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Connecting high-energy astroparticle physics

for origins of cosmic rays and future perspectives

December 7 - 10, 2020, Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto, Japan

Invited talk (25 min + 5 min), Oral contribution (10 min + 5 min), Poster talk (5 min + on-site display)
Time-zone: Japan Standard Time

12/7 (Mon.)
13:00-14:30 Registration
14:30-15:20 Welcome coffee, Opening, Self-introduction (1 min/person) (optional)

15:30-19:00 Session1 Chairperson: Kohta Murase

15:30-16:00 Kazumasa Kawata 100 TeV Gamma-Ray Observation with Extensive Air Shower Arrays

16:00-16:15 Sei Kato VHE gamma-ray astronomy using the prototype array of a new extensive air-shower-array
experiment ALPACA in the southern hemisphere

16:15-16:30 Kimura Shigeo Gamma-ray and neutrino emission from radiatively inefficient accretion flows

16:30-17:00 Foteini Oikonomou High-energy neutrino emission from blazars

[30 minutes break]
17:30-18:00 Olivier Deligny The UHECR science after 15 years of operation of the Pierre Auger Observatory
18:00-18:30 Yana Zhezher Overview of the Telescope Array experiment

18:30-19:00 Anatoli Fedynitch  Hadronic interactions in cosmic ray physics

12/8 (Tue.)
09:00-12:30 Session2 Chairperson: Aya Ishihara

09:00-09:30 Takatomi Yano Neutrino astrophysics prospect at Super-Kamiokande a yper-Kamipka
09:30-10:00 Ignacio Taboada Recent Astrophysical results of IceCube
10:00-10:30 Stephanie Wissel = Radio detection of ultrahigh-energy neutrinos; an{ fu
[30 minutes break]
ahi
i

11:00-11:30 Nepomuk Otte Trinity: An Air-Showe ag
di e

-Energy Neutrinos

11:30-12:00 Ruoyu Liu The Giant
12:00-12:15 Mahdi B i
12:15-12:30 Susumu |

nboard EUSO-SPB2

mma-ray emission from AGN-driven winds

n
ut

/ person) and coffee, Chairperson: Wataru Ishizaki

AMS prdject: A MeV gamma-ray large area telescope using liquid argon and its concept study
The Blazar Hadronic Code Comparison Project

Ken Matsuno Particle acceleration by ion-acoustic solitons in plasma in a magnetic field

Ken Ohashi Effects of diffractive collisions on predictions of the number of muons in the air shower

Tomohiko Oka The time-evolution measurement of a diffusive shock acceleration using supernova remnants and local

molecular clouds

15:30-19:15 Session3 Chairperson: Hiroaki Menjo
15:30-16:00 Teruaki Enoto High-Energy Atmospheric Physics of Lightning and Thunderstorms Observed along the
Sea of Japan
16:00-16:30 Markus Alhers Cosmic-Ray Anisotropy
16:30-17:00 Roberta Colalillo The Pierre Auger Observatory and the study of atmospheric electricity phenomena
[30 minutes break]

17:30-18:00 loana Maris Future Detectors for Measuring Ultra High Energy Cosmic Rays from the Ground
18:00-18:30 Maria Petropoulou Blazar neutrinos: implications of recent IceCube observations
18:30-19:00 Walter Winter Gamma-ray bursts and tidal disruption events as the sources of UHECRs and neutrinos

19:00-19:15 Norita Kawanaka Origin of Spectral Hardening of Secondary Cosmic-Ray Nuclei

12/9 (Wed.)

09:00-12:10 Session4 Chairperson: Kunihito loka
09:00-09:30 Yoshihiro Ueda The origin of the cosmic X-ray background
09:30-10:00 Yoshiyuki Inoue Future Prospects of MeV Gamma-ray Astronomy

10:00-10:30 Keith Bechtol Using optical surveys to explore the origin of cosmic rays
[25 minutes break]

10:55-11:25 Andreas Zoglauer  Future missions in the MeV domain: COSI & AMEGO
11:25-11:55 Atsushi Takada MeV gamma-ray observations utilizing electron-tracking C
on balloons ‘
11:55-12:10 Nagisa Hiroshima Dark matter search in extended d rf‘hero'd\ T
ion,

14:30 - 15:00 Poster session (5 min /per

Yutaka Fujita Intrusion of Cosmic-Ra
Yugo Omura NICHE dete

Ryo Sawada ' ' [ ind with Accretion Flow onto a Protoneutron Star and its

nessionS

a

Neutral Iron Line, and Gamma-Rays

ector Array of Single-pixel Telescopes: The next-generation cosmic ray observatory

Chairperson: Yudai Suwa

:30-16:00 Yutaka Ohira Cosmic-ray acceleration in supernova remnants
16:00-16:15 Naomi Tsuji Systematic study of acceleration efficiency in young supernova remnants
16:15-16:30 Hiromasa Suzuki Observational gamma-ray and X-ray study on cosmic-ray escape from supernova remnants

16:30-16:45 Tomoaki Kasuga cipher: a CubeSat-Based Hard X-ray Imaging Polarimetry Mission
[30 minutes break]

17:15-17:45 Kumiko Kotera Pulsars and magnetars as high-energy cosmic particle sources
17:45-18:15 Andrew Taylor Particles Acceleration in the Jets of Centaurus A
18:15-18:30 Merten Lukas Ultra-high Energy Cosmic Rays Acceleration in FR 0 Radio Galaxies

18:30-19:00 Yoshiyuki Takizawa Observation of ultra high energy cosmic rays from space (K-EUSO and POEMMA)

12/10 (Thu.)

09:00-12:45 Session6 Chairperson: Tsuyoshi Nakaya
09:00-09:30 Kazumi Kashiyama Fast Radio Bursts: A Mystery Being Solved?
09:30-09:45 Lin Haoxiang Afterglows of neutron star mergers and fast radio bursts
09:45-10:15 Imre Bartos Compact object mergers as high-energy multi-messenger sources
10:15-10:30 Shuta Tanaka Stochastic acceleration model of very young pulsar wind nebula associated with SN 1986J

[30 minutes break]

11:00-11:30 Ke Fang High-energy Cosmic Particles by Black-hole Jets in Galaxy Clusters
11:30-12:00 Ali Kheirandish High-Energy Neutrinos as Probes of New Physics
12:00-12:15 Ryo Higuchi Effects of Galactic magnetic field on the UHECR anisotropy studies
12:15-12:30 On Alvina Yee Lian  Diagnosing the invisible: cosmic magnetism and the radio sky
12:30-12:45 Takahiro Sudoh Millisecond Pulsars Modify the Radio-SFR Correlation

14:30 - 16:00 Summary Chairperson: Toshihiro Fujii

14:30-15:30 Overview Discussion and Summary
15:30-16:00 Workshop Photo and Closing
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Connecting multi-wavelength multi-particle observations

X-ray MeV GeV - TeV y-rays neutrinos UHECRSs

T10'1 E_I I IIIIII| L IIIIII| I T rrrrr I 1 IIIIII| 1 IIIIII| 1 IIIIII| I 1 IIIIII| I 1 IIIIII| 1 II-HE
@ — ——®—— EGRET - Sreekumar et al. 1998 = - -
c}f” B — % EGRET - Strong et al. 2004 B 10—6 — A CGamma rays (Fermi 2017) —
& Fermi LAT, IGRB lved Ibl>20 — = . : =
S 1072 —A— oreground model A (o> )_E n : 1 Neutrinos (HESE 7.5y, this work) 3
% - w Galactic foreground modeling uncertainty = % - |Y| Cosmic rays <Auger 2017) -
— — . : — - -
% — " fﬁ% | 10—7 — —
> 10° = 7 3 -
~ F = R . ;
L — —*%—— HEAO-1 - Gruber et al. 1999 = E 7 7
B HEAO-A4 (MED) - Kinzer et al. 1997 N o 7 7
10 — ——&—— Nagoya balloon - Fukada et al. 1975 = > 10_8 — —
— ——— ASCA - Gendreau et al. 1995 — D E E
| ——%—— SMM - Watanabe et al. 1997 9, ] v ]
RXTE - Revnivtsev et al. 2003
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Fig. 10.— Comparison of the derived total EGB intensity (foreground model A) to other mea- Energy [G@V]
surements of the X-ray and v-ray background. The error bars on the LAT measurement include _ _
the statistical uncertainty and systematic uncertainties from the effective area parametrization, as IceCube CO”B.bOf&tIOﬂ, arXiv:2011.03545
well as the CR background subtraction. Statistical and systematic uncertainties have been added

in quadrature. The shaded band indicates the systematic uncertainty arising from uncertainties in

the Galactic foreground. (Note that the EGRET measurements shown are measurements of the I t 0 7 f h th th 0 t 2 t I. t
IGRB. However, EGRET was more than an order of magnitude less sensitive to resolve individual “ I'Igulng or 0 eorls s a“ exnerlmen a Is s
sources on the sky than the Fermi-LAT.)

Gommon sensitivity at space, south |!0|B and desert

Fermi-LAT collaboration, Astrophys.J. 799 (2015) 86



Who is the origin of cosmic ray?
ﬁalaxy FRB New

pulser Cluster ann  Piysics 1OE SNR
Magnetar AGN

Hadio
falaxy

Starburst
falaxy

or surviving at the end..




