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w/o FidFOV: 〈Xmax〉 is ≈ 5 g cm−2 smaller, but similar trend

w/o FidFOV set is used further, 2.5 times more events
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CalA changes
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from 06/2010 events with lg(E/eV) = 17.8− 18.1 are in HeCo!
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‘jump’ is just due to removal of events with lg(E/eV) = 17.8− 18.1 after 06/2010

at lower energies 〈Xmax〉 is systematically below the mean of the full FD

(effect of higher Co site elevation?)
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step in lg(E/eV) = 17.8− 18.1 at CalA change?
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LA: individual energy bins
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FD: individual energy bins
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FD: individual energy bins
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another one bites the dust
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Dust effects in data: few naive ideas
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Energy scale evolution

are events in cleaner (upper) mirror parts more stable?

Xmax evolution (though there might be none at higher energies)

are there subsets with different evolution? (systematics for Galactic plane anisotropy?)

Method

Separate events using fraction of charge deposited in top 11 camera rows

Camera top = Mirror top = Lower elevations

Variable DnHalf: fraction of charge deposited in lower elevation

3 classes of events with DnHalf < 20% (high), 40− 60% (cross), > 80% (low)

(using reconstructed pixels ePulseRecPix)



Events with DnHalf= 1 (fully in lower elevations)
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Events with DnHalf= 1 (fully in lower elevations)
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Events with DnHalf= 0 (fully in higher elevations)
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Events with DnHalf= 0 (fully in higher elevations)

24



DnHalf distributions
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DnHalf distributions
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DnHalf distributions
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DnHalf distributions
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FD: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1
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FD: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1

30

full high

cross low

moon cycle
0 20 40 60 80 100 120 140 160 180

]
-2

 [
g 

cm
〉 

m
ax

X 〈

680

700

720

740

760
DnHalf = [0.0,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 

o90 −o, 018.1 − 17.8 = [eV]) / FDElg(
43091 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 254.5/41, p = 0.00ν/2χconst:  = 57.9/36, p = 0.01ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

]
-2

 [
g 

cm
〉 

m
ax

X 〈

680

700

720

740

760
DnHalf = [0.0,0.2]icrc19 final, cuts: ICRC17, no FidFOV, 

o90 −o, 018.1 − 17.8 = [eV]) / FDElg(
2729 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 58.1/41, p = 0.04ν/2χconst:  = 43.0/40, p = 0.34ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

]
-2

 [
g 

cm
〉 

m
ax

X 〈

680

700

720

740

760
DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 

o90 −o, 018.1 − 17.8 = [eV]) / FDElg(
19214 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 169.4/41, p = 0.00ν/2χconst:  = 73.3/38, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

]
-2

 [
g 

cm
〉 

m
ax

X 〈

700

720

740

760

780
DnHalf = [0.8,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 

o90 −o, 018.1 − 17.8 = [eV]) / FDElg(
4318 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 57.3/41, p = 0.05ν/2χconst:  = 48.8/40, p = 0.16ν/2χ ---

all subsets look compatible



LL: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1
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LL: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1
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LM: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1

33

full high

cross low

moon cycle
0 20 40 60 80 100 120 140 160 180

]
-2

 [
g 

cm
〉 

m
ax

X 〈

650

700

750

800

850

DnHalf = [0.0,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o90 −o, 018.1 − 17.8 = [eV]) / FDElg(

13542 evts

LM

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll l ll l l lMirrorC l
CalibA l

 = 135.9/39, p = 0.00ν/2χconst:  = 69.1/38, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

]
-2

 [
g 

cm
〉 

m
ax

X 〈

650

700

750

800

850

DnHalf = [0.0,0.2]icrc19 final, cuts: ICRC17, no FidFOV, 
o90 −o, 018.1 − 17.8 = [eV]) / FDElg(

834 evts

LM

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll l ll l l lMirrorC l
CalibA l

 = 48.7/39, p = 0.14ν/2χconst:  = 44.7/38, p = 0.21ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

