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Highly cited papers &

« Higgs Discovery (2012) « Z discovery (1983) —1500+
— 8000+ citations —2000+ « SN1987a neutrinos (1987)
« Atmospheric neutrino * Positron excess —1500+
oscillations (1998) [PAMELA] (2008) * Weak neutral current
—5000+ citations —1900+ (1973)
* Top quark discovery - Reactor neutrino theta_13 —1500+
(1995) (2012) « Charmomium (2003)
—3000+ citations —1900+ —1400+
 Solar neutrino oscillations  b-quark discovery (1977) - B-Bbar oscillation (1987)
(2002) —1900+ —1300+
—3000+ citations « W-discovery (1983) * nU_mu ->nu_e (2011)
 Kaon CP violations (1964) —~1800+ _ 1300+
—3000+ citations - Z width (2005) « Accelerator neutrino
« Reactor antineutrino —1700+ oscillation (2002)
[KamLAND] (2003) « Proton spin crisis (1989) —1100+
—2000+ citations —1700+ « Muon neutrino discovery
» Gravitational Waves « LSND anomaly (2001) (1962)
(2016) —1700+ —1100+
—2000+ citations « Parity non conservation * DAMA/Libra (2008-)
* c-quark discovery (1974) (1957) —1000+
—2000+ citations —1600+ « Pentaquark [LEPS] (2003)
* Solar neutrino - LUX Dark Matter (2013) —1000+
[Homestake] (1968-1998) —1500+ - Neutron EDM (2006) 4

—2000+ . g-2 (2006) —1000+
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Tritium [B-decay and Neutrino Capture

Neutrino capture on Tritium
~_.n

Tritium B-decay
(12.3 yr half-life)

PTOLEMY, Chris Tully
https://indico.cern.ch/event/640340


https://indico.cern.ch/event/640340
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Solar Neutrinos
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- SN1987A
@ 8 _ 24 neutrino events

detected by Kamikande-ll,
IMB and Baksan

—Learned about
» Supernova collapse

mechanisms
Babcan i CE gl T RN * Neutrinos feel gravity (similarly
-Ausiraliar Observatory/David |'-f|.;lll'-.ir'\-l100‘,v' B e PR S i to phOtonS)
"’“’/|V Kamikande-Il SN1987A citations ‘ e Neutrino mass < 23eV from
per year from INSPIRE-HEP : : . :
2 ‘L - time of flight dispersion
ol | * Neutrinos are not charged
: | | » Limits on non-neutrino weakly
i interacting particles
| » Axion bounds
" * Neutrino mixing and
oscillations

T
N
- -

Yy

o . . . 1
+ before 2011, excluding solar Exotic neutrino disappearahice
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Atmospheric Neutrinos
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lceCube
* |ceCube detected 5th PeV Emie”

cascade

neutrino (name: ?7777) Bert’ Y opev

1.1 PeV
—Cascade type o ik
—~2.7 PeV (the highest energy)

—unlikely to be cosmogenic
neutrino

* They are selling new

“Big Bird”
cascade

IC170922 t-shirts

—Point source candidate?
—Blazar coincidence?




Future: IceCube-Gen2

lceCube-Gen2 covers particle physics from MeV to EeV with real discovery potential

PINGU (GeV) Askaryan Radio Array (EeV)
- ~20m spacing dense array - GZK neutrinos

- neutrino mass ordering

Main array (TeV-PeV)

- 120 new strings, 80 DOMs per string

- 240m separation to cover x8 volume

- x2 QE PMTs, and/or new photo-sensors

ICECUBE



Arguelles et al,

PRL2015 | Astrophysical neutrino flavour
- very sensitive to new physics such as neutrino decay,
non-standard interaction, quantum gravity, etc

Lepton unitarity triangle
- High statistics T appearance to test of lepton unitarity

Preliminhry
........... Al— A

SK (90%CL)

OPERA (90% CL)

muon
damped

T decay
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10 12
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Unlimited list of science!
- low'mass dark matter
- neutrino mass ordering

S a.heutron - multi-messenger astronomy, etc
decay 1=

ICECUBE



Manchester: J. Evans, S. Soldner-Rembold, S. Wren
Oxford: S. Sarkar

IceC U be-Genz in U K Queen Mary: T. Katori, S. Mandalia

 MANCHESTER. .1 3-?:. UNIVERSITY OF \ Q
' 18524 ueen Mar
lceCube data analysis — 2 " OXFORD Q Queen v y

- Mass ordering analysis on DeepCore e |
- Test of quantum gravity —_— /)

Software development

- Atmospheric flux systematics gyans et al, PRD95(2017)023012
- Hadronization s_ystgmatlcs Katori et al, JPhysG42(2015)115004
- PINGU fast oscillation analysis code aper in preparation

Hardware
- FEB firmware development
- DOM Fermilab beam test

paper in preparation

Analysis jeoordination e e
- Gen2 | convener (Justin Evans) P L -, ... t 4
- — Y. T— Jy 2
R~ o cors v i
On top of these, there is a large theory contribution ricnse SR woobio
from Oxford (Subir Sarkar) ST L
ey %ﬁ‘m P Bt
LHCDb for prompt-v production, JHEP02(2016)130 | ‘}w ot i
High SRIOY neutrino cross section, JHEP08(2011)042 Sy B U by (L% | ." '
etc e :::::Q;‘f::f,,.w., B o]

ooty of Cdomia Barkoky (USE) BBF  Unwver kry of Wicanua-Matus [USE)
veriity of Cllomibe, e (U3A) Lon anriy of YWacanun-flve Fal« [USEL?
Uaversity of Delewars 'USA)

~|
N ﬂt clbarz)

