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Neutrinos at ICRC 2019

e Overall about 180 contributions

- 2 review talks
- 3 highlight talks
- 75 parallel talks (given)

- O(100) posters e ® o
NU10 - Neutrino parallel-séssion

® Review talks
- A Brief History of Neutrino Astronomy (Francis Halzen)
- Physics and Astrophysics with UHE Cosmic Neutrinos (Abigail Vieregg)

e Highlight talks
- HE neutrinos from persistent and transient activities of compact objects (Ke Fang, PoS(ICRC2019)008)
- Results from IceCube (Dawn Williams, PoS(ICRC2019)016)
- Results from the Mediterranean neutrino detectors (Rosa Coniglone, PoS(ICRC2019)006)

Thanks to all for the interesting talks and discussions !
And apologies to everyone not mentioned and for any mistakes

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 2



Hot topics

e Understanding neutrino emission from
TXS 0506+056 (blazars)

e Understanding the astrophysical diffuse neutrino
spectrum in the multi-messenger context
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e Searching for point-like sources and A

multi-messenger activities EDE . )
__Preliminary - |5

L 1030

e The quest for UHE neutrinos i
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Understanding neutrinos from TXS 0506+056 PoSICRcz019)1032 (Walter Wmter)

Neutrinos from the AGN blazar TXS 0506+056

Sept. 22, 2017:
A neutrino in coincidence with a blazar flare

1C40 1C59 IC79 IC86a IC86b IC86¢
#ses: JceCube-170922A a + 4o
3 - * T Gaussian Analysis \ -
=3 3 o = Box-shaped Analysis 1 3 i 5 events excess. | \ E | 2.,

2014-2015: A (orphan) neutrino flare found from the
same object in historical data

: i !
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o = |C170922A 90% - area: 0.97 square degrees 8 . Observed by
: ; ! Fermi-LAT i 20109 20111 20113 20.15 20117
2 58° E |
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s § | IceCube-170922A ﬂ
. ¢ Significance for g t |
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Science 361 (2018) no. 6398, eaat1378

DESY. | ICRC 2019 | Winter Walter, July 25, 2019, Madison, USA

At 2014-15 neutrino flare

The 2017 flare page 2
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Understanding neutrinos from TXS 05064056 | PoS(ICRC2019)1032 (Walter Winter) |
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One zone model results (2017 flare) _'

Leptonic models Hadronic (r cascade) models Hybrid or p synchrotron models
a eV keV MeV GeV TeV PeV b . eV keV MeV GeV TeV PeV o eV k?V MeV GeV T?V PeV EeV
-9 t t t + t t - : : : ; + t -9r = & a— - ~
Leptonic Leptonic Photons m— Photons, Low Ep Hadronic, Low Ep === Muon Neutrinos, Low Ep
Hadronic Muon neutrinos . ==== Photons, High Ep ==== Hadronic, High Ep === Muon Neutrinos, High Ep
" Optical ' Op : } IE ptica
9 1 ©
§) §, ;rcascade\ TeV-y /‘ g é Epmax=4.5 PeV
) TeV-y k) ) 4 \ ~ 41 AeV-y
w -1 w 1 2 1 . w - \ E,max=17 EeV
U.% u._-'é / 0;{ TLI ' ard A A ab#gOrption
g g / j7 e \ = \l ' |
2 _q2 - L 12 - ?I 1 \ 67- -12 ] !
/ X-ray/ o '
No neutrinos / pﬂ/ - p’ef : i
/ \/ pair production \ | , E
‘ 1
-13 : : . . -13 [ : , . . -13 1 1 x 4
10 15 20 25 30 10 15 20 25 30 \ 10 15 20 25 30 35
log10[Frequency (HZ)] 'og10[Frequency (HZ)] fl UX for One IceCu be |Og1o(FrequenCY/HertZ)
neutrino in 180 days
* No neutrinos * Violate X-ray data * Violate energetics (L¢qq) DY a

factor of a few hundred or

X-ray (and TeV y-ray) data significantly exceed v energy

indicative for hadronic origin

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019
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Understanding neutrinos from TXS 0506+056 PoS(ICRCZl9)1032 (Walter W-nter) *'
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More freedom through more sophisticated sources geometries

.. to satisfy energetics problem. At the expense of more parameters.

Formation of a compact core External radiation fields Jet-cloud interactions

Large blob, persistent emission, quiet state
Compact core, ignited during flare state

a Observer at earth

“.a
..........

) f— rasop0 —— Sikora et al, 2016 B’°“‘."‘“"°"°‘;‘
eV keV MeV GeV TeV PeV
-9 : : : : : : Frequency [Hz]
Leptonic Photons | 1011 1013 1015 1017 1019 1021 1023 1025 ITGB(ICFffBBOW)qu 1033 108 - - - o
Hadronic Muon neutrinos _ 10 | I I I | | | | I |l | | | | I I | I il | | I | . sum Of photon ﬂux (x:d _1 60) s_1 6
GeV-y "‘n i 10 — hadronic (n°+cas.) -—= V4V, —
= 'T 1071 i —— blob pri.e (SYN+SSC) —— BLR pri.e (EC)
e £ | & 10
o U : g 10
s 910 ' i o
% - 2 i E’) 10-11
u_.‘é Absorbed m 10-15, E - 1016 3
'8’ “". S:gg?gahon ‘l“L prme : é 1 0012
; w = e-sync. jet =
-1 === @-sync. sheath
) - - S5C 107"
= EC
| ! 10™
' . —  aees yn cascade
10° 10° 10° 10 10"
reque z ° sync.
Nainindins MAGIC collaboration, 2018; e energy (eV)
see also Keivani et al, 2018 === total EM
=" Liu et et al, 2018
Gao et al, Nature Astronomy 3 (2019) 88 — 1u et et al,

DESY. | ICRC 2019 | Winter Walter, July 25, 2019, Madison, USA Page 7
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Understanding neutrinos from TXS 0506+056 'PoS(ICRCZOl9)1032 (Walter W-nter) *'

——— e ——

More freedom through more sophisticated sources geometries

.. to satisfy energetics problem. At the expense of more parameters.

