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Outline of the ALPACAexperiment

1)Experimental site: 4740m above sea level, near La Paz in Bolivia
Expected budget -> 5 M USD not funded yet
Muon Detector~ 5400n% (underground water Cherenkov type)
AS Array ~83,000m (~ 400 x 1mplastic scintillation detectors)
2) Target physics and astrophysics (AS + MD)
10-1000 TeW astronomy

(point & extendedsources, PeVatron search, origin of CR)
CR rejection power: >99.9 %@100TeV
Advantage to extended sources!

y-ray point source sensitivity : ~15 % Crab/yr @30Te
CR anisotropy, Sun shadow, Sojar

Chemical composition of CR around Knee
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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)



Discovery of cosmic rays by Victor HESS (in
1912) getting on a balloon

Cosmic fays: Particles from guter space (H, He, C, N, O,...Fe nuclei)



Our Galaxy
€ 100,000 light year —

»w , Solar System _

Supernova

Origin of < 0.001 7
Comic Rays!? light year



Origin of
cosmic rays ?
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Summer Lectures, DESY, August 26th Berlin




Main purpose of ALPACA

e Locating origin of comic rays

by detecting cosmic sub-PeV gamma rays
from cosmic ray accelerator in our galaxy:

PeVatrons!
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Origin of Cosmic Rays at the Knee

#°Fy(=.E,) Kelner et al., PRD 74, 034018 (2006)

a:=E'j/E'p

CR enerqgy spectrum

v' CR acceleration up to several
PeV is possible by shock wave
acceleration mechanism at SNR
v' Knee-4PeV: of galactic origin!?

V—ray energy spectrum
v CR+ISM>T0+... D2y
vy & v produced with

E ey ~O(1/10 Epy)

PeVatror= CR accelerator up to PeV region
Should be in our galaxy or very nearby extragaldxg to photon absorption!




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



Experimental Cite : Cerro Estuqueria

(500m x 500m flat within ~+- 1 deg.)
4,740 m above sea level (16° 23S, 68° 08'W)




Schematic V|ew of ALPACA
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« 1m?2 AS Detector x 401 (82,800 m2) Cherenkov muon
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p/y discrimination by counting # of muons

TeV proton helium... TeV gamma ray
nucleus
/ Atmosphere
T|:+
v - Air shower
Electromagnetic \
cascade pn Y Y

& Elec tromagnetic '4
&\‘ cascade /ﬁ

Nucleonic . Y [
®

# of muon within <100m from core

~ 50 U for 100 TeV proton ~ 1 for 100 TeVy

& Muon detector




Performance of ALPACA

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

# of scintillation detectors 1 m? x 401 detectors

Effective area of ~83,000 m?
modal energy ~5TeV

angular resolution ~0.2 @100 TeV
energy resolution ~30% @100TeV
field of view ~2 Sr

CR rejection power >99.9% @100 TeV

(y ray efficiency ~ 90 %)
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Integral Flux x E (eVcm=2 s-1)

Sensitivity to the Point Source
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SubPeVy-ray astronomy in south

Target sources are:
Galactic Center
Fermi Bubbles
Young SNR
Other Galactic Point-like Sources
Nearby Extragalactic Sources
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Fermi Bubbles
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Young SNRs
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Young SNRs

10710 | i  RXJ1713 (2.0k yrs) —o— _
1I_(l)
o 11 L -
c 10
(&)
>
|i) i
ELT ‘IO_12 -
> ; ALPACA
X
2 sl (40 2yrs)
- 10
=

10'14- L T | L T | L a1 L T | L T | L T | L

107 1073 1072 10" 10° 10’ H1Ig28 S 10

Reproduced from Energy (TeV) e g

slides presented by
S Funk (TeVPA

2011)
SNRs Observed
by Fermi & IACTs

5~ -40




Young SNRs
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Other Galactic Sources

HESS points from Aharonian et al, ApJ 636, 777 (2006)

HESS Observations
Southern Array (2yrs 40)
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In other wave length
-> Dark particle accelerator

v Many candidate of PWN
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Nearby Extragalactic Source M87+12
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Nearby Extragalactic Source CenA
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v’ Distance: 3.8Mpc very nearby!
v’ Relativistic jet
v’ Flat spectrum above TeV region?

v No significant time variation?




Other research themes

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

*The Sun’s shadow in south

- Solary

Up to ~100 GeV Fermi detected,
CR -> Solar atmosphere1® -> 2y

*Chemical composition of VHE CR (Knee)
(AS+MD cf: Other AS experiments &LHE)

29



Sensitivity to Solar Disk-Ray
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Thank you for your attention!

ol

1
i

A
L]

. I.h..-lll. L] _ ':...-.. :. 'v I
. A oy .
- e T
Y —

_— -
i
- A i
Pt a o o e it e
."FZ ' sl

I - .- .I
iy e

il S
._'IT.'.:. 7
'J_'_- .-'.?I_ ,

ALPAQUITA (~1/10 AS) will be constructed in 2017



Summary of the ALPACAXperiment

1)Experimental site: 4740m above sea level, near La Paz in Bolivia
Expected budget -> 5 M USD not funded yet
Muon Detector~ 5400n% (underground water Cherenkov type)
AS Array ~83,000m (~ 400 x 1mplastic scintillation detectors)
2) Target physics and astrophysics (AS + MD)
10-1000 TeW astronomy

(point & extendedsources, PeVatron search, origin of CR)
CR rejection power: >99.9 %@100TeV
Advantage to extended sources!

y-ray point source sensitivity : ~15 % Crab/yr @30TeV
CR anisotropy, Sun shadow, SoyarCR chemical composition
3) ALPAQUITA (1/10 scale ALPACA AS, in 2017)
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Sensitivity to the Point Source
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CAVEAT: CTA sensitivity is old! 34



