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Discovery of cosmic rays by Victor HESS (in
1912) getting on a balloo
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Cosmic rays: Particles from outer space (H, He, C, N, O,...Fe nuclei)



Our Galaxy
€ 100,000 light year —_—

Supernova
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The Tibet ASy Collaboration O
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Tibet-lll Air Shower (AS) Array

4,300 m a.s.l. (606 g/cm?)

O Number of Scinti. Det. 0.5 m? x 789

O Effective Area for AS ~37,000 m?

O Energy region ~3TeV - 100 PeV

O Angular Resolution ~0.4° @10 TeV
(Gamma rays) ~0.2° @100 TeV

O Energy Resolution ~50% @10 TeV—
(Gamma rays) ~20% @100TeV

OFO.V. ~2 Sr =

O Trigger Rate 1.7 KHz @

i

Air Shower Array
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Air Shower Detection
2"d particle timing

2"d particle density
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Cosmic ray energy Cosmic ray direction
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Air shower rate triggered by Tibet |1l ~1700Hz



Performance by Moon’ s Shadow

The Astrophysical Journal,
692, 61-72(2009)

OAbsolute Energy Scale
OAngular Resolution
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Number of Dificit Events

Diff.

Search for TeV anti-protons by the Moon’s shadow
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Amenomori et al.

Astropartlcle Phy5|cs 28, (2007) 137-142
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M.Simon et al. ApJ 499 (1998)250.

Dotted line: extragalactic anti-matter model

S.A. Stephan et al. Space Sci. Rev. 46 (1987) 31.
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Gauss fit
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Cosmic Ray Anisotropy at multi—-TeV energies (FEH#R) DIHE
2D Large—scale Anisotropy Map
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M. Amenomori et al, ApJ, 836, 153-1-7, (2016)

>300 TeV new component!, consistent with IceCube >400 Te\1/6



Compton-Getting Anisotropy at Solar Time Frame

. local solar time Amenomori et al., ApJL, 672 (2008) L53
cOSMIC rays Oh x2 / ndf 24,65/ 22
6h / 1'00155 | | ::;itude o.ooo4059¢2.oe$jt1);
SRR __ rotation 2 0005 +O 05 %
;evolution orbit o - § : : i ‘ i
\\\ :E:ogsgsz ‘_O 05 % |
\‘\ 09993— | | | | | | |
/ \ ' 18h | 3 Observatlon Energy 12TeV—7OTeV
12h ‘1 local solar time (hours)
Expected Amplitude 3.86x 1072 % Phase 6 [hr]
Data Amplitude (4.06 ==0.21) x 102 % Phase 6.1%0.2 [hr]
mm) CG detected at 19.6c consistent with expected

@ Reliability and calibration for sidereal anisotropy (~ 0.01%)
@ Only Tibet ASy experiment showing a clear sinusoidal curve



All Particle Energy Spectrum in the Knee region
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Model Index of Energy range

spectrum (eV)
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All particle spectrum around the knee

(Slide from M.Shibata, Y.N.U.)
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Extra component

T [
All data agree if we apply energy scale  § "¢
E

correction within 20% by normalizing to

uy

direct observations. B |  ASECRT T
=l 1 KASCADE-QGS - of itie,
9 i KASCADE-SIB —— E
w t Tibet3-QGS-HD —
I Grigorov ——
. S(gKOL
Extra component can be approximated by ol . .., JACEE - L L
10" 10" 10" 10" 10'¢ 10" 10"

E2 exp[———],

suggesting nearby source(s).
Since P and He component do not show
the excess at the knee, the extra
component should be attributed to heavy
element such as Fe.

(Slide from M.Shibata, Y.N.U.)
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(W.Bednarek and R.J.Protheroe ,2002,APh)



Tibet P +He spectrum does not
show excess at the knee

P+He
10" p—
Tibet All particle
107 - Data vs. Expected by
5 multiple source
3 model
E o100k
% 4
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105 | . «— Data vs. Expected by
' multiple source
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T L - R S
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Primary Energy [eV/particle]

(Slide from M.Shibata, Y.N.U.)
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Sun’s shadow

Deficit (%)

—_—t ek

Sunspot number

Past Results (Tibet-1l >10TeV)

Amenomori et al, PRL, 111, 011101 (2013)
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v" Discovery of a clear anti-correlation of the deficits with SN
v" Comparison b/w coronal MF models (PFSS/CSSS)
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Earth-directed CME catalog (Richardson & Cane 2010)
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Earth-directed CME catalog (Richardson & Cane 2010)
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Amenomori et al., PRL, 120, 031101(2018)
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Amenomori et al., PRL, 120, 031101(2018)
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Several bright TeV y point sources !
Possible diffuse y signal from Cygnus region?!

P, He, all-particle E-spectrum (Galactic cosmic
rays accelerated to the knee region)

IRILF—EHEIZERFDE|EHEM

1. 100 TeV (10 — 1000 TeV) region y astronomy

Tibet-111 + MD




O Next Plans (Bt X TO [ R Ep @ 7 81)

1. JEFrk (F~ANvEkTon-going)
Tibet AS + MD + YAC EXPERIMENT
Gammaray. Tibet Muon Detector (MD)

Cosmic Rays: Tibet Yangbajing Air shower Core

detector (YAC-II)
2. MFXKCGRUET TETEH)
ALPACA PROJECT
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Tibet AS + MD: 100 TeV y-ray astronomy

100 TeV4$EE (10-1000TeV)H > TR IE
By
Tibet-111 (AS) + a large underground

muon detector array (MD)
100 TeVEL LD HU<iRZHATE (S H 5K 4]

>0rigin of cosmic rays and acceleration

mechanism (PeVatron) and limit at SNRs.

