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Motivation

* Inthe main scenarios of neutrino production, the tau
neutrino component is zero or negligible at the source

v
muon-suppressed
pion decay

0:1:0) « Significant only after oscillation over long distances

* e.g.pion decay:

pion & muon

e (Ve v, iv)s =(1:2:0) — (Vetv, i)~ (1:1:1)

« Atthe relevant energies, atmospheric neutrinos do not
oscillate significantly before detection

neutron

« High astrophysical purity for v;

e Flavour ratio tells us about sources and oscillation
processes

Image: IceCube Collaboration (2014)
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IceCube

B:\_-_- —— lceTop

= Mg = = = 81 Stations
50m gy, T - = m = == / 324 optical sensors

IceCube Array

86 strings including 8 DeepCore strings
5160 optical sensors

1450 m |
DeepCore

8 strings-spacing optimized for lower energies
480 optical sensors

Eiffel Tower

324 m

2450 m

2820 m

Bedrock

Image: IceCube gallery

Christopher Eldridge

Tau neutrino reconstruction in lceCube

Cubic-kilometre in-ice array plus IceTop
surface array and DeepCore

5160 digital optical modules (DOMs), each
with a photomultiplier tube to detect
Cherenkov radiation

~125 m between strings, 17 m between
DOMs

Several ongoing IceCube v, analyses
covering a range of energies and
identification methods

Astrophysical v; seen at 50 level in 2024 using
convolutional neural networks

This project follows previous studies:
Usner (2018), Stachurska (2020), Lad (2025)
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Neutrino interactions in IceCube

Morphology depends on neutrino flavour and type of interaction

Main classifications: single cascades, double cascades, tracks

Double cascades are produced only by v, CC events and relatively rare charm processes

They are crucial for understanding Tau neutrino reconstruction in lceCube

Single Cascade Double Cascade

Ve CC, NC} it |
Images: Usner (2018), Stachurska (2020)
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Event reconstruction

« We reconstruct events using the likelihood-based millipede framework
* Source model depends on the event hypothesis:

« Single cascade (monopod) : Ry = (Ts,Yss 25, ts, Os, Ps, Es)

* Track (mumillipede): h, = (T, Ysy Zss tsy Osy Osy AL, { Er })

* Double cascade (taupede): hae = (Ts,Ys, 25, ts, O, s, Ly B, Eo)

« Also of interest: energy asymmetry

energy asymmetry

T E, 4+ E,

Image: Usner (2018)

Christopher Eldridge Tau neutrino reconstruction in lceCube
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Reconstruction with bright and DeepCore DOMs

« ADOM is bright if the amount of light it

. o ©
o o © o © ® collects exceeds the average by a threshold
IceCube string o © o © o © factor
o o ®
. o ¢ o .
DeepCore string o © c ® °® ® o DeepCore: IceCube sub-array with denser
. e o ° z o ° e instrumentation and higher quantum efficiency
o O ® 9 ® .
Se © © 2. 0" ® « Affects energy estimator
DeepCore 3 o © o - ® ..... o © ®
. o 0-° ° .  Bright and DeepCore DOMs both excluded
o © c o ® .. from previous high-energy analyses
o © o ©
o © © o © o « We investigate the effects of their inclusion
e
o ©

- o © * Simulations: 104- 108 GeV CC v,

Image: lceCube Collaboration (2017)
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Bright DOMs: results

I
144 —— bias — 5
* Does nOt appear to worsen || — == resolution v5 + bright DOMs
reconstruction for any parameter of 124 1! 50%
interest ol Al lceCube Work in Progress
i
« Apparent improvement in length reco |
8 1 H
v

Lrec - Ltrue

30 40 50
True length (m)

Christopher Eldridge Tau neutrino reconstruction in lceCube
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DeepCore: results

« Energy reconstruction worsened

« All other parameters of interest have
better resolution for events with high
DeepCore fraction

6 -
—— bias . V5
50% V5 + DC (RDE = 1.35)
5 - V5 + DC (RDE = 1.374)
I I
S
5
E ‘
< 27
1 .
lceCube Work in Progress
0.0 0.2 0.4 0.6 0.8

DeepCore charge fraction

Christopher Eldridge Tau neutrino reconstruction in lceCube
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Conclusions and next steps

« The inclusion of Bright DOMs improved length reconstruction and did not worsen
reconstruction for any parameter

« The inclusion of DeepCore worsened energy reconstruction but improved the resolution of
all other parameters

e New simulations!

