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“‘Motivations -
Neutrino Telescopes and IceCube

Search for Astrephysical Neutrinos

Multi-messenger Observations

Qutlook and Conclusions —



N\l @W the Universe

. Following the observation of supernova burst neutrinos in
| 987, neutrino astronomy is becoming a reality quickly now ...

20 13 Discovery of diffuse

astrophysical

neutrino flux
v,.»

2018 Neutrino multi- messenger
astroparticle 1YS1CS

FIRSE CONFIRMED SOURCE
A OF HIGH-ENERGY NEUTRINOS
) AND EXTRA-GALACTIC

COSMIC RAYS

~ NEUTRINOS
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The Cosmic Ray Mystery
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cosmic rays
+ nputrinoé

Cosmic Ray Sources

— Active Galactic Nuclei (AGN)
— Gamma Ray Bursts (GRB)
— Supernovae (SN)

— Galaxy Clusters

— Unknown

) Victor Francis Hess

Discovery of ¢
)

cosmic-rays )'



Sources of Hish Enersy NeUutrines

Atmospheric Neutrinos Astrophysical

Cosmic rays interact — =t —
_ in the upper P T (p’Y) II V

=m0 atmosphere:

It = pion

V = neutrino
et = electron
e” = positron

7= photon P +A N -I-l-i (Ki) +
other hadrons

Active Galactic Nuclei

- T2 U*Vp—e*VeVpV
\ u+ \
w \ ) \
v v M
IceCube Collaboration Phys Rev. Lett. 110 (2013) 151105 /1212.4760v2
- NS
=100
w FE e v, (unfolding)
"E B (forward folding)
G 10 |
3 = A Vv, (DeepCore 2013)
.5l v, (2014
g 10°E A V. (2019) log_(E/eV)
o — 10
w F 18 185 19 195 20 205
- & A IR L B R LR IS R B
10°E p+Y3K_)A+ 3 L] o ez, | B
- (GZK) | 7 wf Y 0 CTR
B 5 F a |
107 “ [ g
— =2 s
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— g i ‘é
10° % <
= —— Honda v,(HKKMS2007) 107 | >
— g - ® Auger ? 8
- —— Honda v ,(HKKMS2007) P ' 5
9| e g o
- = modified Honda Ve \ | —— power laws + smooth function éo
- --- Bartolv, ‘ wul T EPETTTN \ -
10 B I | | | | ", | 10'* 10" 10%°
10 1 1 1 1 1 1 1 2 1 1 11 3 1 1 11l 4 1 1 11 5 1 | I 6 Energy [e\’,]

log_(E /GeV)
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Principle of an optical Neutrino Telescope

Array of optical
Sensors ﬂiptlurstheg
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Neutrino lelescopes

and lceCube
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South-Pole, Annual Temperature
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® Gigaton Neutrino Detector at the
Geographic South Pole

® 5|60 Digital optical modules distributed
over 86 strings IceCube Lab

IceTo
81 Stations, each with
2 IceTop Cherenkov detector tanks
2 optical sensors per tank

50m[—— e
® Extremely stable: >99% uptime and 98% \ f 324 optical sensors

of sensor modules in perfect condition ! 1
| | IceCube Array

® Neutrinos are identified through [ |] 86 strings including 8 DeepCore strings
. . . | | 60 optlca_l sensors on each string

Cherenkov light emission from 1 il 5160 optical sensors

secondary particles produced in the |

neutrino interaction with the ice

e Completed in December 2010 - =

December, 2010: Project completed, 86 strings

Ethr ~ 100 GeV

1450m

(0] Z|AH= 20144 018 062X} AE 23Hol| AlRf= A& HCE)

DeepCore |
I MAR 2o 2 F2 01y / 8 strings-spacing optimized for lower energies
FIERE X o|x| Ew, BIof M A7 HH SK.. ATA-Y AolH AT i 480 optical sensors

Ethr~ 10 GeV

2450 m
2820 m |

-
o . e~
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—— et
= 7
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-
D
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 South
Pole

p + A = 11 (K%) + other hadrons .. TT* > H*Vu—e*VeVuVy
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\, Atmospheric muons ~|0ll/year
Atmospheric neutrinos ~ 10°/year
Astrophysical neutrinos >100/year

extra terrestrial neutrino fluxes
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Track Cascade Double-bang

