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@ PRiISMAY Low Energy Reco Challenges & Prospects UNIVERSITAT wve [

Hit sensor positions s BTN ™= Lnecrgy Parameters
o o - f
Hit timestamps ~ e—f Algorithm mm) | Direction l Int(e)rest
Why challenging? fewer cherenkov photons = fewer hits ) » o O
© ¢

Why interesting? 1. Neutrino Mass Ordering % &

2. Oscillation parameters estimation pd Q

3. v_identification

1 o ®
4.  Sterile Neutrino detection o o
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@ PRiISMA* IceCube Low Energy Arrays
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. nnes GUTENBERG >
@ PRiSMA* Towards my work... SieRear e [

e  Which aspects are limiting the reconstruction performance at low energies?

e Information in events limited by

¢ ¢

statistical fluctuations in In-ice scattering Detection efficiencies
shower development

e  What are the resolution limits if we have access to MC truth information?
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@ PRISMA*

Direction information: L(6) = 2(9(5) - J; — cos 41°)?

Reconstruction strategies - Loss function
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@ PRiISMA* Reconstruction strategies - Loss function " URIVERSITAT v

s GUTENBERG ) JG|U
— N -
Direction information: L(9) = § :(,7(9) - ¥; — cos41°)?
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1 . : ; nannes GUTENBERG .
@ PRiISMA* Reconstruction strategies - Loss function UniversTAT v R
S N . N .
Direction information: L(9) = Z(D(O) - 7; — cos 41°)? Timing information: L(§) = Z(tgeom,i(o) — tobss)?
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PRiSMA*

Timing information

Loss function minimisation using Timing information

—-== Bare, No scattering (upgrade)

—-== Transverse spread, No scattering (upgrade)

—-== Transverse spread, Scattering (upgrade)
IceCube Work in Progress
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Loss function minimisation using Direction information

—-—=- Bare, No scattering (upgrade)

——=~ Transverse spread, No scattering (upgrade)

—-—=- Transverse spread, Scattering (upgrade)
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@ PRiISMA* Towards a Likelihood approach .... URivRer e

e [oss function is a good approach and is quite fast (~0.003s/event).

e Not sure if it provides the optimal performance.

Solution?
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@ PRiISMA* Towards a Likelihood approach .... Universiar e [

501

e [oss function is a good approach and is quite fast (~0.003s/event).

e Not sure if it provides the optimal performance.

£
Solution? Use of likelihood approach with the true underlying o
PDF oY
Problem... Grid-like structure of arrays, biased photon sampling S

by sensors, PDF changes with position/direction

Solution? Randomised detector geometry!
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@ PRiISMA* Towards a Likelihood approach .... UNiversiar i IS

e [oss function is a good approach and is quite fast (~0.003s/event). e s
Ho £ rimatheso Zenthotss, heoe14 2141
e Not sure if it provides the optimal performance. B folsson oo
0.8
Solution? Use of likelihood approach with the true underlying g
PDF S 0.6
Problem... Grid-like structure of arrays, biased photon sampling § 0.4
by sensors, PDF changes with position/direction -
0.2
Solution? Randomised detector geometry!
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Good agreement between PDFs!
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( PRISMA Getting PDFs by VBW KDEs
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@ PRiISMA* Improvement over Loss Function approach

G JG|U
Direction information: 6,,; = argmax [L(y - u|0)] Timing information: 6,,; = arg max [L(At|6)]
nllh vs loss func minimisation, Truth (Upgrade) nllh vs loss func minimisation, Truth (Upgrade)
IceCube Work in Progress -=- nllh, At/t<=0.15 40 [ceCube Work in Progress |--- nilh minimisation, At/t<=0.15
—-==- loss func, At/t<=0.15 —==- loss func, At/t<=0.15
50 35
30
40
25
o 30 ® s ”
20 AN " ~
< e ~20% < :__‘\ N7 \\I' \\’—_‘\ e
~——r N /
NSl 2% \ Va2
20 === @ \\‘__..\ 15 5 ~7 \\¢\‘ \/ \‘\,"‘\’\v,,“‘":
N —:\- N\aes ox j /‘”\'\ ! ‘W"'A"‘v‘ i
\‘~.’\ -7\ a *h AL} 10 —“I\“l‘\\ ) It
10 Vies 0 [ty "\\*a‘\ ‘ ‘ ~ry\
- Y ¥ YV o W) I: 5 m’\\"""\'\‘
) | '
AW w»WX
|
0 = 0
10! 102 10! 102
Hit Count Hit Count

Kaustav B‘Hiﬁ SR : NBI Summer School 2023 g8




U

@ PRiSMAT  Combined Analysis using Synergic Information NIVERSITAT v [N

Summation of likelihood values

log Ejoint = 10g Edirection ('7 . u}e) + 10g Etiming(Atle)

log(At[ns])
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@ PRiSMA*  Combined Analysis using Synergic Information NIVERSITAT v [N

Summation of likelihood values

log Ejoint = 10g Edirection ('7 . u}e) + 10g Etiming(Atle)

Truth - Upgrade
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PRiSMAT  Combined Analysis using Synergic Information

Summation of likelihood values
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PRiSMA*

Truth - Upgrade

nllh-Direction, At/t<=0.15

nilh-Timing, At/t<=0.15

nllh-Combined (Summation), At/t<=0.15
nllh-Combined (Synergy), At/t<=0.15

IceCube Work in Progress
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@ PRiISMA* Comparison with benchmark algorithm S GUTENGER

