
Cross check Double Ratio
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Rock Thickness Map seen from MURAVES Experiment

   

analogous to relative transmission ratio, explicit unit conversion from measured counts to physical flux 
is no longer required. 

ratioN =

NVes
meas /ΔTVes

Nfs
meas /ΔTfs

IVes
sim

I fs
sim



numerator =
NVes

meas /ΔTVes

Nfs
meas /ΔTfs

Rate Transmission of Data
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0.14 0.16 0.09 0.11 0.10 0.07 0.08 0.09 0.05 0.08 0.07 0.05 0.08 0.07 0.07 0.10 0.09 0.10 0.12 0.21

0.55 0.42 0.26 0.22 0.16 0.16 0.16 0.15 0.11 0.16 0.13 0.12 0.15 0.13 0.17 0.13 0.19 0.23 0.28 0.55

0.97 0.80 0.80 0.60 0.44 0.54 0.49 0.41 0.37 0.32 0.37 0.44 0.41 0.47 0.48 0.53 0.73 0.78 1.12 0.98

1.02 1.10 0.93 0.99 0.92 0.91 0.93 1.18 0.82 0.94 0.88 0.87 0.92 0.99 1.07 1.03 0.96 0.99 1.01 1.20

0.96 0.99 1.06 1.17 1.05 1.04 1.01 1.00 1.08 1.01 1.04 0.94 1.00 0.89 1.03 1.04 1.08 1.08 0.96 1.14

1.08 1.14 0.98 1.03 1.03 0.96 0.94 0.95 1.04 1.02 0.95 0.98 0.90 1.12 0.97 0.95 0.98 1.05 1.08 1.26

0.98 0.94 0.95 0.95 1.13 0.92 0.96 0.96 1.00 1.07 1.00 1.09 0.87 0.94 0.91 1.02 1.01 0.98 1.19 0.98

170 172 174 176 178 180 182 184 186 188 190
Azimuth [deg]

18

19

20

21

22

23

24

25

El
ev

at
io

n 
[d

eg
]

0.2

0.4

0.6

0.8

1

1.2

)
FS

Φ/
Ve

s
Φ

) /
 (

FS
/N

Ve
s

R
 =

 (N

data
(Ves/FS)



63

 denominatorsim :
IVes
sim

Ifs
sim

Rate Transmission of Simulation and Calculation 

0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.12 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.01

0.99 0.88 0.16 0.06 0.04 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.04 0.07 0.25

1.00 1.00 0.99 0.97 0.94 0.86 0.68 0.34 0.30 0.28 0.23 0.25 0.31 0.44 0.75 0.55 0.68 0.89 0.97 0.99

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.99 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00

1.00 1.00 0.04 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.06

1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.16 0.11 0.12 0.11 0.15 0.19 0.32 1.00 0.39 1.00 1.00 1.00 1.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1.24 1.24 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.05

1.24 1.24 1.24 1.24 1.24 1.24 1.24 0.15 0.10 0.10 0.10 0.14 0.18 0.33 1.24 0.42 1.24 1.24 1.24 1.24

1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24

1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24

1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24
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denominatorcalc :
IVes
Calc

Ifs
Calc

Bulk density in both simulation and calculation: 
  

-> Similar magnitude.

ρ = 2.65 g/cm3



In elevation 19° - 20°, Double Ratio Calculation is in general bigger than Double Ratio Simulation.
Expected muon flux in Gabor Calculation is in CSDA mode.
Expected muon flux in Mulder Simulation is in discrete mode, with multiple scattering. 

Double Ratio compared with Simulation or Calculation
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202.46198.78 191.96 182.05 153.34 86.40 47.60 43.49 42.89 40.37 37.04 62.54 72.86 85.71 83.56 68.00 115.01230.26

75.20 100.64 83.94 62.34 51.34 62.98 52.78 46.55 41.39 47.17 40.43 42.68 39.64 36.54 32.69 35.67 49.05 63.39

0.95 0.88 22.31 35.68 51.87 69.08 76.43 66.00 69.71 56.60 64.93 64.12 58.73 48.91 47.53 40.58 39.79 47.01 48.75 19.51

0.92 0.95 1.08 1.01 0.95 1.05 1.01 6.21 8.36 8.72 7.99 5.82 4.72 3.16 0.88 2.26 1.06 1.00 0.96 1.09

1.01 1.06 1.01 0.94 0.95 1.03 1.09 1.01 1.09 0.99 0.91 1.14 1.01 1.14 0.87 0.89 1.12 1.06 1.11 0.94

1.16 1.17 1.15 0.94 0.91 1.15 1.08 0.92 1.08 0.97 1.02 0.95 1.09 1.18 1.01 1.17 1.20 1.07 0.93 1.01

0.98 0.90 0.91 1.00 1.00 0.96 1.13 0.93 0.93 1.00 1.02 1.21 1.00 1.11 0.85 1.01 1.02 1.10 0.99 0.97
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18.77 55.61 104.82 126.26 117.37 72.98 38.33 49.71 47.39 46.45 45.77 66.95 69.07 88.10 86.79 61.89 87.46 165.75 199.96