9 .m. T T

@ Muon tracks (CC v,) o NCor ve/v: @ High energy v,_ (>100 TeV)
@ Resolution < 1° ® Resolution ~ 157 — 20° @ Nor observed yer
@ Large energy uncertainties o Energy resolution

SE/E =~ 15%

X,
Ve vy Vg v,

early s assssosssm |ate

amount of light in detector « v energy
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lceCube Science Program
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R

Astrophysical Neut‘rlno Searches Neutrino Tomography / Neutrino Cosmic Rays

Science Cross Section Measurements
oA «- Neutfine Cosmic Ray anisotropy
it i 0.8 = Antineutrino
0.7 QTT —Weighted combination
%) m AL —This result
O) 0.6
. 3% 25 3 2 ‘ ) &
s L O ¢ .56 o R G- L g 0.5
. 60 dl e 55 45 70 - x
,,,,,,,,,,,,,,, Northerd4Southe o §2 ,,,’A‘ = e S 04 m ‘
ere & &' 65 od AT Ww
X b Qf 0.3 '
© 0.2
2 ~ Galactic Accglae;raator
lceCube Preliminary 2 Snh b a2 06 o o 1.
0.0 IceCube Collaboration - Nature Vol 551, 596-600 (2017) Relative Intensity [x 10 *)
10! 102 10° 15 25 35 45 55 6.5 Astrophys.J. 826 (2016) no.2, 220
Deposited Energy or Muon Energy Proxy [TeV] log,o(E., [GeV])

Multi-messenger Observations Neutrino OSC|IIat|ons Gamma-ray bursts

3.6 IC2O17INO} . suve SKIV. 2015 [NO}.- ] » S
—._lceCube/ANTARES/Auger/LIGO A MINOSw/atm[NO] o NOWA 2017 [NOI . External Shock

\ arXiv:1710.05839 34f i me T2K 2017 [NOJ- . s IG 2015 fNOJ v oo oo The Flow decelerating into
i : } : : Internal Shock the surrounding medium

Collisions betw. diff.
parts of theflow

w
¥

.
o
H

= = ANTARES horizon
] Auger FoV (Barthegkimming
1 Auger FoV (downegoing)

N
=)
T

|AmZ| (107%eV?)
3]
(=]

Fermi-LAT detection of increased gamma-ray activity of 2.4
TXS 0506+056, located inside the IceCube-170922A
error region. 2.2
c Alel #£10791: Yasuyuki T. Tonaka (Hiroskima University), Sare Buson (NASA/GSFC), Daniel :
O Koverski (VASA, ll\l(ll“;rl’r;ul’r./ﬂv.v!.:.m-' AT coltabaration $ . :
Croderaal Cerfication: David . Th First-time detection of VHE gamma rays by MAGIC from 2.0} --“IceCube Preliminary- oo 00%-CL-contours:
a direction consistent with the recent EHE neutrino i i i i i
event IceCube-170922A 0.3 0.4 0.5 0.6 0.7
1n2
. d(“l‘c 817; ”:“”” l” lu 1C ¢ 'umf,mrm s (023)
ertifica R agm Ragm @ mpp.mpy de) . .
i IceCube Collaboration - arXiv:1707.07081 (PRL 2018)

. updates coming soon!

Very diverse science program, with neutrinos from 0GeV to EeV,
and MeV burst neutrinos

Carsten Rott CS 15 KAS Fall Meeting Oct 16 - 18, 2019



q@«i@’ 'b\% 19 \/ @) =5

W Sungkyunkwan University,
B |ceCube Member since
Summer 2013

® Beyond the Standard Model and Dark

CarstelfRott

ponmyouc joon: e 7 W/ R e MRS 2 Matter Searches
TEekE o = ™ g/ ';' i N FAT 2N
- . Ve - ® Solar Dark Matter, Secluded Dark Matter,

