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Courtesy ALPHONZ WEBER, FORDHAM UNIVERSITY

Victor Hess surrounded by Austrian peasants
after landing from one of his ascensions a few
weeks before his record breaking ascent in the
Bohmen.
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nat cosmic sources accelerate
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EeV range !
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2 ~,,,,,/,?\ks’crophysmal Messengers

cosmic rays +
neutrinos

------------- cosmic rays
+ gamma-rays

Hadrons or electrons
can produce the
observed gamma rays

Neutrinos only
produced by hadrons




Principle of an optical Neutrino Telescope
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SCOPE

Strings Dataset
| 2005-2006
9 2006-2007
. . 2 2007-2008
Gigaton Neutrino Detector at w0 2006-2009
59 2009-2010
the Geographic South Pole i 102011
IceCube Lab 78 +8 2011 - ...
5160 Digital optical modules \W___,._/nw -
. . . mE— e e ey e ceTop Cherenkov detector tanks
distributed over 86 strings \ et o5 2p1calsensorsportark
I |
. I |
Completed in December 2010, | | CaCube Aray
. . | ilE . ] : -
start of data taking with full i | B0 oplcalsesore SRS
| ‘ 5160 optical sensors
deteCtor Ma)' 2OI I ; ' December, 2010: Project completed, 86 strings

FThr ~ 100 GeV

Data acquired during the wusom
I i
construction phase has been | Decpore |
analyze d i [ ms) J;?cil-s;;‘?:scg\sg optimized for lower energies
Ethr~ 10 GeV

Neutrinos are identified through ..
Cherenkov light emission from zzom
secondary particles produced in
the neutrino interaction with
the ice S

,.
= |
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South Pole 10m Telescope

= TOS - Drilling site (79 &
80 in 10/11)
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IceCube Laboratory (ICL) L3

IceCube Enhanced Hot
Water Drill (EHWD)

Photo: Ben Tibbets
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a very precise understanding of the
ice surrounding the lceCube
detector

® Calibration Sources:

° |2 LED flashers on each

. DOM
A baffles
(nylon brushes) N ® In-lce Calibration Laser
° Cosmic Rays . Dust logs in lceCube
E |
d , - ® One pair of Camera 7 so0f
I |
gltal K : DOMs wol
receiver . ) :
absorption length ~ 210m %0}
scattering length ~20-40m -
E Hole 21 100 [
5 )’ Hole 66 | d
® h Hole 50 of | g?/
g’ ‘ Hole 52 [ @ disposable DL )
-100 -
g’ h) ﬁ : . reusable DL
- 200 flow 10 m/year
s [
3 i
o S300
TN I TN N T [ T T S TR T T T T T N T T S 500 -400 -300 -200 -100 O 100 200 300 400 500 600
1400 1600 1800 2000 2200 2400

Meters X[m]

Carsten Rott ﬁ- €5 17 Oct 20,2015



i :

Holelce  Bulk Ice SKKU Camera Team
V¥ . Camera
N : LED
Penetrator Penetrat
enetrator
PMT Camera Mount

<«——C(Cable

<——Bubbles Camera

PDOM Main Board

LED
PMT

String Cable —

(#H1) Hole ice survey

(#H2) Mapping of hole shape

(#H3) Cable position and orientation

(#B1) Transmission and scattering at hole/bulk ice interface
(#B2) Light attenuation and scattering in the bulk ice

(#G1) DOM geometry

(#G2) Orientation of DOM
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South
Pole

p+A — 11 (K*%) + other hadrons ... TT" = U Vy—e*VeVuVy

1525 km
Downgoing Vol
Muons

J,IT”Eé;~¢sphenc
' Futrinos

| North Pole

Atmospheric muons ~ 0 '/year
Atmospheric neutrinos ~ 10°/year
Astrophysical neutrinos ~ IOO/year

i \.«\.IU\_IIJI\.« ||\—ut_| III\J Uu\-I\SI wuiiua v

extra terrestrial neutrino fluxes
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Track topology

(e.g. induced by muon neutrino)

Good pointing, g1
0.2°-1°
Lower bound on energy for

through-going events
| Cascade topology

(e.g: induced by electron

neutrino)