Formation of a compact core External radiation fields Jet-cloud interactions

Large blob, persistent emission, quiet state
Compact core, ignited during flare state

a Observer at earth

“.a
..........

1.35 Gpc —-l Sikora et al, 2016 Broad-Line Region
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DESY. | ICRC 2019 | Winter Walter, July 25, 2019, Madison, USA i B e —_— ?ﬂs
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Modeling of blazars

Low-luminosity blazars
No evidence of external fields

One-zone model

High-luminosity FSR
Large broadline region and dust torus

4

External contributions to the target
photon field for CR interactions

BL Lac

1T =10

High-luminosity FSRQ

external
fields

larg \

accretion disc\

ues)ﬂ

e e e e == = === _ __ —_—

v production efficiency

UHECR transfer efficiency

0
B < >< > < 5 e —————>———> |
107 b HBL LBL/FSRQ HL- FSRQ ! HBL LBL/FSRQ HL- FSRQ i
5 : R [ B ;
1072 | 107 ¢ =T =
107 | NE
4 f o= LY BN
L 107 S 10t | N
10° ¢ : \\
-7 1072 3 Wiy
10 E : \
107° | \
: \
109 X W ol el s el sl s anl al 10-3 | |
1041 1043 1045 1047 1049 1041 1043 1045 1047 1049 1051
L,lerg/s] L,erg/s]
vy luminosity vy luminosity
— pinjection, diffus. —— “He injection, diffus. “Fe injection, diffus.
- - pinjection, advec. ~ - “He injection, advec. - - Fe injection, advec.

o Powerful blazars like FSRQs are good neutrino emitters with low UHECR efficiency
e HBL Lacs are good sources of UHECR, with low neutrino production efficiency
e Heavier chemical compositions lead to lower neutrino cutoff energies due to disintegration

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019
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Understanding neutrinos from TXS 0506+056 | PoS(ICRC2019)1032 (Walter Ji
Su mmary (Iong) What did we learn qualitatively from 2017 event?
Interpretation in terms of one-zone models * Time-response of SED and X-ray data point towards

leptonically dominated model
< Simplest possible geometry, few parameters P 4

« X-ray/gamma-ray data need to be monitored

< Describe SED and time response reasonably well (indicative for hadronic contribution)

(modulo some discussion of UV data) - |
 More such associations are needed for solid

2 Have to accept that either Leqq is significantly conclusions on predicted neutrino event rates

exceeded or that neutrino energies does not match

& 2014-15 neutrino flare: more than two neurino
events difficult to accommodate What did we learn qualitatively from 2014-15 flare?

« Description of 13 events requires high radiation

o , _ density with imprints in the SED which seem to be
< External radiation fields (e.g. disk, sheath) or in contradiction to observations

compact core models promising

Interpretation in terms of multi-zone models:

, . « Up to five events plausible in external radiation field
< Can produce substantially larger neutrino event model

ith o] tics . .
numbers with reasonable energet - Expected (neutrino) spectral shape very different

< Some models (compact core, jet-cloud) can produce  from IceCube analysis (power law). Consequences?

8 speciral hardening in gamma-rays (2014-15Tlare) Need multi-wavelength monitoring to exclude that

2 Too early for solid conclusions, mostly because of signal shows up elsewhere
sparseness of data

DESY. | ICRC 2019 | Winter Walter, July 25, 2019, Madison, USA Page 12
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PoS(ICRC2019)1032 (Walter Wlnter) ﬂ

Understanding neutrinos from TXS 05064056

Summary (long)

Interpretation in terms of one-zone models
< Simplest possible geometry, few parameters

< Describe SED and time response reasonably well
(modulo some discussion of UV data)

&) Have to accept that either Loqq4 is significantly
exceeded or that neutrino energies does not match

) 2014-15 neutrino flare: more than two neurino
events difficult to accommodate

. _ - de\\ /
Interpretation in terms of multi-zong+"" ‘“0 ~
© External radiation fields (g e“ -~

compact core model( eed =
/

< Can produce substan\ arger neutrino event
numbers with reasonable energetlcs

< Some models (compact core, jet-cloud) can produce
a spectral hardening in gamma-rays (2014-15 flare)

&) Too early for solid conclusions, mostly because of
sparseness of data

DESY. | ICRC 2019 | Winter Walter, July 25, 2019, Madison, USA

What did we learn qualitatively from 2017 event?

* Time-response of SED and X-ray data point towards
leptonically dominated model

« X-ray/gamma-ray data need to be monitored

(indicative for hadronic

* More such associat* (\a’@ \ded for solid
conclusm Mo event rates

o WO~

/\ tion)

t \90
a9 b“ ~&Tearn qualitatively from 2014-15 flare?

escrlptlon of 13 events requires high radiation
density with imprints in the SED which seem to be
in contradiction to observations

« Up to five events plausible in external radiation field
model

« Expected (neutrino) spectral shape very different
from lceCube analysis (power law). Consequences?

* Need multi-wavelength monitoring to exclude that
signal shows up elsewhere

Page 12

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019



Understanding neutrinos from TXS 0506+056

Summary (long)

Interpretation in terms of one-zone models
< Simplest possible geometry, few parameters

< Describe SED and time response reasonably well
(modulo some discussion of UV data)

&2 Have to accept that either L.yq is significantly
exceeded or that neutrino energies does not match

&) 2014-15 neutrino flare: more than two neurino
events difficult to accommodate

Interpretation in terms of multi-zone~~ mod -

< External radiation fields (

compact core model( ee

< Can produce substan i neutrmo event

numbers with reasonable energetlcs

< Some models (compact core, jet-cloud) can produce
a spectral hardening in gamma-rays (2014-15 flare)

&) Too early for solid conclusions, mostly because of
sparseness of data

DESY. | ICRC 2019 | Winter Walter, July 25, 2019, Madison, USA

PoS(ICRC2019)1032 (Walter Wlnter) }
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What did we learn qualitatively from 2017 event?

