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The trip

• 2022, 8 October: POLA-02 installation in Trieste

• 2022, 29 October: end of the trip in Livorno

• Latitude interval covered: 38° N-46° N

• Minor issues: direct sun light on the detector
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The data set
• Continuos readout (only a short interruption at the beginning)

• Data reduction → Rates evaluated in 1-minute steps (28699 values)
• rate  // rate majority condition + 1 single track
• rate4c  // rate requiring all 4 SiPMs fired + 1 single track
• ratePair[16]  // rate for each pair of plates (majority condition + 1 single track)
• ratePair4c[16] // rate for each pair of plates (4AND condition + 1 single track) 

• 4AND condition (4 SiPMs fired + 1 single track): rate4c
• rate4c = σ𝑖=0

15 ratePair4c[ i ]

• Majority condition (3 out of 4 SiPMs fired + 1 single track): rate
• rate = σ𝑖=0

15 ratePair[ i ]

• Rates corrected for barometric effect and efficiency
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Update of the analysis
1. Selection criteria

2. Order of corrections
• Barometric effect, efficiency → efficiency, barometric effect

3. Results compared to POLA-01 published data 
• Eur. Phys. J. C (2023) 83:293

4. Estimation of the normalization factor
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https://doi.org/10.1140/epjc/s10052-023-11353-w


1. Selection criteria
• status = 0
• pres > 800 && < 1100
• temp AND temp2 > 15 && < 40
• rate > 10 
• (rate -rate4c)/rate < 0.1 
• Efficiency[ipair] > 0.2
• corrRate4c > 15 → corrRate4c > 27
• rate4c/corrRate4c>0.95 → removed

Total number of rejected measures:
 8048/28699 (28%) → 4872/28699 (17%)
→ Statistical uncertainties reduced
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2. Order of corrections
The order of the corrections applied (for barometric effect and efficiency) was inverted

 → now major correction first applied

 BEFORE: barometric effect, efficiency

 NOW: efficiency, barometric effect 

6

Rate4c  corrected for 
efficiency VS pressure

Rate4c corrected for efficiency 
and barometric effect VS pressure

Rate4c corrected for efficiency and 
barometric effect VS temperature

 = -2.5E-3 / mbar
Pref = 1025.94 mbar



2. Order of corrections
The order of the corrections applied (for barometric effect and efficiency) was inverted

 → now major correction first applied

 BEFORE: barometric effect, efficiency

 NOW: efficiency, barometric effect 
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Rate4c VS Rate (both corrected for efficiency 
and barometric effect)
→ No difference between Rate and Rate4c 



3. Results compared to POLA-01 published data 
Eur. Phys. J. C (2023) 83:293
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https://doi.org/10.1140/epjc/s10052-023-11353-w


3. Results compared to POLA-01 published data 
Eur. Phys. J. C (2023) 83:293
Systematic error = 1.4% (to be checked)
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Normalization factor = 1.1

Thanks to Nicola for the macros 

https://doi.org/10.1140/epjc/s10052-023-11353-w


4. Estimation of the normalization factor
Possible contributions to the normalization factor:
• Efficiency correction 
• Shielding effect
• Seasonal effect
• Solar cycle effect
• Average pressure
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4. Estimation of the normalization factor
Possible contribution to the normalization factor:
• Efficiency correction (96% for POLA-01) →  4%
• Shielding effect
• Seasonal effect
• Solar cycle effect
• Average pressure
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4. Estimation of the normalization factor
Possible contribution to the normalization factor:
• Efficiency correction (96% for POLA-01) →  +4%
• Shielding effect (measurement outside) →  +2%
• Seasonal effect
• Solar cycle effect
• Average pressure
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4. Estimation of the normalization factor
Possible contribution to the normalization factor:
• Efficiency correction (96% for POLA-01) →  +4%
• Shielding effect (measurement outside) →  +2%
• Seasonal effect → no correction if Nanuq is reference
• Solar cycle effect
• Average pressure
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4. Estimation of the normalization factor
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Vespucci

-3%

1 year shift!!!



4. Estimation of the normalization factor
Possible contribution to the normalization factor:
• Efficiency correction (96% for POLA-01) →  +4%
• Shielding effect (measurement outside) →  +2%
• Seasonal effect → no correction if Nanuq is reference
• Solar cycle effect (4 years 2018-2022) →  +3%
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4. Estimation of the normalization factor
Possible contribution to the normalization factor:
• Efficiency correction (96% for POLA-01) →  +4%
• Shielding effect (measurement outside) →  +2%
• Seasonal effect → no correction if Nanuq is reference
• Solar cycle effect (4 years 2018-2022) → +3%
• Average pressure

 POLA-01: 1011.88 mbar
 POLA-02: 1025.94 mbar
  = -2.5E-3 /mbar

 →  x P = + 3.5%
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4. Estimation of the normalization factor
Possible contribution to the normalization factor:
• Efficiency correction (96% for POLA-01) →  +4%
• Shielding effect (measurement outside) →  +2%
• Seasonal effect → no correction if Nanuq is reference
• Solar cycle effect (4 years 2018-2022) → +3%
• Average pressure→ +3.5%

        Tot. 12.5%
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Conclusions
• POLA-02 data in agreement (if normalization factor = 1.1), within uncertainties, 

with POLA-01 published results
• Almost all contributions to the normalization factor can be estimated

Next steps:
• Investigate POLA-02 rate at highest latitudes (plateau)
• Evaluate systematic uncertainties for POLA-02 data
• Plot rate VS vertical geomagnetic cutoff (Fig. 9 in Eur. Phys. J. C (2023) 83:293)
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