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® Neutrino astro-particle physics is a newly emerging field

® Rich connection between astro-physics and particle
physics

® |[nstruments are multi-purpose detectors with
extremely diverse science programs

® Tremendous progress has been made in the last years
on neutrino astro-particle physics

® Are we on the verge of discoveries !
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Sources. of Neutrine

Astrophysical

Atmospheric Neutrinos

Cosmic rays interact

p = proton in the uPPer
L = muon

:::::rlrino atmosphere:
et =electron

p+A =TT (K2) +
other hadrons ... TT
: T UTVE— e VeVuVy

p+ (piy) ST

*

pHyy>A*
(GZK)

- IceCube Collaboration arXiv:1212.4760v2
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A new way to study the

universe ... high-energy neutrinos
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ICECUBE

® Gigaton Neutrino Detector at
the Geographic South Pole

e 5/60 Digital optical modules
distributed over 86 strings

® Completed in December 2010,
start of data taking with full
detector May 201 |

® Data acquired during the
construction phase has been
analyzed

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

IceCube Lab

1450 m ———

SOmZ\."':

o IceSTop -

T - - = 81 Stations, each wit

.............. / 2 IceTop Cherenkov detector tanks
2 optical sensors per tank

324 optical sensors

IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string

5160 optical sensors

December, 2010: Project completed, 86 strings

Ethr~ 100 GeV

DeepCore

2450 m
2820 m

/8 strings-spacing optimized for lower energies
T 480 optical sensors

Ethr~ 10 GeV

by
l
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(Y tical N

|0 inch Hamamatsu PMT (R-7081-02)

IKMCHMUY—————+

HV board

G~36 cm e ~
: flasher board
pressure sphere \ E’ /
{I_[ | I il ) main board
: .4 P i oy ] -
e S ==\ delay
V1 T s board
\ "}L ~\‘\'\ ’
‘,“ ‘//‘r‘
A &—— PMT
optical gel /7\

mu metal cage

e Dark Noise rate ~ 350 Hz

» Local Coincidence rate ~ 15 Hz
* Deadtime < 1%

* Timing resolution <2 ns

Measure individual photon arrival time:
2 ping-ponged four-channel ATWDs:
* Analog Transient VWaveform Digitizer
»+ 200-700 Megasamples/s
* 400 ns range
400 pe/ 15 ns
- fADC (fast ‘ADC’):
* 40 Megasamples/s
* 6.4 us range

Vo.o25 n —————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

0.02 Digitized VWaveform

o 20 PTe) 60 80 100 bins
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South
Pole

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

1.5-2.5 km

| North Pole

Atmospheric muons ~ 0 '/year
Atmospheric neutrinos ~ IO5/year
Astrophysical neutrinos ~ /year

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

extra terrestrial neutrino fluxes
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Selected Results




- ! (e Background Atmospheric Neutrino Flux :
VN ‘ I Background Atmospheric Muon Flux
‘ Background Stat, and Syst, Uncertainties
i i | — Signal+Bkg. Astrophysical E~* Spectrum |]
‘ eee Data
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Deposited EM-Equivalent Energy in Detector (TeV)

28 events (7 track-like, 2| showers) observed

Expectation from conventional
atm. neutrinos 10.6 3¢
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UBEPRELIMINARY

*All p- values are post strial .

0 TS=-2log(L/LO) 12.4
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_velocity distribution

v Interactions

L Y oscillations
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lceCube Dark Matter. Seateh

5 1 Surviving model predictions §

B\ Super-K soft modes 3

% — Super-K hard modes -

5 % --#-- JceCube soft modes .- 3

3 e —=— JceCube hard modes .-~ e

7 2

B 10
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Future Plans




PINGL

© [2011] The Pygos Group

® Developing a proposal to further in-fill

DeepCore, called PINGU An example PINGU geometry
© IceCube String
® Instrument a volume of about Y(m) © @ DecpCore String
|OMT with ~20 strings each o @ Infill String (PINGU)
containing 50-60 optical module 50

® Rely on well established drilling
technology and photo sensors 0

® Create platform for calibration
program and test technologies for
future detectors -501e

® Physics Goals:

® Precision measurements of 100
neutrino oscillations (mass )
hierarchy, ...)