* Time-response of SED and X-ray data point towards
leptonically dominated model

« X-ray/gamma-ray data need to be monitored
(indicative for hadronlc conte&ution)

- a d df lid
X ed for soli
da Mo event rates

,——/ — 9

e More such assoc
conclusm >

X 0
9 b“ e Tearn qualltatlvely from 2014-15 flare?

escrlptlon of 13 events requires high radiation
density with imprints in the SED which seem to be

/

1lceCube-190730A an astrophysical neutrino candidate in

) spatial coincidence with FSRQ PKS 1502+106
ATel #12967; Ignacio Taboada (Georgia Institute of Technology), Robert Stein (DESY
° Zeuthen)

on 30 Jul 2019; 23:58 UT
Credential Certification: Ignacio Taboada (itaboada@ gatech.edu)

Subjects: Neutrinos, AGN

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019
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IceCube: Updated neutrino samples ~P°S(IC2°19)1°17 (Joran Stettner) *‘

15.0 -
{ == IceCube HESE 7.5yr
] —— IceCube Cascades dyr
12.5 ] e [ceCube Through-going v, 9.5yr

Cbastro

Frequentist (Wilks’)

e ———— e e e — — _ -

e - o e __]

PoS(ICRC2019)1004 (Austln Schnelder) w’

= = = —

5

—%Yastro
) 107" [GeV 'em s sr ]

dd)(w b < Ev
astro

0.0 ———+"——1—+—
2 3

Yastro

dE 100TeV
Name ApPprox. Direction Dominant | Unbroken
Neutrino Flavor Spectral
Energy Index

HESE All-sky e, M, T

Cascades All-sky e,T

NuMu Northern
sky

Differences in single power-law parameters not in

4 tension with each other but may hint at an

additional spectral structure

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019
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ANTARES: Study of HE diffuse v flux | PoS(CRC2019)891 (Luigi A Fusco)|

e - — = — - _

Likelihood fitting of the high-energy sample

Atmospheric (Honda + Enberg together) fitted simultaneously with the cosmic Flux
normalisation and spectral index of the track and shower samples together

—
o
N

o U E

g IceCube combined a:-sky (2015) é - — Data |

O ANTARES (this work) ®'(100 TeV) = (1.5£1.0) & [ — pmosphenc HE
'_"4_' 102 10-18 (Gev CmZ S Sr)-l a NE - LCOoSMIC SIgNna
Xy ANTARES I'=23+0.4 g 10
Ll Preliminary - g F ANTARES
, . ..
S 10 Atmospheric flux i Preliminary
T 1.25 x (Honda + Enberq) 1= ——
8 3 I sh
i '3 From the fit OWErS
=] - 1.80 excess ! I T W
g 10-1 0-cosmic excluded c.l. >90% 2.5 3 3.5 4 4.5 '°91o(€showe/Ge‘?>5
o = -
= Compatible with IceCube measurement
- : g - - m gmm
& 10 but still low significance

d
1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 11
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The multimessenger picture |POS(ICRC2019)965 (Kohta Murase)

e e — _ = _

gamma neutrino UHECR

107>
~+ IceCube (HESE 4yr) Y KASCADE - all
1 == p — allflavor ¢ KASCADE - light
Murase — Beacom 2010 ff A Auger (E x 1.05)
— TA + TALE (E x 0.91
= 1076 t 0o
| : { mm CR —all
(7) . blazar * f A‘A == CR — medium/heavy
— | Tl >70% l A= CR-light
| -+ x
n 1077 - t+ 4‘4_

+H =1

non-blazar —

? i ? \ A
(blazar: <10-30 %)

E20 [GeVcm ™2
=
<
1o
|
4l

e Connection between gammas,
neutrinos and UHECR?

(-
9
O

10_10'” ] - - - . *{ e How to connect them?
102 104 10° 108 1010
E[GeV]

Particle energy budgets are roughly comparable (1043 -10%* erg Mpc3 yr7)

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 12



Neutrino — Gamma — UHECR Connection P°ICRC2°19)955 *”

Starburst galaxies

Galaxy clusters/groups

“‘cosmic-ray
reservoirs”

CR confinement

Loeb & Waxman 06 CR

KM, Inoue & Nagataki 08

O

magnetized region w. CR sources
low-energy CRs are sufficiently high-energy CRs

confined by magnetic fields escape without interactions

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 13
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Neutrino — Gamma — UHECR Connection ,* P°S(IC2°19)965 (Kohta Murase) |

e — _ -

tal’get gas - / : Vi \ ‘ -v 'Y
- - >

- / e Ve - —
. X N\
n v o
p e
4

Cosmic-ray reservoir:

(grand-)unification of neutrinos, gamma rays & UHECRs
simple flat energy spectrum w. s~2 can fit all diffuse fluxes

« Explain >0.1 PeV v data with a few PeV break (theoretically expected)
« Escaping CRs may contribute to the observed UHECR flux

CR confinement

CR

10-5 ' ! ! ! ' = magnetized region w. sources
| | ' | " 3] KM & Waxman 16 PRD anezed regon v CK
o 107 E
5 C ]
- \\ ~ HESE (2014) :
L 07 L Fermi . IceCube _
'g pp v l _ T =T A
S . T Tl ‘
() 10'8 — —ll q I E
O, 5 T :
_ TIM
Ne‘ | | 2
W07 £ e : : Y % 3 PeVv — confined CR
U/ 4,\. : UHECR - escaping CR
/010 | L UL, | £\ sub-TeVy — “sum”
10° 10° 10% 10° 102 10"

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 14
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Neutrino — Gamma — UHECR Connection ~P05(IR<;2019)965 (Kohta Muras) *

e e e —— e | — e — —— _ — S

* 10-100 TeV shower data: Iarge fluxes of ~10-" GeV cm2 s sr

10 - - L L D D ' R """;
: (&; w3 KM, Guetta & Ahlers 16 PRL
- minimal p (V)
" 10 minimal py (y) _
w
Tw e — - e
A
€ 7 " Potentlal ‘deviation from smgle power W
> ' law could be explained by two different |
O, | source populations i
. |
Nz 1078 e = 100 TeV: gamma-ray transparent ;‘
| Ccosmic-ray reservoirs ‘
. = < 100 TeV: gamma ray dark sources |
10 . e

10° 10" 107

Fermi diffuse y-ray bkg. is violated (>3c) if v sources are y-ray transparent

— existence of “hidden (y-ray dark) sources”
(v data above 100 TeV can be explained by y-ray transparent sources)

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 15
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Point-like sources — IceCube 05(1CRE2019)851 (Tessa Larver)

- = 00% Sensit. E*

50 Disc. Pot. E~°

- = 00% Sensit. This Work E~2
50 Disc. Pot. This Work E 2
+ 90% Upper Limits E—*

x  90%Upper Limits E~*

GB6 J1542+6129
/ PKS, 14244240 l

/

10 year All-Sky Scan Results

Preliminary

s_l]
-~

/

/

IcECUBE

60°

()

[T(»\.-" cm

1077

* Evaluate likelihood of signal over i
0-10

background for grid over entire sky.