Galactic Dark Matter annihilation and decay,

® Solar Atmospheric Neutrinos
300,scientists

from |2 countries
\

® Search for signal from cosmic ray
interactions in the solar atmosphere

® Ice Camera system development for lceCube
Upgrade

® Study refrozen ice in drill holes

® Reduce largest remaining sources of
# systematic uncertainties for analyses

® |Improve pointing of neutrino events —
Multi-messenger science, optical
&)\ceCuse follow-ups, realtime astronomy
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(1) Point source search

e Search for clustering of neutrinos from point in the sky

(2) Transient source search

e Search for spacial and temporal clustering of neutrinos

(3) Multi-messenger search

e Search for a coincidence between neutrino and other
messenger particles spacial at particular time and location

(4) Diffuse search

e Search for spectral feature, inconsistent with atmospheric

background predictions

.... + various combinations and

Carsten Rott

energy
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Veto

® Search for High-Energy
Starting Events (HESE)

e Efficient reject
atmospheric backgrounds

® Discovery of
astrophysical neutrinos

Energy Threshold

[ Background Atmospheric Muon Flux
I Bkg. Atmospheric Neutrinos (/K)
Background Uncertainties
= Atmospheric Neutrinos (90% CL Charm Limit)
. : —— Bkg.+Signal Best-Fit 1-Component Astrophysical (E->)
. : Re 102 ,,,,,,,,,,,,,,,,,,,,,,, .....i.....] = - Bkg.+Signal Best-Fit 2-Component Astrophysical
* . : e0e Data
. $ " ‘ ‘
y > . | . .
E -4 & ; IceCube Preliminary
- by == i j
= - . . <
s 28 R g e o t I } Best fit spectral index (E¥):
. » 1L = T1T1. -
< I8 . & o 10 ¥=-2.92+033 559
.- e 3 . * N l
o » = : - o : - :
.e = aw -~ V 3
3° ' SE ST § : o
- ‘=! v - 2
. > -
x - s : 5 o
- o> U>J 107 B
- ~1
1
1
1

10*
Deposited EM-Equivalent Energy in Detector (TeV)

y astrop

AYAAAS

ysSIca

: O IceCube Collaboration, Science 342, 1242856 (2013),
IceCube Collaboration, Phys. Rev. Lett 113, 101101 (2014)

Science

|  Evidence for High-Energy

H | Extraterrestrial Neutrinos at the

X o8 IceCube Detector
t i .

o Can o

e g

Southenmsky(downgmngﬂ

[Northern Sky (upgoing)

10?
-1.0

Events per 2078 Days with deposited E > 60 TeV

_..| == Atmospheric Neutrinos (90% CL Charm Limit)

11 il o——

100 b

[ Background Atmospheric Muon Flux
[ Bkg. Atmospheric Neutrinos (#/K)
Background Uncertainties

—— Bkg.+Signal Best-Fit 1-Component Astrophysical (E %)
= = Bkg.+Signal Best-Fit 2-Component Astrophysical
eee Data
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Arrival directions (higt

IceCube Collaboration, Science 342, 1242856 (2013)
High-Energy Starting Events (HESE) —
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Independent conficmation

| 105—;
1 lceCube!Preliminary T Do :
’{_I I Ats;lt:l?): Conv. 104—3
% 101 e E‘P{_‘—Pﬁ Bl Atmo. Muons 103_;
% 1()0— HH P bt 101—;
z ' 10° -
5 :
10 v oy
14 -
10-1 L B ENEN 12 -
10 10° 100 107 1.0 - _
Deposited Energy [GeV] .
vo Y P N P I' 106 107
HESE 7'5 year ! 10Truncaltzd Energ/ / Ge\}0 ’
103 events 8-yr upgoing vu “track”
(60 events > 60 TeV) 36 events at >200 TeV (6.70)
Best-fit: y=2.87+/-0.3 - Best-fit: y=2.19+/-0.10
- vu flux above 100 TeV:
Ev2®y=(1.01+0-26 »3) x10-8 GeV cm=2 s1 sr-1
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____Point source seakceh

Northern Hottest Spnt

All sky combined 10 year search mECL
:‘?1.1—‘;"1.-111.1.11 \' T » ()
Using high energy through-going tracks and - ‘ :
tracks optimized for point source searches 750 o - ] 030" Z
| | 60° - —Preliminary | i | F
Southern Hottest Spot . 15° — -y ' s .-. ‘- = r | é =
: ' J 30 A . ; “ SR ARS | . 1 ’ Q -3.30
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2.90 excess at the position of NGC 1068 y
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Astropart. Phys. 92 (2017) 30

