ALPACA

Masato Takita
ICRR, the University of Tokyo
for the ALPACA collaboration

External Review Committee
@ICRR, Kashiwa, U of Tokyo,
16/May/2019



The ALPACA Experiment

Andes
Large area
PArticle detector for

Cosmic ray physics and

Astronomy



Mostly members from BASJE, GRAPES-3, Tibet ASy

The ALPACA Collabora

IIF, UMSA, Bolivia

Martin SUBIETA, Rolando TICONA, Hugo RIVERA,
Mirko RALJEVICH, Javier QUISPE, Pedro MIRANDA

Faculty of Education, Utsunomiya Univ., Japan
Naoki HOTTA

Japan Atomic Energy Agency, Japan
Harufumi TSUCHIYA

Dept. of Physics, Shinshu Univ., Japan
Kazuoki MUNAKATA, Chihiro KATO

ICRR, Univ. of Tokyo, Japan
Masato TAKITA, Munehiro OHNISHI,
Kazumasa KAWATA, Takashi SAKO,
Takashi K. SAKO

College of Industrial Technology, Nihon Univ., Japan
Atsushi SHIOMI

Tokyo Metropolitan College of Industrial Tech., Japan

RIKEN, Japan

Norio TAJIMA

Faculty of Engineering, Kanagawa Univ., Japan

Kinya HIBINO, Shigeharu UDO
Faculty of Engineering, Yokohama National Univ., Japan

Yusaku KATAYOSE, Mikihiro KATAOKA,
Masaru SUZUKI, Miho WAKAMATSU,
Takuro SASAKI, Takanori ASABA

College of Engineering, Chubu Univ., Japan

Akitoshi OSHIMA, Shoichi SHIBATA
Faculty of Engineering, Aichi Inst. of Tech., Japan

Hiroshi KOJIMA
Graduate School of Science, Osaka City Univ., Japan

Shoichi OGIO, Yoshiki TSUNESADA
Faculty of Engineering, Osaka Electro-Communication

University, Japan

Toshiharu SAITO
National Inst. of Informatics, Japan
Masaki NISHIZAWA

Yuichiro TAMEDA
Graduate School of Information Sciences, Hiroshima

City University, Japan

Koichi TANAKA

|98}




Outline of the ALPACA experiment

1)Experimental site: 4740m above sea level, near La Paz in Bolivia
Expected budget -> ~ 5 M (AS+MD) USD
Muon Detector ~ 5400m? (underground water Cherenkov type)
AS Array ~83,000m? (~ 401 x 1m? plastic scintillation detectors)
2) Target physics and astrophysics (AS + MD)
10-1000 TeV vy astronomy

(point & extended sources, PeVatron search, origin of CR)
CR rejection power: ~ 99.9 % @100TeV

Advantage to extended sources!
CR anisotropy, Sun shadow, Chemical composition of CR

around Knee, etc



Costs & Construction plan of ALPACA
Year 1. Preparation
Year 2 : Construction of MD
Year 3: Construction of AS
Year 4: Start data-taking
Observation will continue (5 — 10 years)

Cft: Detectors (Japan) + Infrastructure(Bolivia)
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Main purpose of ALPACA

e 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!



y-ray sensitivity to point sources
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Target vy Sources

Young SNRs

Galactic Center

Dark accelerators (signal only >TeV region)

Other sources: Diffuse y on galactic plane,
Fermi bubbles, solar disk v,
DM, etc



y—ray observation: Origin of CR

Knee
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v Origin of galactic cosmic rays

9 SNR?7? Galactic Center?

v Distance to Crab Nebula : 1000pc
gyro radius of 1000TeV proton: 0.3pc

) g

V/IndWectobsemernkn/grays
High E electron + photon
Inverse Comption (IC ) scatterings
and/or
High E proton + Interstellar Matter
(p+ISM =2 TT° = 2Y)
— Extended V-sources (+ molecular clouds)
with hard spectrum index (-2)

extending > 100TeV

Where, how, and up to what energy are cosmic rays accelerated in our galaxy?

11




Origin of Cosmic Rays at the Knee
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Y-ray energy spectrum
v CRHISM->704 ... 2y
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v'CR acceleration up to several
PeV is possible by shock wave
acceleration mechanism at SNR
v'Knee-4PeV: of galactic origin!?

PeVatron = CR accelerator up to PeV region
Should be in our galaxy or very nearby extragalaxy, due to photon absorption!




Y-ray observation:proton accelerating objects

SNR observation by Fermi-LAT
2> W44, 1C443, W51 - Evidence for n® decays
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Ackermann, et al (Fermi-LAT), Science (2013)

“Detection of the Characteristic Pion-Decay Signature in Supernova Remnants”
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Y—Ray Observation : SNRs

Jok. Probe of PeVatrons
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y—Ray Observation : SNR (1 Example)

T T T RXJ1713 2ok yrs) ——— | RXJ1713.7-3946

hadronic/leptonic=0.1

hadronic/leptonic=0.01 ' : :
adronic/lep °”|'§ptomc ......... 1 v Fermi-LAT hard index I'=~1.5

AﬁlﬁZAC%Au(m gg; suggesting electron (IC) origin ?

\IC | Mot 1 v IfIC origin -> B=20puG

\ ¥ pevangn ¥ Flomentsiuctureand
Hadronic 10%\ o2 NS VABITY Dy ATAY

B>100uG needed?

v' Proton origin -> Locally possible?
Hadronic 1%

v If spectral bump ->
Good evidence for proton origin

10 yr

T T R Acero+, ApJ, 840, 74 (2017)
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Int. Flux x E (TeV cm2s™)

v—Ray Observation : Galactic Center (GC)

10710 ¢

—

(=)
.y
—t

-—
ol

—_

o
4
w

104

"y
N

Point HESS x0.1 —e—

Diffuse HESS —=—

Best-fit —
Maxp=2.9PeV
Max =0.6PeV
MaxP_O 4PeV

ion

Energy (TeV)

v Spacially extended y-ray emission
- Hard spectrum & extension
Not explained by electron origin
due to large Sync.&IC energy loss

v High possibility of yrays >100TeV

v' Spectral cut off?
“>Maximum proton energy?