S ——

* Hottest point = position with

ANy, 19,
dFE,
P
:
|
,ﬁc
x&
X %
x
x
x
x

2
v

o

-75° | smallest p-value in each hemisphere.

[SN
—
I
|
b
o

. - -
Preliminary g, f g A S P

| ) : 5
! . R o 3{ N 1 ) 0 Northern Hottest Spot Southern Hottest Spot , . , - ,
et T 1 ] | W —1.0 —0.5 0.0 0.5 1.0
Hottest Point in North : & = -5° “Pltl;gmuu\ | | 9 70° Pulmuuu\ ,, u -53.45°
RA = 40.87° , Dec = -0.30° ~ ------- — ------------ ‘ ------ ----------- e Most si g nificant source from list

............... NGC1068 (2.90 post trial)

e 4 most significant sources 3.30
4 R post trial (2.20 without TXS 0506)

n =615, y= 34 TS = 25.3 T gecie

signal X -0.30°

-log10(pval)= 6.45 = 9.9% post-trial F

-56.45°

declination
declination

Hottest Point in South : 5< -5° ‘g 330

RA = 350.18° , Dec -56.45° Eqmtonlal T T
n =178,y =33, TS= 20.0 1387 1087 3787 353.18°  350.18° TS

signal right ascension right ascension

-log10(pval) =5.37 = 75% post-trial e — [—

— 10?;1“(])1”(-;11) o 100 lll(p] )i l])

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 17



Point-like sources — combined | PoICRC2019)919 (G:lujllaIIIu Wti

ANTARES/IceCube analysis ittt

)

Source name g pre-trial p-value CDZE?(? L. @Zo_(yzgg.L.
[10° GeV ecm2s!] | [10-¢ GeV!5 cm2s!]
HESSJ1023-575 : 6.4 : 0.0079 1 1.2 2.5
PKS1440-389 . 3.0 : 0.0085 10.8 3.0

HESS]1458-608 . 3.7 : 0.036 9.3 2.0

90% C.L. Sensitivity and Limits for y = 2.0 90% C.L. Sensitivity and Limits for y = 2.5

IceCube 7 years
ANTARES 9 years
lceCube+ANTARES _
IceCube+ANTARES Limits |

IceCube 7 years

ANTARES 9 years

lceCube+ANTARES
° IceCube+ANTARES Limits |

m? s
3

Highest excess:

—
O.
(S}

[GeV ¢

S
,[GeV'> cm2 s

\PKS’440389 HESS) 1023-575
e 0.20 post-trial
significance

dd/dE,
dd/dE

ES
3

2.5
vV

E

PRELIMINARY

-o > ) . . . -02
smé S|n6

Improvement up to a factor 2 achieved in the sensitivity to point sources compared to individual analyses

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 18



Multi-messenger activities

e IceCube
- New low-energy real-time stream for events starting in the detector PoS(ICRC2019)954
- Improved real-time neutrino alert system PoS(ICRC2019)1021
- A catalogue of astrophysical neutrino candidates for IceCube PoS(ICRC2019)852
e ANTARES
- Overview alert system PoS(ICRC2019)871

e Astrophysical Multimessenger Observatory Network (AMON)
- Real-time coincidences, sub-threshold data analyses PoS(ICRC2019)841

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 19
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New neutrino telescopes coming online — | PoS(ICRc2019)873 (Rast-slav Dvormck) *'

w—_»“w’“w

Baikal GVD first results

Stages of the deployment of the GVD-1
Configuration m_

The number of OMs 288 (8strx36) 1440

Goal GVD-1:

Geometricsizes 120m X525m 2XJ120mX525m 3XD120mX525m 5XJ120m X525m
S 8 clusters by 2021

Eff. Vol. (E> 100TeV) 0.05 km? 0.1 km?3 0.15 km?3 0.25 km?3

-10p t "
» gF Upper limit on diffuse astrophysical flux e
» g With cascades RS
E = P S
S 7T e ’ 0 .
§ 65_ GVD upper limit & . § . : :z
> b LN ’ 8 8
& 5__ N B : J :
=3 45_ ok : . : A
°_F B o
e 3 IC flux |
~ 2 '
gl |

— | | | T I | |

1 15 2 25 3 35 4 45 S A :

Ig(E/TeV) 120 m

reconstructed cascade
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New neutrino telescopes coming online — -PoS(RC2019)910 (Jannlk Hofestadt) ﬂ

KM3NeT ARCA/ORCA first results | -—

Digital Optical Detection
Module (DOM) Unit (DU)

e Example: up-going neutrino candidate
event=1668, run=2974, #hits=26, cos(zenith_reco)=-0.469

DU 2
= Emof_ expected arrival time for direct
5 1602— Cherenkov photons based qn
E’ ’ 40;—t rack reconstruction™. . o
= 5 120F ‘
- - S 100 !
" = .~36m (ARCA . 100F
31 x 3”-PMTs et o EORCA)) 5, 80F * o
\ = O gob ° °
(19%, 124)) o 2 60 .
= - o)
o 4 401 -
S S, 20F Y :
¢ to shore S oE e * °
—20:— cos(zenith_reco) = -0.469
Jannik Hofestadt, ICRC2019, Madison, 26.07.2019 C T N B A
—400 —200 0 200 400 600 800 1000
time [ns]
Status: e Most detected photons arrive ‘on-time’ due to
] : the large scattering length in deep-sea water
® KM 3 N eT—A RCA 1 | I n e Jannik Hofestadt, ICRC2019, Madison, 26.07.2019
e KM3NeT-ORCA 4 lines

Neutrino reconstruction with single line !