« Once final checks done, start studying improvement of tau-sensitive observables

Christopher Eldridge Tau neutrino reconstruction in IceCube 9/9
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Bright DOMs: energy

) » i - bias . V5
+ No significant ch o7
O significant change — =~ resolution v5 + bright DOMs
50%
0.06 1
0.05 1 s pSL0 A o i
o ""-..._ _______ II \\- ,/ \\\ ,, s /, Al \\
i3 N 7 """'-..,._‘I NS
W 0.04 - N/ N
' 0.03 1 ———
’@J \\/\\
2 0.02-
0.o0r4
0.00 4 ,,,,,,,,,,,,,,,,,,,,,,,,,g, ,,,,, ,
lceCube Work in Progress |
_001 T T T T
0 10 20 30 40 50

True length (m)
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* No significant change

Christopher Eldridge

Bright DOMs: energy

(Erec - Etrue)/Etrue

0.10

0.08 -

0.06 -

0.04 A

0.02 A

0.00 -

—0.02 A

- bias
- == resolution
50%
!
\
A\
\
V"‘;\\'--.
: \“'s.. ............. —E
G il ”
\\ _...¢’

lceCube Work in Progress

s v5
v5 + bright DOMs

4.0

4.5 5.0 5.5 6.0

l0og10 (E/GeV)
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Bright DOMs: energy asymmetry

 Slightimprovement?

Christopher Eldridge

0.30
0254 A

0.20 -

0.15 A

0.10 -

0.05 A1

Arec - Atrue

0.00 -

—0.05 A

—0.10 A

—  pias
- == resolution
50%

5
v5 + bright DOMs

" lceCube Work in Progress

—0.15 —
0 10

Tau neutrino reconstruction in lceCube

20 30
True length (m)

40

50



Bright DOMs: angular resolution

* No significant change

Christopher Eldridge

Angular resolution

—  bias [ V)
50% v5 + bright DOMs

lceCube Work in Progress

10 20 30 40
True length (m)

Tau neutrino reconstruction in lceCube

50



* Energy reco worsened

* Partially alleviated by changing RDE

Christopher Eldridge

DeepCore: energy

0.05 4 - Dias . V5
' l - == resolution v5 + DC (RDE = 1.35)
‘f 50% v5 + DC (RDE = 1.374)
'
0.044 Ll
\.\ T, Saw e sasenae,
o ‘--\‘; ..............................................................................
YWoo3{ = Rk C %
Ll_:lb -~
|
U m
2 0.02 - —
)
0.01 A .
0004 o IceCube Work in Progress |
0.0 0.2 0.4 0.6 0.8

DeepCore charge fraction
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* Length resolution improved

Christopher Eldridge

DeepCore: length

— bias . V5
- == resolution maw v5 + DC (RDE = 1.35)
g 50% s V5 + DC (RDE = 1.374)
N lceCube Work in Progress
\ \ —— N ~ ,
\ ~o / I Y a
6 RN ‘ - TN ‘v’d‘-\ AN
] N VAN
. N r\
= R ~
) SN
~ 4 Q\-’_"‘\'\. .
M= 220 e
N\ _/'\\_ o1
NS
2 -
—_— e —_—
O i — — - —— —— — - - AN—

0.2 0.4

0.8

DeepCore charge fraction
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DeepCore: energy asymmetry

* Energy asymmetry resolution improved

Arec - Atrue

Christopher Eldridge

—— bias m— v5

— == resolution v5 + DC (RDE = 1.35)
1.0 1 50% v5 + DC (RDE = 1.374)
0.8 1 |
0.6 1
0.4
0.2 1 /__’___\w/_/_/—/

