- 3 mm increments
- Range: 15 - 84 mm


https://docs.google.com/spreadsheets/d/10ItcB0RgB6q8x1JqvmjraXjzWY1JoIVPuX-gu283hrY/edit
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Fermilab test beam (left) and quad-counter configuration (right) with proton beam going from left to
right. Wire chambers are located to the left (Station 1 & Station 2) of pictured quad-counters.




Wire Chambers at 30% Track Reconstruction Capability

XY Position Station 1 (looking downstream) XY Position Station 2 (looking downstream)
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- 2 wire chambers
- Sizable amount of dead wires



Event Waveforms from 4 Quad-counter Channels
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Multiple scenarios can occur:
- Event passes only through
one quad-counter
- Event passes diagonally
through two quad-counters
- Event passes through
multiple or all quad-counters

SiPM crosstalk produces pre-

signal discharges used for
calibration from ADC to PEs



Event Reconstruction with Pulse Fit & Calibration

FEBO Chan0 Pedestal

Pedestal = 1.42
Noise StdDev = 0.58

FEBO Chan0 Calibration Fit

Calibration constant = 322 ADC'ns/PE

FEBO Chan0 Calibration

Example of a 1PE dark noise pulse

1PE = 322 ADC'ns
Noise rate = 0.10 MHz
Xtalk prob. = 0.07
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Example of a 2PE dark noise pulse
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Find pedestal
Calibrate waveform with
S1PM discharge in pre-
signal region

- Pulse area & PEs
Pulse area histogram
contains all SiPM
crosstalk pulses

- Mark 1 & 2 PE

curves

Linearly fit ADC values
to find PE relationship
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Photo Electrons Detected Scanning from Bottom to Top of Quad-counters

Channell
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Logarithmic scale
About 100 PEs
peak near counter
vertex

Slight peak dip
visible



Photo Electrons Detected Scanning from Bottom to Top of Quad-counters
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Photo Electrons Detected Scanning from Bottom to Top of Quad-counters
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Slight peak dip
visible (caused
by ~2 mm fiber
hole at center
of counter)




Efficiency Per Channel Across Quad-counters
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Efficiency Per Channel Across Quad-counters

Efficiency Channell
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Possible reasons for efficiencies
outside of quad-counter range
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- Repetition of events
- Track misconstruction
- Secondaries

Zero redundancy method underway

e G: 3 150 120
Distance from bottom eage of counter [mm)
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Beam Scan Across Y Position of Wire Chamber
Beam Scan nicton " oeos
Variance over
Quad-counters’
100 mm Length

Displays Total

Overflow 2502

Events for
All Runs

~ 10k events steadily
passed through the 15-
84 mm range

Tracks producing energy [events per bin]
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PE Yield Between Neighboring Quad-counters

PE pos vs MWPC pos Layer0 ChO Ch3
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PE pos vs MWPC pos Layer0 ChO Ch3
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Initial PE Resolution for Total Runs ~3.6 mm
(Middle of First Quad-counter)

Full System Resolution Range: 3.4 - 5.2 mm

- Analysis on precise wire chamber sigma
in process (vs. | mm minimum value)

— ./ 2 2
0 = Oywpc” + Opg

3.722 mm = /(1 mm)2 + op2

Opg = 3.59 mm
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New PE Equation for Single Runs Yields ~1.5 mm Resolution

Difference between particle position as measured by scintillators, MWPCs . e .
pareee ! Revisiting of NAUM analysis code
Entries 4300

Mean 0.01958 c
Std Dev 1.733 - Single runs vs all test runs

y2 1 ndf 140.8/40

Prob 3.7456-13 - New position-determining
Constant 428.3+ 8.6

Mean 0.05975+ 0.02579 c
Sigma \ 245+.0.020 method (with angle

consideration)

Z, muon hit location along quadcounter face

E, and E,, energies deposited in neighboring counters 1 and 2
P, and P,, Z-positions for nearest scintillator vertex

10

6
Position difference (mm)

Joren Husic, “Exploring the Great Pyramid:
Scintillator Test Report,” May 2022.




PE pos vs MWPC pos Layer0 Ch3 Ch2

New PE Equation for Single Runs
Yields ~1.9 mm Resolution

PE pos [mm]

Significant improvement with new method

First quad-counter layer

Between channels 2 and 3

10 15 20 25 30 35 40
MWPC pos [mm)

Smallest observed resolution
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Conclusion

e Around 100 PEs created per event
e 3 of 4 triangular quad-counter PE
distributions performed as expected
o Max PE values of ~100 at counter
peak vertex
o Average >90% efficiency across
tested range
e [Initial detector resolution 3.59 mm
o New resolution method yielded
1.87 mm resolution

Graphs plotted:

- Single waveforms

- Waveform peak fit & calibration

- PE distribution across neighboring counters
- PE count scan across full quad-counter

- Contour
5 Profile

- Efficiency per channel across quad-counter
- Beam intensity across run duration
- Resolution
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Backup Slides
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Pulse Fit uses Modified Gumbel Distribution

Example of a 1PE dark noise pulse Example of a 2PE dark noise pulse

ft)=A4- e_t_Tu_

Pulse height: A/e
Peak time: u
Pulse area: A- f8

Pulse width: B /V/6

180 200 220 240 260 280
Time [ns]

https://mu2e-docdb.fnal.gov/cgi-bin/sso/RetrieveFile?docid=12239&filename=The%20Mu2e%20CRV%20Testbeam%20v6.pdf&version=4
21



https://mu2e-docdb.fnal.gov/cgi-bin/sso/RetrieveFile?docid=12239&filename=The%20Mu2e%20CRV%20Testbeam%20v6.pdf&version=4

Upstream

Photo electrons (PEs)

Axis Labels x: Distance from bottom of counter (mm)
y
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PE Distribution Across Quad-counters

PE distribution of triangle counter of channel 0
(one of the two center counters)
71 « without cuts
(muon track shared with neighboring counters)

Hits only on one

/ of the two counters\

Hits at both counters JJI

Counts per bin

At 0: PEs equally
distributed
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Bitatshendiiadl [raction of events hitting one or REPEald¥

Photo electron (PE) yield both neighboring counters. PE, + PE,

- Each proton event causes ~ 100 PEs 2