Multi-messenger approach (F.Oikonomou)

ConStraintS on the ContribUtion Of blazars to the diffuse neutrino Constraints on the Contribution of blazars to the diffuse neutrino

flux: Stackin : : Lipari 2008,
g ﬂux‘ CIUSterI ng Ahlers & HG/ZZ'Z 2014,

Neronov & Semikoz 2018,

: Ack Ahlers et al. 2019,
y — rays neutrinos UHECRs R i
107> Capel, Mortlock. Finley 2020
: -+ lceCube HESE, v, 6yr —+— FermiEGB KASCADE y Murase & Waxman 16, PRD 94 (2016) 103006 Palladino, Van Vliet et al 2020
10—6{ = IceCube EHE9yr A A Auger o
L — Auger2017 a ° TA

-+
-
1 -+~

N T+
10_8_Blazars J[ + ‘H’

(-
-
S

Starburst galaxies §

log(Number density [Mpc-3])

E20[GeVcm2s lsr1]
(-
<

6
T T Non-jetted AGN
g
N O 111 8L Jetted AGN\
~10 N L 9|
10 L, Max. 3FHL blazar contribution 1
10
oot 16.7%*
- 11 - . . S
Huber for IceCube Coll PoS (ICRC 2019) 916 Muon Neutrino Constraints Hligh '”TF';‘,:%?; Blazars
, . 12 | | | | | | | | |
10_12 | | Batista et al, /\/IIAIPP UHECR Rewe\?/, 2019, FrASS, 6, 2.3 36 37 88 39 40 41 42 43 44 45 46 47 48
101 103 10° 10’ 10° 1011 log(Neutrino Luminosity[erg/s]) )
E [G eV] other diagnostics: cross-correlations (Padovani et al 2016, Palladino 2017, Giommi et al, 2020, Plavin et al 2020)

| autocorrelations (lceCube Coll 2015,17,Ando et al 2017, Dekker & Andol 20| 9), EHE Limits (lceCube Coll 2016,17)...
* <27% with spectral templates: IceCube Coll PoS (ICRC20 1 75 994



m Now almost all of the CXB

X-ray sky (Y.Ueda)

Population Synthesis Model of the CXB (Ueda+14) Key Population: Buried AGN

= CXB = (luminosity function) X (absorption distribution) = Covered by Compton thick material with large solid angle
below ~10 keV is resolved = Assumptions = Narrow line regions are little developed because UV lights do not leak
: . Subaru-XMM D S SXDS
mostly into Compton-thin AGNs oo Stx .e‘epjé,?r\"eyL’(JQda+O)8 = Broadband spectra (1-1000 keV) = Sometimes AGN can be identified only by using X-rays (ex. NGC 4945)
(Ny < 10?4 cm?) with ~10% deg> y = Compton thick AGNs follow the same evolution as = Hard X-rays are the best band to catch such AGNs, thanks to
X-ray surveys are the most Py N R Y Compton thin AGNs = Strong penetrating power against obscuration
M T IR : : - - ' = Little contamination from stars (cf. infrared band) I

The CXB below 10 keV

sensitive among those at any
wavelengths

Kushino+ 02 N PO L o BN S D SRR . |
I | ’ v : y - g5haE Y -‘ ." - . . B Ueda+ 07

[

ESO 005—GOO41 O©NAOJ

== Ricci+ 17
A ofF | - :
/ "\\Direct | :
Component

Miyaji/ CXOHDF-N 0™,
Scattered i
Component |

-E:' : ) : : . ‘ o -
|« Campana/CXOCDF-S % ® — . ]
- o Giacconi/ CXO CDF-S * . c .
t 4 Mushotzky / CXO SSA13 = ® T e > b .
. . a 4 L)
4 - : 5 10 AL N O
.

o
By,
¢ Hasinger / XMM-Newton LH ‘%???
7o

E a Ogasaka / ASCA-DSS
r o Ueda/ASCA-MSS
-2 — Perri / BeppoSAX
I--+- Gendreau / ASCA

%‘ ' .- " ¥ .
£ --- Butcher / Ginga : y T oA R ) Compton'thiCk AGNS

2| — Piccinotti / HEAO1 A2 N - _ .
Ll TV ERREETIY R TTITY IRRPETITY SRR Y o e i .~ N ._
- N . . ; *
101 10°

a6 15 14

107" 10 107 10° . aE
e - Energy (keV)

Buried AGN as key population

m Origin of the CXB above 10 keV x AGN evolution
= Do they “co-evolve” with galaxies? \Why/how?

= Physical origin of cosmic downsizing

= Contribution of Compton thick AGNs




k-ray, MeV skys (YInoue)

" Particle physics processes: Gamma-ray Lines
Soft X-ray Sky (0.3-2.3 keV) v\ 511keV ¢*e annihilation line from Galactic Center

Coma Csluster Sco X-1 Virgo Cluster
Cygnus CYQ‘X‘1 @ L —— Shapley Supercluster OSSE INTEGRAL COsSI
Superbubble 50 Sy a1 % i e
. i pei, PR ' i  Centaurus Cluster Exposure
. ik - S X ) 750 RL iteration 26 Lp OLiA,
R ; 4 T R £ > i Crab Pulsar y ° ~

Gal. Lat. [deg]

Galactic Latitude (degrees)

-75°  Gal. Lon. [deg]

30 20 10 0 -10 -20 -30
Galactic Longitude (degrees)

1x107°1x 1074 1x1073 3x1073 1x1072
Flux @ 511 keV [phcm~2s~1sr71]

Purcell+’97 Knodlseder+’05 Siegert+20
. o Clear excess toward the direction of the e Various origins are proposed

G156.2+057 i :
SNR Perseus Cluster
Cyg X-2

SRG/e-ROSITA CYanusLaoR | o Magellanic Cloud
6-month survey > 1x 10714 erg/cm2/s ~106 ob'ects

Vela SNR Galactic Center

Fornax Cluster

o SNe la, LXMBs, Microquasars, RIAF,,,, (e.g.,
o Detailed morphology is still not clear Prantzos '06; Guessoum+’06; Totani '06)

Evolution of Blazars MeV from buried AGN?

Inconsistency in X-ray and Gamma-ray?

- Gamma-ray blazars show evolutionary

3
peak at z~1-2 (e.g., YI & Totani’09; Ajello,YI+’15)
- But, itis at z~3-4 for X-ray blazars
- radiolond (Ajello+09, see also Toda, Fukazawa, YI’20).
o C - More MeV blazars [ S
PKSO528 B - =~ —11
i N ) are needed = Juo s
- [V % (e.g., Blom+’96; ;;“;12 - v
I | LIS 81 Sambruna+’06). $ ol
1 2 3 4 5 67 - | 16
Z ~14 * %
Sbarrato+’15 Lt L s

32 objects
COMPTEL > 1 x 107 erg/cm?/s Note: >50 Candidates in GW now v Sambruna+’06

1 1
10 15 20 25




[events/sec/MeV]

o
[N

SMILE-2+

> ETCC

Range : 0.3~5 MeV

effective area :

PSF :

~20° (0.6 MeV)
weight : 511 kg power : ~25OW
> Observation targets :
Galactic center region
Crab nebula
» Launched on April 7t, 2018, from Alice Springs
> Level flight lasted 26 hours at altitude > 38km

:~1cm? (0.3 MeV)

» System worked stably during level flight
» We successfully recovered SMILE-2+ gondola

Geomugne’ric SEJSOI‘

GPS antenna
N

B Zenith < 60 deg.
i ='=_._—|—-|-—_::==_‘_
L+ = __Apr. 8™ 4:00-6:30
:— _'_ ("'3 0 g/sz)
— Apr. 7t 11:00—13:00 ==
B (~3.0 g/cm?) \
- _'-i
- —\ - ='=-|-:|:
= T
- +3
- differential _I_

| | | | | | | | I
1 02 03 05 07 1 2

Energy [MeV]

| pIggy sensor

—

Flux [photons / (cm? sec MeV)

nnnnnnnn

592 KEN
Toursabe

s4-v%
¥

A—=Zb3Y

Haasts Bluff
e

Mereenie
a -~

eV window (A.Takada, A.Zoglauer)

level flight ~26 hours

* crab nebula ~5 hours
* galactic center >8hours

-

~150 m
5x10°m?

gondola

10

Rice: Walraven et al. (1975)

0OSO0-8: Dolan et al. (1977)

NRL balloon: Strickman et al. (1979)
HEAO A4: Jung (1983)

GRIS: Bartlett et al. (1994)
CGRO/OSSE: Much et al. (1996)
CGRO/COMPTEL: Kuiper et al. (2001)
CGRO/BATSE: Ling et al. (2003)
INTEGRAL/SPI: Jourdain et al. (2009)
Suzaku/HXD: Kouzu et al. (2013)

B
E
E
107! E_ ........... Hitomi/SGD: Aharonian et al. (2018)
102 -
1 0_3; this work
Y
1074 &= _%%}
107 O
10—6 B | | 11 1111 | | | 111 111 I | | 11 1111 | | | |
—2 -1
10 10 1 10 energy [MeV]
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Ready to detect supernova neutrinos (TYano)

What it SN happens now? @Super-K

« SK’s directional information is important for optical telescopes in the multi-messenger astronomy era.

« SNwatch: Real-time supernova neutrino burst monitor  Astropart. Phys. 81(2016)39
* In several minutes plots are generated automatically and auto-emails+ auto-phone calls follow

Gomplete upgrade to SK-Gd
5§ | s - C R Ty -
S00 | ’ Nisuo 2 g O S AR Lk S
1000 i 1000 §) - ¢ ,;-, -;' G ety PR - 4 ”E."-
- T AR R A u u
500 - 500 -=-- A AT e Tt £y ..4-5/4..L gl : .
w | e Start construction of Hyper Kamiokande
L5
500 | -500 é
i 3]
-1000 | -1000 %
-1500 | -1500 A I B TY ORIy : ‘|1|1111111
-150 -100 -50 0 50 100 150 i
2009566 1500 1000 500 0 500 '1(;00'15)'?(;‘;‘3300 2000 ;500 000 1500 2000 251(_)_9" 3000 right ascension (degrees) H yp e r_ Ka m io ka n d e DeteCtor |Ocat|0
s P e I S " N
2 = & ¢ I =mr e Golden Alarm (Definition):
2 140 QVFLW 0.000 E 50 r . g ]
E “ > 60 events in 20sec
40
| e« The process time depends on the ¢
a a0 |
| o |t takes about 10 minutes for the pr@®
L 20 .
“ ' o Alarm will sent to SNEWS, IAU CBA
20 [
0'..|....|....|....|... o T '-I"l-'-l'='l '~‘l~"~-'l-' 1hour>
10 20 3::.,,9, 40 Eneas-gy (Mevfgo "6 8 10 12 14 16 18 Toyama

TOYAMA T"

megyvan  TMe(S) o Quicker alert system is needed for ¢

Super-K
.(_Mql'zumi Mine)

SN simulation @10kpc, Wilson (Totani1998) model stars. Tot Vol.