]
-2

 [
g 

cm
〉 

m
ax

X 〈

650

700

750

800

850

DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 
o90 −o, 018.1 − 17.8 = [eV]) / FDElg(

6016 evts

LM

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll l ll l l lMirrorC l
CalibA l

 = 105.2/39, p = 0.00ν/2χconst:  = 74.2/38, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

]
-2

 [
g 

cm
〉 

m
ax

X 〈

650

700

750

800

850

DnHalf = [0.8,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o90 −o, 018.1 − 17.8 = [eV]) / FDElg(

1425 evts

LM

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll l ll l l lMirrorC l
CalibA l

 = 41.4/39, p = 0.37ν/2χconst:  = 39.9/38, p = 0.38ν/2χ ---



LM: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1
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compatible trends towards slightly higher 〈Xmax〉



LA: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1
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LA: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1
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 = 36.4/32, p = 0.27ν/2χconst:  = 33.9/31, p = 0.33ν/2χ ---

compatible trends towards slightly higher 〈Xmax〉



Co: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1
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 = 35.3/19, p = 0.01ν/2χconst:  = 28.0/16, p = 0.03ν/2χ ---



Co: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1
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looking flat



FD: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.5− 20.5
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LL: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.5− 20.5
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LM: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.5− 20.5
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LA: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.5− 20.5
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Co: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.5− 20.5
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Co: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.5− 20.5
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0 20 40 60 80 100 120 140 160 180

]
-2

 [
g 

cm
〉 

m
ax

X 〈

700

750

800

850

900

DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 
o90 −o, 020.5 − 18.5 = [eV]) / FDElg(

606 evts

Co

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll ll l l llMirrorC l l l l l
CalibA l

 = 63.8/40, p = 0.01ν/2χconst:  = 62.0/39, p = 0.01ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

]
-2

 [
g 

cm
〉 

m
ax

X 〈

700

750

800

850

900

DnHalf = [0.8,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o90 −o, 020.5 − 18.5 = [eV]) / FDElg(

1066 evts

Co

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll ll l l llMirrorC l l l l l
CalibA l

 = 40.8/39, p = 0.39ν/2χconst:  = 40.3/38, p = 0.37ν/2χ ---

all FD sites look good, no troubles for Galactic anisotropy



FD: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1

45

full high

cross low

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.0,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

18107 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 621.8/41, p = 0.00ν/2χconst:  = 143.6/38, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.0,0.2]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

1104 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 101.2/40, p = 0.00ν/2χconst:  = 63.5/37, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

8055 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 324.8/41, p = 0.00ν/2χconst:  = 91.8/38, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.8,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

1818 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 102.0/39, p = 0.00ν/2χconst:  = 55.2/38, p = 0.04ν/2χ ---



FD: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1

46

full high

cross low

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.0,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

18107 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 621.8/41, p = 0.00ν/2χconst:  = 143.6/38, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.0,0.2]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

1104 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 101.2/40, p = 0.00ν/2χconst:  = 63.5/37, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

8055 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 324.8/41, p = 0.00ν/2χconst:  = 91.8/38, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.8,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

1818 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 102.0/39, p = 0.00ν/2χconst:  = 55.2/38, p = 0.04ν/2χ ---

trends of all subsets look compatible

NB S38 is biased at these energies, used here only to track LT evolution



LL: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1

47

full high

cross low

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.0,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

3782 evts

LL

full FD set

2005 2007 2009 2011 2013 2015

FilterC l lll l l l l ll ll l lll ll l llll l lMirrorC l ll ll
CalibA l l l

 = 158.7/41, p = 0.00ν/2χconst:  = 91.2/38, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.0,0.2]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

248 evts

LL

full FD set

2005 2007 2009 2011 2013 2015

FilterC l lll l l l l ll ll l lll ll l llll l lMirrorC l ll ll
CalibA l l l

 = 31.2/22, p = 0.09ν/2χconst:  = 26.1/21, p = 0.20ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

