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longitudinal shower profile

• for given cos𝜃𝜃0 and arrival time 𝑡𝑡1, 𝑢𝑢 and 𝑣𝑣 fixed 
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⇒ 𝑣𝑣 = 𝐷𝐷2 + 𝑢𝑢2 − 2𝐷𝐷𝑢𝑢 cos 𝜃𝜃0𝑢𝑢 cos 𝜃𝜃0 + 𝑣𝑣 cos 𝜃𝜃1 = 𝐷𝐷

𝑢𝑢 sin𝜃𝜃0 = 𝑣𝑣 sin𝜃𝜃1 𝑣𝑣2 = 𝐷𝐷2 + 𝑢𝑢2 − 2𝐷𝐷𝑢𝑢 cos 𝜃𝜃0

𝑐𝑐𝑡𝑡1 = 𝑐𝑐𝑡𝑡0 + 𝑢𝑢 + 𝑛𝑛𝑣𝑣 𝑐𝑐𝑡𝑡1 − 𝑐𝑐𝑡𝑡0 − 𝑢𝑢
𝑛𝑛

2
= 𝐷𝐷2 + 𝑢𝑢2 − 2𝐷𝐷𝑢𝑢 cos 𝜃𝜃0



light emission profile

• cos𝜃𝜃𝑠𝑠 also fixed
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𝑢𝑢 + 𝑣𝑣 cos 𝜃𝜃𝑠𝑠 = 𝐷𝐷 cos 𝜃𝜃0 cos 𝜃𝜃𝑠𝑠 =
𝐷𝐷2 − 𝑢𝑢2 − 𝑣𝑣2

2𝑢𝑢



PMT angular acceptance

• PMT angular acceptance depends on �𝑣𝑣 � �𝑤𝑤
• due to isotropy, integral over 𝜙𝜙0 is trivial

5

�𝑣𝑣 =
−sin𝜃𝜃1 cos𝜙𝜙0
−sin𝜃𝜃1 sin𝜙𝜙0

−cos 𝜃𝜃1
�𝑤𝑤 =

sin𝜃𝜃𝑃𝑃𝑃𝑃𝑃𝑃
0

cos 𝜃𝜃𝑃𝑃𝑃𝑃𝑃𝑃



arrival time

• (non-Gaussian) tails to either side!
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𝑐𝑐𝑡𝑡1 = 𝑐𝑐𝑡𝑡0 + 𝑢𝑢 + 𝑛𝑛𝑣𝑣 𝑐𝑐𝑡𝑡1 = 𝑐𝑐𝑡𝑡0 + 𝑛𝑛𝐷𝐷

∆𝑐𝑐𝑡𝑡1 = 𝑛𝑛 𝐷𝐷 − 𝐷𝐷2 + 𝑢𝑢2 − 2𝐷𝐷𝑢𝑢 cos 𝜃𝜃0 + 𝑢𝑢



conclusions & outlook

• It is possible to include longitudinal shower profile in isotropic PDF

• (only) two-dimensional integral over 𝜆𝜆 and cos 𝜃𝜃0

• (non-Gaussian) tails in the arrival time distribution
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