0.26Mt - B ot

ISHIKAWA ' *

{H- L, & (/%yper-K
1 (Tochibora Mine)
42 GIFU Takayama .'_!(lAGANO

Next generation large water Cherenkov detector
« 2020 Feb: Hyper-Kamiokande is officially approved by Japanese Diet.
« 2027: Observation with Hyper-Kamiokande will be started.
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High energy neutrino sky (I Tahoada)

10-year Time Integrated Point Source Searches

75

60 —= .
4 / g Northern sky hottest Point sources: No — but see ahead.
spot (0>-5° : :
ot | , ) Follow up by multiple instruments: TXS 0506+056 — see ahead.
p-value: 0.099
vy=-3.4 n,=61.5 GRBs (prompt < 1-3%): No  ApiL824 (2016) 2
S 2 Ly —— Any short (<100 s) transients: Probably not prL122(2019) 051102
- NN e ' NGC 1068 ,
R)f\_,\__,,/ BTN 60 Galactic plane: No  Ap1849(2017) 67
Southern sky hottest spot ; Many other usual suspects have been excluded ...

3.0 20
RA: 350.2°, §=-56.5° (§>-5°) g
p-value: 0.75 e & |7
SN 4R 7k IceCube’s Multi-messenger program
Source list: NGC 1068: 2.9 ¢ 25" Right Ascension | |
) . Realtime alerts V1: April 2016 — June 2019
PKS 1424+240, GB6 J1542+6129): 3.30 Phys. Rev. Lett. 124, 051103 (2020) 10 Gold (+20 Bronze) events / year
|. Taboada | Georgia Inst. of Tech. ] PoS(ICRC2019)1021 .
| — IceCube v, + 7, Best Fit Fast Response Analysis
_10 | === Lamastra et al. 2016:y " PoS(ICRC2019)1026 original GCN Notice Fri 22 Sep 17 20:55:13 UT 10
— 10 1 Lamastra et al. 2016-v \ . 66°ll ™ refined best-htodlrectnon. IC170922A 9
T ] e HESS upper imit (4hn) GW realtime follow-up . 1O170022A 60%  ree 07 eqre dogrose
]E 4 Fermi-LAT (7.5yrs) POS(ICRC2019)918 6.2° ;
© 1071 1 = MAGIC upper limit (125hr) . 7
> 5 ®
- E ] \ g% " 5
I'ETEI'r'et nitaen GoI'e moauei, Swibee LT 4
> 5‘/,‘:-,» ..... "’ft'.'t";._? . 5.4°
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i i .2 R IR e e -5 Science 361 (2018) eaat1378 ,
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Optical follow-up (K.Bechtol)

Optical Follow-up of IceCube Tracks: i DARK

Multimessenger Context: | ko
ceCube-170922A / TXS 0506+056 (Blazar)  /'CC€ss (o the Southern Hemisphere

IceCube HESE (3yr) and NuMu (2y) Events All DECam exposures up to June 2016
log(Frequency [Hz]) : —

8 10 12 14 16 18 20 22 24 26 28 30 T e
I I | T : T T T T T T — T '..',.,~ ........ ....... ....... . ,, .....
10—10 - 'I' -
. V~14ma = i :
: ‘&A . FEC)
v : K 1/ {:\ Northern Hemis%)%re 179 0©
\I P \2\8'5,/ 880 South:ém Hemispl}'ere
10~ T E | | |
5 T : ' 5 N8 SN b g
i I
[ » 1
1 i : - '\"N "%.?'-‘*
3 oo T v Equatorial \‘* %‘%d
10-12 Q;qcp \ . T event appears in both samples 1.5 n— s 5.8 log,, sec

: e o0
IceQube+friends ] : § ¢ ----

arXiv:1807.08816

: : . i . -----
10_13.— ® - .,; ‘ . A -3 - o
[ ] Je i —' ® .28 > & By T -
: - ) /| FF F 1Y T Y :
:' »* L .

E2 dN/dE [erg cm™2 s71]

SARA/UA — INTEGRAL (UL) —— VERITAS (UL) |

- eaane o
4444

o VLA Swift UVOT 4  Fermi-LAT —— HAWC (UL) s W Tt % ¥ ik ! 3 &
: oSS o : VY F it RN T e T
10-14L . e Kanata/HONIR ®  Swift XRT 4+  MAGIC === Neutrino - 7.5yr H .' 4 ;:. - Sl - . s -------
g v Py

SRS S o oS S el e S | : ' el R
10-¢ 1073 10° 10° 10° 10° 107 107 ceCube, arXiv:1406.6757 L o R R

Energy [eV] -----
Measured with ASAS-SN. Brightened by 0.5 mag in 50 days prior to IceCube event. An gul ar ek U

Brightest level in last several years. Resolution ~1deg @ 1 TeV < A >
~0.4 deg @ 100 TeV 29 deg 23

Cascade Track
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100 TeV gamma-ray sky (K Kawata)

Gamma-ray Emission from Crab 100 TeV Observation with HAWC
Data vs MC

“ 400 i
3508 (a) E>10TeV . Data
2 @ = . . .
7 5 Pushing to the highest energies (>100 TeV)
%22 ‘g
8 g ) \ V¥
21 § ) \ ///
20 0
- 0 0.5 1 1.5 2 2.5 3
14 25—‘—;7;  eHWC)2019+368 —‘ LT awCISO7H0B3 e 11925134 v¥~ , 7
R.A. (deg. N o o W " .
(deg.) .sé, 12_5_ (b) E>100 TeV g_(l)\}_ Q: b ’ .o ‘ | ° e/\f‘ o 0% e - o é ° ‘.
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Gompetition on 100 TeV breakthrough

Results coming soon from LHAASO
ALPAGA (3.Kat
A Skato (arXiv:2010.06205)

The ALPACA Experiment (Air Shower Array)
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Ultrahigh-energy cosmic ray sky (0.Deligny)

|7

Best matching: starburst galaxies

Populations ' Combositlon scenarios - -
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* SBGs : higher rate of cataclysmic
events (GRBs, hypernovas, magnetars)

 Transient sources in all galaxies, SBGs
being a good tracer of the
proportionality between SFR and CR
production?

[Auger Collab. 2019]
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Ultrahigh-energy cosmic ray sky (Y.Zhezher)

"Hotspot™ update from 11 years of data

pe i
>91EeV
g i i

A e m <= There is a marginal excess is seen along the
SGP (around the Perseus-Pisces Supercluster)  is consistent with a constant within +1¢ fluctuation
at the local significance of ~ 30

The increase rate of the events inside the hotspot circle

Cumulative events in the Hotspot
o

L.].\I‘IllllllITIlllllIlllllllllllIlllllllllllllllll

Hotspot from 11 years of TA SD data, from May 11, 2008 to May 11, 2019

Equatorial Coordinates
60__

>8.8 Eel

50 S

o [~oma | PrEliminaryl

w20 il

a5 []+1e | ,,:f"_/__ / il
-+ B.G. AUk

. ( ,.

% 500 1000 1500 2000 2500 3000 3500
Days

e
[S—

0.05

)

esidual intensity (N -Nexp)/N ey,

—0.05%

16

......... [T T
".'m -
X
'Th -
(/)]
X
C}IE 102 = const [2.24 + 0.06] x 10°%° eV ' m2sr's |
x u P, ~3.28 + 0.02 -
‘% - P, _2.68 = 0.02 -
— i P, _4.84 + 0.48 1
2 i log [E,/eV] 18.69 = 0.01 i
[ )
¥ log, [E/eV] 19.81 = 0.03
......... lasssssssslassssssssalesss s al e 2 s -
18 185 19 195 20 20.5

95% C.L.
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TA, MNRAS 492 (2020), 3984



Connecting to Geophysics (T.Enoto)

Short-duration burst associated with lightning

Terrestrial Gamma-ray Flash (TGF)

» Discovered by astronomical satellites above thunderstorm
« Millisecond gamma-ray bursts (<~20 MeV) 30

lightning
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@ Monitoring stations

2.Gamma-ray afterglow
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2. Gamma-ray afterglow (<~100 ms, <10 MeV)

3. Delayed annihilation gamma rays (~minute, at 0.511 MeV)
(Enoto, Wada et al., Nature, 2017)

Lunar Exploration using Neutron Signals

e Starting from collaboration with planetary scientists, eventually | want to try astronomy
from the moon in the next decade. Need collaborators to consider this together!

Galactic Cosmic Rays
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Lunar rober

. — g s - > N .
i g “- a7, & : _ - R
b ol R KT - — -
- ~
Lt e - P — . = v Sl A T e e e ow . - & e - 3 g ~ N ‘v s
SN 3 L i Sean o e 8 SR . T e ,"’“. . 8 ey Y £ e ' 3 e - “"““' L s O -
‘ e o ] F : L v LN S v . . 2 1
AN e Y : : . 3 ~ <, A > ~ ™ ~ g% g W e O e
y <? bt 5 ; ' s S T N NS e > Qi f
A N3 S : j/ . $hi- o
o ? "L ~ 2 % : y o ot . N R {
. s - . : A e TS 4 e th s .
ga L - . v ~
WSt v et A e . oy R ) o |
5 . T Sl & - . & . oD, 5
- A R o > - v s S e ANY
[ | T T i At ;\\
Ve Sl Ee o TN -
. " ] 1 bae - N >
3 . -
3 PN 7o o ) R ey -2
- |~ "\7 5 )
N e
v v b+ " -
* . . A

WSROI PO ...«



Photons at Aperture / 2 us

(" One FD Telescope )
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SD Exotic Events
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Tuning interaction models for interpretation (A Fedynitch)

Electromagnetic fraction measurement not yet in CR models

PYTHIA 8 tunes “Cosmic ray” models
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. * Measurement constrains <~5% of total interaction energy
« EM energy fraction in SIBYLL 2.3 found to be underestimated in this limited phase space
* None of the cascade models uses these data, yet

UHECR mass composition .
Model territory
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Gialactic/Extra-galactic magnetic fields

Backtracking of charged particle (R Higuchi) Faraday rotation measurement (AY.L. On)
Backtracking in GMF (with CRPropa)