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 21



Future neutrino telescopes

IceCube-Gen2

.
» 3
-

IceCube-Gen2

P-ONE (E. Resconi) — New kld on the block

NETWOR‘

n. Understand the ¥

NEPTUNE Observatory

e In conceptual phase

e Up to 500 strings optimized
for horizontal HE muon tracks

e STRAW pathfinder mission
successfully operating
(PoS(ICRC2019)890)

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019
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Finding UHEv — Current/planned experiments, and new ideas

Air showers In-ice showers
e Radio (interferometric) * Radio
- ANITA PoS(ICRC2019)867 - ARA, ARAS PoS(ICRC2019)858
- TAROGE PoS(ICRC2019)967 - ARIANNA, ARIA  PoS(ICRC2019)980
- BEACON PoS(ICRC2019)1033 - RNO PoS(ICRC2019)913
- GRAND PoS(ICRC2019)233 e Radar PoS(ICRC2019)986
e Particles
- Auger PoS(ICRC2019)979
e Cherenkov
- Ashra-1, NTA PoS(ICRC2019)976
(also fluorescence)
- TRINITY PoS(ICRC2019)970
- POEMMA PoS(ICRC2019)378
Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 24



UHEv — Why radio?

Large attenuation lengths (~1 km) enable observation of large volumes > 100’s km3

p2lkmy

‘ Cosmic rays
ﬂ i _ B : ’ R — PoS(ICRC19)366

Power and commu-

B :-:T"
|

Central station

electronics
Downhole : - ' B s
T instrumentation A RA
\-1 .\' ) 1
:: FO transmitter S O u t h PO I e
Top Hpol w— ARA (analysis level, this work)
++ ARAS Projected (2012-2022), 90% UL, trigger level
= = ARAS Projected (2012-2022), SES, trigger level
Top Vpol
| &
B Hpol
Calibration Calibration ottom Hpo 4 Q ANITA | Vv bal Ioon
antennas antennas Auger +J
t
z::j;g?: | Bottom Vpol \ 9
Depth: 180 m .
surface antennas not shown \\ ..
e v \1\ ? N
_— N N
= ™ :
T 10-16 ™
10-16- \
C .
© \\
<L S s
o — —~
© - =
10717+ -
wJ i/  ——— — — e -~.
- [ — —
~. ‘
= ‘
© 10-18 ) UHECR, Olinto et al.
. | === SFR E . = 10215, Kotera et al.
| =—-= 100% protons, Ahlers & Halzen \
| 1 == 10% protons, Ahlers & Halzen
’ 10—19 bl hd e ey b b e e ey o e eeey hd ""'UA . e
10° 107 108 10° 1010 1011

Y i!

nications to ICL 0 I1 I1 O I IY)

Neutrino Energy [GeV]

1074

1075}

E2® [GeV cm~2 s 1 sr71]

PoS(ICRC2019)980 (C

e e e ——— —

Anna Nelles

Nu Tau detector Talk Saturday

PoS(ICRC19)462
EWEL

_Ross ice shelf

-~ mmm= ARIANNA HRA (this work)

\

== ARIA: 130 stations, 5 years

Au'ger
-
. -
0..
*
*

== = m Best fit UHECR, Heinze et al.
I Best fit UHECR (£30), Heinze et al.

- allowed from UHECRS, van Vliet et al.

______ — 1 1 l\l l Lal

10% protons in UHECRSs, van Vliet et al.

107 10° 1010
neutrino energy [GeV]

10°

1ol

‘s

S
‘-

!
l“l:

S

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019
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Lowering the energy threshold with interferometry —

Test setup in ARA

e Phased array (10-antenna)
installed in A5 station

e In-situ measurements using A5
station calibration pulser, in the
near field

Trigger Efficiency on cal pulser signals

| | | I I | | | | | | | | | | | | I I

1.0

nuphase 8 Hz/beam | =
- |- -~ nuphase 0.8 Hz/beam A ‘ 4
o KL nuphase 0.1 Hz/beam : :
_ ARA5 6 Hz global 3 ‘
> | _ 4
@) : :
C - : :
Q R i
O 5
- i z
— i :
v a
2 0l —
= 0.4+ USSR OSSN R -
— i :
[e) i ?
o s
> r ;
0.2+ . -
i |
. 5
1 [N (N TR NN TR N NN SN SO SN NN NN SN S S S N S S "
0 1 2 3 4 5

Single Antenna Signal-to-Noise Ratio

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019

Effective Volume

Measurec
the ARA N

added to t

detector simulation package

performance of
UPhase trigger
ne ARASIm

Demonstrated ~2x increase in
ner-station trigger-level

effective volume at 10-300

PeV

Also studied an enhanced

trigger system with lower
threshold at VSNR=1.

J1

10°¢

—
—
n

3

S
=,
S
>

: —
PoS(ICRC2019)969 (Erlc Oberla) ﬂ

10'}

10°}

ARA total
ARA Vpol

NuPhase on-beam :
(1.60) .

NuPhase off-beam |3
(2.10) .