[

I"rl'ul urxfing Lare- ne

Feeras e s Bl Sa bt pam (FREFNRS) P 3 ey Blobatre sy tyr- bt rme (DESY) Stk P A= Roreewe s Toreowde:

Porris Wetsertzpont e Oncemiosa-Yizaweasn  laaie Faordarion v Seiesras, spar The Snadah Ressweh Camaol (YR)
(PWONandersa) Krir aed 2iva Witeanerg Faindiios Lirvnereiry of WBOAeE A & v Rsaaech

Pedowal Mishury of feucason & Aowarc (MG NSFOiee i Prlw Progeame Fou ntarion (W AEF)

Gorrran Rmearch Fourds os {O8FQ) NSFPrys-s Divdon LIS Mool Seiswe Fasnnarven (NSF)

ICECUBE




lceCube-Gen2 phase |

Staged approach
- Phase | includes 7 close strings to focus on
v. appearance (unitarity triangle)

- Proposal submitted to NSF, received with

favor

PINGU: A vision for neutrino and particle physics at the South Pole
arXiv:1607.02671,JPhysG44(2017)054006

lceCube-Gen2: A vision for the future neutrino astronomy

arXiv:1412.5106

ICECUBE

~

-9 -9

lceCube DeepCore Phase 1430m 210Um 21aum
Les » Jeel Oore ase
e J 2450m  2450m  2440m

strumentes Depth

2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | ... | 2031

Gen2 Fhase 1
(7 string)

Design

Phase |
deployment

Produclion Deploymenl

Thank you for your attention!
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Photo: H. Schoorlemmer , University of Hawaii
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ANITA Flights

ANITA-1 ANITA-2
(2006-2007) (2008-2009)
35 days 30 days

ANITA-3 ANITA-4
(2014-2015) (2016)
22 days 30 days

L. Cremonesi 10 “UHE neutrinos and ANITA”



ANITA-3 Results h

* New diffuse Constraints on the diffuse high-energy neutrino flux from
neutrinos search the third flight of ANITA

P. Allison, O. Banerjee, L. Batten, J. ). Beatly, K. Bechtol, K. Belov, D. Z. Besson, W. R. Binns, V.
from AN ITA_3 Bugaev, P. Cao, C. C. Chen, C. H. Chen, P. Chen, J. M. Clem, A. Connolly, L. Cremenesi, B. Dailey,

C. Deacconu, P. F. Dowkontt, B. D. Fox, J. W. H. Cordon, P. W. Gorham, C. Hast, B. Hill, S. Y. Hsu, J.

J. Huang, K. Hughes, R. Hupe, M. H. Israel, K. M. Liewer, T. C. Liu, A. B. Ludwig, L. Macchiarulo, S.

—arX|V 1 803 ] 0271 9 Matsuno, C. Miki, K. Mulrey, J. Nam, C. Naudet, R. J. Nichal, A. Novikov, E. Qberla, 5. Prohira, B. I,
Rauch, J. M. Roberts, A. Romero-Wolf, B. Rotter, J. W. Russell, D. Saltzberg, D. Seckel, H.
Schoorlemmer, J. Shiao, S. Stalford, ). Stockham, M. Stockham, B. Strutt, M. S. Sutherland, G. S.

varner, A. G. Vieregg, 5. H. Wang, S. A. Wissel
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https://arxiv.org/abs/1803.02719
https://arxiv.org/abs/1803.02719

normalized field strength

UHECR

ANITA1: 16 UHECR |
14 reflected + 2 direct direct UHECR
ANITA-2: 2 UHECR '
H-pol trigger was off

ge"’ a .S >
ANITA-3: 25 UHECR L ———  — i

ANITA-4: analysis in progress Ice Askaryan = TTte.ooTn :
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And ANITA-3 mystery event

15717147,-35° 27142546, -5.5 °

—Hpol —Hpol

Ij ——Vpol | I —Vpol| |

anomalous atmosphere-skimming
upward air shower i air shower

20 30 4 - 10 20 30 40 50
time, ns time, ns

39599205, -3.6 68298837, -36.7
C f —Vpol

atmosphere-skimming
air shower

o

o
©
N

1
—_
o

o
N

field strength, mV/m
field strength, mV/m

normal, reflected
air shower

S
- T
o

o
~

20 30 40 50 - - 20 30 40
time, ns time, ns

Chord length: 5500-7000 km (20-30,000km
water equivalent)
1600km SM interaction length @ 1 EeV

Background estimate < 102
L. Cremonesi 18

ANIT.
. Geo-magnetic radiation

A

i Up-coming shower
~37km R

e

Antarctic ice sheet

Direct Cosmic Rays

Reflected Cosmic Rays

NEW PHYSICS ?

“UHE neutrinos and ANITA”




Future Radio

Deployed ARA

Station ARAG

O Instrumentation
deployment in 17 / 18.

Site / road preparation 4Q South
inl6/17. Pole
/ O
@ rotential if support I
is available SOU’Fh Pole
Station

< 30m s < 30m R
]
A
30m
Trigger
M Array
A iO.Sm (Vertical
Polarization)
30m '
I
I
IV

Ice Surface

Pointing |2
Array
(Both

Polarizations

32




Questions? &

* What consensus / conflicts (on what should be done In
longer term European HEP) are there in this area?

* What are the experimental possibilities? Are different
scenarios already envisaged?

—lceCube Is a tremendous success, the science case for
lceCube-Gen2 (both the high and low energy extensions)
are clear

—Some version of KM3NeT will exist
—Small experiments (i.e. ANITA) have discovery potential
—Hard to disentangle politics

* What are the choices for the strategy? What can the
UK agree to input?
—Astroparticle physics should be mentioned

* What are the potential developments in this field? How
do they relate to fundamental physics questions? 3