Final Result - Benchmark GNN vs Resolution Limit (Upgrade)
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@ PRiISMA* Ongoing & Future Work

Synergic Case (n=0.3)

e Extend the likelihood analysis to the DeepCore-like geometry.

e Try to improve the modelling of the PDF (more statistics).

log(At[ns])
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Angle [rad]

Histogram Values at Cherenkov Angle Bin
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Thank youl

Questions?
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@ PRiISMA* Effect of Shower Spread

60 Loss function minimisation: Direction
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@ PRiSMA+ Fmally addlng noise "UNIVERSITAT Mah

PDF after adding uniform noise (Direction) PDF after adding uniform noise (Timing)
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@ PRiISMA*

Effect of Scattering

Loss function minimization: Direction

70 —== Bare, No scattering (Upgrade)
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@ PRiSMA*  Comparison with benchmark algorithm (April, 2023) /il
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@ PRiISMAY Effect of Sensor Efficiencies

Incident photon ‘

PMT axis e Select the PMT in terms of spatial proximity to the point of photon impact.
e Include acceptance curve information.
e  Assume that photon arrives along the PMT axis : Truth information smeared.

Smearing of truth info by mDOMs

a0 == MC truth direction (Upgrade) NO scatterlng
MDOM:simulation —=- PMT axis direction (Upgrade) :
=== PMT axis direction (DC) Bare prlmary
=== MC truth direction (DC)
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@ PRiISMA* Neutrinos in the Standard Model

JG|U
. g
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\ Neutrino-Nucleon Interactions
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Photon Propagation Code

Insert Photon

Determine length to
absorption

Determine distance
to next scatter N\

Propagate to
distance until next
scatter
Check if photon Check if photon
would intersect with would have been
an optical detector absorbed
True True
. J \_ Photon
Rk False absorbed
Scatter J
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IceCube Event Signatures / <.
w W
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Image: J. Phys, Conf. Ser. 888 012007

Image: J. Phys, Conf. Ser. 888 012007
Good angular resolution: Neutrino astronomy v_, v_and all-flavor neutral current

e ~0.6’at10 TeV : . . .
Fully active calorimeter: High energy resolution

e  Vertex can be outside the detector: Increased )
Angular reconstruction above ~50 TeV

effective volume
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Tau Neutrino Signature
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@ PRiSMA* IceCube & Oscillations " UNIVERSITAT M

- For O(10) GeV neutrinos and below, earth
diameter provides perfect L/E

- We can look at oscillations in the energy vs.
cos(zenith) (ocL) plane

2 2
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@ PRiSMA*
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@ PRiISMA*

@ ICECUBE UPGRADE OPTICAL SENSORS

PDOM

1x 10" PMT
20 sensors
UW-Madison

Kaustav Dutta:

24 x 3" PMT
430 sensors
DESY, MSU

2 x 8" PMT
300 sensors

CHIBA

IceCube Upgrade modules

1400-
1500-
1600-
1700-
1800-
1900-
'E 2000~
p =

a

&2100-
2200-
2300~

2400~

2500-

bbby

Genl-DOM
mDOM

DEgg

pDOM
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@ PRiISMA* Minimizer Performance

e 2D parameter space: zenith, azimuth
e scipy.minimize (seed=truth)

Minimizer estimate offset from Truth Minimizer estimate offset from Truth
16
(©): -0.0265 deg, 0g: 0.1445 deg (0): -0.2659 deg, 0s: 0.9626 deg
(®): 0.00000929 deg, 0o: 0.3528 deg 14 (®): -0.00118194 deg, 0o: 2.2942 deg

enith zenith
6%rue - 6minimizer [deg]

enith zenith
efrue - eminimizer [deg]

-0.4 -0.2 0.0 0.2 0.4 -3 -2 -1 0 1 2 3
tazimuth _ jazimuth [deg] tazimuth _ jazimuth [deg]
Pirue minimizer [deg true O minimizer [deg
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() PRiSMA* Limitations of loss function approach JGi
Histogram vs Loss Function (Direction) Histogram vs Loss Function (Timing) 160000
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@ PRiISMA*

Idealistic Case

Idealitic Case

——- x? minimisation-Direction (Upgrade)
——- x? minimisation-Direction (DC)
——- x? minimisation-Timing (Upgrade)

——- x2 minimisation-Timing (DC)
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() PRiSMA* Cutoff Optimization JGIU
A6 vs At/t cutoffs (Upgrade) AB vs At/t cutoffs (DC)
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() PRiSMA* PDF dependence on vertex/direction JG|U
Fixed Vertex Fixed Vertex
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() PRiISMAT Comparison with benchmark algo (DC) JG|U
Direction information Timing information
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@ PRISMA*

Kaustav Dutta:.
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@ PRiSMA* Variable Bandwidth Estimation U NIVERSITAT W

SITAT

JG|U

Direction information: ,,, = argmax [L(y - u|6)] Timing information: éopt = arg max [L(At|0)]
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nllh vs loss func minimisation, Truth (Upgrade)
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@ PRISMA*
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@ PRiISMA* Noise (Uniform & Clustered)
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@ PRiISMA* Combined PDF (Truth)

2D Variable Bandwidth KDE (n=0.3) Data Offset Heatmap
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@ PRiISMAY Combined PDF (PMT smeared)

2D Variable Bandwidth KDE (n=0.34) Data Offset Heatmap
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PRiISMAT Combined PDF (Noise)
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@ PRISMA*

Signal Purity in GNN reco
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