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Astrophysical Neutrinos

High-energy starting events in IceCube

* Significant excess over atmospheric

6 years (ICRC 2017)

Energy Threshold
P ; o o e s o neutrino background seen in IceCube
I J I Background Uncertainties
4 10° —— Atmospheric Neutrinos (90% CL Charm Limit)
H " . Data
/ § IceCube Preliminary
©
~
* Selected events S ' _  What are the sources?
that start in g :
IceCube volume £ "]'_]_
Z 10°
* 82eventsin6
years (54 in 4 ‘
years) 10? s
10° 10*
Deposited EM-Equivalent Energy in Detector (TeV)
See C. Kopper, NUO60
@r=oum Jakob van Santen - ICRC 2017 - Highlights from IceCube
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Expected Sources

Sources of UHECR & UHE neutrinos
Above few EeV: UHECR sources likely extragalactic:

— Absence of correlation of UHECR directions with Galactic plane ¢ U H E n eUtrI nos & CRS seem tO be
- Large-scale dipolar anisotropy (O. Taborda, Pierre Auger, ICRC17) eXt ra ga I aCtiC
Murase & Waxman
(L Candidate sources of UHEv jmy = 37 055 510 — Not very surprising
COSMIC-RAY ACCELERATORS COSMIC-RAY RESERVOIRS . .
CR & v produced in source CR prod. in source, v in environment ¢ Seve ral source Ca ndldates .
+ 1) 1 1)
Py =Nt —=vs PP—=pPNxs—= VS — AGNs, GRBs, SBG, GCs
Active Galactic Nuclei (AGN) Starburst Galaxies (SBG)
Gamma-Ray Bursts (GRB) Galaxy clusters
AGN: Accretiononto  GRB: core-collapse SBG: Star-forming, Clusters: AGN,
rmassive Black Hole massive stars Supernovae, GRB galaxy mergers,..
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6 years (ICRC 2017)

== HESE with ternary PID

Flavour ratio

See M. Usner, NUO67

VeiVyu:Vr at source

* Flavour ratio (best fit): v v :v,= 1:1:0

=== |ceCube APJ 2015 1.0 : (1);3
s IceCube 4100
Track | Preliminary 08— o
S @ . .
[T | : * Results seem compatible with pure v
w | ¢ z source(s) or : v v = 1:2 source(s)
‘ —_— ke 0.2
ev%fn??;ss K i 725 v WY}
QQ v > o g S

ik Fraction of ve
Dgible cascade

no v; candidates observed « Lack of v, candidates compatible with statistical fluctuation

» Updated global analysis in preparation (see C. Weaver, NU0O65)
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KM3NeT vs lceCube
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KM3NeT vs lceCube
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Neutrino pointing resolution (degrees)

10 Tev
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e|cecube cascades
=KM3NeT resolution

Neutrino energy

* Neutrino-Showers
“ Neutrino-tracks
+ Swift X-ray

o0 3Lac Sources

- | ®TeVCat

180°

KM3NeT resolution
ve °
i
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Conventional Method

Reconstruction Algorithm

Detection Events

efficiency

Expected
detected flux

Expected flux Statistics
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Conventional Method

|Reconstruction Algorithm
Qalanti Angular & energy
S h oWe rS Event Selection esalin
Detection |Se|ected eventsl |Parameterizations|
efficiency

Parameterizations

Expected
Expected flux ) fli

|Reconstruction Algorithml

. Angular & energy
T au Event Selection —
i
Detection |Se|ected eventsl |Parameterizations|
efficiency

Parameterizations

Expected
Expected flux: detected flux
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Tracks

Expected flux

|Reconstruction Algorithm

Angular & energy

Event Selection

resolution

Detection
efficiency

Parameterizations

Expected
detected flux

|Se|ected eventsl |Parameterizations|

Flavor
identification
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Conventional Method

|Reconstruction Algorithml

|Reconstruction Algorithml
@

S h Owe rS Angular & ener

Event Selection

@)
Angular & energ}

resolution T ra C kS

resolution
(R | (2
Detection |Se|ected eventsl |Parameterizations Detection |Se|ected eventsl |Parameterizations
efficiency efficiency

& =
Expected _ Expected
Expected flux ) fli Expected flux

detected flux

|Reconstruction Algorithml

\\

Event Selecti PEE S C T

Tau

resolution
I
Detection |Selected eventsl Parameterizations
efficiency F I avor @

< a . .
Statistics

identification

Expected flux: Sxpeist

detected flux
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New Method

Old method
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Ingredients

Detection
efficiency

v

Parameterizatio

=

v

Expected flux

|

Expected
detected

flux

Event Probability
P(ev | dir, E, type, ...)

Events
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Event Probability
P(ev | dir, E, type, ...)