A&A 607 (2017) A115 HC@@ - I 709 2A T <S U ’H@m =+ (0] 55
® Real-time alerts. Since 04/2016,

il el

® Improved selection summer Signalness >50% >30%
2018

® Good angular resolution Expected signal/yr 6.6 2.8
(0.5° - 2° 90% of events)

o 50% astrophysical fraction  Expected bkgd/yr 6.1 14.7

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
-

Online Event ceCube . lceCube —* EHEAlert »  avioN
Filtering - Lve @ Live &
System South i | North ™HESE Alert®  GCN

South Pole, Antarctica Followup
....................................................................... "Reoonstructions"

lceCube Data Center, Madison WI

-
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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Astropart. Phys. 92 (2017) 30 : —_
A&A 607 (2017) A115 H Cecw‘bm T-p-/\/'g @SO 5/ 4_;- C j ,/\

ZU0UX| SE0IXfe| K] At 2| == &0
A8l 550 li= SS0IA A& X2 Oo| AR E0M = 100jUA| SE0IAE

TITLE: GCN CIRCULAR ASIUCE SIXEE 0| S0|XA7F 37 &3 Qo &l A TXS 0506+056° 0f| A
NUMBER: 21916 AFFCH= AR E M2 2 BS{RUCL E=0IM HESH SH0IRe] HEE FH&t
SUBJECT: IceCube-170922A - IceCube observation of a high- 211 M|A| ZHX| 2] A Y RHE D 20 U= YHESO0| ZEet JutE ZA[sH 22

; : oM SEOIAPHHIERS S SR
energy neutrino candidate event

DATE: 1
rrom- | Fermi-LAT detection of increased gamma-re

TXS 0506+056, located inside the IceCubsg

Claudio Ko error region. o S
rEPOTtOn)  re#10791; ¥ = ’ —=).
A #10 . - . .
o «| First-time detection of VHE gamma rays by MAGIC from
On 22 Se . . = . .
probabmg .| @ direction consistent with the recent EHE neutrino
2 A A
Extremely| Subjects: Gamma event IceCUbe.170922A né ég é B
narmal nn Ty - = —
Referred to by Al ATel #10817; Razmik Mirzoyan for the MAGIC Collaboration i
10844, 10845, 10 ond Oct 2017; 17:17 UT
Credential Certification: Razmik Mirzoyan (Razmik Mirzoyan@mpp mpg de)
| Tweet | 3 e . o = — — x| ursto 2
: Subjects: Optical, Gamma Ray, >GeV, TeV, VHE, UHE, Neutrinos, AGN, Blazar : O O e
: - <
Referred to by ATel #: 10830, 10833, 10838, 10840, 108 10845, 109 A ngII}E}
efer: o by ATel #: 10830, 10833, 10838, 10840, 10844, 10845, 10942 -
e 3791 HXE7| Tkl
(3 twoet | B Focommens < 01 pix e S < 2o Wa
R D e = —
After the IceCube neutrino event EHE 170922A detected on 22/09/2017 (GCN circular #21916 - B T et e 7.|a|

Fermi-LAT measured enhanced gamma-ray emission from the blazar TXS 05064056 (05 0 iaeel oy Rl el . 73-{:‘_.1@- ﬁxl.jl_ﬁl.?_l
12596370, <05 41 353279 (J2000), [Lani et al., Astron, J., 139, 1695-1712 (2010)]), located e L SRS
arcmin from the EHE 1709224 estimated direction (ATel #10791). MAGIC observed this souc ' | AoRd=E X

under eood weather conditions and a 5 sisma detection above 100 GeV was achieved after 12 h ¢ 0|ZX17 S 8 H 20|

ALt A :
s, ZIX}2} VLT My

® September 22, 2017: a neutrino alert issued by
lceCube

' I e
HIM 6O7HE | | |1F A liam

OHEt 2

* Fermi-LAT and MAGIC identify a spatially g7t US| - MIN

coincident flaring blazar (TXS 0506+056) P Cseol | 4

* Very active multi-messenger follow-up from —— G ' 7/
. o Ao|Xk= X2
radio to y-rays s s | “ w%::;cjgla