Good energy resolution, 15%
Some painting, <
| |

Yo 1905

Ve VT CC-int & vi NC-int
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ation and Perfor

® (Calibration Sources:

Physical Review D89 (2014) 102004
Cosmic Rays

e |2 LED flashers on each DOM
® In-lce Calibration Laser
® Cosmic Rays
Cosmic Rays
® Moon Shadow ® Moon blocks cosmic rays - Observed muon deficit
e Atmospheric Neutrinos 140 significance
.. D O ' inti <0.1°
®  Minimum-ionizing Muons R systematic pointing error <0. | m
g 3;_ 8000 ©
30 : s f 6000
AAap Up-going o -
v¥vy Down-going " 21 ~14000
2.5+ e : @ B
~ : : : : S —2000
— 1 1 ~ ° R -
5 20 - Pointing =0.5" ol o
g 1| 4 -2000
o« It
& - -4000
‘3:. 10} 2t
= E -6000
05} -3
| : | I l I l |’I— -8000
; 3 2 4 0 1 2 3
0.9 3 a 5 3 7 8 9 @ -0 )*sin(8,,.,) [deg]
logyo [£, (GeV)] event ''moon
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Physics Potential and

Selected Results
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Cosmic Rays

Farticle Fhysics
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rogram, with neutrinos from [0GeV to EeV,
and MeV burst neutrinos
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Science

: | 1 H Recently detected High Energy

7 SR : : P Physics World
¥ | Neutrinos of Astrophysical Origin Breakihrough of the Year 2013

OF THE YEAR

Science 342, 1242856 (2013)

Phy. Rev. Lett. 113, 101101 (2014)

AVAAAS The IceCube South Fole Neutrino Obsenatory

= ;:9 a : :
g 3 Surviving model predictions ¢ =
=104 \ . Super-K soft modes ol ill i "
% — Super-K hard modes e o i ‘ . ‘
--m-- JceCube soft modes < ‘ ! : ‘ ‘

] E o | [ = IceCube 2014 [NH] == T2K 2014 [NH]
e —== IceCube hard mOdeﬁ.-“ 2 38 MINOS w/atm [NH] - SK IV 2015 [NH]
g — = A 3.6}

N ~.> 3.4 90% CL contours
o E L 32f
Z 5:5, = 3.0
o o (L

i .
% 2.4} ""_'~_'-.... coenrtll
22 3 "",',' ...... e et :
é T T T ‘ . ‘ ‘ 1
10 100 1000 10000 2053 0.2 0.5 0.6 0.7
WIMP MASS m,, (GeV) sin? (0y;)
[lceCube, Phys.Rev.D91:072004 (2015)]
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Nng A ctranhwve

® How to overcome the large
atmospheric neutrino
background

® We need to rely on
statistical methods to pick
out neutrinos from this
mess

® Do neutrinos cluster
anywhere in space, time,

or arriving in coincidence

with astronomical events

1. Point Source

Northern Hemisphere

single dominant source

~

15

Southerﬁ Hemisphere

2. Time clustering

Events

transient source

‘ Time
] TE) ] >

levt i i 3evt : | evt
i —

3. Spectral feature

cumulative flux

or objects ! \ \1
® Do we see any spectral \;\_: oy
features ? S 0
T fo.
energy
Carsten Rott & (S 26 Oct 20,2015



__Point. Source Searek

* looser optimization
 background estimated off source at similar declination
« unbinned maximum likelihood test for a fine grid of potential sources

declination

search for significant clustering of events above random background

Carsten Rott % @ 27 Oct 20,2015



POI Source Seakeh

[lceCube, Astrophys.J. 796:109 (2014)] IC40+59+79+86 Slgnlflcance
+45° 7
Northern P55
Hemisp re /7
OS '
£ e
24h! A1 ) Nt T R A lh ...
Southern _ s
Hemisphere
45°
p=0.44
0.0 0.6 1.2 1.8 2.4 3.0 3.6 4.2 4.8 5.4 6.0

-log,, p
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Neutrinos in coincidence with
gamma-ray bursts?

Gamma-ray
satellites

-_ :

Where are the neutrinos? . . .

