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Overview \/ AP

: s 7
* AstroParticle Physics field of study and methods /

* Particles and waves from and fields in the Universe
e Detection technologies
* Astronomical Objects (including nuclear physics)
e Evolution of the Universe (including nucleosynthesis)
 Particle Properties
* Space-time Properties

* Non-accelerator experiments

* Neutrino properties
* EUCAPT

* Ecological footprint
* Conclusion
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High Energy Gamma Rays

Practical upper limit in energy

from cosmic horizon
Eyz E,./A/10
Inverse Compton at

highest energies:
leptonic of hadronic origin
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High Energy Gamma Rays 7\/

AP
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ngh Energy Gamma Rays: PeV sources in Milky Way /\/
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High Energy Gamma Rays / Future

redit: Richard White, MPIK

CTA LST-1 prototype Crab pulsar observation
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High Energy Neutrinos: TXS 0506+056
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High Energy Neutrinos N7
ARCA A

-
£
L . A
- -
Z\a b \ -
T 1 e |
¢ A N 1
/i o
2 Y
- -

IANTARES
1 MEOC

=/ <1 f .,
Torritorial waters b H AN,/
. \Il.rr,l" s /
e, Ve 5
i ¥ . .
Exclusive EconomicZone e -
7 — —
>l / . S
T mnose NE T
+| ¢ Cotbration Base $ 2 X 4 ?
. : HL ) v A . KM3NeT-ARCA biock 2
: : = Google Maps .
- ; . - : -
00 150 100 50 ] 0 10 10 0
' Ime2473.0m As3.A m -303.24 g JIEP0 8
i [N
Antares ends = = r -
\ I e Ze
N -t
i
[ ) =
s —
s T o St
tobmeint e g
i i T
= (P g E
S LR g o o
i = WL o) .
o’ L g (O
o i LT e e
P = o
oot Mlopis S
) R
e

03/05/2022 JENAS, APP Highlights



High Energy Neutrinos / Future
lceCube-Gen2

KM3NeT

v Gen2-Radio @ Gen2-Optical

Neutrino astronomy, also (SN) bursts
Neutrino properties
Cosmic rays

Study of ice and sea
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Ultra High Energy Cosmic Rays / Future

Auger upgrade

APPEC

TA upgrade/extension

Huge ground based experiments
GCOS GRAND

fluorescence
Telescope Array
TAx4

telescope
40000 km? radio antenna "

3000 km?

Pierre Auger Observatory Ci‘;gr;?‘i’:::%;::‘;;r

200 km

Technical challenge: need to cover huge area with cheap, reliable, easy to deploy detector stations

Key is energy consumption
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Dark Matter 7\
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Dark Matter 7\

spin-independent WIMP-nucleon interactions APPEC
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Dark Matter / Annual modulation

COSINE-100 Collaboration, Nature 564 (2018)
83, An experiment to search for dark-matter

interactions using sodium iodide detectors

WIMP-nucleon spin-independent
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Dark Matter / XENONNT progress
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COS m i C I\/I i C rowave B a C kg rO u n C 2 THE COSMIC MICROWAVE BACKGROUND

Planck Legacy Release 2018

* Remember: the CMB measurement are a large part
of the believe with many of you in
dark matter and dark energy
Baryon Acoustic Oscillation
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Cosmic Microwave Background / Future 7\

APPEC
LiteBIRD CMB-54

45m FT (5K)
HFT (5K)

FIGURE 1-1 - OVERALL DESIGN OF THE LITEBIRD SPACECRAFT
(courtesy JAXA)

B polarisation is the holy grail for now
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Dark Energy / Future 7

APPEC
e Observations: o
2 a 2 - 4 2 “3(14w
 SN1a: Super Nova type la H (G)E(ﬂ =H;[Q,a” +Qa™ +Q,a7 +Q,a>"" |
« BAO:  Baryon Acoustic Oscillation non-rel rel w=F/p
. WL: Weak Lensing matter curvature A
* GCE: Galaxy Cluster Evolution (WFIRST)
DESI Rubin LSST Euclid Nancy Grace Roman
BAO+GCE SN1a+BAO+WL WL SN1a+BAO

e 4
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Gravitational Waves LIGO- - 2

Cumulative Count of Events AP
01 =3, 02 =8, 03a =39, Total =50

s 08807 from single events to ensemble studies
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Cumulative fraction of events

Gravitational Waves / GR tests
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LIGO Scientific Collaboration, Virgo Collaboration, KAGRA Collaboration
Tests of General Relativity with GWTC-3, arXiv:2112.06861

From the abstract:

“...we find all the post-Newtonian deformation coefficients to be
consistent with the predictions from GR, ....

We also find that the spin-induced quadrupole moments of the binary
black hole constituents are consistent with those of Kerr black holes in
GR.