1678 evts

LL

full FD set

2005 2007 2009 2011 2013 2015

FilterC l lll l l l l ll ll l lll ll l llll l lMirrorC l ll ll
CalibA l l l

 = 100.1/41, p = 0.00ν/2χconst:  = 78.2/40, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.8,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

345 evts

LL

full FD set

2005 2007 2009 2011 2013 2015

FilterC l lll l l l l ll ll l lll ll l llll l lMirrorC l ll ll
CalibA l l l

 = 65.9/31, p = 0.00ν/2χconst:  = 55.7/28, p = 0.00ν/2χ ---



LM: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1

48

full high

cross low

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.0,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

6171 evts

LM

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll l ll l l lMirrorC l
CalibA l

 = 468.1/39, p = 0.00ν/2χconst:  = 97.4/36, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.0,0.2]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

349 evts

LM

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll l ll l l lMirrorC l
CalibA l

 = 105.8/30, p = 0.00ν/2χconst:  = 55.3/25, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

2754 evts

LM

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll l ll l l lMirrorC l
CalibA l

 = 291.1/39, p = 0.00ν/2χconst:  = 77.1/36, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.8,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

652 evts

LM

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll l ll l l lMirrorC l
CalibA l

 = 59.1/33, p = 0.00ν/2χconst:  = 22.0/32, p = 0.91ν/2χ ---



LA: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1

49

full high

cross low

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.0,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

5263 evts

LA

full FD set

2005 2007 2009 2011 2013 2015

FilterC l ll lllll l l ll l l lMirrorC l
CalibA l

 = 155.2/32, p = 0.00ν/2χconst:  = 55.6/29, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.0,0.2]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

336 evts

LA

full FD set

2005 2007 2009 2011 2013 2015

FilterC l ll lllll l l ll l l lMirrorC l
CalibA l

 = 49.8/31, p = 0.02ν/2χconst:  = 38.3/28, p = 0.09ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

2267 evts

LA

full FD set

2005 2007 2009 2011 2013 2015

FilterC l ll lllll l l ll l l lMirrorC l
CalibA l

 = 95.3/32, p = 0.00ν/2χconst:  = 46.6/27, p = 0.01ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.8,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

554 evts

LA

full FD set

2005 2007 2009 2011 2013 2015

FilterC l ll lllll l l ll l l lMirrorC l
CalibA l

 = 99.6/32, p = 0.00ν/2χconst:  = 69.0/29, p = 0.00ν/2χ ---



Co: full mirror, high-, cross-, low-elevation events lg(E/eV) = 17.8− 18.1

50

full high

cross low

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.0,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

2891 evts

Co

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll ll l l llMirrorC l l l l l
CalibA l

 = 81.6/27, p = 0.00ν/2χconst:  = 39.9/24, p = 0.02ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.0,0.2]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

171 evts

Co

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll ll l l llMirrorC l l l l l
CalibA l

 = 13.7/11, p = 0.25ν/2χconst:  = 12.6/10, p = 0.25ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

1356 evts

Co

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll ll l l llMirrorC l l l l l
CalibA l

 = 45.3/25, p = 0.01ν/2χconst:  = 30.4/24, p = 0.17ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.15

0.20

, T5DnHalf = [0.8,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.1 − 17.8 = [eV]) / FDElg(

267 evts

Co

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll ll l l llMirrorC l l l l l
CalibA l

 = 24.5/12, p = 0.02ν/2χconst:  = 13.5/9, p = 0.14ν/2χ ---



FD: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.5− 20.5

51

full high

cross low

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.20

0.25

, T5DnHalf = [0.0,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 020.5 − 18.5 = [eV]) / FDElg(

6908 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 330.2/41, p = 0.00ν/2χconst:  = 165.6/38, p = 0.00ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.20

0.25

, T5DnHalf = [0.0,0.2]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 020.5 − 18.5 = [eV]) / FDElg(

242 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 58.5/25, p = 0.00ν/2χconst:  = 41.1/22, p = 0.01ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.20

0.25

, T5DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 020.5 − 18.5 = [eV]) / FDElg(