Are GRBs really GRB timing/localization information

cosmic ray sources? from correlations among satellites
distant GRB

Direction plus time (10-100s) cuts
A ' - much reduced background
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IceCube Coll. Phys.Rev.Lett. | 'l (2013) 021103 / arXiv 1304.5356

Tue Aug 9 07:23:18 2011 Dataset/ ReSUItS
(670days of IC79/1C86 data)

expected 0.08 events
observed 2 events (— 2.70)

® Ernie ~1.15PeV (~1.9 104
® Bert~ 1.05PeV (~1.7 104

® Energy is the visible energy
of the cascade, could
originate from NC event, V+

CGC, or Ve CC

Tue Jan 3 03:34:01 2012

® Angular resolution on

cascade events at this energy
~10°

® Energy resolution is about
5% on the deposited energy

Ernie & Bert are not GZK, but ...
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~ollow up analysis to trace high-enerse

® Probe the energy region of about 30TeV to |PeV,all flavors
and all directions, by vetoing down-going high-energy muons

Vi
u\ Background

veto

1000m

dust layer 1 80m dust layer

v
> .
edge strings

$ 10m
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Veto and Self=vete

Atm. neutrino

|000m

edge strings
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Science

37 events (9 track-like, 28 showers) observed

Expectation from conventional
atm. muons and neutrinos ~15.0

™ T T T T T T T T T o
2 : @@ Background Atmospheric Muon Flux
10 e R 3 Bkg. Atmospheric Neutrinos (#/K) E
. : Background Uncertainties ;
== Atmospheric Neutrinos (90% CL Charm Limit) 1 @
v - Bkg.+Signal Best-Fit Astrophysical (best-fit slope £ *¥) []
> , - = Bkg.+Signal Best-Fit Astrophysical (fixed slope £2?) |]
(C 1 :
a 10" - e T RRNS eee Data :
w - -_—
0 b - [
(o)}
GLJ -
- - -' -
o} 0 T e -1 .
n 10 [ )
e
C -
() 1
>
L - o
107 o I-
é .
10° 10° 10*

Deposited EM-Equivalent Energy in Detector (TeV)

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

Mesons including charm quarks in the
atmosphere decay immediately to produce
neutrinos, known as prompt neutrinos which
are not observed yet.

ERS, or Enberg et al. Phys. Rev. D 78, 043005
(2008) is used as a baseline prompt model

Significance are based on the exact neutrino
flux model, not including the uncertainty of
the model.

Atmospheric Bkg : CR Muon ( 8.4+4.2),
Conv. Neutrino (6.6*>7_ ¢),

Over 60 TeV < E < 2000 TeV, the spectrum
consistent with E2 or E-23

E-2 spectrum predicts too may neutrinos
above ~2 PeV. So, a cutoff or steeper
spectrum needed.

5.7 sigma rejection of
atmospheric-only hypothesis
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54 events (15 track-like, 39 showers) observed ©  Mesons including charm quarks in the

atmosphere decay immediately to produce

EXpeCtation from conventional atm neutrinos, known as prompt neutrinos which
. ) are not observed yet.
muons and neutrinos ~21.6

2 5 BN Background Atmospheric Muon Flux ° ERS, or Enberg et al. Phys. Rev. D 78, 043005
10 - |e==m Bkg. Atmospheric Neutrinos (x/K) ; (2008) is used as a baseline prompt model
: "77) Background Uncertainties
=== Atmospheric Neutrinos (90% CL Charm Limit) .. .
n : - Bkg.+Signal Best-Fit Astrophysical (best-fit slope E-%%) ¢ Slgnlﬁcance are .basedoon the exact n.eUtrmo
%‘ 2822 : - « Bkg.+Signal Best-Fit Astrophysical (fixed slope E2) flux model, not including the uncertainty of
() 101 I |+ |e®e Data I the model.
; o = =4_ | IceCube Preliminary
™M "~ T ®  Atmospheric Bkg : CR Muon ( 12.6%5.1),
t e e ik e WG A [ dalal Conv. Neutrino (9.0%89,,5),
2 10° [ A PSS S IO
0 H 1 1! ®  Over 60TeV < E <2000 TeV, the spectrum
1= “1° best fit with E-2°8
()
= 1 0-1 11: 1 111 ° E-2 spectrum predicts too may neutrinos
- above ~2 PeV. So, a cutoff or steeper
s spectrum needed.
. — ‘ _I - " -
102 103 104 ~7 sigma rgjectlon of _
Deposited EM-Equivalent Energy in Detector (TeV) atmospheric-only hypothesis

forthcoming ICRC 2015 proceedings
IceCube Collaboration, Science 342, 1242856 (2013),
IceCube Collaboration, Phys. Rev. Lett 113, 101101 (2014)
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Neutrino DISCoVERY