We find no evidence for dispersion of gravitational waves, non-GR
modes of polarization, or post-merger echoes in the events that were
analyzed.

We update the bound on the mass of the graviton, at 90% credibility, to
me<1.27 x 10723 eV/c2. ...”
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Gravtitational Waves / Multi-Probe 4
AP

THE ASTROPHYSICAL JOURNAL LETTERS, 848:L.12 (59pp), 2017 October 20 https: / /doi.org/10.3847/2041-8213 /aa91¢c9

© 2017. The American Astronomical Society. All rights reserved.

OPEN ACCESS
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Multi-messenger Observations of a Binary Neutron Star Merger™

LIGO Scientific Collaboration and Virgo Collaboration, Fermi GBM, INTEGRAL, IceCube Collaboration, AstroSat Cadmium Zinc
Telluride Imager Team, IPN Collaboration, The Insight-HXMT Collaboration, ANTARES Collaboration, The Swift Collaboration,
AGILE Team, The 1IM2H Team, The Dark Energy Camera GW-EM Collaboration and the DES Collaboration, The DL.T40 Collaboration,
GRAWITA: GRAvitational Wave Inaf TeAm, The Fermi Large Area Telescope Collaboration, ATCA: Australia Telescope Compact
Array, ASKAP: Australian SKA Pathfinder, Las Cumbres Observatory Group, OzGrav, DWF (Deeper, Wider, Faster Program), AST3,
and CAASTRO Collaborations, The VINROUGE Collaboration, MASTER Collaboration, J-GEM, GROWTH, JAGWAR, Caltech-
NRAO, TTU-NRAO, and NuSTAR Collaborations, Pan-STARRS, The MAXI Team, TZAC Consortium, KU Collaboration, Nordic
Optical Telescope, ePESSTO, GROND, Texas Tech University, SALT Group, TOROS: Transient Robotic Observatory of the South
Collaboration, The BOOTES Collaboration, MWA: Murchison Widefield Array, The CALET Collaboration, IKI-GW Follow-up
Collaboration, H.E.S.S. Collaboration, LOFAR Collaboration, LWA: Long Wavelength Array, HAWC Collaboration, The Pierre Auger
Collaboration, ALMA Collaboration, Euro VLBI Team, Pi of the Sky Collaboration, The Chandra Team at McGill University, DFN:
Desert Fireball Network, ATLAS, High Time Resolution Universe Survey, RIMAS and RATIR, and SKA South Africa/MeerKAT

(See the end matter for the full list of authors.)
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Gravitational Waves / Future

e ET Pathfinder Detection horizon for black-hole binaries

Years after the Big Bang

* ET Groeifonds ol = . ET Italian Consortium o) o sfe‘°"d§ge"‘~”a“°";mday
42 ME£ site preparation | 100 M€ site preparation 22 i -
870 M€ when built in NL IT resilient fund 900 Vi€ |REERa b

z=0.82
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Neutrino Properties / mass / Dirac-Majorana
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Neutrinos Properties / mixing

* New oscillation measurements from Atmospheric: IceCube, SuperK,
Long Baseline: T2K, NOvA, Reactor: DayaBay, RENO, DoubleChOOZ

parameter best fit £ 1o 20 range 30 range
Am3,[10-5eV?] 7507922 712793  6.94 8.14
|AmZ,|[107%eV?] (NO)| 2.55700  2.49-2.60  2.47-2.63
|Am32,|[10~3%eV?] (10) | 2.457002  2.39-2.50  2.37-2.53
sin® f12/1071 3.18£0.16 2.86-3.52  2.71-3.69
012/° 343+1.0 323-36.4  31.4-374

sin? fy3/10~! (NO) | 574+ 0.14 5.41-599  4.34-6.10
f23/° (NO) 49.26 +£0.79 47.37-50.71 41.20-51.33

sin? 63 /1071 (10) 5787015 5.41-598  4.33-6.08
f23/° (10) 49.4610°50  47.35-50.67 41.16-51.25
sin® 613/1072 (NO) | 2.2007008)  2.069-2.337 2.000-2.405
013/° (NO) 8.537013 827879  8.13-8.92
sin? 013/1072 (10) | 2.22570-050  2.086-2.356 2.018-2.424
013/° (10) 8.587012  8.30-8.83  8.17-8.96

§/m (NO) 1.08T013  0.84-1.42  0.71-1.99

§/° (NO) 194127 152-255 128-359

§/m (10) 1.58T01%  1.26-1.85  1.11-1.96

§/° (10) 28412° 226332 200-353

03/05/2022

('_\'() s ((

while for inverted ordering:
0.7835 — 0.8440
(—0.4802 — —0.2682) + 7(0.0114 — 0.0990)
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lY[(): (
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(—0.6897 — —0.4821) + #(—0.0446 — 0.0644)
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Neutrinos Properties / Future 7\