S ——
- lceCube Work in Progress
0.0 0.2 0.4 0.6 0.8

DeepCore charge fraction

Tau neutrino reconstruction in lceCube




DeepCore: angular resolution

- bias . v5
50% v5 + DeepCore

Angular resolution
S
1 1 1

lceCube Work in Progress

0 10 20 30 40 50
True length (m)
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DeepCore: length

- bias . V5
- == resolution mmmm v5 + DeepCore
50%

lceCube Work in Progress

True length (m)

Tau neutrino reconstruction in lceCube

50



Christopher Eldridge

(Erec - Etrue)/Etrue

DeepCore: energy

0:07 =

0.06 A

0.05 -

0.04 -

—— bias 5
— == resolution mmmm v5 + DeepCore
50%

0.03 A
0.02 A
0.014
0.00 _ ____________________________________________________
lceCube Work in Progress
-0.01 . . . :
0 10 20 30 40 50

True length (m)
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(Erec - Etrue )/Etrue

0.10
— bias . v5
— == resolution v5 + DeepCore
0.08 A 50%
A “‘—‘Q\
N _
0061 NI
"\'\.__‘.‘._h— o ,,"-’—.\\1/ ......
0.04 A ST
0'02 | V \/\
0.00 4 R
0,02 - lceCube Work in Progress
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5

DeepCore: energy

Tau neutrino reconstruction in lceCube

log10 (E/GeV)



DeepCore: energy asymmetry

0.30 T——7—
- \ —— bias V5

0.25 - = \ — -~ resolution v5 + DeepCore
| S 50%

0204 | - \
0154 \ AN

0.10 S

Arec - Atrue

O . 05 i li_.‘ S _

0.00 - \ - P— g

—0.05 A

~0.10 -
lceCube Work in Progress

~0.15 — . . .
0 10 20 30 40 50

True length (m)
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Bright results to 200m: angular resolution

- bias . v5
50% v5 + bright DOMs

lceCube Work in Progress

Angular resolution

0 25 50 75 100 125 150 175 200
True length (m)

Christopher Eldridge Tau neutrino reconstruction in lceCube



Bright results to 200m: length

P
144} —— bias V5
l{ ~ == resolution v5 + bright DOMs
124 | 50%
] lceCube Work in Progress
104 }
i
|i
s 810
7N
g ©7
~ 1
| o
4 - ; _ o2 r~
ll _____ - \\.""--.._—’t_-*‘ \\ ,/\,\ PN /l
N S =N 4
0 '\/’\’/\\/
-2 T T T T T — |
0 25 50 75 100 125 150 175 200

True length (m)
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Bright results to 200m: energy

(Erec - Etrue)/Etrue

0.10
—— Dbias V5
—== resolution v5 + bright DOMs
0.08 A 50%
e ’
\
l' \ A ,’
ANIFAN /
0.06 A ~ f W)
4 7 \\ II ) FR AN " ‘V’ \“f.--i."'
ettt N F 3
. AN L A / Vadd A
Se__e®™s SL= oY ] o~
0.04 - N J
/\"‘\
B
0.02 1 \—"‘\/—\/\/’\/\
0.00 Ao ..................................
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True length (m)
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Bright results to 200m: energy asymmetry

0.30 T
1 —— bias V5
0.254 . : - == resolution v5 + bright DOMs
L 50%
1t .
0.201 Hhn lceCube Work in Progress
0151 |
S i
qlf 0.10
S 0.05 -
<
0.00 -
—0.05 -
—0.10 -
_0.15 : I I I 1 1 I 1
0 25 50 75 100 125 150 175 200

True length (m)

Christopher Eldridge Tau neutrino reconstruction in lceCube



DeepCore charge fraction distribution

101! -
] lceCube Work in Progress

109 -

Probability density

10_1?

0.0 0.2 0.4 0.6 0.8
DeepCore charge fraction
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Image: Stachurska (2020)

Classification

HESE event class

single double track

X

energy confinement cut

J (E1,c+E2,c/(E1+E2)20.99

energy asymmetry cut

“ -0.98<(E1-E2)/(E1+E2)<0.3

single double track

Topology ID sample
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