>Diffuse gamma rays



Origin of Cosmic Rays at the Knee

«°Fi(=.E,)  Kelner et al., PRD 74, 034018 (2006)
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p/y discrimination by muons
TeV p, He... TeVy

Atmosphere

Number of muons (<100 m from core, 4300m a.s.l.)

100TeV Proton 100TeV Gamma
~50 ~1
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FAY FER D v —HBlZKE since 2014
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Sensitivity to y-ray point sources (AS 1yr/ IACT 50hrs, 5c or 10 ev)
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MD construction scene



Installing a 20 inch PMT in a MD cell.
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Tyvek sheet walls and two 20 inch PMTs
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Kawata et al., JPS meeting (2018)
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YACETHE (Yangbajing Airshower Core detectors)
Towards Chemical compositin and energy spectrum
measurement in the Knee Energy Region




YAC-Il (Yangbajing Air-shower Core )
detectors for chemical composition
study in Knee region
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YAC-Il started in 2014, accumulating
data
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il + YAC-Il + MD (MC) for Knee Study
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Events

Features of YAC-II observables
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Events

500
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50

ANN output

Proton separation

Jwork/RD/400sum/analize/pb7sp1.500/bminie2ndibtopled

Purity=83% Wi
Efficiency=80%
Tc=0.4
R Nty T T T

Target value T

Contamination is exclusively
by helium nuclel.

The fraction of helium events
missidentified as protons is
about 40% of helium events by
Tc=0.4.

P+He separation
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P+He region.
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Expected proton spectrum

(YAC-1I) Proton kneeZift
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Expected He Spectrum (YAC-II)

Hellum knee"éh:'li'

Expected Helium flux by 3 years
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The ALPACAExperiment

Andes
Large-area

PArticle detector for
Cosmic ray physics and
Astronomy
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North

FLACA Site

Mt. Chacaltaya, Bolivia
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UMSACosmic Ray Laboratory

v Mt Chacaltaya(5,200m asl)

v CR Lab at the highest altitude

v Discovery of pion
C. F. Powell in1947 (1950 Nobel
Prize)



Main purpose of ALPACA

« 100 TeV vy-ray astronomy In South
e Locating origin of comic rays

by detecting cosmic 100 TeV gamma rays
from cosmic ray accelerator in our galaxy:

PeVatrons!
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Why in Bolivia

e Flat land at high altitude: (> 4000m)

Cosmic rays absorbed in atmosphere before reaching sea level

e Galactic Center: Observable in the southern
hemisphere (not in the northern hemisphere)

Most promising candidate of the origin of cosmic rays

e Long-term collaboration between Bolivia and Japan
(Good infrastructure: Electricity, water, road,...)

Since 1962 in the field of cosmic rays, for example, BASJE



Observation Cite: Chacaltaya Plateau
500 m X 500 m flat within £ 1°
4,740 m above sea level (16° 23S, 68° 08" W)
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Schematic view of ALPACA
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Performance of ALPACA air shower array

Location: 4. 740 m above sea level
(16°23'S, 68°08' W)

# of scintillation detectors 1 m<2 x 401 detectors

Effective area ~83,000 m?

Modal energy ~5TeV

Angular resolution ~0.2° @100 TeV
Energy resolution ~20-25% @100TeV

Field of view ~2 Sr
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Targety Sources

Galactic Center

Fermi Bubbles

Young SNR

Other Galactic Point-like Sources
Nearby Extragalactic Sources
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Fermi Bubbles

v" sub-PeV y rays expected, if sub-PeV v’s
detected by IceCube are of hadronic origin.

v Fermi Bubbles: Very extended (~0.8sr) y-ray
sources difficult for IACTs to cover them all.
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Bubbles observed by Fermi-LAT




Young SNRs
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Nearby Extragalactic Source CenA
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[ HESS —— | v Di . |
FormiL AT Distance: 3.8Mpc very nearby!
10! L Southern Array (2yrs 40) —— ]

v" Relativistic jet
v" Flat spectrum above TeV region?

v" No significant time variation?

Int. Flux x E (TeV cm™@ g™

Energy (TeV)

Aharonian et al, ApJ, 695, L40 (2009)
Sahakyan, et al, ApJ, 770, L6(2013)
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ALPAQUITA: prototype AS array
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ALPAQUITA IR (1)
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Chacartaya observatoryl
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ALPAQUITA IRIK (3)




F=EH

> Tibet ASy EER: FAYRMSIR #Z254,300m on-going
50,000m? AS + 3,400m? JKF L >aT7EMD

% Targets

10 - 1000 TeV gamma-ray astronomy (Northern sky)
CR anisotropy, Chemical composition ~ 10 eV, Sun shadow

> ALPACAETE: FvAHILAY L $iE Z£54,740m
83,000m2 AS + 5,400m2 JKFxx L >a7E MD

% Targets

10 - 1000 TeV gamma-ray astronomy (Southern sky)
CR anisotropy, Chemical composition 101°> eV , Sun shadow

> ALPAQUITA: TRARIATZESRI¥T—T7L A
1.0 m2 x 97&. ~18,000 m2
Mn: 2B ERISIN\REIEF A58 :3AFE
RHEFERE . DAQ, BRIE{F%:4R —5H
> SAT—42EEMABFTE



Thank you for your attention!

ALPAQUITA (~1/5 AS) will be constructed in 2019,,
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