® Test low mass dark matter models -150

50 0 50 100 150
x(m)
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______PINGU [ime Line

® Moderate timeline of ~10 years (data taking could start in 2017)
® Opverall low risk for construction and operation (IceCube experience)

® Costs:~10 M$ for startup (includes drill reactivation) + 1.25 M$ per

string
first set of cables/DOMs
shipped to Pole
letter of intent design, manufacture start data taking
‘ | and test hardware

2013 2014 2015 2016 2017

drill preparations finish deployment
proposal to _ (20 strings)
funding agencies first deployment

Carsten Rott |8



Eow-cost on-board cameras for PINGE

® | ow-cost on-board camera
system

® complementary to the more
sophisticated camera systems.

® The merit of the system:

® can be deployed on a large
fraction or all of PINGU
Sensors

® determine the exact
positioning of individual
DOMs with respect to the
drill hole and refrozen ice

® understand local ice
properties after freeze in

Carsten Rott |19
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® |ceCube has reigned in a new era in astro-
particle physics

® Neutrinos offer new and complementary
ways to study the cosmos

® Great prospect for future upgrades

® Neutrino telescopes evolve towards
precision detectors

Carsten Rott 20






M|@7A ) legaton ce (“herenkov ' rray

Courtesy E. de Wolf & P. Kooijman
® [n-fill of a few hundred strings ’ |

Possible
design
for future
array:

64 x 3”
PMTs

®  String spacings ~5 m, sensors spaced
by ~| m on a string

® The Medium is the support structure

® An ambitious vision worth working
towards:

® Fiducial volume > |MTon
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® Photo coverage ~10%

e e atetn

industrial process — deployment costs
would be well below 10% of total
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Ordering of neutrino mass eigenstates

[n' (S 06

One of the last unmeasured parameters of the neutrino sector

’Uﬂ\

Preliminary Sensitivity of PINGU for neutrino mass hierarchy

p——

significance (o)

Preliminary

R L NNy Saas .....u..----..........-oﬂ ---------------------------------------------------

prelim. ovem ie!ectlon

strings,

............................. low efficiency o
| |
% 1 2 3 4 5
Years of data
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Sun, SN1987a

neutrinos
**cccee,, o".....‘.lé.;‘, oooooooooooooooooooooooooooooooooo — L 9A+
..... B-field e BESEOTS ?GZ?(E
hotons
<p——'y+'yIR9e+e'
3 3 3
= a¥l L

w
T |

' | | |
100 11 12 13 14 15 16 1
log,,(E/eV)

Neutrino Astrophysics

Neutrino Particle Physics
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Neutral Current /Electron

CC Muon Neutrino .
Neutrino

g.‘;i‘!‘i’

i i

v, + N = p+ X Ve + N —e +X
- N — v+ X

track (data) cascade (data)

factor of = 2 energy resolution ~ *£15% deposited energy resolution
< 19 angular resolution ~ 10° angular resolution

(at energles £ 100 TeV)
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Knhown Neutrino. SoUE

® C(Collisions of cosmic-rays
with nuclei in the Earth’s
atmosphere produce
neutrinos

® pions, kaons—V’s

® 411

® Neutrino energies
extend up to ~100 TeV

® Higher energy
contribution from

“prompt” V’s from charm
decays not yet observed

® (Do, DJ_r, Dsi,Aci) _’V’S

\=>

lceCube Collaboration arXiv:1212.4760v2

T
,'.” : == Super-K v,
o 107°E /
! - m Fréjusv,
S - o 0 Frejus v,
> [ O 2,
R %, AMANDA v
=z » % % O unfoldln? _
s L ¥, 1 forward folding
W0 s IceCube v,
- o unfoldin? _
- =258 forward folding
107
= |lceCube Ve
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107 m,OtV
; I
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arXiv:1305.6811

8, - 8y [deg]

3 2 10 1 2 3
(o, - o) cos(d,) [deq]

. Muon energy: rms of log(E) ~ 0.15
Muon neutrino: ~0.3 (inevitable physics
fluctuations from neutrino energy to
muon energy at detector)

log,,(<dE> [ GeV ])
N WA 1O N O ©

|
N
o
o

2 3 4 5 6 7
log,,(<dE> [ GeV ])

Cosmic Rays

Cosmic Rays

IC40 Cascade Energy Resolution |C40 Cascade Enery Resolution
1x10‘
= Electron neutrino cascades: Mean=-0.165, RMS=0.175

°9_ rms of log(E): ~ 0.1

0.8 sigma of peak: 0.0
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