ZA0|xte| Ho 0] ZAIAo
0|5 dZ J xi==Alo|oiA, ofo|ARE v A%
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Multimessenger observations of a
flaring blazar coincident with

high-energy neutrino IceCube-170922A

The IceCube Collaboration, Fermi-LAT, MAGIC, AGILE, ASAS SN, HAWC, HLES S,
INTEGRAL, Kanata, Kiso, Kapteyn, Liverpool Telescope, Subaru, Swift/NuSTAR,
VERITAS, and VLA/1T7B403 teams ™

Chance probability of a Fermi-lceCube

coincident observation: ~30 (determined

based on the historical lceCube sample
and known Fermi-LAT blazars)

Time-integrated neutrino spectrum is
approximately E-2!

TXS 0506+056 redshift
determined to be z=0.3365 (S.
Paiano et al. ApJL 854.L.32(2018))

Time-average luminosity about an order

of magnitude higher than Mkn 421, Mkn
501, or IES 1959+605

Carsten Rott @
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Archlval SARA/UA —— INTEGRAL (UL) —— VERITAS (UL) |
VLA Swift UVOT HH  Ferml-LAT — HAWC (UL)
OVRO ASAS-SN +  AGILE —— Neutrlno = 0,5yr
Observate ! Kanata/HONIR Swift XRT = MAGIC —==- Neutrino = 7.5yr 1
: Klso/KWFC NuSTAR H.E.S.S. (UL)

0°  10° __ 10° 102 ___ 10%
Energy [eV]

Detection?
y € Observations with detection

‘ Observations without detection
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__IceCube-170922/

IC40 IC59 IC79 IC86a

==us |ceCube-170922A
+ Gaussian Analysis
== Box-shaped Analysis

e 95
eva

050
e An

2009 2010 2011 2012

years of archival data was
luated in direction of TXS
6+056

excess of |31x5 events above

background was observed during

Sep

2014 - March 2016

® |nconsistent with background only
hypothesis at 3.50 level

(inc

ependently of the 30 associated

wit

N IceCube-170922A alert)

IC86b IC86¢

2013 2014 2015 2016 2017

20125 2013,0 2013.5 2014,0 2014 5 2015.0
B 2 2 2 2 B2 2 2 4 3 B 2 2 2 3 . ..... I 2 a2 2 0 . . 2 20 ;
=5 Q
% 4 Best Fn Box | [_,\._l 10 =
o = = Best Fit: Gaussian ;N 5 o
s .. e | S
: ‘ :
S >
w,d I 05 £
o 2 / c
_8’ w
1 01 &
56200 56400 56600 56800 57000 §

MJD

Time-independent weight of individual events during the 1C86b period.
However' Maximum contribution of the 2LAC
:blazars to the observed astrophysical neutrino flux
to be 27% or less between around 10 TeV and 2
PeV [lceCube Astrophys.]. 835 (2017) no.l, 45]

Carsten Rott
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Acllve G!QT”@MM@”@U Cosmic A

Inner Structure of an Active Galaxy

|—i Shock
0.1 lightyears \

Relativistic Jet

S

Supermassive

Black Hole g B
ESO/WFI (Qptical); MPIfR/ESO7APEX/-
A.Weiss et al. (Submillimetre); NASA/CXC/

Accretion Disk CfA/R.Kraft et al. (X-ray) - .

Opaque ®rus
(Inner Regions)

'X-ra.y:." SA’
. Optical: NAS

|

2LA|C BlazarlUpper Limit | - ?equal weiighting -

'l— = I's1 = —2.5,E, > 10 TeV [ oo “y-weighting - - 3
~ Tsi = —2.2,E, > 10 TeV | : 1 1
CTI : 0
5
T, | ; i - _
>:D 10—8; o ‘ , — E ------------------------ :-------------------. ------ Trennmnrenrsnesnnnansssnsssnsaynan :
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10 | — — e e e ] EAStrOPhYS,J, 835 (20 I 7) no. I : 45] E

102 10° 10" 10° 105 107 105  10°
Neutrino Energy [GeV]

KAS Fall Meeting Oct 16 - 18, 2019

Carsten Rott


http://chandra.harvard.edu/index.html
http://www.stsci.edu/portal/
http://www.nrao.edu/