RESEARCH ARTICLE SUMMARY

22 November 2013 | 10

Science

ﬂ" International Balzan Prize Foundation Search

Evidence for High-Energy
Extraterrestrial Neutrinos at the
IceCube Detector
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IceCube Collaboration, Science 342, 1242856 (2013)

ICECUBE PRELIMINARY
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no significant correlations -- spacial or temporal
p-value for cascade events “clustering” 8%
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Origin of the high-energy nEULEINGS

Extra Galactic

Gamma Ray Burst

Galactic

Galactic Cente

10° ‘
== Waxman & Bahcall *100
. —  1C40 limit
T == 1C40 Guettaetal.  _ _____ AL Fmmm--
v — 1C40+59 Combined, /’ ——— % ' jo
0 limit / 'y ' |
9 _ 1C40+59 Guetta, W \ é
7 et al. A ' >
E 4 \‘| ‘\ G)
(@] ‘ LIRY ) o
> 'I vy . =
8 10'9 i I' ‘\‘\ ‘\ Ty
s S et selache
- IceCube CoIIaboratlon Nature Vol 484, 35| (20|2) T
S —— Galactic Plane
. eee 3yr
Neutrino energy (GeV) - eoe 4yr
0.30
° ° ° Q
>
Active Galactic Nuclei / 3o
%
Q
° w 0.20
Starburst Galaxies : :
Y 015
Starburst | M82 148.97 | 69.68 (0.07| 0.15 g
Radio NGC 1275 49.95 | 41.51 | 0.0 — 0.10 . .
Galaxies |Cyg A 299.87| 40.73 | 0.9 | 0.03 o
3C 123.0 69.27 | 29.67 | 0.0 — N ’
M87 187.71 12.39 0.0 - 0'000 10 15 20 25 30
Cen A 201.37| -43.02 |10.03| 0.49 Omaczl
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® Heavy Decaying Dark Matter Bound on lifetime
(example X—Vh) ~ | 0285
® fOCUS on most deteCtable featu re Rott, Iﬁ)ohﬁ, Park PHYS. REV. D 92, 023529 (2015)
. . 107 ™ LR AR LR RLL AR
(neutrino line)  Decay 1> vh ;
: . : ®
[ )
Backgroqnds steeply falling with o | ‘r‘—’_l—\_l_-—r
energy, highest energy events N :
provide best sensitivity [
E 107 F . E
e Continuum and spacial distribution g b e :
could help identify a signal N
10; 3 . . =
f - This analysis ==
o |- : IceCube PRD (2011)
Bounds rom. Fermi-LAT and i P LAT Aol (012) wmmm
PAMELA derived from search for o5 | PAMELA Data JCAP (2013) -
bb annihilation channel (dominant 10° 10° 107 10° 10’
m,, [GeV]

decay channel of Higgs).

Heavy DM bounds with neutrinos, see also
Murase and Beacom JCAP 1210 (2012) 043
Esmaili, Ibarra, and Perez JCAP 1211 (2012) 034
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_velocity distribution

v Interactions

ol P v oscillations

7
. .
» N . N4 .
. . ~
¥ " ¢ & . v :.... ‘J . V
: y - .. ) [ !
. v . :
- /‘ ; s 4 A '

0 ann ~ My
Oscatt I S~
capture
Fa.nn M
Detector
Freese ‘86
Silk, Olive and Srednicki ‘85 Krauss, Srednicki & Wilczek ‘86

Gaisser, Steigman & lilav ‘86 Gaisser, Steigman & lilay ‘86



Solar VWIMP. CaptuEe

Rott, Siegal-Gaskins, Beacom PHYSICAL REVIEW D 88, 055005 (2013)