AP
OvPBp and more: LEGEND, CUPID (CUORE), NEXT-BOLD/HD/100, nEXO
Current Iso | M, ROI €sig & Brot Sens./Lim. (90%C.L.) Ma ny open qu estions:
experiments [kg] [keV] (o] ] | [Mue] | [geen] | Tialyn | Imgs| mev) . leptonic CPV?
GERDA ®Ge | 31 | 14 | (-2.0,+20) | 60 19 6-10-° | 1.1/0.9-10%° | 102213
CUORE 130Te | 206 | 34 | —1,4,+1,4 | 67 138 6.7-1071 2.3-10% 90-420 * neutrino mass ordering?
Current Iso Mo o ROI €si £ Bro1 . . .
demonstrator kel | kevi| o | %) i) | [ ) * precise oscillation parameters? (JUNO !)
CUPID-0 2Se | 465 | 85 | —2.0,+2.0 | 70 33 [22-10 7| 35-10% 311-638 . beyond 3-neutrino mixing (SN B,
CUPID-Mo | '®Mo | 226 | 23 | —2.0,+2.0 | 64 1.44 - - - .
NEXT-White | *Xe | 91 | 10 | -1.0,+1.9 | 26 | - : : - very short baseline programme)
Fur-lded Iso Miso o ROI €sig kgfﬂyr B::SI 30 disc. sens. Pto I e my
experiments [kg] | [keV] [o] [%] [ o W [kgisoyr] Ty 2 [yr] mgg [meV] . — . P ——”
LEGEND-200 | ™Ge | 177 | 11 | —2.0,.42.0 | 70 123 1-10% | 94.10% 35-73 o Thetomer| 1] 2= 10 mev
NEXT-100 | 136Xe | 87 | 104 | —1.0,4+1.8 | 26 23 4-1072 7.0-10% 65-281 £ £
Future Iso Mo o ROI €sig £ Bro1 30 disc. sens. { 1 Tu: 10
experiments kgl | [keV] (o] ] | [Reue] | [ 1 Tty | mpg (mev) ¢ N g ]
LEGEND-1000 | ®Ge | 883 | 1.1 | —2.0,+2.0 | 70 614 7-1075 1.2-10% 10-20 s 5
CUPID O0Mo | 253 | 2.1 | —2.0,42.0 | 68 172 2103 1.1-10%7 12-20 . a 5 M
NEXT-HD 136Xe | 991 77 | —1.3,425 | 32 317 9.107% 1.7-10%7 13-57 e e
Ea— Eend,0 [meV] Eo — Eeng,0 [MeV]
1010 | Miightest = 50 meV 1010 | Miigntest = 50 meV
Detector R&D: 1o TE e
T 108 T 1001
The right and sufficient isotopes, radiopurity, energy resolution = w 50—
2 107 S 107
binding Tritium in a controlled way, ... /\
10 72‘00 71rO() . é l(l}() 2(‘)() 300 10 72‘0(] =100 0 160 2(‘]0 300
Ee = Eeng,0 [MeV] Ee = Eeng,0 [meV]
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EuCAPT Progress in Theory 7\V

APPEC

Census in 2019, interactively available at https://www.eucapt.org:

| -
@ o | White paper arXiv:2110.10074

EuCAP
f“ff Many (virtual) colloquia

Annual symposia: 5-7 May 2021

Qo0 O
‘& rm, 23-25 May 2022

Py S
' B e ‘f” Workshop 11-13 November 2019

Design&Code: Niko Sarcevic (twitter.com/NikoSarcevic)
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Ecological footprint sl ol (i

130 tCO2e/yr 328 tCO2e/yr 965 tCO2e/yr

GRAND Carbon footprint study . .
Challenge/Mitigation: ' '
On-site work by locals . o oo
Data reduction/smarter analysis? e Twmew T
Detector design/materials A A 1 fox )

GRANDProto300 o GRAND10k } Ergznnzo

486 tCO2/yr 1072 tCO2/yr 13407 tCO2/yr

® Travel
Devices

@ Simulations

@® Data analysis

@ Data transfer
Data storage

@ Stainless steel
Solar panel

@ Batteries

® Hardware transport
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Summary and Outlook '\/Ap
7

* Many observatories/experiments => many results
* Theory/Phenomenology key in linking the results

* Ready for many next-generation detectors:
* many multi-purpose and/or multi-probe
* many require more R&D
e all requiring substantial funding

* A variety of observatories = multi-messenger = much enhanced science

* Most overlap with particle physics and astronomy,
but also significant overlap with nuclear physics