(JF12 Model, 10 EeV) wr VTP K I
¢ Bath raCk|ng: Inverse Rl December 7 - 10, 2020 AT e L O D/ ncva s woa vy
| : + calculation using SUBTLETIES IN QUANTIFYING THE RMF
rajectory of protons 120 i "
:j’?/w ‘ ‘ antl partlde frOm the Fluctuations of density and magnetic fields along the line-of-sight
(ST \ earth and across the sky plane can be different

* particle: anti-proton

* back to 20 kpc from
the galactic center

A has two characteristic length scales

(1) Resulting

¢ TOOl: CRPrOpa 3 Polarisation A :_:_\_:‘_A_x_:::# o s d R G L A 8 4 /i:@ polarisation
angle changes / / i :€ angles we see
e software for UHECR along each C1, | Cc2, | THily ¢, L onthe sky are
prOpagation line-of-sight B :_:_:_;’_/_;_;_:::_—::_\_\_\__:*: H+—7— g the same
* propagation with les, | ]
GMF
B has one characteristic length scale
® GM F : JF12 MOdeI (2) lc,perp;t Icl,ll;t Ic2,|l¢ Ic3,||
(Jansson&Farrar+12) 18
(Chan, Wu, On+ 2018; On+ 2019)
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A

Cosmic ray anisotropy toinvestigate magnetic field (M.Alhers)

Vela, as local cosmic ray origin?
Phase-Flip by Vela SNR

Cosmic Ray Dipole Anisotropy

Super-K @ IceCube A Tibet-ASy <« Milagro % ARGO-YBJ @® Auger
® MACRO ¢ IceTop ® Baksan EAS-TOP ® HAWC O K-Grande ./ :
B — T * ® 1-100 TeV phase indicates dominance 5 ahy & X projected
i ] “q . . - 1.0 . . % {1 A notprojected | -]
135 of a local source within longitudes: ,'#‘ SO Ty it
O O : , . ,
3 90} % ® 5 - PR A
5 P 120° < 1<300°
v Of 0 f
S 315 Q |
5. 3 ' * plausible scenario: Vela SNR  [MA'16] S
;5 2701 |- _%)_ 1% I G . i
: |
225 o A
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0 - |
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= v ] ® SNR rate: R —1/30yr ! - R
= ? ? (VP (VP | : JYSNR /30y = L
5 ¢ | S e L
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X : O ] !
9 —6F o
5 0.1 Kiso = 4 x 102 (E/3GeV)3cm? /s 4
10° 107 108 10° 107 . _ _ o
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Spectrum hardening by secondary nuclei (N.Kawanaka)

Fitting to the obserfofsed CR spectra - Prediction
. | ~ Primaries 4
a local SNR with CSM: TR I : T T T sl el —— 1 background (< 200 GV):
. . n EHe : I AMS-02 :--+---1 - = -
(thin lines) KN . .o : - |  Secondaries are softer than
: E : :

M =1x10"*Mg yr~1, % __ primaries.

vy = 100 kms™, 5 a local SNR contribution

Eqn = 10°'erg, ncg =01 = | (=200 GeV):

age: 1.5 X 10° yr ...l Secondaries are harder than

- IIIIII‘II IHHHZI IH””3I - 4 5 . .
distance: 1.5 kpc o RlGVL ° " eew " primaries
Secondaries | R model Li/C

¥

AMS-02 -+ |

Spectral hardenings of Energy dependence of

primary and secondary | ; ; | secondary-to-primary ratios
nuclei are reproduced |; | § | AL | would flatten at higher
simultaneously! 0 '

NKandLeeinprep. | ENergies

0 102 10° 10t 10° # [t may rise with energy!
R [GV]




SNR as PeVatron (Y.Ohira)

DSA at parallel and perpendicular shocks  gelf confinement by streaming instability

Parallel shock Perpendicular shock

Random walk
CR streaming instabilities in the subluminal
amplify magnetic field >< upstream region

fluctuations in the

subluminal region. j‘> -

Low energy particles cannot go back No streaming

Particles can easily go back to
upstream region.

fast acceleration in the

to upstream region (Jokipii1987). \Fj
superluminal region

instability

_E H atoms help the injection.
(Ohira2012,2013,2016) -
| For 8Bgown << Bg, s >> 2. E § S ol
2 o= , = 10° |
ForUcg << pVen®, 8= 2. =8 Spectral (Takamoto & Kirk 2015) j j —— E max ago(t)
~ 2 299 f IndeX FOF 8BdOWI’1 >> Bo, S = 2 " 107" i :\ATGL: |
For UCR > O'1pVSh S ‘\E\?? (Kamijima, Ohira, Yamazaki 2020) o W — Dup subl = ] E -
For 8B << By~3uG, E, ~ 1P6V. b = | Bwo=3uG B0t | E
~BR 0 » L=max - W L] " M..=1M e
For 0B~By~3uG, Epayx << 1PeV. (Jokipii1987) 10 = Dupsubi = Doonme : Eo C105T¢ E max esclt)
(Lagage & Cesarsky 1983) = - Byoo = 3uG 103 |- SN erg i
E.... | Escape of CRs makes E,,, small.“f : D“p’ . sy = 1/cm3
. | i~ i el T Cbonm B0 +[ Bisu=3uG, £5=0.01 ,
5By, > 100 uG is needed. =<7 9Bup,subtuminal ~ 10 nG is needed. ey Yl LS | INOTS NN [ S e o e
(Kamijima & Ohira, in preparation) 10 10 10 10 t/tgegov



Detailed studies of SNRs

Systematic study (N.Tsuji)

Acceleration efficiency in young SNRs

% Note: Forward-shocked

inefficient
A
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Turbulent
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level
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max-€o (Max-Vsn) regions
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- Evolution of n (expansion parameter v.s. n):
 Acceleration is more efficient (small n) in older (m~0.4) SNRs
» could be related to turbulent production

-

December 7-10, 2020 | CRPHYS2020 @Kyoto U

10

Naomi Tsuji (RIKEN/ITHEMS)

24

Particle escape (H.Suzuki)

Sample selection & Analysis 1: gamma-ray spectral modeling

» Sample selection
* From 18t Fermi SNR catalog & preceding systematic gamma-ray study

: 38 SNRs

(Acero+16; Zeng+19)

« Gamma-ray spectra: our analysis on Fermi (15 SNRs) or literatures

(Suzuki PhD thesis in prep.)

» Analysis 1: Gamma-ray spectral modeling: (suzui pho thesis in prep)

(23 SNRs)

« Markov-Chain Monte-Carlo sampling method is used (simiarto zeng+19)
« Cutoff / Broken power-law models assumed

rg s-1 cm-2)

E~2 dN/dE (e

rg s-1 cm-2)

E~2 dN/dE (e

ex.) Cutoff power-law modeling results
Model: (const.) x E~ ' exp(—E/FEu)

Good fit for almost all
w/ this simple model

w28 CTB33

rg s-1 cm-2)

E*2 dN/dE (e

rg s-1 cm-2)

E*2 dN/dE (e

E1r$er_qy (G:eo\zl) E:)erqy (G;]\z/)
RXJ1713.7-3946 SN1006

E*2 dN/dE (erg s-1 cm-2)

E*2 dN/dE (erg s-1 cm-2)

Fermi
HESS/ MAGIC/ VERITAS

CassiopeiaA
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Describing UHECRs and neutrinos with LL-GRBs

¢ Auger, ICRC2015

~ = Galactic comp.

extragal. comp. === total

(- L Il

~ 195 20 205
Iogm(E/eV)

Iogw(E/GeV)

Acceleration to UHE is complicated..

HL-GRB, LL-GRB, TDE (WWinter)

* Required energy per transient event to power UHECRSs:

.[1019,1012] 3 el
p107° 107 4453 €CR Gpe™ yr
oR B e 104 ere Mpc™ > yr=!  flGRB
& y ~—0
Required energy _
output per source Fit to UHECR data Source density
Summary
HL-GRBs LL-GRBs TDEs
* Well-studied source class « Potentially more abundant than  « The only transient class from which

« Can describe UHECR spectrum
and composition Xax .

* Multi-collision models work for a
wide range of parameter sets

* Neutrino stacking limits obeyed

* Light curves may be used to
further narrow down models

 Cannot describe diffuse neutrinos

« Composition variable o(Xmax)
requires some fine-tuning

* Energetics in internal shock
scenario is a challenge; more
energy in afterglows than
previously thought? VHE y-rays?

DESY. | CRPHYS2020 | Winter Walter, Dec. 8, 2020, Kyoto, Japan

HL-GRBs

Can describe UHECR spectrum
and composition even across the
ankle

May at the same time power the
diffuse neutrino flux

Less established/studied source
class = more speculative

Radiation modeling requires
further work

Progenitor model disputed

UHECR+neutrino energetics
point require relatively long

“standard” LL-GRBs, may be
challenged by population studies

neutrinos have been observed from
— Must accelerate cosmic rays

Have potentially negative source
evolution, which helps UHECRs

A lot of recent activity in
astrophysics; many new discoveries

Observed TDEs are very diverse
Models have a lot of freedom

Local rate and demographics may
have to be re-evaluated

Energetic events, such as the jetted
TDE Sw J1644+57, may be rare

Potential tension with neutrino
multiplet searches if too few too

energetic events
Page 22



Hadronic Synchrotron Models

* Jet plasma: relativistic ee'p + cold e,p
e HE emission: SYN fromrel. p

Energy (eV)
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Hadronic Cascade Models

« Jet plasma: relativistic e*ep + cold e,p
« HE emission: ICS/SYN from secondary e*e’

0 | MP, Vasilopoulos, Giannios 2017 !
| secondary
o -ll - .: - 3
csE 2% . €-syn
Q E v /./ i y \
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> e | [
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1S _
[ L | 1! 1 1 1 Ly 1 1 \ 1 1 1
8 10 12 14 16 18 20 22 24 26 28 30 32 34
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10%

1043
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Blazer jet emission models (M.Petropoulou)

Implications from the 2017 Flare Modeling

1) High-energy neutrino observations
2) Multi-frequency temporal information

3) MeV monitoring observations (flux & polarization)
Leptonic Models

 Jet plasma: relativistic e*e” + cold e,p
e HE emission: ICS from rel. e*e’
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Plasma physics required

)]
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107}

07 e Past studies of neutrinos from blazars predicted hadronic y-
rays. BUT modeling of TXS 0506+056/IC-170922A requires a
10% leptonic origin of y-rays.