1 1.0¢ Threshold

1 1 1 ] L L 1 1 l Ll 1 1 Ll [ 1 L I-
- NuPhase : ARA Vpol+Hpol |1
— NuPhase : ARA Vpol only |-

09y (E) [PeV]




Reconstruction of energy and direction .PoRczmg)gso (Chrlstla ”}I
in ARIANNA e e e

Neutrino

Reconstruction of Neutrino Direction and Energy  [Sss

o , PS1-108
= A shallow detector has good sensitivity to the neutrino -
osmicC rays
= direction (2° dominated by signal polarization, 7° already demonstrated via CRs) PoS(ICRC19)366
A. Nelles
= energy (factor of two, limited by inelasticity fluctuations) Talk Saturday
= Precise vertex distance reconstruction (15%) via direct and reflected signal detection O
oof . - PoS(ICRC19)900
w— At= 22.4ns |rg|=1.0 arg(ry)=56.8 2% '8
-2.5F ’/” \\\\ PS3-110
Also need to take snow NuRadioMC
E oo accumulation into account BoS(ICRC10)808
~12.5} PS3-107
o Proof of concept: Snow accumulation measurement
40 30 20 10 0 == lin. reg. h-‘h
avtech run 2, ch 6 At =x2[r1n']l43ns Ag/A; = 1.58 22.6 - 8 high rates 1+ E
400 : ' — o data @ r @ 410 =
3001 -« envelope 225} °. -
~ « matched template \g‘“’“’ 1s g
200 w224} . °
= 1° £
s S < 223Ff
% 0 AN AN NARE o 14 §
,8 \1\/" \ | o
£ ] \/ \/ 22.2 @ o |, 3
o ._.-‘."’ 5)
200l U 22.1 r_:fl.:‘"d -y 1o
~300} ) ) ) ) ) ) ) )
“ %’\},\, 9,0\"0 9’0\;\, 9,0’1'0 9'01'\’ 90,50 903,\, 9,0“'0
400 10 0 10 20 30 20 7’0\' ’2’0’\, 7’0\' ’2'0\' 1'0‘\ 7’0‘\' 1’0‘\ 1'6\

time [ns]
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ANITA mystery events : PoSRC2019)867 (Cosmln Deaconu) ﬂ

Upward Shower Searches

ANITA-IIl UHECR Air Shower . .78
 srmanast " riaans, 48' @ An anomalous event found in ANITA-III T
€ o5l | I S —red] (Phys.Rev.Lett. 121 (2018) no.16, 161102), h—
c OMM\AH,. | Eowuw similar to event found in ANITA-I. |
$ 02 | 1 @ | . @ Mostly HPol, matches UHECR template,
2 4 anomalous < irect UHECR : : : : : /
' @anomalous =, direct UHECR polarity consistent with direct cosmic ray P
10 0 10 20 30 40 50 10 0 10 20 30 40 50 . . . o
ime, ns time, ns event, but clearly points to ice, so consistentt . =3
39599205, -3.6 ° 68298837, -36.7 . . «c 4 T
T+ Tl o] 11 ] | B with an upward going air shower. | - V< (or exotic) ice
E © ——Vpol € 04} 0 —Vpol||
E°M"MWWW € ool @ |"Looks like" a v; — 7 candidate, but chord|  [interferometri
5 | § omm}d\u length through Earth in tension with SM -.i“ s
@] | 1 @ . . . . 4,3 ¥
o : © -0.2} _ ‘
¥ |  direct UHECR - reflected UHECR cross-section ;jmc.i flux in tension with Auger )28
0 0 o ™ P o w0 0 W oD N o w® and lceCube limits; a number of other "‘ .
ime, ns ime, ns ! S ——— balloo
' RLLT
Too-Laft: Anomalous A-lll event explanations have been proposed. D e

Top-Right, Bottom-Left: Direct UHECR candidates @ ANITA-IV unblinded polarity not ready
yet (sorry!).

Bottom-Right: A reflected UHECR candidate

Cosmin Deaconu (UChicago/KICP) ICRC19 15/ 18

Ice
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IceCube follow up on anomalous ANITA events | PoS(ICRC2019)981 (Alex Pizutto) |
AAE-061228 AAE-141220 AC-150108
: : : Detection Channel Geomagnetic Geomagnetic Askaryan
Diffuse flux interpretation exceeds Date (UTC) e N e 0
bounds of many experiments Time (UTC) 00:33:20.0 08:33:22.5 19:04:24.2
RA, Dec (J2000) 282°.14, +20°.33 | 50°.78, +38°.65 | 171°.45, +16°.30
— T : 10° ‘ Localization Uncertainty 1°.5 x 1°.5,0°.0 | 1°.5 x 1°.5,0°.0 | 5°.0 x 1°.0, +73°.7
_IndIVIduaI COsmIC ac_:celerator : Reconstructed Energy (EeV) 0.6 +04 0.56f8:§8 > 10
(with short emission timescale) . Earth Chord Length (km) 5740 + 60 7210 + 55
u = u 2N
Search for counterparts in direction 2 | ' v ' ' '
] %’
of ANITA events in IceCube data R K
e Prompt: Search for coincident 2 =T LT
: : @) 10-1 - LT
signal on short timescales = I i
y — —
(< 105 seconds) ~ [t t T Il
— .- e ah AR TR A  REEEELIAvEL,
e Steady: Time-integrated search — =TT T Rt A |
; Sl el R 11 A O 0 G T o o I [ceCube
or spatial clustering S Preliminary
* Results compatible Wlt_h _ CETJ """ Prompt Sensitivity - AAE-061228
background — upper limits 1024 ==+= Prompt Discovery Potential (3¢, 90% C.L.) — AAE-141220
| == Steady Upper Limit integrated over 7 years AC-150108
T I ey

At (seconds)

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 29
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IceCube follow up on anomalous ANITA events |PoS(ICRC2019)981 (

Alex P

e Flux of EeV v: traversing Earth will produce a secondary neutrino flux at lower energies
via vr regeneration

e Set upper limit on EeV v: flux from non observation in prompt analysis (1000 s time window)

— ANITA mystery event requires over-fluctuation at the 103level !

10°F Secondary v, flux ANITA flux ® T
v E, Py IceCube 90% UL

Interactions  Leptons R
|

» CC — Neutral
;;;y o Charged 103} ® E,®: ANITA Event H
Tm ~—+4— Prompt 90% UL IceC_ub_e v
~ otk upper limit |
= [ceCube Preliminary
O
;0, 107 y
~
" S 10-3L J
& 10 secondary Vv flux
V
t 10—5 1 +
T S T T T R
E, (GeV)

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 30
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Detecti n g U H EV With a i r Showe rs \ POS(ICRC2019)979 (FI‘aI‘ICISCO PEdI‘EII‘a) “
Neutrino identification 1n 1nclined showers > ' &8
Ce e : : : : & ‘{::i;;;f:-::.f? A

* Protons & nuclel 1nitiate inclined showers high in the atmosphere. o S
Shower front at ground: mainly muons (small electromagnetic component) .77 .jff_’:ﬁfg;:;}fﬁf.‘,53515353533353515

proton or nuclei

Ll . 4
eesvscege |

Top of the atmosphere

° eessesssccevons
ooooooo

Molino

Marinero

EM component

aaaaa

hadronic
component

* Neutrinos can initiate “deep” showers close to ground.
Shower front at ground: electromagnetic + muonic components.

