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Neutrino oscillations
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e Flavor states -> superposition of mass states Am2, Dorma
- Ordering
— Parametrise with PMNS matrix
— Measured most of the free parameters at percent level R >
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Anomalies

e Measurements in tension with standard oscillation (i.e. 3 states) at >30
—  Gallium anomaly -> less v, than expected
— LSND -> more V. than expected

—  MiniBoone -> more Ve d nd Ve than expected Phys. Rev. Lett. 121, 221801
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3+1 model

e Minimal extension -> new mass state that is blind to weak force
— Alters standard oscillation probabilities
— eV-scale sterile allows to explain “one by one” anomalies
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3+1 puzzle

e 3+1does notfind a consistent picture when performing global fits

—  vu— Ve appearance requires vuy—v, disappearance

ve disappearance
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v, disappearance
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Ways to solve this puzzle

e More exotic scenarios might help reducing this tension
- 3+I1+decay, 3+1+Wavepacket, 3+X?

3+1 (4.50 tension) 3+1+WP(noMB) (2.10 tension)
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Atmospheric neutrinos

- total

= total conv. ——
== total prompt ——

e Dominated by v, from kaon decay
e Up-going -> shield for atmospheric muons
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Matter enhanced oscillation
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Presence of matter modifies
neutrino oscillations Leads to enhancements

responsible for the MSW effect,
parametric resonance...
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Matter enhanced oscillation
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Matter enhanced oscillation - sample scenario

Am? =1 eV2,824=O°,634=0°

P(vu»vy,) P(V,»V,)
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Matter enhanced oscillation - more complex scenarios

Aml=1eVs,85,=9°,034,=0°
PV, V) - PAT, =i} Important if 034!=0

and E<500GeV
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Oscillations in the GeV regime

e Formass splitting >1eV?, rapid oscillations -> average
e Some degeneracy with standard oscillation parameters but resolvable
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3E NEUTRIND.

Largest neutrino detector on Earth!

IceCube Laboratory
Amundsen-Scott
S e tkm x Tkm x Tkem
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ICECUBE NEUTRINO OBSERVATOR®

Amundsen-Scott

IceTop Surface Array \ . = Station 4000
\ T ' Credit: Duncan Young, COLDEX/UT

IceCube Laboratory lceCube Array at 60 MHz
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A ground-penctrating radar capture of the IceCube detector deployed in the ice.

Alfonso Garcia | UCLouvain seminar, 04/02/2025



Starting

CASCADE

IC

e
et

Rt S S o e
ot e S

e e et e

h.“nﬂih.“ﬂl.l"llﬁh;l
e

e R T e Tl I T el T i AT

et e e e G

e

= z e e S
e e e e e e e e e e e ot e e e P e i

o e e e e e e e e e e e e e e e

ot el e e e e e e e e e e

e e e e e e e e

e

B e DD

L

P

OO OOt

D o

Ot

I

charge

time

Lo
N
[—]
o™~N
—
N
S
—
~r
(—)
S
(1]
£
=
D
(72]
=
(1]
=
-
o
—
(]
-

Alfonso Garcia

DE ElSICA
EPUSCHLANR




Starting

e
]

= z e e 3
e e e e e e e e e e et e e e P e i
B Sl e S a Sk - P = > =

e o e T

— .

e e e e e e e e e s — ——

B e DD

.%ﬁm&g oo
e SR 00 =

OO OOt

D o

Ot

—mm

charge

time

v_=g + hadrans

n

- 48.6 GeV

¥

F,
tt

33.3 Gav

Cascades

"

DeepCore

Ji* + hadrons

WV o

\/

=405 Ge

E,
E

= 38.7 GeV

Lo
N
[—]
o™~N
—
N
S
—
~r
(—)
S
(1]
£
=
D
(72]
=
(1]
=
-
o
—
(]
-

Alfonso Garcia

INSTITUT DE ElSICA
CORPUSCITNR



o)
lceCube stning

DeepCore string

WO00T

DeepCore

R —
Corridor

Depth ()

Low Energy Analysis <]

i

N\
ol
B
s

Velo cap

10 DOMs
10 m vertical spacing

8000000000000 .
Shie A '-" "." '"." - - _— g g """"""' v
2 .-

)

Dust layer
:
' : DeepCore

50 HQE DOMs

7 m vertical spacing

SN
) M .
Nt

e

4 I

T

.

.