N
Q
S

« Maximum proton energies below EeV — TXS 0506+056 is
unlikely to be an UHECR + PeV neutrino source.

el, [era s

10

« Number of muon neutrinos per yr < 1. Still, the predictions are

1o statistically consistent with the detection of 1 eventin 0.5 yr

(e.g. Strotjohann et al. 2019).

V keV MeV GeV TeV PeV
-9 + t t t

Leptonic Photons

Hadr Muon it

TeV-y
A-;s-c;rbed
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Gao et al. 2019 §
10 1I5 2I0 2'5 3IO

Freguency [Hz)
. 10t 108 10% 107 10 104 102 102 107 102 10% 102

£°"% Ansoldi et al.
ok 2018

‘,‘" V@ A |
— % “‘ ; i
4 7
7 o= R\ | ,-,
VY N || | 10
4 I/ N\ ]|
Iy, /\\ \ |
¥y *
Al VSVAVALA o bW R

log,c[Frequency (Hz)]

 Connect plasma physics (particle acceleration) with magnetized fluid physics (jet dynamics and A

acceleration) with

Protons

(y—1) dV/dy

Ball+2019

Model A; ¢t =3000.0M%

0 5 10 0

Model B; t =3000.0 M

5

x[M]

10 0

N1 TN
10'° 10" 10" 10" 10" 10® 10% 10* 10*° 10* 10 10% 10’}_9“5
v (Hz)

to create a physical model for multi-messenger emission in jets.

- Chatterjee+2020
A 10000
MP Sironi+2020 < --¢32: t = 200007¢,
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Centaurus A as UHEGR source? (ATaylor)

Centaurus A - VHE Extension

HESS Detected Extension on ~2kpc scale
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RA (J2000)

[HESS- F. Rieger, A. Taylor, et al.,

Nature]

Beq = 60 G

Ug ~ 10 eV cm ™3 |
Umr~10eVcm 2 /~

Andrew Taylor

Declination (J2000)
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[A. Weiss et al., A&A (2008)]
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Centaurus A’s Inner Jet-
[ ]
A Cosmic Lab
[J. Burns et al., ApJ (1983)]
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Dissecting Cen A’s Acceleration Sites

on larger scales:

Acceleration on kpc scales:
Emax — 6BR/77

ﬁscat. ~ 057 1] ~ 104

E. ..~ 10%eV

10
10 i field ——
3e5*(x/1e4)**0.75 -
9 | random ———
107 | 4e6*(x/1€4)**0.333
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[S. O’Sullivan, A. Taylor, B. Reville in prep.]

Energy dependence of acceleration time
may only approach the Bohm level (n~1)

at the highest energies

Andrew Taylor

Enax ~ 10™%eV
tacc ~ 0.1 Myr17
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Neutrino & y-ray emissions from buried AGN (S Kimura

Comptonized X rays Y —ray & neutrino Emission O
CR-induced cascade |p+p > p+p+A7tO+B71:— | O éS
% ; p+r > p+p+7r° )
CR? optical/UV p+T > p+n+71:
Sumn lary 8 g o @t S 5 [
black hole g g

A RA
» Accretion flows in AGNs are feasible neutrino & gamma-ray sources
- Coronae in Seyfert galaxies can reproduce X-ray & 10-100 TeV v backgrounds
- RIAFs in LLAGNSs can explain MeV Yy & PeV Vv backgrounds
— Combining these two, AGN accretion flows can explain
a wide energy range of Yy & vV backgrounds

- Future multi-messenger observations can robustly test our modeils:
- lceCube-Gen2 can detect AGNs as point sources

- Proposed MeV satellites can detect MeV Y rays from AGNs

Turbulent Field
- proton acceleration

10° ¢
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pY v (+ v) from inner regions of AGN winds

potential particle acceleration via:

- internal shocks caused by highly variable wind ejection
(observational evidence + theoretical support)

- “Interaction” shocks with external or internal clouds/stars

. . . . . Not to Scale \
pY interactions with nuclear radiation

- neutrios ~<10 PeV
- cascade ~<MeV-GeV

p+y—N+ n’, it ‘

Shocked
Wind
(b)

=2y mr-outv—et+3yv

/’IQ\

W+B—us+y
|->y+y—>e+e‘|

muon synchrotron

. electron-positron
e*e+B/y—ete+y sync./IC cascade

p+y—pt+e‘e”  Bethe-Heitler pair production

p+B—p+y proton synchrotron

Neutrinos and gamma rays from NGG1068 (S.Inoue)

wind internal model for NGC 1068: example

Neutrino spectra Energy (eV)

13 14 15 16 17 18
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- promising in comparison with observed GeV-TeV vy, v
-> parameter search 1n progress, please stay tuned
- clear break due to yy on disk field

- cascade spectrum: f, ocv-! @keV-GeV, ocv 0> <keV
below observed radio/submm 1(
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Radio galaxy (L.Merten)

 Mertenetal. subm. (2020)  Merten et al. subm. (2020)
Acceleration Probability Maximum Energies

This probability is a measure for the dominance of acceleration: Hillas Eneroy: EHillas — o7BRBc ~ 10217 (E) R\ ev
o B gy max ~ ) \pc
T .. .
P, = e —, defining the maximum energy P(E; %) = 0.5 Source Environment: P(E3C) = 0.5

] k
YTacc +ZTZOSS +XTesc : Hillas racc
9Emax = min (Emax ) max)

Bohm diffusion (k o« E) Kolmogorov diffusion (k oc E1/3)
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New physics (A Kheirandish)

Neutrinos from Dar Matters Gamma-ray from Dark Matter (N Hiroshima)

Constraining the DM parameter space
» High Mass (only accessible to neutrinos)

Current constraints:
Fermi-LAT, 11y, 27 dwarf spheroidal galaxies (dSphs)

High-energy neutrinos explore WIMP scenarios

. _ 10t g T TTTI T T
| — P =
where no other cosmic messenger can. ‘o E Globalfiy pass 8R3 " /3 Hoof et al,, 2020
£ 10 % Frequentist limits at 95% CL,
[ conditioned on my (1 d.of) —
100 .’ =
10 b = | canonical

[a—

~ 3% 1072cm?/s

0.1 E
lIe e LI B LI

0.01 | crod o ||||||||| EEm

i 1 10 100 103 104
In uce Ime e ay WIMP mass m, /GeV

i We should consider TeV WIMP seriously.

|dentification of the origin of cosmic neutrinos offer new avenues to probe
for new physics.

Cross section (gv)/10~%6 ¢

(Queiroz et al.)
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m,, (GeV)

Arguelles, Diaz, AK, Safa, Olivares-Del-Campo, Vincent, 1912.09486
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Transients offer exploring the delay induced by neutrino secret interactions. Hiroshima et al,, 2019
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Galaxy clusters (K.Fang)

Cosmic Particles from Black Hole Jets in Galaxy Clusters

KF & Murase Nature Physics (2018)

t
™

KASCADE — all
¢ KASCADE - light
A Auger (E x 1.05)
TA + TALE (E x 0.91)
-~ == CR-—all
x == CR — medium/heavy
A= CR—light

-5
10 —+ Fermi EGB ~~ IceCube (HESE 4yr) T
| === Fermi EGB non — blazar m= ) — allflavor *
| === Associated yray — total Murase — Beacom 2010
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— ]
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S |Non-bla2g
W 1072 {Extragalat{ic
: N,
{Gamma-ray .
1 o-10 | Background \
1072 104

32
99 433, Gygnus cocoon

- “Mini AGN” in our own galaxy
with extended X-ray jets

Black Hole Jets as Cosmic Accelerators
Microquasar SS 433

. TeV gamma-rays in both lobes
detected by HAWC

. GeV counterparts identified in
Fermi-LAT data

HAWC Collaboration, Nature (2018)

ROSAT 0.2 keV KF as a main author

HAWC ~20 TeV
KF, Charles, Blandford, ApJL (2020)

13

Confinement of Cosmic Rays in Local Environment

Cygnus Cocoon },
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GeV 10100 TeV gamma-rays trace infrared emission

HAWC Collaboration, under review

15 KF as a main author



.Properties of escaping UHECRs

Fang, KK, Olinto 2012

Pulser | magnetars (K.Kotera)

Fang, KK, Olinto, 2013
KK, Amato, Blasi 2015

after interaction on supernova ejecta + propagation in the intergalactic medium

'] 026 llllllllll | L L L L A | L
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8<7<12
125720
20<7=<26

uniform source emissivity evolution
accelerated: 50%P, 30%CNO, 20%Fe

100% Ee @ injection%

—

then interaction on neutron star thermal radiation
KK, Amato, Blasi 2015

can lead to right composition
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lceCube constraints on pulsars as sources of HECRs
Expected number of Model
L events in 2426 days Rejection
model dependent 90% C.L. limits ' Aartsen et al. 2016 of effective livetime Factor
- o . v Model Event rate p-value MRF
o107 e o per livetime
Tcn ————————— |\P/|Udrase AGIIl\l BSLL2 3 Murase et al. [45]
8 b — radovanial BLiac s =23, £cr=100  T4%Ll  22%99% 0.96 (¢cr <96)
2 10 —— - Fang Pulsar SFR Murase et al. [45]
£ vV s =20, Eor=3 45787 19.972%%% 1.66 (Ecr <5.0)
> 107 S Fang et al. [48]
3 SFR 55708 7.8t 1.34
= AN Fang et al. [48]
w10, e Y Y i uniform 1.279:2 54.873 7% 5.66
(:é 107 108 10° 10'° 10" Padovani et al. [46]
r E, [GeV] Y,, =0.8 37.8755 <0.1% 0.19 (Y, <0.15)

MRF = ratio of expected average upper limit to expected signal

population of pulsars with realistic .
(P,B) distribution Population of newborn pulsars as sources of

UHECRs following star formation rate
excluded at 90% C.L.