* WIMPs can get gravitationally 10: | 6= 05 o

captured by the Sun 107 ", N o=10" cm® ----- T

e Capture rate, I'c,depends on 10% .l -
WIMP-nucleon scattering cross — 1o S _
section = I = R N

Dark Matter accumulates and B S )

starts annihilating R -1

e - Only neutrinos can make it 10°F |5
out 10** a

Equilibrium: The capture rate
regulates the annihilation rate
(Ia=I'c/2)

* The neutrino flux only depends

on the WIMP-Nucleon
scattering cross section

|

10

m,, [GeV]

The capture rates scales as:
['c ~pym,'oa for my ~ma

I'c ~pm,2ca for my >> ma

number density + kinematic suppression
Mma - is the target mass

Carsten Rott a‘ CS
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) < -
________lceCube Result
&é 1 Survivi odel predicti ;i
urviving m predictions | £ :
=10 \ e Super-K soft modes g Neutrino
% A — Super-K hard modes - bounds
= O -#- JceCube soft modes .- E
B e ~=— JceCube hard modes .+ = extrem.e.ly
7 = . competitive
g 10727 : < 50 - with Dark
5 BN TN e Matter direct
Z % T detection
% 1007°- &
L Can test
i
a models
é I I . beyond the
s 10 100 1000 10000 reach of LHC
WIMP MASS 1, (GeV)
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Low Energy Neutrinos from the Sun

CETUP* 2015 Deadwood
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™

— v ~ | M A o
How-Energy INeutrinos from the Sun
1T+
Possible annihilation channels: / ™
J%8 the absorption of stopped negative pions. They are captured ;7’“':
. into atowic orbits and emit x rays until they reach a sufficiently small radius - K .
(because of their large rest mass) to interact with the nuclear medivwm. At this E.K\' I
don point they disappear as pions and their rest mass appears as various reaction — 7t
fragments. Because the available energy is small, the dominance of the delta >t
resonance in this process is no longer assured but, becauvse of
the internal momenta of the nucleons, neither can contributions from the
— delfa be ruled out entirely.
Cr
deca Y N

Tt sothe number of pions increases in each

——— For high-energy charged pions, the hadronic
Mon interaction length in the Sun is short compared
to the decay and continuous energy-loss lengths,

+ _ generation of the hadronic shower until loss
K processes dominate at low energies energies.

ifetime too short to interact

Zteraction length short compared to losses

,1: — e 1/”

Produces secondary particles in collision
with protons

Dominant energy loss term is T production

Carsten Rott CS 44
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INeutrino sighals - Example VV-EeSek

W' — e'Wo) Wi TV ~33%
—> ~67%

Let’s have a closer look at this:

e Ve | high energy v+ em shower
UV, | high energy v + muon

T V1 | high energy Vv + tau decay
dq hadronic shower

——

TT" Neutrinos from pion

decay at rest
~ 20-50MeV

K+

d

ay of annihilatio
final states '

MeV

eV

Carsten Rott CS 45
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VVhat is the Neutrino yields

T — UuUrld
T  — Ugls€

7~ — hadrons

Neutrino yield N,

] 10 100 1000
m, [GeV]
Carsten Rott 8 46 CETUPY 2015 Deadviood




VVhat's the Neutrino Yiéele

Most optimistic case:
100% of annihilation energy
converted into pions

et
-l
29

Neutrino yield N,
S
o

_‘
—

| 10 100 1000
m, [GeV]

CETUP* 2015 Deadwood
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icld N,

rino yie

Neut

1 10 100 1000
m, [GeV]
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_______ Neutrino.viele

Neutrino yield N,

1 10 100 1000

CETUP* 2015 Deadwood
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Eiot = 2x1GeV available
equally divided in Tt 1% TT° N = [0% N
3 x neutrinos per TT" decay * e

N = 2GeV / (135+135+140MeV)
Nmax = 14.6

Neutrino yield N,

1 10 100 1000

CETUP* 2015 Deadwood
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_Pion.and kaohn Yi€Ele

Pythia GEANTA4 "
‘FI':
X —>I$'r+

Hadronization = Shower development

® Simulation to determine pion and kaon yields per channel

® Define r-value as the fraction of center-of-mass energy that goes into pions
(TT%) or kaons(K™) decaying at rest.