Events

Detection

* Standard MC chain:
— Genhen/mupage Eeces
— km3 =
— JTriggerEfficiency

e Optional:
— km3 -> JSirene
* Very optional:

— Make own generator
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Expected Flux

* Input flux:

— Source flux or atm. neutrino flux

T. Gaisser 2012

Conventional: Honda2006 + GaisserH3a with knee correcti
Prompt:
R.Gauld et al., CR with H3a model

T T T
------- vi™ - Honda flux
—————— va"/- Honda flux
VI 4 v - Honda flux
v - prompt flux R. Enberg et af
e V™ - prompt flux R. Gauld et al
v - tot flux
= v - ot flux

suggested by S. Sarkar
during the STAC
meeting

With R.Gauld et
..... H 4| al, in the Lol
estimated the

1| improvement

102 169 15‘ 1&5 12;9 7 10t
£, (0eV)
1/06/18 Karel Melis - Dalfsen

Event Probability
P(ev | dir, E, type, ...)

Detection
efficiency

Events

Para meterization

Expected
detected

flux

Statistics

30



Input flux:

Expected Flux

— Source flux or atm. neutrino flux

Earth propagation

— Prem earth model

PREM

Density [g/cm*3)

(CMB)

Density [kg-m* x 10°]
- -
8—R—b 888 —R— >

Core-Mar

ntle-Boundary

TRU =380

StIsU

AU

ORRU oRel

)

1/06/18

Radius [km]

R [m]

P survived
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Event Probability
P(ev | dir, E, type, ...)

Detection
efficiency

Events

(A
Para metenzahon

Expected
detected

flux

Statistics

Nu, CC

10 GeV
102 GeV
103 GeV
10 GeV
10° GEV

208-06-04-02 0 02 04 06 08

cos(zenith angle)
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Expected Flux

* Input flux:

Source flux or atm. neutrino flux

e Earth propagation

Prem earth model

e (Cross section

1/06/18

Standard Lol cross-section

a

/

/A 100 100 100 10f 100 10f

E(GeV)

123456 78 9101112

log 10E, GeV
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Event Probability
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Statistics
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Expected Flux

Input flux:

— Source flux or atm. neutrino flux
Earth propagation

— Prem earth model
Cross section

— Standard Lol cross-section
Bjorken-y

— TODO

Hadronic showers
— TODO

Event Probability
P(ev | dir, E, type, ...)

Karel Melis - Dalfsen
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* MonitorDetectionEfficiency.cc
— N times JSirene + JTriggerEfficiency

1/06/18

Detection Efficiency

Karel Melis - Dalfsen
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Event Probability
P(ev | dir, E, type, ...)

Detection Efficiency

* MonitorDetectionEfficiency.cc
— N times JSirene + JTriggerEfficiency Expected

flux

Statistics

* P9t(pos, dir, E, ...) stored as tables
— No need for parameterizations

Position Direction @R=0, Z=400
1400
1200
Detector+Photon PDFs
1000F

P detected+triggered
P detected+triggered

0200 400 600 800 1000 1200
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Event Probability
P(ev | dir, E, type, ...)

Detection Efficiency

* MonitorDetectionEfficiency.cc
— N times JSirene + JTriggerEfficiency

Statistics

* P9t(pos, dir, E, ...) stored as tables
— No need for parameterizations

 TODO:

— Cuts to reject atm. muon events
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Event Probabllity

Detection
efficiency

* Probability to observe detected
event given neutrino param. X ot |

flux

— x={pos, dir, t, E, by, type}

P(ev | x) — 1_[ [Pihit . Pit 1St] . l_[ [1 _ Pihit]

hit PMTs non hit PMTs
PMt = 1 —exp (—f f; (t) dt)
) t
P15t - PMt = exp (— J f;(t) dt) (1 —exp (—7;(1)))
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Event Probabllity

Detection

* Probability to observe detected
event given neutrino param. X o

— x={pos, dir, t, E, by, type}

* |dea: Monitor once, re-use for
different fluxes
— 6D/7D Interpolation tables

-150-145-140-135-130-125-120-115-110-105-100
1/06/18 Karer iviens - uansern s20
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Ingredients

Event Probability
P(ev | dir, E, type, ...)

Detection
efficiency

Events

v

Parameterizations

v

Expected flux h.

Expected
detected
flux
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Statistics
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Outlook

* TODO:

Bjorken-y distribution

Hadronic shower parameterization

Atmospheric muon rejection (!)
Statistics part

* Spin-off/extensions

1/06/18

MC generator
“old-fashioned” reconstruction

All kinds of hypotheses easily tested

Usable for ORCA too
Tau and other event signatures

Karel Melis -

e Needed:

Dalfsen

— CPUs (alot)
— (Official) tau Monte Carlo
* Preferably bug-free
— Disk space (/data/antares/)
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