Z;r;igui:z 3?;38 . Fang, KK, Murase & Olinto 2013
107 Aartsen et al. 2016
- weighting scheme ]
equal
— 10_8 _ pulsar frequency —;
n = ~-ray flux
CT(D 1 0_9 B I pulsar inverse age _
e — . ' '
5 No significant correlation between
E lceCube neutrinos and PWN locations
e 107k -
o 90% C.L. upper limits
= 10-12E ] on hadronic gamma-ray emission
1 from 35 stacked Pulsar Wind Nebulae
—13- L il I | )
107 107 10! 102 Aartsen et al. 2020




FRB = The Most Powerful Coherent Emission in the Universe
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How to produce FRB with X-ray burst?

v" Trapped fireball + coherent curvature?

starvation

Comptonized
hard X-rays

Falcke & Rezzolla 13; KK et al, 13; Pen & Connor 15;
Cordes & Wasserman 16; Lyutikov et al. 16;

Kumar et al. 17; Zhang 17; Lu et al. 20; Ioka 20; ...

engine

P
®)

v" shock + synchrotron maser?

SN ejecta
relativistic ion shell

flare

persistent

) radio
E

RM

}0Ys 9543
ANNUIBUOISIP 32€3U0d

.
o
e
2
Q
2
a
wv
=r
s}
[a]
o
E

polarization

y-ray / x-ray
afterglow

Hoshino & Arons 91; Gallant, Hoshino, et al. 92
Lyubarsky 14; Murae, KK, Meszaros 16;Waxman 17;

Beloborodov 17, 19; Metzger et al. 19; Margalit et al. 20; ...

FRB (K Kashiyama) ’

The source of the electrons

spindown luminosity and/or magnetic flare

lon + electron dominated?

Electron/position pair dominated

The NS is born with a millisecond rotation
and a sufficiently high magnetic field

The magnetar is less than ~100 years old,
significantly more active than those in our galaxy.

v" A superluminous supernova at its birth? v' compatible with the synchrotron maser model

KK & Murase 17 also Kotera-san’s talk ~~ Margalit+17 Beloborodov 17



Young pulser as a possible origin of FRB?
FRB afterglow (L.Haoxiang) SN1986J — PWN? (S Tanaka) M31? (T.Sudoh)

Comparison to LOFAR data

One-zone Model

Parameters Median  Standard Deviation
Detection probability of afterglow B mlog) 512 083
lognfem™])  -157 1.63 One-zone approx. for PWN _
PR » , g , Adding one parameter
We approach the question by quantifying the “detection d « Expanding PWN inside expanding SN . . . .
probability” of afterglow in the following pattern: P 2P 0 Slgnlflcantly Improve the fit.

ejecta e.g., Gelfand+09, Bandiera+20

')

o]

Table 1. Median and 10 scatter of Gaussian fit to the parameter cumulative

1. Start from the prior knOWIGdge frOm Short GRB distributions by short GRB afterglow observation (Fong et al. 2015). | = i 1 1 1
observations: distributions of isotropic energies, o by ser o t B . S vin lerated e* & B from central N Dashed : SNR only model l The beSt-flt effICIency IS :
ambient densities, microphysical parameters, and jet 10° o) UppIyIng accelerated € OTIL CERS . ' ; | Solid : SNR+MSP model N 1
half Opening angle- 102 Vobs = 1.4GHz, 2=0.5 ——- jet (10~% cm-3) PSR e.g., Pacini&Salvati73, Kennel&Coroniti84 ::e:il:::a % ;76 —

2. Calculate afterglows of relativistic jet and isotropic Bops = 0° :’:zz 1;’?1 , . s ; _
ejecta rising from the population of mergers, with _ 10~ : » Seeding low-energy electrons from SN SN ejecta o It degenerates with a
intrinsic variability prescribed by these distributions. % 100 | eiecta andlstochasticall e N 5 num ber 0 f unce rtai n ties

: . - : 3 @ )

3. Quantify the detection probability (Pae) of radio ot ] to radio-emitting particles by turbulence £ and assum pt|ons.
afterglow as the observable fraction in the population, i . £
as a function of observed time T, source redshift z and 1o ] anakafASeRg =
detector sensitivity. ] g MSPs may inject significant

B*(t) N

_s ' . 4 ; .
10 10- 2 0 101 102 103 104' 165 106 « B-field evolution of %R%WN (t)8—7'(' =17B / Lspin(t,)dt/ Tanaka&Takaharal® _|4 _|3 _|2 _I]_ 6 :i_ I fraCtlon Of the power aS
v log1o (SFR / Mass [10710 yr=1]) cosmic-ray e+-.

Observer Time [day] 4

Lspin S (77e + B + 77‘curb)LSpin -

CRPHYS2020@YITP 3‘ THE UNIVERSITY OF TOKYO

Detection probability vs FRB radio limits ReSUItS

Ejecta Afterglow Jet Afterglow (uniform PDF)

| | » 5 GHz light curve of SN ;
1986J (<30 yr) and Crab The center of Andromeda galaxy
spectrum (~950 yr) can be show bright radio and gamma-

131104

" fitted simultaneously

ray emission despite its low SFR
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year

Redshift
Redshift

Q,
+181112 _g_

0.40

9 180924
1% 190102 +

Crab’s spin-down evolution

)
S
[ J

Our best-fit model naturally
explains the required cosmic-ray
electron power

0.20 121102

19060 180814 ,
0.1% 0.01

10° 10t 102 103 10° 10! 102 103
Sensitivity [u)y] Sensitivity [u)y]
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‘ 4131104
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190102 }
0
0.20 0° 121102
90608

180814

(r’Ba nturb) - (O°01a 05)
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Nearby galaxies will be good | w00
way to differentiate AGN Ackermann et al. (2017)
contribution

(Tacc,ma Tturb) > (109 80) yr

v
vFV[ergs/cmZ/sec]

Most FRBs have only 1—10% detectable afterglows at their follow-up sensitivities.

» Considering the sample # < 10, we conclude no strong constraint on merger model. 10 o f =3 X 1075
1n)

CRPHYS2020@YITP 3’ THE UNIVERSITY OF TOKYO
v[Hz]



Compact object mergers (|.Bartos)

Ditficulty to observe EM counterpart Possihility to detect Past NS by radio?

Electromagnetic follow-up can be difficult

a
*  We were spoiled by GW170817. 102 3 ; 0.3 . GHz

Can we uncover past neutron star

=== Neutron star merger

* No GRB/ high-energy neutrino counterpart.

Flux [m])y]

. . o o= : : : 101 - = —— Long GRB afterglow
s of tsnvors ascfopseraters mergers in archival radio surveys? : = *__%

* Extensive observation campaign only covered - E’S'TINet 100 i : : : : : |
oo et volume. ﬂ(i COE 0 * No radio flare has been detected from neutron star mergers.

* Many false positives. r: Egiim "

«  Galaxy targeted searches - < 1% covered. o  Radio flares are not detectable unless the merger is nearby.

- —+— SAGUARO

—+— SQUEAN
soor localzation s ot a brabler ,bU GW190425 ~ 1 The merger also needs to be in a dense interstellar medium, ?
i = =+ ) —
for neutrino follow-up. e am L Hosseinzadeh+ 2019 which is typically not expected (Metzger & Merger 2012) x
lceCube ApJ Lett. 898:L10 2020 ' =
d L

(e.g. GW170817 is close but is in a very sparse medium)

IceCube follow-up of gravitational-wave candidate 5S191216ap * But:atypical # never!

L : 102 -
v" Along-term radio signal (FIRST J1419+3940) 87 Mpcs away is ich 3.0 GHz
* |ceCube followed up all of LIGO/Virgo’s publicly i~ ] |‘
i . . .. . 1
announced candidates. better explained with a merge origin than alternative 1073
Low latency (mostly it was the first detector to report the ) :
results of the follow-up). explanations (afterglow). 5 100 - R N
L
* One parti;glarly iﬂnterestinﬂg overIap:hSl91216ap B lceCube 90% ocalizag v Would be fi rst such discovery.
» Classified as “mass gap” by LIGO/Virgo T T T T T 1
» Bayesian coincidence analysis (Bartos+ PRD 2019) 1995 2000 2005 2010 2015 2020
identified overlap significance of 2.50.
» Coincidence substantially shrunk the error region for I_ee, Ba rtOS'l' Ap.J I_ett 2020 Date [yearS]

follow-up observations.

» The HAWC high-energy gamma detector identified an
interesting coincident sub-threshold event.

» The Swift satellite carried out X-ray follow-ups in the jointly
found direction, but did not find any signal.

Keivani,...,Bartos+ 2020 Impnrta“ce tu connect ﬁw IoveI.Slll



Future observatories
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A-ray future instruments

XRISM, FORGE (Y Ueda) cipher a GubeSat-Based Hard X-ray Imaging Polarimetry
and then ATHENA... (TKasuga)

FORCE mission : :
Focusing On Relativistic universe and Cosmic Evolution DemOnStrathn Of Clph el"

Pl: Koji Mori (Miyazaki U)
Target launch year ~2030

‘‘‘‘‘‘‘
Ori &

v" New Si sensor (SOI-CMOS) + CdTe hybrid
v' Low BG with active shield, the same
concept as the A-H’s hard X-ray
detector

A ]

S R collimator
0, ,j/\ : i i -»‘\~ —

RESOEEE b

= polarimeter ;

o
) é /%
{ i
8000 2065
LOHH-Y9LVY |

e

W (CMOS) &  imager
-. / (Coded Aperture)

-~ -
& 37
. B

X-ray Super-mirror

v' Light-weight Si

mirror provided

by NASA/GSFC

v Multi-layer coating directly
on the Si mirror surface




MeV missions

Proposed MeV Gamma-ray Missions

Not complete,,,,

Solid

Liquid

DSSD Tracker
B Segment
CZT Calorimeter DSSD Tracker - | gamma-ray
Module Module - Feedthio Betector (16
Gamma-Ra g -
Csl Calorimeter  blankets y Gamma-Ray ARM €§
ACD Module Compton Scattering ' !
: Pair Production
| Charged Particle
Calorimeter ST M ok § Anode wires (x-1)

1
i

'

|

1

|

! ’
) ’[
'
a

’
s
U

Readout BCO Shield A
Electronics :

Kapton
Flex Circuit Cold

Finger

HV/PMT (12)

Segmentation SiPMs

CryoTel CT
Cryocooler

AMEGO COSI

See talk by Zoglauer

GRAMS

See Poster by
Takashima

See talk by
Takada



IceCube Gen-2

8 times the instrumented (optical) volume + radio component.
5x better time-integrated point source sensitivity than IceCube (E2)
Threshold is ~30 TeV (‘Standard’ IceCube’s is ~1 TeV)

Better angular resolution, specially above ~100 TeV

106 L

|
—0, S e o T .”““mumm‘m

105t
104}
103t
102}

10

0.1

effective local density pe [Gpc™3]

P00 IceCube
___ IceCube-Gen2

10—2 L

10—3 L

10% 10% 10% 10% 10% 10* 10* 10% 10%/ 10%®
effective neutrino luminosity L,[erg/s]

Gen2 Whitepaper: arXiv:2008.04323
|. Taboada | Georgia Inst. of Tech.