1505 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 168.6/41, p = 0.00ν/2χconst:  = 52.3/36, p = 0.04ν/2χ ---

moon cycle
0 20 40 60 80 100 120 140 160 180

V
E

M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈 0.20

0.25

, T5DnHalf = [0.8,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 020.5 − 18.5 = [eV]) / FDElg(

2766 evts

FD

full FD set

2005 2007 2009 2011 2013 2015

 = 180.0/41, p = 0.00ν/2χconst:  = 135.7/38, p = 0.00ν/2χ ---



LL: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.5− 20.5

52

full high

cross low

moon cycle
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V
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]

 / 
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E
eV

〉 
38S / 

FD
E 〈

0.10

0.15

0.20

0.25

0.30
, T5DnHalf = [0.0,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 

o65 −o, 020.5 − 18.5 = [eV]) / FDElg(
1461 evts

LL

full FD set

2005 2007 2009 2011 2013 2015

FilterC l lll l l l l ll ll l lll ll l llll l lMirrorC l ll ll
CalibA l l l

 = 116.6/41, p = 0.00ν/2χconst:  = 71.9/38, p = 0.00ν/2χ ---

moon cycle
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V
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 / 
 [

E
eV

〉 
38S / 

FD
E 〈

0.10

0.15

0.20

0.25

0.30
, T5DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 

o65 −o, 020.5 − 18.5 = [eV]) / FDElg(
334 evts

LL

full FD set

2005 2007 2009 2011 2013 2015

FilterC l lll l l l l ll ll l lll ll l llll l lMirrorC l ll ll
CalibA l l l

 = 67.2/33, p = 0.00ν/2χconst:  = 46.0/30, p = 0.03ν/2χ ---

moon cycle
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V
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M
]

 / 
 [

E
eV

〉 
38S / 

FD
E 〈

0.10

0.15

0.20

0.25

0.30
, T5DnHalf = [0.8,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 

o65 −o, 020.5 − 18.5 = [eV]) / FDElg(
594 evts

LL

full FD set

2005 2007 2009 2011 2013 2015

FilterC l lll l l l l ll ll l lll ll l llll l lMirrorC l ll ll
CalibA l l l

 = 80.5/40, p = 0.00ν/2χconst:  = 74.3/37, p = 0.00ν/2χ ---



LM: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.5− 20.5

53

full high

cross low

moon cycle
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V
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 / 
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E
eV

〉 
38S / 

FD
E 〈

0.10

0.15

0.20

0.25

0.30
, T5DnHalf = [0.0,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 

o65 −o, 020.5 − 18.5 = [eV]) / FDElg(
1919 evts

LM

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll l ll l l lMirrorC l
CalibA l

 = 274.8/38, p = 0.00ν/2χconst:  = 108.2/33, p = 0.00ν/2χ ---

moon cycle
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 / 
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E
eV

〉 
38S / 

FD
E 〈

0.10

0.15

0.20

0.25

0.30
, T5DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 

o65 −o, 020.5 − 18.5 = [eV]) / FDElg(
406 evts

LM

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll l ll l l lMirrorC l
CalibA l

 = 165.8/35, p = 0.00ν/2χconst:  = 52.1/32, p = 0.01ν/2χ ---

moon cycle
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 / 
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eV

〉 
38S / 

FD
E 〈
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0.20

0.25

0.30
, T5DnHalf = [0.8,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 

o65 −o, 020.5 − 18.5 = [eV]) / FDElg(
778 evts

LM

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll l ll l l lMirrorC l
CalibA l

 = 134.1/36, p = 0.00ν/2χconst:  = 106.3/33, p = 0.00ν/2χ ---



LA: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.5− 20.5

54

full high

cross low

moon cycle
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E 〈
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0.25

0.30
, T5DnHalf = [0.0,1.0]icrc19 final, cuts: ICRC17, no FidFOV, 

o65 −o, 020.5 − 18.5 = [eV]) / FDElg(
1479 evts

LA

full FD set

2005 2007 2009 2011 2013 2015

FilterC l ll lllll l l ll l l lMirrorC l
CalibA l

 = 77.2/32, p = 0.00ν/2χconst:  = 51.9/29, p = 0.01ν/2χ ---

moon cycle
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M
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 / 
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E
eV

