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Ultra-high energy photons

« Many models for the origin of cosmic rays predict
also UHE vs

o Vs directly point back to their source

« No UHE vys have been identified so far

UHE vs at the Pierre Auger Observatory

. 10¥-10"eV s °F
« Distances up to ~Mpc can be probed L%L 5_
« Signature of UHE vys: almost purely % 4_
electromagnetic shower composition » 3F
- Steeper falling of the LDF 2_
- Slower rise in the signal of one station 1— é
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Ultra-high energy photons

« Some models for the origin of cosmic rays predict
also UHE vs (low flux however :()

o Vs directly point back to their source

« No UHE vys have been identified so far

v
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The network architecture

| Geometry-Analyzer ?V‘I “““““““““““““““““““““““““

input: | [(None, 5, 5, 4)]
output: | [(None, 5, 5, 4)]

>
geometry_input: Ingutf.ayer float32
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1g(S/VEM + 1)
1g(101)

input: | [(None, 5, 5, 120)]
output: | [(Nene, 5, 5, 120)]

input: | (None, 5, 5, 4)
output: | (None, 5, 5, 6)

separable7coﬁv2 d: SeparableConv2D | float32

input: | [(None, 5, 5, 4), (None, 5, 5, 6)]
output: (None, 5, 5, 10)
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separable conv2d_1: SeparableConv2D | float32
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I input: | [(None, 5, 5, 10), (None, 5, 5, 12)]
1| concatenate_7: Concatenate | float32
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Traces: InputLayer | float32
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) cBllcatenate_G: Concatenate | float32

input: | [(None, 5, 5, 120)]
output: | [(None, 5, 5, 120)]

trace_input: InputLayer | float32

input: | (None, 5, 5, 10)
output: | (None, 5, 5, 12)

[ input: [ (Nome,5,5,120) |

tf.expand_dims_1: TFOpLambda
[ output: | (None, 5, 5,120, 1) |

float32

input: | (None, 5, 5,120, 1) |

float32 |

conv3d: Conv3D
| output: | (None, 5,5, 38, 64) |

J

foat32 | input: [ [(None, 5, 5, 96)] \

conv3d_1: Conv3D | float32 . input: | (None, 5, 5, 22) | output: ‘ [(None, 5, 5, 96)] ‘
output: | (None, 5, 5, 8, 32) | . separable_conv2d_2: SeparableConv2D | float32 >
e output: | (None, 5, 5, 24) L7
o T [ [tem35830] | -~ start time relative 3, | istton: Flatton | floatzz |22 | Mone, 5,5, 96) |
L. output: | (None, 5, 5, 1, 3) . input: | [(None, 5, 5, 22), (None, 5, 5, 24)] . | output: [ (None, 2400) I

to hottest station

concatenate 8: Concatenate | float32
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7 output: (None, 5, 5, 46)

input: | (None, 5, 5,1, 3) . input: | [(None, 5, 5, 1)] L input: | (None, 2400

. 5 | put: | (None, )

roshape_1: Reshape | float32 |-t S 2 Station info: InputLayer | float32 [0 m ot j . dropout 1: Dropout | float32 (— e

O e e - input: | (None, 5, 5, 46) Ll d
- separable conv2d_3: SeparableConv2D | float32
= /[/N RN ] output: | (None, 5, 5, 48)
concatenate_5: Concatenate | float32 [ gt [ T¥am8.5, 5, 3), (None, 5,5, 10| s input: | (None, 2400)
[ outpa: | (Nome, 5, 5, 4) | - dense: Dense | float32 i .
L output: (None, 1)
input: | [(None, 5, 5, 46), (None, 5, 5, 48)] LTI _____

concatenate 9: Concatenate | float32

output: (None, 5, 5, 94)

-
-
-
-

. input: | (None, 5, 5, 94)
separable conv2d 4: SeparableConv2D | float32
pd output: | (None, 5, 5, 96)

31 726 trainable parameters
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The network training

« loss: binary crossentropy

 training data (18 <1g(E/eV) <20.2):
— ~41 000 Photons (Offline from 4.10.23)
—  ~43 000 Protons (Offline from 17.08.23)

- New simulations are almost done ...
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Evaluation of the network
17 <1g(E/eV)<20.2
e 6219 Protons (Offline from 8.04.24)
« 5561 Photons (Offline from 8.04.24)
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Evaluation of the network
17 <l1g(E/eV)<20.2
e 6219 Protons (Offline from 8.04.24)
« 5561 Photons (Offline from 8.04.24)
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Evaluation of the network
17 <l1g(E/eV)<20.2
e 6219 Protons (Offline from 8.04.24)
« 5561 Photons (Offline from 8.04.24)
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Evaluation of the network

17 <1g(E/eV) < 20.2

« Weight photons to source spectrum [spectral index -2]

« Weight protons to observed spectrum [spectral index -3]

Background rej.: 96 %
[ photons

protons
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background contamination
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Evaluation of the network
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Evaluation of the network

area under ROC

background contamination
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Evaluation of the network

area under ROC

background contamination
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Evaluation of the network
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Evaluation of the network

area under ROC

background contamination
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Evaluation of the network
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Evaluation of the network

area under ROC

background contamination
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Next steps:

« Train with new simulations and extended energy range
« Study other activation functions to reduce “dead” neurons

 Extend to infill events
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Next steps:

« Train with new simulations and extended energy range
« Study other activation functions to reduce “dead” neurons
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Next steps:

Train with new simulations and extended energy range

Study other activation functions to reduce “dead” neurons

Extend to infill events

Add additional detectors (SSD, SPMT, RD)

Look at asymmetry, curvature, ... for photons

What would be a good metric to compare models?
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