Future neutrino observatory (L Tahoada, S Wissel)
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» South Pole (ARA, ARIANNA-200, Gen2): Identical view of UHE neutrino sky as IceCube,
deep glacial ice yields the longest attenuation lengths — largest effective volume/station

» Moore’s Bay (ARIANNA): Lower polar latitude + refl ections off bottom surface of ice shelf yield broadest
sky coverage

» Summit Station (RNO-G): Lower polar latitude in the North = broader sky coverage that overlaps with
lceCube’s hotspots at lower energies

Radio Detector Instantaneous Sky Coverage RNO-G Sky Coverage
o +50 ’xl 12
..

75°

[ Greenland (72°)
[0 Moore’s Bay (-79°)

X South Pole (-90°)

\\ , / \ // / / ....... / ........ (/ ...... !(7/Ks14z4 M .

,, '0"0'010”5”' &0 RA | ?60 \ \ \270 \ ‘

R ——
N \ /

-75° -Go\g AZZ/
11
RNO-G EXPECTED SENSITIVITY
””””””””””” ’ 1 RNO-G 35 stations, 5 years —_—\.
(I) 1 O kII].I Calibration Pulser 10—6 ; I [1.50n0ise, 2.50n0ise] trigger ARIANNA ARA
] 95% CL contour ANITA | - 1l
® (@) ° LPDAs in Trench - ZUnoise trigger
‘\\\ //A — | 0 IceCube-like flux
N @8om | 75m  9om |L 1 0_7
o o n ?5% CL Upper limit
4 — IceCube
5 ' 5 years
& . N‘”
o -8
o i | 10
drill sit ) .
AR g c Estimate of
R o Tri level itivit
ool > rigger level sensitivity
8 1094 7 after 10 years
Statior® Puke — 1/ (including 70% lifetime)

. Vpol e ]

Clean air/snow sectors s o~ ]

i LLI 10—10 4

------ 10% protons in UHECRs (AUGER), m=3.4, van Vliet et al.
] / allowed from UHECRs, van Vliet et al.
Current (COVID-friendly) deployment plan: 10~ -1 — T T —— 11
up to 10 stations 2021, 25 stations 2022-2023 10° 10° 10 108 10° 1010 10

neutrino energy [GeV]

19



GRAND at the highest energy neutrinos (R Liu)

Q%% The GRAND Concept

radio detection: a mature and autonomous technique
AERA, LOFAR, CODALEMA/EXTASIS, Tunka-Rex, TREND

radio antennas cheap and robust: ideal for giant ar:

ertical shower

10172 eV shower
H0—-200 MHz radio emission

side view

Easting (km)
o

30

mountain targets

Inclined showers

PSD (dBm/Hz)

geomagnetic effect:

T

—T2d10 sig

\

=110

—120 4 4

-130

- Hli'

4]

Q%%GRANDProtoSOO long—term monitoring: started this summer!

C. Timmermans, Monthly GRAND Meeting Sept. 201

== 4032

— 6020
—_— 6021
—_ 6022

b3

I
CGomputerHouse

120 140 160 180 200

Frequency (MHz)

Computer House |

Solar Panels |

Electric field peak amplitude 30-80 MHz (uV/m) \

E > 50 uV/m

Northing (km)

e EEEE———

overall excellent electromagnetic
conditions

noise rate dominated by self-induced
noise

in 24 hours: only 15 events triggered
by all 3 stations

new tests within next months with low-
noise equipment



Trinity: An Optimized PeV Threshold UHE-
Neutrino Detector

@ 2 km above ground
@ 360° azimuthal acceptance (six 60° FoV telescopes)

side view ]
@ Three sites (18 telescopes)

D ‘ @ @ 10 m2 effective mirror area

@ 3° FoV above horizon, 2° FoV below horizon
@ 0.3° angular resolution
@ Silicon photomultipliers instead of bialkali photomultipliers

@ $15 M (telescopes + infrastructure)

S\
@ top view @- Suitable sites for Trinity with existing infrastructure:
Frisco Peak, UT; Hawaii; Canary Islands La Palma and Tenerife
A Nepomuk Otte

Trinity (N.Otte)

42

Trinity: Single-Telescope Sensitivity

All-Flavor Sensitivity E2¢ [GeV cm =25 tsr—t ]

10°
1077
108
107°

10710

From UHECR, allowed region

10—11

10 105 107  10°  10°

1010
Neutrino energy [GeV]

Nepomuk Otte

1011

A single telescope will detect
astrophysical neutrinos provided
the spectrum does not cut off.



ruture ohservatories
EUSO-SPB2 (M. Bagheri) K-EUSO and POEMMA (YTakizawa)

K-EUSO lens manufacturing

Fluorescence Telescope (FT): Cherenkov Telescope (CT): Production of slumping molds

« First Observation of UHECRs (EeV) from near-orbit * Above the Limb: . o 27th November
g 2 2 Super »  First Observation of Cosmic Rays from near-orbit altitude
altitude with the fluorescence technique 5on

) ; i Pressure with the direct Cherenkov Technique
» Search for “ANITA upward Event Candidates Balloon « Below the Limb:

Measure optical backgrounds for earth-skimming technique = 4, w7 ' =4l UV transparent PMMA
Search for PeV tau neutrinos (v,) ; ; 3rd December

* Advance the TRL of Silicon Photomultipliers

/oW %

o e

-

Concave mold Convex mold

A CAD image of lens manufacturing
Lens manufacturing will start from Januar,

~

Uy,
~ g N
\\\H’é’h Ehe

~ CICP

4

Lightning
Troposphere

ANITA events? /

POEMMA team is working on a conceptual design for selection
of the 2020 Astronomy and Astrophysics Decadal Survey .



Satoshi Takashima
Susumu Inoue
Ken Matsuno

Ken Ohashi
Tomohiko Oka

Yutaka Fujita
Yugo Omura
Ryo Sawada

Kenta Terauchi

Nice posters!
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GRAMS project: A MeV gamma-ray large area telescope using liquid argon and its concept study

The Blazar Hadronic Code Comparison Project

Particle acceleration by ion-acoustic solitons in p
Effects of diffractive collisions on predictions of t

asma in a magnetic field
ne number of muons in the air shower

The time-evolution measurement of a diffusive s
molecular clouds

nock acceleration using supernova remnants and local

Intrusion of Cosmic-Rays into Molecular Clouds Studied by lonization, the Neutral Iron Line, and Gamma-Rays

NICHE detector and analysis results
A Consistent Mode
Implications for 56Ni Production

The Fluorescence detector Array of Single-pixel Telesc

Productive discussions in Slack channels...

ing of Neutrino-driven Wind with Accretion Flow onto a Protoneutron Star and its

opes: The next-generation cosmic ray observatory

’I'“ Toshihiro Fujii 1:30 Pm

¥ by Workshop infomation

201207_KikenWorkshop.pdf
9 MB — Click to view
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What's your targeted physms innext decades?

Galactic origin cosmic rays

Transition of Galactic/extra-Galactic
ldentifying UHECR sources

Heavy Dark Matter search

Physics Beyond Standard Model

Reduce atmospheric neutrino flux uncertainty
Understand current observables of UHECR
Lunar exploration by neutrons

Atmospheric electricity physics

HL-GRB, LL-GRB, TDE

More specific acceleration theory

43

lon acceleration In neutrino star
magnetospheres

Prove our local magnetic environment
Origin of SMBH coevolution

Cosmic history, Cosmic Dawn (z~20)
Small scale anisotropy of UHECRSs

Association with UHE neutrinos GW,
FRB

More binary mergers
HE emission from SMBH
High energy messengers

Cosmic Ray Grand Unified Theory



What we need to accnmpllsh S..

Multi-wavelength and multi-particle
observations

Next generation experiments with
more sensitive and precision
measurements

Fund, Money, Grant!!
Next-generation detectors
"New window" at MeV
Understanding interaction models
Connection to GW physics
Detailed simulations

Next paradigm shift, such as GW

“€C

¢ Collaborating among different
experiments and observatories

Multi-messenger network
Data analysis infrastructures
UHE neutrinos

TeV-PeV cosmic rays, 100 TeV gamma
rays

Precise measurement of SNR

Non-GW signatures from BBH

BH mergers contribute overall radiation In
the universe?