Earth-skimming most
Top of the atmosphere DOWNWARD-GOING oo of the atmosohere  EARTH=SKIMMING sensitive channel

VISIBLE SKY:
Earth-skimming ~ 5%

EM component

hadronic

hadronic _— component \
component

Downward-going ~ 25%

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 31



AUGER — Sensitivities
Limits to the diffuse flux

=== AGN
— .= Pulsars SFR evolution Single flavor, 90% C.L.
- Cosmogenic: p, Fermi-LAT (veivuivr=1:1:1
0 ElL - Cosmogenic: p, FRIl & SFR source evol. il
| B Cosmogenic: p or mixed, SFR & GRB //

| B Cosmogenic: Fe, FRII & SFR source evol.

10-7 5 rea o
90% CL limit N\ 90% CL limit Auger ,/
|Auger (2019) \N(Earth-Skimming)

90% CL limit
NITA I+1I+11l (2018

| 90% CL limit
IceCube (2018)

90% CL limit
Auger (2019)

E2 dN/dE (GeV cm~2 s~ 1 sr71)

1037 10*° 10%? 104" 10°

Expected Vv events:
Red band: 1.4 - 5.9
Gray band: 0.8 - 2.0
Blue band (top):

_ = _ __ —_——— — - = __J

u PoS(ICRC2019)979 (Franusco Pedre|ra) ?'

of UHE V

Point source sensitivities as function of declination

10—5 : | | | | | | | | |
| Auger 2018
=== |ceCube 2017
w e w == ANTARES 2017
1075 - E
Tm . .
3 Upper limits 90% CL
e 1077 -
) ]
D 107 eV <E, <2 x 109 eV Single flavor
9 Ve:Vyive=1:1:1
-3 10-8—:————_— ~~~\ -
% 110 eV < E, < 10" eV ~a E, <10 eV s
\ 10? eV < E, s 10 eV —-~
1079 4 \ e -
] —_ﬂ——’
~
Southern sky Northern sky
an= 1 1 1 T 1 T 1 1 1 T 1

-90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90
Declination 6 (deg)

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019
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UHEvV with Cherenkov and fluorescence — PoS(ICRCZMQ)gm (Satoru ogawa)
Astra and NTA e —

Ashra-1 Pipeline Trigger & Readout - Looking for Earth skimming tau

neutrinos (also optical transients)
RUN# 0270 _ _
20120201 50 e Large field of view: 42°

e High resolution images of air showers

demonstrated

Optical 4s
NTA Lol: arXiv:1408.6244

Photoelectric Lens
~. Image tube (PL))

ransmlssion

““Ashra @ Madha Loa

PMT Array Trigger FPGA

BG 200ns
Photo-electric Image Pipeline (PIP)
Multi-Messenger Approach with CR 200ns
One Detector System 1st imaging air-shower
High Pixelation w/ CMOS -2 Fine Resolution with self-trigger

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019 33
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UHEV with Cherenkov and fluorescence —

Ashra and NTA

e _ S - = _t
PoS(ICRC2019)970 (Saturo Ogawa) t‘

—

NTA 3yr 20%
_ Ln«:mnéz“hﬂbvdr’ Cheren.

—

7) E2®, (E,) [GeV em 25 1srl]

—9 S8

107" B ook out layout
=
= 10710
O -
- X
S ’
0
= |
<

10 11 s vl L1 sl L1 1

10° 100 107 108 10° 1010

Neutrino energy E, [GeV]

| —
! o
]
- ' .
: 2
= ) v
? ' :
! - ..:.1_‘|\.
l .-
“
’
| .
ol
|
\

LI ' L) LI 1 ) V'llll' L} LI ll'l Ll
" VeiVyivr= 134:1 NTA 3yr 15% all flavor, " .1 | NTA most sensitive for 1PeV-100PeV v
" 3 years luol only. A3 Al
10-7k doktinside layout ~C% _. —
B s , 7> 3 | Clear test:
AR \ : ) ~ 1 | lceCube PeV v extension
AL RAS AV 44 o
-+ leet bf- 4 Cosmogenic v
— - TN
8L O o _
107" SHRWNIA &

Far ES tau neutrino
Cherenkov observation

Near ES tau neutrino
fluorescence observation

Thanks to look-out layout

10 m2 3km 360" x30° 0.125°

1011
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Radar measurements of in-ice showers ** "°51ch2°19)986 (Ste"e" Pr°h'ra)

) — e e e e ———— =

Data CH2 fTX — .

x107°

W

0.2

0.18

o
(&)

0.16

N

Frequency (GHz)

0.14

10*

1.5 0.12

10°

---------------------------------------------------------------------------------------------------

—

0.08

VQ (km3 Sr)

0.06

10°

0.04

O0 10 20 30 40 50 60 70 80 90

Time (ns) 10

°* the ionization 1
cloud of the
shower reflects the 107"

................................................................................................................................................

transmitted signal

IceCube, contained event analysis

ARA phased array (projected) 10x16 [

«sensnns RICE 2010%sr

—— [Adi0 Scatter, 10kW TX, 9x5 RX
radio scatter, 100kW TX, 9x5 RX

------------------------------------------------

| | b e cccegecccncncnningesa ccccsepoescscsscss

to the receivers 1072

"' “TT 1'I'I'IIP|" ‘I"l'111ﬂl]' i 1-nnrl| L l‘l‘lllﬁ[ T 'l‘l‘l’lﬂl" T l'l‘l‘lﬂl“ BEBALIL

llll|llll|llllIlllllllllllllllllllllllllll

14 15 16 17 18 19 20 21
log E v (eV)