CETUP* 2015 Deadwood
Carsten Rott CS S| June 22th - 26th 2015



Eiwor = 2x1 GeV available
equally divided in TT- 11 TT°
N = 2GeV / (135+135+140MeV)

10

n* Yield, N

0/

i —tt

[T T

[ Il-‘lllll

o

10—1 I--".-I- | I'IIIIII | | | IIIII|~" | | | IIIII| | |

10 102 10°
m, [GeV]

—i

CETUP* 2015 Deadwood
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g e
4 o | ,ElB
1 0—1 1 0—1 —— .54;. ____________________________ _gﬁ_gi.sig_ _______________
> > ~ g| Il IQ'O
z £ T 8, alalale
N N ~ Hol
v ... o
5 = |
< INN
O ® o
=2 2 7 AT
g g ]
10—2 — : : : : ;.;.. ....................... 10_2 -_——-—-----—-—.-._..;_ ____________________________________
C XX 5SS mem XX—uudd |, || C XX
N XX =scc — XX —=Dbb :: ; ; a XX =
| - XX =t wmes XX — hh :: : : [ - XX it
1 ll;lllll L 1 llll%% i gl 1 i1l I 1 llgllllll """""""""
1 10 102 10° 1
my [GeV] my [GeV]

FIG. 1. Fraction of the energy produced in dark-matter annihilation which is converted to stopped 7~ (left) and K (right),
= k. Lhese fractions are then used to calculate the number of monoenergetic neutrinos produced in DM annihilation. These
fractions were calculated by simulating DM annihilation to hadrons in PyTHIA, then simulating the showering of the hadrons
as they propagate through the solar medium using GEANT, as discussed in the text.
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E Limits Sensltlvitles

2 === PICO-2L wee KaMLAND(4 KTyr, K)
%0097 - PICASSO ==us DUNE(34 kTyr, n)
a4, 777 = DUNE(34 kTyr, K)

Z/ % 777, Super-K(240 kTyr, K)
% A4 DAMALIBRA — _ 14/ per-K(600 kTyr. K)

v : )

,,,,,,, ‘ 5upe"K 8D (QOKTY"/
: 1 t _/.—-:':.-...--...-'--..-

% """ :...": -------.----"

%7 ™ ——
e *s,

:—:::1:1:"6:,' e

Z é .°o...

=

2/ %

IS w 5
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_______Future of lceCGubg

PINGU Geometry with 40 strings

® Precision physics with £ [+ lceCube
; ° : - oy :
~ 71 LA iy T %= . .|~ DeepCore [
PRI R N
0_._ ............................. 'A# .... LR '3" ...... [T CRTI Pt ‘. .........
E "I T T T S |
K P ¢ o e @ w2 1 =
=S50 e g g g R R S
\Lox e e et
E i e el @ 4
17| H S N— S — T 7SSOSR SRS SO
1 A
B : CSam="
DA GO f i e NG
H | i

1 1 i 1 1
200
X (m)

|||1i||1|1|||||
-100 -50 0 50

DecaCube (1/2/3) IceCube DeepCore

® large volume:acquire Spacing 1 (120m):
. . e 1500 IceCube (1 km?)
hlgh statistics + 98 strings (1,3 km?)
. : 1000 = 2,3 km?
astrophysical neutrino |
| . Spacing 2 (240m):
sampie = o ¢ IceCube (1 km3)
N + 99 strings (5,3 km?)
Eroa = 6,3 km®
A * IceCube 86 Spacing 3 (360m):
~1500 L padno |l lceCube (1km?)
B s + 95 strings (11,6 km?)
-200Q A " = 12.6 km?
-3000 -2000 -1000 0 1000 2000 3000
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® PINGU upgrade plan

® |nstrument a volume of about
S5MT with ~40 strings each
containing 96 optical modules

® Rely on well established drilling
technology and photo sensors

® Create platform for calibration
program and test technologies
for future detectors

® Physics Goals:

® Precision measurements of
neutrino oscillations (mass
hierarchy, ...)

e —~ ,
on lceCube INEX

hf\' all ol '~ mioY e I milias 0
JCILICLALIOI l\‘, G M

© [2011] The Pygos Group

An example PINGU geometry (40 strings)
Note: PINGU geometry is still being optimized

)l (m) ° @ IceCube String

© @ Infill String (PINGU)

O DeepCore String

o Testl dark matt -150
e T AR 50 0 50 100 150
x(m)
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lceCube Neutrino Oscil

800 '
- Expectation: best fit
600}| = = - Expectation: no osc. e
- ¢ Data 1 -
- .
g
[\5]
>
€2}

lation

[IceCube, Phys.Rev.D91:072004 (2015)]

« competitive result (3 years)

« will improve further

Am>|=2.72""" % 1077 eV’
32 0.20
sin“(0,,)=0.53"0"

—0.12

S

4
ERd|
:21 2
T
me/Emro (km/Gev) 0 1 : !
w— |ceCube 2014 [NH] == T2K 2014 [NH]
3.8
« select ' MINOS w/atm [NH]  «- SK IV 2015 [NH]
. 3.6
sltartlngtevel:\ts ~; 3.4 90% CL contours
clear u tracks D 5,
rely on direct photons S 30|
@ 2.8
« 5174 events observed cf. 6830 3 26
expected if no oscillation 2.4
2.2
« perform 2D fit in Eand cos(6) 2033 0.4 0.5 0.6 07 01234
S]nZ (023) —~2AIn1,
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® Well-established detector and construction

technology (low risk) v, I— v, I
* Ami,
v,
e Relatively low cost: ~$10M design/startup plus ~ 2
$1.25M per string ™ oor ant,
® Rapid schedule N —
v, V; I
® 3 seasons (first deployments in 2017/2018 ?) m. B B mv. V. B
® Quick accumulation of statistics once complete
® Provides a platform for more detailed calibration -
systems to reduce detector systematics i3 :’i“”::cp 1
® Multipurpose detector: Neutrino Properties, Dark 4 i
Matter, Supernovae, Galactic Neutrino Sources, i

/

Neutrino Tomography, ...

/  atmospheric neutrinosl
, (ice/water Cherenkov)

® Opportunity for R&D toward other future ice/
water Cherenkov detectors

® PINGU LOI released arXiv:1401.2046

®  update this Fall A T S SR

T:Illllllll FTTl

future long baseline*

neutrinos

L IIIIII.
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SE EXP

erime

5 years of PINGU data

= L

[ ] ° [ ] T T
Multipurpose detector: Neutrino
. 2.5 o o —
Properties, Dark Matter, L Preliminfry
S G I . N . D CIGGGGRIUIUERIEIREEE () IEREEREEPREERES 3 --------------------- 29
upernovae, G4a actic Neutrino =
: - 0
Sources, Neutrino Tomography, ... o £ :
ER ]
----- T2K 2014 = IceCube 2014 B
..... T2K 2014 - weme=  [ceCube 2015 (3-year DeepCore - projected) /
projected 2020 wwws  PINGU 3 year, Fogli 2012 global inputs P10 0.42 0.44 0.46C % L}EA 0.50 052 0.51
. ore
""" NOVA-projected == PINGU 3 year, NuFit 2014 global inputs
‘S 2020 (95% CL) G PN sl s - Spin depefwdent WIMP-proton lcross section |
n” Normal mass ordering assumed, 90% C v = XENONI00 (2013) C. Rott APPSS Bulletin Vol.5 No.3 Pages 18-23 (June 20135)
| Vo
.g, 30} —36 — . WBAMA/Libra _ Antares-soft
= LN n :+"_. COUPP (2012)
45 — Antares-hard
- ....-!oon.-.l-o..---.. Ng |CeCube-soft
S~
5 PP L
25 F E —Rr ‘ --------- IceCube-hard
= Baksan-hard G NGURSE=aaamd
S —39 | SupegK-soft .
-------- a8 lceCube  2010-2011
PRELIM'NARY —40 SuperK-hard GU‘ha Antares  2007-2008 |
20 : . A ; : . Super-K  1996-2012
030 035 0.40 045 050 055 060 065 0.70 : l 1 Baksan 1 1979-2009
-41
sin2(023) 1 2 3 4
log10( WIMP mass / GeV )
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Rott et al. e-print 1502.04930
__Neutrino lom ogl