Small-size experiments for career of
young scientist

46
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galactic Backgrounds

A series of workshops...
just my personally)

KICP.W;rhshép June 9-11, 2014 Chicago, lllinois
b T SRy 0 B
| J‘"‘l‘ " |',' L] * ) " [ " | ) ‘-' .‘ ‘,“” M ! .l 1
\ 1y { bl &

@ CHICAGO

h tt p S . / / k i c p - p— T —— r— PRESENTATIONS

. Next-Generatiqn Technigues for
workshops.uchicago. PR
edu/hem2014/

a014

THE UNIVERSITY OF

® CHICAGO

Connecting high-energy astroparticle physics
for origins of cosmic rays and future perspectives

https:/kicp-workshops.uchicago.edu/ el ok IS N
uheap2016/

http://www2.yukawa.kyoto-u.ac.jp/~crphys2020/



https://kicp-workshops.uchicago.edu/hem2014/
https://kicp-workshops.uchicago.edu/hem2014/
https://kicp-workshops.uchicago.edu/hem2014/
https://kicp-workshops.uchicago.edu/hem2014/
https://kicp-workshops.uchicago.edu/hem2014/
https://kicp-workshops.uchicago.edu/hem2014/
https://kicp-workshops.uchicago.edu/uheap2016/
https://kicp-workshops.uchicago.edu/uheap2016/
https://kicp-workshops.uchicago.edu/uheap2016/
https://kicp-workshops.uchicago.edu/uheap2016/
http://www2.yukawa.kyoto-u.ac.jp/~crphys2020/
http://www2.yukawa.kyoto-u.ac.jp/~crphys2020/

Hope productive physics results in next tecares...
Stay well and see you soon!
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Hope a lot of new physics results in next decades.
Stay well and see you soon!




Join Slack

¢ Login Slack from the invitation link

¢ LINK: https://join.slack.com/t/crphys2020/shared _invite/zt-
1kOgk9yt-38CSaPdUo40t4UnLFcZFhA

¢ Unlimited discussion during workshop

¢ English or Japanese (H#4AZE

¢ Please upload your slide via Slack (after removing your confidential slides)

¢ Please compress your PDF below 100 MB

¢ Alternatively, just send slide by an email to crphys2020@yukawa.kyoto-u.ac.jp

¢ The slides will be shared among participants

l


https://join.slack.com/t/crphys2020/shared_invite/zt-jk0gk9yt-38CSaPdUo40t4UnLFcZFhA
https://join.slack.com/t/crphys2020/shared_invite/zt-jk0gk9yt-38CSaPdUo40t4UnLFcZFhA
https://join.slack.com/t/crphys2020/shared_invite/zt-jk0gk9yt-38CSaPdUo40t4UnLFcZFhA
mailto:crphys2020@yukawa.kyoto-u.ac.jp
https://join.slack.com/t/crphys2020/shared_invite/zt-jk0gk9yt-38CSaPdUo40t4UnLFcZFhA
https://join.slack.com/t/crphys2020/shared_invite/zt-jk0gk9yt-38CSaPdUo40t4UnLFcZFhA
https://join.slack.com/t/crphys2020/shared_invite/zt-jk0gk9yt-38CSaPdUo40t4UnLFcZFhA
mailto:crphys2020@yukawa.kyoto-u.ac.jp

:'Q%;Zsmic rays (Auger 2017)

Gamma rays (Fermi 2017)
Neutrinos (HESE 7.5yr, this work)

Cosmic Ray Grand Unified Theory (CR-GUT) )

—1

I
101

I I I
10° 10° 107
Energy |GeV]

lceCube Collaboration, arXiv:2011.03545



HE Neutrinos

P(astro)>50% ol HESE+HEMU :
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Ghemical composition
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[esting hadron interaction model
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Local source (mayhe Vela) and other population?

15000 | .
Gl
>
D)
O
10000 | .
&)
<
m

E (GeV)

Figure 1: Direct measurements of the CR proton spectrum. The flux is shown in the form E?'7 ¢(E) versus E to enhance the
visibility of the spectral features. The points are the data of PAMELA [2], AMS02 [4], ATIC [5], CREAM [6], CALET [7], DAMPE
[10] and NUCLEON [8]. The thick (red) solid line is a fit of the combined data of all the experiments using the two—break expression
(1). The thin lines are fits of the data of individual experiments. The parameters of all fits are listed in Table 1.

| | T | |
5%104 . All-part: Tibet _
e All-part: IceTop
Jo2x10t
g
=~ 1x10
O
<
@ 0001 § b:Kasc-2005 QGSlet-01
<
> m p: Kasc-2005 Sibyll 2.1
- 2000 | ® PiKasc=2013 QGSlet-04
@ p: IceTop—-2019 Sibyll 2.1
1000 — ] N
100 1000 10* 10° 10° 107 108
E (GeV)

Figure 2: All-particle and proton spectra obtained by direct measurements and EAS observations. The all-particle data are by
the Tibet experiment [12] (with three sets of data points obtained with different assumptions for the CR composition and shower
development models), and by IceTop/IceCube [13] (with the shaded area indicating systematic uncertainties). For the proton direct
measurements the symbols are identical to those in Fig. 1. The EAS proton spectra are by Kascade—2005 [15], Kascade—2013 [19]
(with the shaded area indicating systematic uncertainties) and IceTop/IceCube—-2019 [13]. The thick solid line is a fit to the direct
measurements of the proton flux (with the parameters given in Table 1). The dashed and dot—dashed lines are extrapolations to
higher energy (see main text).



—— Galactic plane Preljminary

---- Supergalactic plane 90
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Figure 1: The UHECR events from TA and Auger are shown
as orange and blue dots, respectively. The neutrino track- and
cascade-like events from IceCube (HESE [10], EHE [11], 7-
year through-going muons [12] samples) and ANTARES [20] are
shown as black empty diamonds and crosses, respectively.

Auger, IceGube, TA

¢ Auger: 324 events
¢ TA: 142 events

¢ A. Barbano et al., PoS
ICRC2019 (2020) 842



Extra-galactic background
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Fig. 10.— Comparison of the derived total EGB intensity (foreground model A) to other mea-
surements of the X-ray and ~-ray background. The error bars on the LAT measurement include
the statistical uncertainty and systematic uncertainties from the effective area parametrization, as
well as the CR background subtraction. Statistical and systematic uncertainties have been added
in quadrature. The shaded band indicates the systematic uncertainty arising from uncertainties in
the Galactic foreground. (Note that the EGRET measurements shown are measurements of the
IGRB. However, EGRET was more than an order of magnitude less sensitive to resolve individual

sources on the sky than the Fermi-LAT.)  Fermi_L AT collaboration, Astrophys.J. 799 (2015) 86
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Fig.1|Multiwavelengthimage of Centaurus A. The colour map represents
theradiosurfacebrightness (21cmwavelength) VLA map of Centaurus A”,
after convolutionwiththe H.E.S.S. PSF and an additional oversampling witha
radius of 0.05°. Contours oftheunconvolved VLA map, with levels adjusted to
highlightthe core (correspondingto4Jy per beam) aswellas the
kiloparsec-scalejet (0.5)y perbeam), aredrawninblack. The VHE y-ray
morphology of Centaurus Aisrepresented by awhite dashed contour whichis
derived fromthe 5o excesssignificancelevel of the H.E.S.S. sky map, also after
oversampling witharadius of 0.05°. Theresult of the best fit of anelliptical
Gaussiantothe H.E.S.S. measurementis showninbluebyits1o contour, which
corresponds toamodel containment fraction of 39%. The 1o statistical
uncertainties of the fitted position are drawn asblack arrows, and the
estimated pointing uncertainties withared circle. The dashed greenline
denotesthe 68% containment contour of the H.E.S.S. PSF.

H.E.S.S. collaboration, Nature 582, 356 (2020)
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Fig.2|Spectralenergy distribution of Centaurus A. Shown are the observed
and modelled spectralenergy distribution (SED) from radio to y-ray energies
fortheinner, kiloparsec-scalejet of Centaurus A. The VHE emissionis
dominated by relativistic electrons with Lorentz factor y >10” inverse Compton
(IC) up-scattering dust photons to high energies (solid blue curve, ‘IC total’).
Thisemissionfromthekiloparsec-scale jet makes amajor contribution to the
unexpected spectral hardening above afew GeV as seen by Fermi-LAT (red
points)'. The lower-energy part of the y-ray spectrum (red points) is attributed
to emission from the core (grey dashed line referring to a core modelfit'®). The
greencurve (‘Sync.’) designates the synchrotron emission of theinferred
broken power-law electron distributioninamagneticfield of characteristic
strength B=23 nG. Theblue ‘butterfly’ corresponds tothe H.E.S.S. spectra,
whilegreen datapoints markradio, infrared and X-ray measurements and
reported uncertainties (error bars) fromtheinnerregion of the CentaurusA jet
(see Methods section ‘Theoretical modelling’). Abreakdownis provided of the
full IC contribution, from the scattering of: the cosmic microwave background
(CMB), the starlight emission of the host galaxy, infrared emission from dust,
and thelow-energy synchrotronjet emission (synchrotronself Compton, SSC).
Data are fromrefs.'*>%; see Methods section ‘Theoretical modelling’ for further
details.
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Fig. 1 | VHE ~-ray image of the SS 433/W50 region in Galactic
coordinates. The colour scale indicates the statistical significance of

the excess counts above the background of nearly isotropic cosmic rays
before accounting for statistical trials. The figure shows the ~y-ray excess
measured after the fitting and subtraction of y-rays from the spatially
extended source MGRO J1908+06. The jet termination regions el, e2, e3,
w1l and w2 observed in the X-ray data are indicated, as well as the location
of the central binary. The solid contours show the X-ray emission observed
from this system.

HAWC collaboration, Nature 562, 82 (2018)
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Fig. 2 | Broadband spectral energy distribution of the eastern emission
region el. The data include radio'?, soft X-ray'>, hard X-ray'® and

VHE ~-ray upper limits'>*°, and HAWC observations of el. Error bars
indicate 10 uncertainties, with the thick (thin) errors on the HAWC flux
indicating statistical (systematic) uncertainties and arrows indicating
flux upper limits. The multiwavelength spectrum produced by electrons
assumes a single electron population following a power-law spectrum

loglE, eV}

with an exponential cutoff. The electrons produce radio to X-ray photons
through synchrotron emission in a magnetic field (thick solid line) and
teraelectronvolt y rays through inverse Compton scattering of the CMB
(thin dashed line). The dash-dotted line represents the radiation produced
by protons, assuming that 10% of the jet kinetic energy converts into
protons.



b

Surprising result from LHAASG

100TeV<E, <1000TeV, 6,=0.16°, S=14.7 © RHAASO collaboration, submitted to Chinese Physics C, arXiv: 2010.06205 (2020)
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