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COsSMIC PARTICLES

~ DOUBLE THE ENERGY RANGE FOR ASTROPHYSICS
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A*AAAABDSMDLDGY AND CosMICc RAYS

Indirect Dark Matter searches:

- DM particles generate CRs in annihilation or decay?

- DM Galactic profile

History of Star formation, chemical evolution in Galaxy
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b fluence Galactic Cosmic F

UHECRs:

Source distribution and
evolution (negative
preferred for shock accel)
Cosmological Backgrounds
and Magnetic Fields
(Intergalactic space?
primordial?)

Relic CR production?
Super-Heavy Dark Matter;
Topological Defects

Beyond SM interactions
500 TeV equiv CM energy for
hadrons

Neutrinos EeV cross section
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PAMELA e'<300GeV | 4700 Gev 1GeV-1.2 TeV 18 SAT 2006
e <625 GeV (3 TeV with cal) (extendable -> 2TeV) - Jun 15

FERMI - 7GeV-2TeV 50 GeV-1TeV 1 20MeV-300Gev  SAT 2008
GRB 8 KeV — 35 MeV Nov 11

AMS-02 e'<500GeV | 1GV-1TV 1GV-1.9TV 1264+ 1GeV-1Tev  ISS 2011
e<700GeV  (extendable) (extendable) (calorimeter) May 16

NUCLEON — 100 GeV-3TeV 100 GeV-1PeV 1-30 - SAT 2014
Dec 26

CALFT - 1 GeV-20 TeV 10 GeV-1 PeV 140 10 GeV-10TeV [SS 2015
GRB 7-20 MeV Aug 19

DAMPE - 10GeV-10TeV  50GeV-500TeV  1-20 5GeV-10Tev  SAT 2015




Positron Spectrum
E3 Flux [GeV3/(s sr m? GeV)]
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A%A%BDSMDLDEY AND COsMIC RAYS

Indirect Dark Matter searches:

- DM particles generate CRs in annihilation or decay?

1

- DM Galactic profile
o History of Star formation, chemical evolution in Galaxy
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CosMIC RAY SPECTRA:
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A. Kunine ICRC 2017
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NEW FEATURES
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AMS measured a smooth hardening above 230 GV for heavier elements at the same rigidity.
Why the hardening? re-acceleration at the source? propagation? nearby source?
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CoOsMIC RAY SPECTRA! NEW FEATURES
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UHECRSs:

Source distribution and
evolution (negative
preferred for shock accel)
Cosmological Backgrounds
and Magnetic Fields
(Intergalactic space?
primordial?)

Relic CR production?
Super-Heavy Dark Matter;
Topological Defects

Beyond SM interactions
500 TeV equiv CM energy for
hadrons

Neutrinos EeV cross section
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Scaled flux E2° J(E) (m2s”'sr'eV'®)
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Scaled flux E2° J(E) (m?s'sriev'®)
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Journey toward Planck
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Scaled flux E*3J(E) (mZs'sr'ev'®)
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Scaled flux E>°J(E) (m2s'sr!eV')

Equivalent c.m. energy Vs, (GeV)
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Leading Observatories of
Ultrahigh Energy Cosmic Rays

Telescope Array

Utah, USA o

(5 country 7\5
collaboration) R,

700 km? array i e 4 Pierre Auger
3 fluorescence G GN '

t%: N e . Observatory

telescopes it el \;{}’ Mendoza, Argentina

(19 country

collaboration)
3 000 km? array
4 fluorescence telescopes



The Pierre Auger Observatory

LIDARs and laser facilities
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E3J(E)/ eV2 km~2sr~! yr‘l)

E nkle = (5.08 £ 0.06 £+ 0.8) EaV

E, = (39 + 2 + 8) EeV ‘\

B Auger (ICRC 2017)
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1037

E3J(E)/ eV2 km2sr! yr‘l)

E nkle = (5.08 £ 0.06 £+ 0.8) EaV

B Auger (ICRC 2017)