[ I

o After analysis, observation of signal when beam and 10,
radar is on; no signal otherwise
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S——
Other exiting things — Neutrino physics a, PoS(IC2019)1018 (Matthew Stralt) 1‘

e e e ——— e e e — - _ - _

Neutrino oscillation
NOVA Preliminary

I | | l | I T T | T T I | ! I I | | +O 10 _3 2

. e Am3, = (2.48 x 107 eV~ (NH

Normal Hierarchy 90% CL . ; 2 = ggf) (NH)
+
— NOVA  — - MINOS+ 2018 - ® sin“f3 = 0.56 o3 (upper octant)
3.0/— ---- T2K 2018 - IceCube 2018 —

. - SK 2018 PR . _ NOVAFD 8.85x10” POT equiv v + 12.33x10°° POT ¥
c\1> E 3 1 I R B g
@ —o5f 12
°? - o <L 1>
S 1 3 2 13
A - 10
a 2.5 ] 8 - 13
LM o 1 5F 1 =-
= ) O Tr 19
y— - N | 1<
< - C  1E ~ hierarchy 1=

D+ -

N - Inverted .

_ P 0'5:_ _hri\;?arﬁhy B

: | | - P I SR ST R P IS R R -

2.0— * Best fit 0 04 0. 5 06 07
0.4 0.5 0.6 Sin“0,,

. 2
SIin 623
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Normal hierarchy Inverted hierarchy

Other exiting things — Neutrino physics | —s v E——
V1
Neutrino Mass Ordering R
!Vu atm
T2HK+atmv 10 yrs: , n
5 T T AT I E N
] sin® 023 = 0.6
&’SF ! o e
£ -y S adh - KM3NeT prellmlnary KM3NeT-ORCA
g . SIn” a3 = 0.9 51— .
T o -
g 3l sin® @3 = 0.4 i 4:—
s | : £
I o . S 3l
- 2 - o=
- Normal hierarchy » 3 _
LS Inverted hierarchy § % 2:—
Z _
0 ' | ] ] A ] ] - -
1 2 3 4 5 6 7 8 9 10 1
Running Time (Years) B
3-5 6 by Hyper-K 10 yrs w/ T2HK 38

. o . 7";”“”7
|

u PoS(ICRC2019)924 (Y|ka Itow)  PoS(ICRC2019)1019 (Bruno Strandberg)

” w—_»“w,—”w
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Other exciting things to do with neutrinos

Physics at the Planck scale Earth tomography
PoS(ICRC2019)849 PoS(ICRC2019)1024

"R 8 2 WYCHARNSDCRTERNRIE

QUEST FOR NEW PHYSICS : | ' Probingtt_he Eannlgg:)enc;gr;goztizn with
o radi ' ci
with Astro neutrino flavour @lceCube _ A neutrino os graphy

'f S. Bourret®,
‘i!) o " ety
~ -

Methodology

-

Search for new physics using Effective Hamiltonian treatment
neutrinos

: 1 The Eartivs core Is bebleved 1 b msdy formed of Fo-NI allay.
Y . . f H The combination of selsmic Gata with constraints on the radius,
Spacetime effects can induce : pit: = Sl 2l mass an momentum of e e be Lsed 10 ke the radisl
anomalous flavor mixing ‘

Goal is to search forscaleofncwphyucs = - phoreeslelepe-
Astrophysical neutrinos can inform SRR ¥
us about physics near the Planck Ad through flavour composition
regime £, =\hc/G, ~ 10" GeV

Flavour sensitive to small effects via

- ; d. 2 Sased
. . — : electron denalty with the PREM matiter denalty profile can
neutrino interferometry N constrain the effective proton-to-nuciecn ratio of the medium
@A) 818

HESE events use fully contained interaction vertex

Outer layer acts as background veto region

Sensitive for neutrinos above 60 TeV

Detector response modelization

102 Events. 60 events above 60 TeV

v, OC irteraction _ ¥a¥, NG interaction
g9 ‘ —, - —
~- - - ~ - =

B wocmon (1M shomer e
e

- —— 2 | = - _Detevtar i - Moy (Mum) Ko (CaV) By (GeV)  o(EVE o -
IceCube reaches first _ . ‘ ; R PR S

ORCA - o

por Kaambodmraton dke {164 0w

1 B My lw w/l 0!
) el f : = DUNT: e m O:T
flavour constraints on New Physics L R

below Planck scale

Excluded regions
O, toxtur

GeV) g,‘-. (GeV)

B e

Take Away | | .

Given source flavor ratios of
(1:0:0)and(0:1:0), we set limit
on new physics scale

| log,, (

JA, 2102 GeV

Higher statistics anticipated to probe
pion production (1:2.0) region

(“ 2 /"——_—-*
@ Stay tuned!

(

Excluded

New Physics Scale

UNIVERGTY o6 +
’ SOU[halhp[on v Queen Mary B 1 farragO q'nul ac ok
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Summary and conclusions

e Picture of TXS 0506+056 and diffuse HE neutrino flux still unclear
(need better models and more data).

e Neutrino telescopes in the northern hemisphere will complement
IceCube in the next years.

e No UHE neutrinos detected so far but high dynamic in field. What about ANITA
mystery events? Several instruments with significant increased sensitivity in the
pipeline.

e Multi-messenger physics is key in understanding neutrino observations
and the high-energy universe.

Alexander Kappes, ICRC’19, Madison, Aug 1, 2019
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Summary and conclusions

e Picture of TXS 0506+056 and diffuse HE neutrino flux still unclear
(need better models and more data).

e Neutrino telescopes in the northern hemisphere will complement
IceCube in the next years.

e No UHE neutrinos detected so far but high dynamic in field. What about ANITA
mystery events? Several instruments with significant increased sensitivity in the
pipeline.

e Multi-messenger physics is key in understanding neutrino observations
and the high-energy universe.

ICRC 2021

? THE ASTROPARTICLE PHYSICS CONFERENCE

I Berlin | German y

37" Internatio lCmRny e | 15-22 July 2021

Exciting times lie ahead ...
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