~ O(1/10)

max

o . 00000
00.0 359.5 359.0

O o
00.5
Galactic longitude (degrees)

Abramowski+ (H.E.S.S.), Nature (2016)

“Acceleration of petaelectronvolt protons in the Galactic Centfe”



v—Ray Observation : Galactic Center (GC)
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“Acceleration of petaelectronvolt protons in the Galactic Centre”
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y—ray observation:Dark Accelerators
A&A 612, Al (2018)
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SNR |
Composite

binary

H.E.S.S. Galactic Survey

36
Not firmly identified

Extended y-sources (+ molecula

with hard spectrum index (-2)
extending > 100TeV
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~30 sources extending above several x 10 TeV

18
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Integral Flux x E( TeVem2s™)

Very High Energy v observation
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E20, [TeVcm™2s71]

v Galactic Sources :
Flux, (>100TeV) ~= Flux,

n’ — 2y
nt/-—=p+/-+v,
pt/- —et/+v, +v
v IceCube + Gen?2
ALPACA energy region

H
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= Sensitivity
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Fermi-Bubbles
- =Y ‘..._‘3: “ -

Pieri+, PRD (2011

Fermi-LAT DM yrays
(Simulation

Other Targets > 10TeV

Fermi-LAT v Fermi Bubbles
Solar yrays

L

v Nearby AGN

- Wide FoV observation,
- Hard spectral index (~-2) around GC

v Galactic diffuse gamma
- Wide FoV. Very bright in southern sky

v Solar disk gamma rays
- Day time observation needed
- ?CR origine hard spectral index (~—2)

->10TeVy Wide FoV monitoring
- Hard-spectral AGN at high z existing

v Very heavy dark-matter search
->10TeV GC, dwarf galaxies, SUN
- Spherically extended y-ray distibution

Wide FoV « Continuous
Observation by ALPACA



Other research themes

*CR anisotropy @ >TeV region in south
(Complementary to IceCube)

*The Sun’s shadow 1n south

* Chemical composition of VHE CR (Knee)
(AS+MD cf: Other AS experiments &LHC-f)
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CR anisotropy: Tibet ASy (Northern sky)
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~0.1% Anisotoropy = Origin ?
Whole-sky Observation in wide energy range-> Important




CR anisotropy: Southern sky

Amenomori+(Tibet ASy), Science, 314, 439 (2006) 5%//,/
Abbasi+(IceCube), ApJL, 718, L194, (2010) <A F—/=

1.002
1.001

1.000

0.999
60 - 0.998
Tibet + IceCube combined
—> CR distribution in Local interstellar medium (LISM)? “"‘
Influence of heliospheric magnetic field E;
S T 0.46
Auger Collabo., Science, 357, 1266 (2017) | : '
y & w
360 - 5,
Auger dipole distribution 042 g
<
—> Consistent with the direction in flux-weighted dipole of : -
of 2MRS galaxy catalogue sources, considering deflection by 038
galactic magnetic field
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CR anistropy : Energy dependence

Local IM distribution Source distributibixtriagalactic Matter distribution
+ heliospheric magnetic field? Galaxy? + galactic magnetic field?
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Wide energy range observation in both hemispheres: Important*




CR anisotropy around
Galactic Center

Energy spectrum of y and v of CR origin CR anisotropy
0
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EASTOP((North)), Tibet(North),
IceCube(South pole)

Fujita, Murase and Kimura, JCAP04(201 7)0%re8élttia£LPACA: High sensitivity to GC

Sagittarius A* as an origin of the Galactic PeV cosmic rays?



Sun shadow
Observation by
ALPACA

Chacaltaya

Solar elevation (deg.)

v ALPACA: Observation of Sun shadow possible for almost all
the year
(Complete 1-yr coverage possible, together with Tibet
observation)



ALPAQUITA

ALPACA Land DeS|gn Woros
Prototype array with ~100 SDs s _ e )
and ~1000m2MD .«
* ~20% of ALPACA ASin 2019 St Tt
e ~20% of ALPACA MD in 2020 .« . c e
Establishing procedures in Bolivia -
* Construction . aun I
* Import/Export .. .
* Infrastructure 4)9m SEECELILY
Line (B) =~ * e
Expected sciences e e e s P R
* Sunshadow i "1:(}00 .s>; S L : : " :®1f>8L:ightEir;§IRod§(B>'
CR Anisotropy (TeV region) - rgm.nd.‘ Y Y
* Bright sub-PeV gamma-ray sources (e 7 R?er;n.(tg)ry . . 77777 : . 77777 .
.\ //\i e 8) Perimeter Protection Wall (B)
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Summary
ALPACA:

1)Experimental site: 4740m above sea level, near La Paz in Bolivia
Expected budget -> ~5 M USD
Muon Detector ~ 5400m? (underground water Cherenkov type)
AS Array ~83,000m? (~ 401 x 1m? plastic scintillation detectors)
2) Target physics and astrophysics (AS + MD)
10-1000TeV 7y astronomy (point & extended sources, PeVatron, etc)
CR anisotropy, Sun shadow, CR chemical composition, etc
3) ALPAQUITA (~20 % ALPACA AS, in 2019)
(~20% ALPACA MD, in 2020)



End
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