No Recovery
nor new
components

yet!
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E*J(E)/ (eVPkm?sriyr)
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Auger + TA: Full Sky Coverage
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Scaled flux E>° J(E) (m2s'sr'eVv'®)
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"Cosmologically Meaningful
Termination”

GZK Cutoff
Greisen, Zatsepin, Kuzmin 1966




PROPAGATION OF UHE PROTONS
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SUPER HEAVY DARK MATTER

Cross Section (Xenon for Reference)
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Figure 4-8. The range of dark matter candidates’ masses and interaction cross sections with a nucleus of
Xe (for illustrative purposes) compiled by L. Pearce. Dark matter candidates have an enormous range of
possible masses and interaction cross sections.



SUPER HEAVY DARK MATTER
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NEGATIVE SOURCE EVOLUTION

TO AGREE WITH SHOCK ACCELERATION

1039- . 5 T R | T T ror T TT
T E(a —AuA --2<A<4 --23<A<38
-TO [ --A=1 -5 <A< Pierre Auger
O (ad > t Observatory data 4
I‘;= g -ea
ol.,_, 1037; —-"_‘----:“ -
>
T

10

INDJECTION

Source evolution parameter  y

m=3

1.20

m=20

1.61

10-18

(Wittkowski ICRC 2017)
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Logl =43.8--45.8
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4 LogL =46.9--48.2

10",
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Ajello et al. (2014), 1310.0006
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(Taylor,
ICRC 2017)



Normalized Rate

3-d dipole above 8 Eev: AUGER DIPOLE @Il

(6.5705)% at (a,8) = (100°,—24°)  (1,b) = (233°,—13°)

gal. coordinates

11

1.08 -
1.06 -
1.04 |
1.02 -

1

098 -
0.96 |-
094 -
092 |-

0.9

360 300

......................

data E>8 EeV +—+—i |

240 180 120 60
Right Ascension [deg]

90 0.46

LLLL

......
''''''
"""""""""""""""""""""

..........

v, matl ; 0.38
Taborda et ol ICRC17 Deflection of dipolar pattern due to
Galactic magnetic field

1 Harmonic analysis in right ascension a

E [EeV] events amplitude r phase[deg] P(>r)

4-8 81701 0.0057500 80 +60 0.60
>8 32187 0.0477500; 10010 2.6 x 10°F

* significant modulation at 5.2¢ (s.6o before penaiization for energy bins explored)



Anisotropy Hints > 60 EeV

B, () e ' B 5567 B

30

¥ E>5.7x 10" eV  20° smoothing 40
Telescope Array . 5.1 0 pre-trial
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________ - - - - e S8 40




Intermediate-scale anisotropy — Hot spot (TA data)

E > 57 EeV 5

With original 20° oversampling, spot looks

larger.... Thus, scan over 15°, 20°, 25°, 30°,
& 35°

E > 57 EeV

With 25° oversampling, significance
maximum 3G

Binsize | 15 20 25 30 35
| |Local |Global|Local | Global |Local | Global |Local | Global | Local | Global
Year5 512 314 543 355 516 3.9 482 273 433 205 |
Year7 492 284 537 344 565 380 537 344 503 299
o017 |YEQr9 442 206 472 250 506 296 501 291 466 241

(Matthews, ICRC 2017)

S = N W s O

N



Active Galactic Nuclei

- Selected from 2FHL Catalog (Fermi-LAT, 360 sources):

®(> 50 GeV) -—> proxy for UHECR flux Giaccariet al ICRC17
- Selection of the 17 objects within 250 Mpc
- Majority blazars of BL-Lac type and radio-galaxies of FR-I type

Star-forming or Starburst Galaxies

Use of Fermi-LAT search list for star-formation objects (Ackermann+ 2012)

- 63 objects within 250 Mpc, only 4 detected in gamma rays:
correlated ®(> 1.4 GHz) —-> proxy for UHECR flux
- Selection of brightest objects (flux completeness) with ®(> 1.4 GHz) > 0.3 Jy

