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Double Cascades and Why They Are Important

V, 4
Water/Ice-Cherenkov Neutrino telescopes see high energy astrophysical tau neutrinos, who exhibit \ v //
double-cascade-like signatures in the detector region. Identifying and studying these tau neutrinos may W I:/LL\
provide us with impormation regarding astrophysical neutrino sources and their flavor compositions. i
N

ne

0000

00 SHo 0000°°

s | Taus, Heavy Neural Leptons, and ... " ”

3 Charmed Mesons! /Zg\ %
; q
g—:\:' Tau Neutrinos are not the only particles that leave a n n

double-cascade signature. In fact, any scattering followed by !
‘e ® a decay counts! This includes not only HNLSs as an
interesting signal, but also D-Mesons as a very similar
background signature since

—15 ~ _ 1 —15
See IceCube Collaboration: Detection of (410 T 7) x 10 S = TpDO0 =~ Trlepton — (290.3 T 05) X 10 S
astrophysical tau neutrino candidates in IceCube
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Simulation
D-mesons: DECAY and COLLISION

We base our simulation upon the open-source simulation package SIREN. A set of

new interactions are implemented to sample from the procedures: Upon Hadronization, D-mesons travel through

VAN sl+cet X do(vN — ICX)  do"*(uN — IX) ) the detector region, elastically scatter.mg oft
X O X drdydz dedy > fnDl(z) neucleons before eventually decaying.
Mg s with & The length of its free path is regulated by both
¢ — K(m) +v+1 D(z) x ﬁ(l = 1 )2 the decay length and the interaction length, with
45 ~ E7 < V4 — Z

the critical length at dprcay = lcoLLision
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D’ Separation o D-Meson Vertex Separation E, € [10°GeV, 10° GeV]
= :_0.8 As shown on the right, D-meson vertex . BONUS: |
= | separation plateaus at higher energies. This is _10°- Ver tZ’f separation
e f0'6 due to elastic collisions with nucleon, shownon | < P ;sta.nces
: the upper-right. This resuls in a boost in i5103— flStr 1 utl(ilns Yali Y
S number of D-meson-induced events with 2 or astrop hYS{Ca /
N separation distance of order 1 ~ 10 meters, 10! - atmf)sp ﬂel‘lc
1072 comparable to separation of tau neutrinos , , | | neutrino tuxes.
10! 10 107 10~? 10~3 10! 10!
Epo [GeV] identifiable by double-pulse analysis in IceCube. dgep (]

TAKE HOME MESSAGE: NEED TO STUDY + CLASSIFY CHARMED-MESON-INDUCED DC’S

Whether in search for astrophysical tau neutrinos or physics beyond the Standard Model (e.g. HNL), charmed-mesons-induced double
cascades exist as a major double-cascade morphology background. Especially, due to collisions with nucloen, there is a boost in the number
of events with 0(10) meters vertex separation, further aggrevating confusion with tau-neutrino-induced double cascades.
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