q_\

Hydrogen content [wt%] O |5
detector — 100 ' '
>
< 90 = .
5 S &
2 80 B -
8 [l ;
| DN
S 70t
O | 10 100 1000
(V-
c 60 Exposure tlme
O | [MTyr]
50 1 1
0.4 0.45 0.5 0.55
Z/A ratio
al v, Model A b1y v, Model B €1y v, Model B - Model A
10 7 ‘ 100 10 10
O, ° 2 ® 5 =
> 7| E 7 o,
o 60 © [0
o 6 o 6 O
5 o S - ° 5
o 40 & )
c 4 © 4 =
= 'S -5 0O
8 3 F 20 S 3
1 0 1 i i i 10
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Carsten Rott & € 61 Oct 20,2015



® |ceCube has reigned in a new era in astro-particle
physics

® What'’s the origin of the high-energy neutrino
excess !

® |et’sfind out!
® Great prospect for future upgrades

® PINGU in-fill aims at creating a large volume
detector with a threshold of few GeV

® High-energy extension for PeV neutrinos
® Opportunity for unexpected discoveries !
® Dark Matter
® Galactic Supernova
® Axions

® Neutrino Oscillation Parameters
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IceCube graduate student Seongjin In awarded the
Korean Global PhD Fellowship

By Silvia Bravo, 30 Sep 2015 10:00 AM

. -

Seongjin In at the Pole. }mage: Seongjin In, lceCube.

The National Research Foundation of Korea has awarded Seongjin In, a graduate student at
Sungkyunkwan University (SKKU) and known as Jin within the IceCube community, with a

2015 Global PhD Fellowship (GPF). The selection committee selected his research proposal,
highlighting his enthusiasm about exploring the universe from Antarctica. The fellowship was

announced in July and will provide funds for his salary, travel, and research expenses until
completion of his PhD.

GPF is the biggest and most competitive fellowship for graduate students in Korea. “It's really
an honor to be one of the awardees, especially since only two proposals were accepted in
experimental astrophysics,” explains Jin. “But it was not only my achievement. Prof. Rott and
Dr. Bose at SKKU, together with the IceCube team, provided guidance and support for my
application.”
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External Shock
e 1C40 data 2008-2009 (117 GRBs in
Collisions betw, diff. 1 northern sky) and 1C59 data 2009-2010 (98
_ GRBs in the northern and 85 from southern
‘ sky) analyzed. No coincidence found

Afterglow

>10"cm _ :
* upgoing vutrack search — 506 bursts in 4yrs

- all-flavor cascade search — 257 bursts in 1yr

Burst data from Fermi-BAT and T ['ceCube Preliminary
. . . . o  1.23 x model
Swift provide precise time stamp T 10°}0.69 x model - ;
and location £ BER
R _
% 10 3 \\
) ’ - Fireball Model Prediction % _ ]
o . 7 ___ 4YrTracks + 1Yr Cascades
° . o o ’ ,’ 90% CL Upper Limit ]
Difficult to attribute diffuse % .| - .- - - Photospheric Model Peciction
S 10 E ¢ L 4Yr Tracks + 1Yr Cascades
. . rEu e R4 ~ 90% CL Upper Limit
neutrino flux with GRB ;| oY ke v Concaes
10'12 ] L PR R S R S | — | L ——aa gl " |
bou nds 10* 10° 10° 10’

Neutrino energy (GeV)
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QMW@Q X _and. tluX

3,5——
HESE—4yr

¢a stro

3.0

2.5+

2.0

1.5

'lceCube Preliminary

1. | | | | | |
9.8 2.0 2.2 24 2.6 2.8 3.0 3.2

Yastro
Spectral index has steepened

Contour plot in
spectral index vs.

normalization at
|00TeV

HESE-4yrs best fit flux:
E2® =~2.2 x 108 GeV cm2 s1 sr-1

(no new PeV events but relatively large number in TeV)
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