- 23 objects, size similar to the gamma-ray AGN sample

Assumption UHECRs flux proportional to non thermal photon flux

y-ray detected AGNs Starburst Galaxies E> 39 EeV at 13°
f.=7%Y¥=7° f .=10%, ¥ =13°

ani

TS = 15.2 ww= p-value 5.1 X 104 | TS = 24.9 ww= p-value 3.8 x 10¢

Post-trial probability Post-trial probability
3x103(~270) 4x105(~3.90)
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AUGER PHOTON LIMITS

pperimis 5o% &8 | - GZKprotonl  ----- Z-burst
] GZKproton Il oo TD

—

S —— - SHDM Ii

No UHE
Photons
Yet!

Y

Integral photon flux E_ > E, [ km™ sryr-]

10 10" 10%
Niechciol et al ICRC17 E, [eV]




GAMMA-RAY CONSTRAINTS ON DECAYING DARK MATTER

10%°

4

10°

CT T T
EDM — bb

10

-
-
- ~

-
-
-
’

| mmm Fermi (this work)
—-—- lceCube (this work) ]
7772 1ceCube 30 (Comb.) ]
IeeCube 30 (MESE)

il T

10° 1%58 1010

m,, [GeV]

FIG. 1: Limits derived in this work on DM decays to bb,
as compared to previously computed limits using data from
Fermi (2,3,5), AMS-02 (1,4), and PAO/KASCADE/CASA-
MIA (6). The hashed green (blue) region suggests parameter
space where DM decay may provide a ~30 improvement to
the description of the combined maximum likelihood (MESE)
IceCube neutrino flux. The best-fit points, marked as stars,
are in strong tension with our gamma-ray results. The red
dotted line provides a limit if we assume a combination of
DM decay and astrophysical sources are responsible for the

spectrum.

Pierre Auger Limit

T. Cohen et al 2017




Cosmogenic (GZK, BZ*)
Neutrinos & Photons

*Berezinsky & Zatsepin ‘69



LIMIT ON DIFFUSE NEUTRINO FLUX

Single flavour, 90% C.L.

Ve:Vyive=1:1:1

Cosmogenic v models
p, Fermi-LAT, E_ =10" eV (Ahlers '10)

10-5 — T T T TTTTI T T T TTTTT T r == == D, Fermi-LAT, Em:n=3 1017 eV (Ahlers 1 0)
= |ceCube (2015) (x 1/3) p, FRII & SFR (Kampert '12)
- {0 pormixed, SFR & GRB (Kotera '10)
[ ueisie ANITA-IL (2010) (x 1/3) ST Fe, FRII& SFR (Kampert '12)
= 10'6 = Auger 1 Jan 04 - 31 Mar 17 Astrophysical sources =
) - -
F'U) — = = == AGN v (Murase '14) _
o - -
E LA
o 10 7 = =
> - -
m - (UL AL R R R R R RN RER RRR RNR RNR RNR AL RUL RRL RRR RUR RNR RRL RRY B8
o - \\\\\\\\\ —
w 10° & <SS \\\\\ —
S = ——— &s\\\\\\\\\\\\\\\\\“\\“\\\\ =
o 1Jan 04 - 31 Mar 17
(Y} — —
L
10°

10

10%°
Zas et al ICRC17

Assumed
flavor ratio (1:1:1)

Auger LIMIT to normalization of dN/dE = k E-2
1Jan04-31Mar17=>k<50x107 GeV cm?Zs! g

52
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A%A%BDSMDLDEY AND COsMIC RAYS

Indirect Dark Matter searches:

- DM particles generate CRs in annihilation or decay?