Recent follow-ups and source

constraints

Carsten Rott & €€ 30 KAS Fall Meeting Oct 16 - 18, 2019



What else has been found? IC190730A

IceCube-190730A an astrophysical neutrino candlda

Previous | Neat | ADS
in spatial coincidence with FSRQ PKS 1502+106 Optical follow-up of IceCube-190730A with ZTF ' —
ATed 212974, . Stein (DEST), A. Frawchowiak (DEST), M. M. KasGeal (Cabech), 1. Anbresi Optical fluxes of candidate neutrino blazar PKS
ATel #12967; Ignacio Taboada (Georgia Institute of Technology), Robert Stein (DESY Zeuthen)t B e ey T AGASAGETIEDY, S el 15024106
on 30 Jul 2019; 23:58 UT w30 2T 2809, 23:08 UT .
Credential Cerrification: Ignacio Taboada (itaboada@gatech edu) Crudential Corificution: Amma Franchovisk (wvs franchmoiak ey de} ATel #12983; Wmﬂ;ﬁm_mwﬂ' of Alsdsmss)
Sibjucte: Opical, 1 Credestial Cernfication: Williavs Ker! (whe!® s asks)
Sl.lbj&(!' Neutrinos. AGN Refemed w0 by ATed £ 12583, 12985 Subjects: Opticad., Newtrinos, Blazie

Referred to by ATel #: 12971, 12981, 12983, 12985, 1299
. . | Pocvices | Newt | ADS)| |

lceCube-190730A: MASTER alert observations and
analysis
ATel #12971 ¥, Lipwnss B Garbonsion, V. Esondisr, X, Divedoa, F, Dakabia, V. Vs 2
Moo, V. Gnios b Fagrerhee Yy AL LA AeM M Serma L A
Postesie, C, Lages, £ Padeasn, C Fromible (OAFA SINUL L Levass (ICATE SINUL D, Backiey
CXAADH, 12, Ca N, e, (2, & rabees (APT 501, A, T3 1. ) AsS of
wu 2T W 2019 1625 0T
Credorvial Cenifortion: Nusaly Tywniee (aaries® st sus )

Sebjocts: O, VHE, UHE, Newwines, AON. Quosar
Roferrad 1a by ATl #: 12667, 12585

e — Followed up by ~17 instruments
i =om across ten decades of energy.

| —— No short-term flaring activity in any
wavelength, but long-term radio flare
reported by OVRO.
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What else has been found? IC190922B

Candidate supernova found, analysis

Event 133092/52493663-0
Time 2013-03-22 23:03: 55 uTc

Duration 23364.0 m
"‘W\ m

N

f | |
|| U | A
LR AL PN £ )
1||l W 1 F. | FII M PH' llll
i |l : !lf ':ir A'b ullu
| AT AL il

,_". Ti‘ Iheddtsi
JIT{: Ti. ’_L‘ ‘ | T}r

ongoing.

TITLE: GCH CIRCULAR

NUMBER: 25806
SUBJECT: IceCube-1909228 - IceCube cbservation of a high-energy neutrino candidate event

DATE: 19/09/23 01:58:33 GMT
FROM: Erik Dlaufuss at U, Maryiand/IceCube <blaufussfumd.edu>

| Previous | Next |

A candidate supernova coincident with IceCube-
190922B from ZTF
ATel #13125; Robert Stein (DESY), Anna Franckowiak (DESY), Marck Kowalski (DESY), Mansi
Kasliwal (Caltech)

on 23 Sep 2019; 20:34 UT
Credential Certification: Anna Franckowiak (anna franckowiak@ desy.de)

Subjects: Optical, Neutrinos, Request for Observations, Supemovae, Transient

Carsten Rott 6
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Gamma-Ray 4 4 Supernova |
Burst (GRB) "a! with choked Y ©NVY

https://arxiv.org/abs/1601.06484 Preliminary (Publication in prep) N 0 n -j etted J etted

® Bounds on various source classes.