5.29 19.09 25.31 31.94 35.22 43.94 48.31 42.35 36.29 45.54 38.40 37.45 36.80 37.84 32.33 32.37 45.89 65.50 85.80 82.52

0.97 1.00 5.86 12.03 17.86 24.54 31.67 32.95 34.72 27.70 35.17 35.32 34.06 29.89 28.70 25.91 21.15 23.96 15.20 4.35

0.92 0.95 1.09 1.04 1.01 1.21 1.49 2.98 3.06 3.67 3.97 3.57 2.95 2.31 1.17 1.62 1.55 1.11 0.99 1.10

1.01 1.06 1.01 0.94 0.95 1.03 1.09 1.01 1.09 0.99 0.92 1.15 1.02 1.15 0.87 0.90 1.13 1.06 1.11 0.94

1.16 1.17 1.15 0.94 0.91 1.15 1.08 0.92 1.08 0.97 1.02 0.94 1.09 1.18 1.01 1.16 1.19 1.07 0.93 1.01

0.98 0.89 0.91 1.00 1.00 0.96 1.13 0.93 0.92 1.00 1.02 1.21 1.00 1.11 0.85 1.01 1.02 1.10 0.99 0.97
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In elevation 19° - 21°, Double Ratio Calculation is in general bigger than Double Ratio Simulation.
Expected muon flux in Gabor Calculation is in CSDA mode.
Expected muon flux in Mulder Simulation is in same continuous mode -> similar values

Double Ratio compared with Simulation or Calculation
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222.15 217.41 209.61197.83 167.64 94.65 52.88 47.97 47.29 44.52 45.02 69.75 80.90 94.03 91.94 74.52 126.02 249.88

93.73 114.97 94.92 70.24 57.86 70.86 59.41 52.31 46.16 53.06 45.49 47.75 44.39 41.08 36.88 40.60 55.70 72.56

0.95 0.88 26.72 43.17 62.35 80.76 88.78 76.38 79.73 65.45 75.32 73.74 68.54 56.94 55.25 47.32 46.41 54.93 57.52 30.24

0.92 0.95 1.07 1.01 0.94 1.05 1.19 7.69 10.59 11.18 9.66 7.66 6.02 3.96 0.88 2.65 1.26 0.99 0.95 1.09

1.01 1.06 1.01 0.94 0.95 1.03 1.08 1.01 1.09 0.98 0.91 1.14 1.01 1.14 0.87 0.89 1.12 1.06 1.11 0.94

1.16 1.17 1.15 0.93 0.90 1.15 1.08 0.92 1.07 0.97 1.02 0.94 1.09 1.18 1.00 1.16 1.19 1.07 0.93 1.01

0.98 0.89 0.91 1.00 0.99 0.96 1.13 0.93 0.92 1.00 1.02 1.21 1.00 1.11 0.85 1.01 1.02 1.10 0.99 0.97

170 172 174 176 178 180 182 184 186 188 190
Azimuth [deg]

18

19

20

21

22

23

24

25

El
ev

at
io

n 
[d

eg
]

0

20

40

60

80

100

120

140

160

180

200

220

240

, continuous Mode3 = 2.65 g / cmρDouble Ratio ROSSO WP15 vs 

202.46198.78 191.96 182.05 153.34 86.40 47.60 43.49 42.89 40.37 37.04 62.54 72.86 85.71 83.56 68.00 115.01230.26

75.20 100.64 83.94 62.34 51.34 62.98 52.78 46.55 41.39 47.17 40.43 42.68 39.64 36.54 32.69 35.67 49.05 63.39

0.95 0.88 22.31 35.68 51.87 69.08 76.43 66.00 69.71 56.60 64.93 64.12 58.73 48.91 47.53 40.58 39.79 47.01 48.75 19.51

0.92 0.95 1.08 1.01 0.95 1.05 1.01 6.21 8.36 8.72 7.99 5.82 4.72 3.16 0.88 2.26 1.06 1.00 0.96 1.09

1.01 1.06 1.01 0.94 0.95 1.03 1.09 1.01 1.09 0.99 0.91 1.14 1.01 1.14 0.87 0.89 1.12 1.06 1.11 0.94

1.16 1.17 1.15 0.94 0.91 1.15 1.08 0.92 1.08 0.97 1.02 0.95 1.09 1.18 1.01 1.17 1.20 1.07 0.93 1.01

0.98 0.90 0.91 1.00 1.00 0.96 1.13 0.93 0.93 1.00 1.02 1.21 1.00 1.11 0.85 1.01 1.02 1.10 0.99 0.97
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ROSSO WP15 vs Calc (Guan)

Filter Rn < 250



Atm using five-meter precision DEM in simulations. 
-> Crater is ~1500m distance to the MURAVES detectors, for 1° in azimuth or elevation, spatial 
resolution of the detector at the Vesuvius crater -> . 

Suggested: run simulation in 0.2 degree (~ 5/26.2), then sum to per 1° .

1500 ⋅
π

180
≈ 26.2 m
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