1

- DM Galactic profile
o History of Star formation, chemical evolution in Galaxy
” olar X T CAtragaractiC
fluence Galactic Cosemvlc R%}; Cosmic Rays

) a9 10 1% 12 13 ”'ig‘?ﬁgl”'!b-ls 18 8 19 BJ

8
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et|e e'+e CR nuclei
Experiment (present data) (Energy range) (Energy range) charge ~ Gamma-ray Type Launch
PAMELA ¢'<300GeV | 1700 Gev 1GeV-1.2 TeV 18 SAT 2006
€ <625GeV | (37ev with cal) (extendable -> 2TeV) - Jun 15
FERMI - 7 GeV-2TeV 50 GeV-1TeV 1 20MeV-300Gev  SAT 2008
GRB 8 KeV - 35 MeV Nov 11
AMS-02 e'<500GeV | 1GV-1TV 1GV-1.9TV 1264+ 1GeV-1Tev  ISS 2011
e <700GeV  (extendable) (extendabie) (calorimeter) May 16
NUCLEON — 100 GeV-3TeV 100 GeV-1 PeV 1-30 - SAT 2014
Dec 26
CAILFT - 1 GeV-20 TeV 1C GeV-1 PeV 1-40 10 GeV-10TeV [SS 2015
GRB 7-20 MeV Aug 19
DAMPE - 10GeV-10TeV 50 GeV-500 TeV 1-20 5 GeV-10 TeV SAT 2015
Dec 17
ISS-CREAM - 100 GeV-10 TeV 1TeV-1PeV 1-28 ++ - ISS 2017
CSES - 3-200 MeV 30-300 MeV 1 - SAT 2017
GAMMA-400 - 1 GeV-20 TeV 1 TeV-3 PeV 1-26 20 MeV-1TeV  SAT  ~2023-25
HERD - 10(s)-10* GeV  up to PeV TBD 10(s)-10* Gev CSS ~2022-25
HELIX - - <10 GeV/n light isotopes - LDB proposal
HNX - - ~ GeV/n 6-96 - SAT proposal
GAPS - . < 1GeV/n Anti-p, D - LDB

Pier S. Marrocchesi — ICRC 2017 — Busan — July 2017, 14
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UHECRs:

- Source distribution and evolution (negative preferred for

shock accel) — cosmology input to CRs

Cosmological Backgrounds and Magnetic Fields (Intergalactic
space? primordial?)— CRs give B once sources are id’ed

Relic CR production?

Super-Heavy Dark Matter; Topological Defects: CR limits
Beyond SM interactions

500 TeV equiv CM energy for hadrons

Neutrinos EeV cross section — Once BZ/cosmogenic Neutrinos




TAx4 Project

TA SD (~3000 km2): Quadruple area
Approved in Japan 2015

500 scintillator SDs Middle |

Drum

2.08 km spacing D
3 yrs construction, first 173 SDs have i
arrived in Utah for final assembly, next 77
SD to be prepared at Akeno Obs. (U.Tokyo)
2017-08 and shipped to Utah

2 FD stations (12 HiRes Telescopes)
Approved US NSF 2016

Telescopes/electronics being prepared at
Univ. Utah

Site construction underway at the
northern station.

Get 19 TA-equiv years of SD data by 2020
Get 16.3 (current) TA years of hybrid data

(Kido, Matthews ICRC 2017)

a7 TAX4 SD 1gug o
e Northeast (@ ¢ s €\s e & = o
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PROBE OF EXTREME MULTI-
MESSENGER ASTROPHYSICS

UHECRs aND NEUTRINOS
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CHANT

Cherenkov from Astrophysical Neutrinos Telescope
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QQE ’\{/I/y Large Reflectors

Microwave Visible
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° o > @ Flight Systems
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Realizing Large Structures in Space - Jeremy A. Banik, 9/2015

Surface Precision RMS, mm
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WANAKA 2017 Campaign
Super Pressure Balloon (SPB) EUSO mission

2015 2016 2017

NASA Engineering Flight COsI EUSO-SPB

™

32d5h 46 d 20 h




EUSO-SPB2

CHERENKOV EMISSION
FROM UHECRS
TAU NEUTRINDO

BACKGROUND

—a—————

Eth/GeV:> 109.9 1010.5 1011
arXiv:1703.04513
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NADIR FOR UHECR: LIMB FOR NEUTRINOS:
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TOWARDS SPACE PROBES OF
UHEGCRS AND BZ/COSMOGENIC
NEUTRINOS

EUSO-SPBI1