<]

200000066 00cO00co000C00020030000000000000
-0 0o o o0 o0 0200200000 C—0-00-00

6-0-00-0000000000000000000000000D0

Y
[\
Joad
A
| \ -
|
:-: 3 E 5 %
o-o0-o0-o0-90-0-90-90900-90-C-0O0C O o000 O”DOCOCOCO0OC
B . . U
o—D0-0-0-0-0-C¢C-O0-CcCoO0LC 00 0o0-00O00090909COCOCO0O0-0D0D

020030000600 0000-0-0-0

VLA LU N2 LUl
Ahsarption (m *)

Alfonso Garcia | UCLouvain seminar, 04/02/2025



1.50 =23

- — 8 year avq. | 2013-2014 | 20162017
e ec up90|ng rac S 1.25- | 2zo011.2m72 | z014.2015 2017-2018 |

1.00 | 2012-2013 | 2015-20186 | 2018-2019

MM"‘*WL

-
i

rate [1/s]

e 8years of lifetime

e (Good data/MC(goodness of fit ~25%)
[ VH CC punty >80% ot nﬁub'lnneref';/lGe\/]

pet 1o ," AVErAG

40 © 10-°

1 10 °
1 iry + iy, CC background 0.8 ¥y + 7, CC background - vy + 5y, CC backgreund
—— total MC i data ' — tolal MC t data ' —— lolal MC i dala
) 3 '::g' 0.6 ? 1
05
0.2 _\_‘—_‘ 4
0 0 0 B —
1.2 1.2 1.2
S 11 } 2 1 2 1 I
- . - - . < .
= {1 i : = _ 1 tig 5 P, BERE:
S 1 ¥II {IiTI fI*II* i g 1133 iz II {III R - S N kR §iI£_ iT:II
$ 09 g 09 g 0.9
0.8 0.8 0.8
10! 102 1 0.8 0.6 0.4 0.2 0 0.6 0.7 0.8 0.8 1
reconsirucled enargy [GeV] reconstructed cos( 5, ) PID score

Alfonso Garcia | UCLouvain seminar, 04/02/2025




Select upgoing tracks

e \ery competitive constraints in Urs!
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High Energy Analysis
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Energy estimator

e New energy reconstruction using NN
- Dedicated event selection for starting events -> better proxy from neutrino energy
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Systematics

e Main changes with respect to previous analysis

— Bulkice -> moving to energy+zenith dependence
— Conventional flux -> new treatment using DAEMONFLUX (PRD107, 123037)
- Non-conventional flux -> Using broken power law

Central 1o Prior
Detector Parameters Value Width Conventional Flux Paraneters
Normalization 1.0 +0.4 Atm. Density 0 +1.0
DOM efficiency 1.27 +10% Kaon energy loss 0.0 +1.0
Ice Amplitude 0 0.0 +1.0 K s 0.0 +1.0 oS
Ice Amplitude 1 0.0 +1.0 Ko 0.0 +1.0 'g i
Ice Amplitude 2 0.0 +1.0 ﬂ-gw 0.0 +1.0 S o
Ice Amplitude 3 0.0 +1.0 o 0.0 +1.0 :‘E o
Ice Phase 1 0.C +1.0 K. 0.0 +1.0 -
Ice Phase 2 0.0 +1.0 K;-p 0.0 +1.0
Ice Phase 3 0.0 +1.0 er- 0.0 +1.0
Ice Phase 4 0.0 +1.0 T 0.0 +1.0
Forward Hole Ice -1.0 +10 par 0.0 +1.0
Cross-secticn Parameters l2pr 0.0 +1.0
v cross section 1.0 +0.1 GSF, 0.0 +1.0 (3
U Cross section 1.0 +0.1 GSF- 0.0 +1.0 g >
High-energy Flux Parameters GSFs 0.0 =L0 3
Normalization 0787 |  +0.36 GSF4 0.0 =l
A~., tilt from -2.5 0.0 10.36 GSFs o =l
Arya, tilt from -2.5 0.0 +0.36 GSFs 0.0 +1.0
Pivot energy in logl0 - -
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Daemonflux

e New prediction of neutrino fluxes:

C |b d . E h f —1 e = daemonflux
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Data Sample

e Unblinded 10.7 years -> ~400k tracks
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Results
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Results
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Compatibility Tests

e Checks to understand result
- Splits in different region of the reconstructed phase space
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Compared with world data

e Bestitin tension with other numu disappearance measurements
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Conclusions

e Unique sterile searches
— Different energy range (systematics) to any other experiment
- Signal mainly driven by different oscillations regimes
e New analyses with major changes
— Eventselection
— Energy reconstruction
— Flux treatment
e Unblinded 10.7 and 8 years of data with ICand DeepCore
— Consistent with previous IC analyses
— Ongoing tests to quantify the significance of the result
e Mild tension with other experiements -> What can we do?
— Continue improving our understanding of detector
— Develop analysis with other neutrino telescopes
— More complex scenario than vanilla 3+1

Alfonso Garcia | UCLouvain seminar, 04/02/2025



Fit quality

e (Goodness-of-fit with p-value~10%
e Bin-wise pulls normally distributed
e Nuisance parameters within allowed ranges
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Non-conventional priors
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1D distributions

Counts in 10.67 years
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Best-fit vs null flux
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Other new results

Physics Letters B 858 (2024) 139077
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