〉 
38S / 

FD
E 〈
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0.20

0.25

0.30
, T5DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 

o65 −o, 020.5 − 18.5 = [eV]) / FDElg(
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Co: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.5− 20.5
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Summary
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〈Xmax〉 evolution

stronger trends in lg(E/eV) = 17.8− 18.1 range

(possibly overlay of step-like changes at different FD sites at different times and Co removal)

at higher energies compatible to const (and also to small increase) for all FD sites/elevation subsets

Energy scale evolution

no indications of more stable (‘cleaner’) subsets

elevation subsets seem to have similar absolute scale

(comparison is applicable only to lg(E/eV) = 18.5− 20.5, for lower energies S38 is biased)

possibly the dust effects are too smooth (and mild) for such a coarse analysis

More studies including FD energy scale correction: my talk in mass composition call on 15/05/2019



plots for lg(E/eV) = 18.1− 18.5
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FD: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.1− 18.5
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LL: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.1− 18.5
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LM: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.1− 18.5
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LA: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.1− 18.5
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Co: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.1− 18.5
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FD: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.1− 18.5
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LL: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.1− 18.5
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LM: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.1− 18.5
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LA: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.1− 18.5
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o65 −o, 018.5 − 18.1 = [eV]) / FDElg(

4270 evts

LA

full FD set
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FilterC l ll lllll l l ll l l lMirrorC l
CalibA l

 = 133.8/32, p = 0.00ν/2χconst:  = 68.3/29, p = 0.00ν/2χ ---
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, T5DnHalf = [0.0,0.2]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.5 − 18.1 = [eV]) / FDElg(

243 evts

LA

full FD set

2005 2007 2009 2011 2013 2015

FilterC l ll lllll l l ll l l lMirrorC l
CalibA l

 = 47.8/23, p = 0.00ν/2χconst:  = 30.3/20, p = 0.06ν/2χ ---
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, T5DnHalf = [0.4,0.6]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.5 − 18.1 = [eV]) / FDElg(

1369 evts

LA

full FD set

2005 2007 2009 2011 2013 2015

FilterC l ll lllll l l ll l l lMirrorC l
CalibA l

 = 84.0/32, p = 0.00ν/2χconst:  = 47.6/29, p = 0.02ν/2χ ---
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o65 −o, 018.5 − 18.1 = [eV]) / FDElg(

970 evts

LA

full FD set

2005 2007 2009 2011 2013 2015

FilterC l ll lllll l l ll l l lMirrorC l
CalibA l

 = 40.3/32, p = 0.15ν/2χconst:  = 40.3/31, p = 0.12ν/2χ ---



Co: full mirror, high-, cross-, low-elevation events lg(E/eV) = 18.1− 18.5
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6406 evts

Co

full FD set
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FilterC l l l l l l ll ll ll l l llMirrorC l l l l l
CalibA l

 = 121.7/41, p = 0.00ν/2χconst:  = 54.4/36, p = 0.03ν/2χ ---
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, T5DnHalf = [0.0,0.2]icrc19 final, cuts: ICRC17, no FidFOV, 
o65 −o, 018.5 − 18.1 = [eV]) / FDElg(

336 evts

Co

full FD set

2005 2007 2009 2011 2013 2015

FilterC l l l l l l ll ll ll l l llMirrorC l l l l l
CalibA l

 = 36.7/29, p = 0.15ν/2χconst:  = 36.6/28, p = 0.13ν/2χ ---
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2176 evts
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full FD set
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 = 94.8/41, p = 0.00ν/2χconst:  = 64.0/38, p = 0.01ν/2χ ---
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1400 evts

Co

full FD set
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FilterC l l l l l l ll ll ll l l llMirrorC l l l l l
CalibA l

 = 59.8/39, p = 0.02ν/2χconst:  = 53.1/36, p = 0.03ν/2χ ---