® Origin of astrophysical neutrino flux remains
unknown
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lceCube Upgrade
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Deepcore/PINGU

—
IceCube Gen2 High Energy Array (HEA) Q
: t y |
[ IceCube-86, IceTop _ a

IceCube Gen2 Cosmic Ray Array (CRA)

Astrophysics Uniquely Enabled by Observations of High-
Energy Cosmic Neutrinos arXiv:1903.04334v1

106
10
T
2 104
® IceCube has provided an amazing sample of O,
events, but is still statistics limited £ 10°
QU
® Observed astrophysical flux is consistent witl 2 102
a isotropic flux of equal amounts of all 2
neutrino flavors < 10
e Gen2 objectives g .
e High precision flavor composition studies 2
e Detailed measurement of features / cut- g 0.1 —- IceCube
off in neutrino spectrum o 02l — 5% [ceCube
e Transients sources and multi-messenger — 20xIceCube
astrophysics 103+ N
e l|dentify astrophysical neutrino sources 1639 1640 1641 1642 1643 1644 1645 104; 1047 1048
o GZK neutrinos effective neutrino luminosity Ly |erg/s]

® New physics or something unexpected

Carsten Rott 36 KAS Fall Meeting Oct 16 - 18, 2019



see also:
- PINGU LOI arXiv:1412.5106

Upsgrade

________ 1000m
* . Drill Engineering and Refurbishment Ti m e I i n e
-
-
e .0 Optical Module Production
.. ... ™ ®. Optical Module Transport
) 17m | | | | | |
T00m 7m ! | | | | |
_______ l g 2018/2019  2019/2020 2020/2021 2021/2022  2022/2023
L]
9 -9 ® 1 -
ceCube  DeepCore  Upgrade im zigom 2om ceCube DOM mbOM D-Egg
Instrumented Depth
Ref: Stuttard 20181107
Armray String St el

Spacing Spacing String | :
IceCube 125m 17m 60
DeepCore 75 m m 60
Upgrade 20m 2m 125

* * . 4 i {
35cm 36 cm 36¢m 30 cm 90 11 cm

Science goals

- Tau neutrino appearance - Test unitarity of the
PMNS matrix

- Recalibration campaign - Retroactively apply
improved ice-model to archival data (since 2010)

e Directional information ® Directional information
» More sensitive area per ® More sensitive area per
module module
e Smaller geometry

Carsten Rott éS
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- lce properties dominant source of
sys. uncertainties for most analyses
- Solution: SKKU ice camera system

= Monitor freeze in

- Hole ice studies

= Local ice environment
= Position of the sensor in the hole
- Geometry calibration
- Survey capability

o
(%]

i N
t S
>
¢
¢

5
¥
¢

Median angular error (cascades)
]|
| -

() ddi

- = Expected (stat. only)
- Observed (sys. + stat.)

]

|

2 2 2 221
10°

Deposited enerqgy [TeV]

10%

Example

M camera for

Illustration

Camera system key to comprehensive
understanding of the detector medium

e Camera system passed IceCube internal
design and adopted as standard component

for lceCube Upgrade

e Retroactively analyze more than 10 years of
lceCube data with substantially improved

angular and energy resolution

Carsten Rott @
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! Fringe =

Rope

lllumination -
module o

300 320

Camera
module

ﬁk%‘ l“\\ -

Gyeonggl Physical Education High scrm
the public high school for athletes

Geometry measurements of order ~10cm at 25m
distances

Scattering cones clearly visible - scattering
length measurements

Carsten Rott 6
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SKKU graduate student Hrvoje
Dujmovic @ South Pole

® SPICE Core camera system was successfully
deployed in January 2019 (one 7h deployment to
the maximal depth of 1695m)

® Several hundred images taken - image analysis on-
going

® Platform to test camera systems for integration
into next-generation optical sensor modules
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High-energy astrophysical neutrinos have opened
up a2 new window to the Universe

® What’s the origin of the high-energy ns

First compelling evidence of high-energ
with electromagnetic counterparts (1

0506+056)

Neutrino astronomy is a centraly
messenger astroparticle phy5|cs

The lceCube Upgrade has justE
we can look forward to many exciting discoveries
in the near future

Entering the age of multi-messenger astroparticle
physics - Combined observations with Electro-
magnetic / Gravitational VWaves / Cosmic-rays /
Neutrinos will / ... will revolutionize our
understanding of the Universe

High interest in expanding follow up programs !

Image:Stephan Richter, IceCube/NSF



