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ALPACA

(Andes Large area PArticle detector
for Cosmic ray physics and Astronomy)

Mt. Chacaltaya, Bolivia
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ALPACA exposure (hours/year)
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Array layout of ALPACA

« 1m? AS Detector x 401 (82,800 m?)
[C] 56 m? Muon Detector x 96 (5,400 m?)

707 mm |
5mm Thick Lead

Signai _able

400 x 1m? plastic scintillators

(7mx8m unit) x 12 x 8 (TBD)
underground water Cherenkov
muon detectors (5400m?)
2.2m underground

(1GeV muon threshold)

Angular resolution : 0.2° @ 100TeV
Energy resolution : 20% @ 100TeV
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Integral Flux x E( TeV cm?s! )

ALPACA sensitivity to the H.E.S.S. sources
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current status

— ALPAQUITA -
(little ALPACA, ALPACA-chan)

» Prototype array of ALPACA
« 20% area of full ALPACA with 97 surface detectors
« 1 underground muon detector (700-1000m?) to be
constructed in 2020 (position TBD)
* Purpose
» Detection of bright gamma-ray sources
« Cosmic-ray anisotropy in the Southern hemisphere,
space weather study

« 1m? AS Detector x 401 (82,800 m?)
[T 56 m2 Muon Detector x 96 (5,400 m?)

Detector material arrived
at Bolivia early 2019 9



Sensitivity to Vela X ((a, §) = (08"35™005, —45°36 00") )

Differential flux from inner region + ring : (H.E.S.S A&A 548, A38, 2012)
dN/dE = NyE Texp(—E/E ;) (TeV lecm™2s71)
Ny = 2.1X10_11(TeV_1cm_ZS_1), E.,t = 14.0TeV, T = 1.32
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Detection Area (m2)
o o o o o
n w E=N [¢,] [e)]

—
O_L

—_
o
o

Effective area for Vela X trajectory

Inner area (12,600m?2) ._-_

0<40.0 —e—

40.0<6<60.0 —=—

..00000:0:1'.h
.. = = =

6 <40° o -

Py | " PR | i PR R R |

10° 10’ 10°

Primary Energy (TeV)

100 ¢

50

-100 C

-50 +

-100

-50 0 50

100

11



Optimization of MD location (study on going)

« case1 : optimized for full ALPACA array
« case2 : optimized for ALPAQUITA only

100

, Yy ZNM: Total number of detected muons in one shower event
SRR S 2p : Total number of particles [In39.8 < Zp < 63.1 (~ 12 TeV)]

S Case 1 : Using lower-left MD Case 2 : Using center MD
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Bin—by—bin yearly detection significances (Vela X)

Case 1: Using | Case 2: Using

lower-left MD center MD
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MDcel m
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AL S ol Ll
39.8)

b ) 2
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ALPAQUITA in October 2019




ALPAQUITA in October 2019

All 97 basements placed
Assembly of 20 detectors completed

Cable channels finalized soon

Assembly of all detectors, cabling, first data taking as soon as possible in 2020
First muon detector in design, to be constructed in 2020 15



Summary

« ALPACA is a new air shower array project to explore 100TeV
sky in the Southern hemisphere

« Many H.E.S.S. sources can be studied at >10TeV

« Systematic search of 100TeV emission and cutoff below 100TeV

* Prototype array ALPAQUITA under construction

« surface array construction to be completed and operation starts
early 2020

 first muon detector construction in 2020
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Power and water
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ALPACA exposure (hours/year)
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« Galactic Center, RX J1713 : >2,000 hours/year (6<45°)
« >1,000 hours/year for Crab
« 0<60° allows 3000 hours/year
« Effects on threshold energy, resolution must be studied
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H.E.S.S. TeV Galactic Plane Survey

Planck CO map

SN 1006

135
HESS J0632+057

H.E.S.S. gamma-ray
map <1013eV

Galactic Longitude (deg)
« Many gamma-ray sources along the Galactic plane
« Any source beyond 104eV?
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Air shower simulation

Corsikarz.6400 is used in a MC simulation

Backgrouind K
condition

Total # of events 5.0x107 (1 300GeV < E < 10PeV : 1.1x10°
(27 yr for Vela X) (0.6 yr for Vela X)
(2 10TeV < E < 10PeV : 1.0x108
(18 yr for Vela X)
Energy range 300GeV < E < 10PeV 300GeV < E < 10PeV
Spectrum « E~20 See the figure below
Injected range (from 300m radius 300m radius

the center of the array)

v

E254U/dE m2sec'sr'GeV'®

107 .
= Cosmic-ray spectrum
N R (M.Shibata et al. ApJ, 716: 1076-1083, 2010)
1 er nucl e‘| ----------- ) ‘
10103 104 10° 10° o7

E GeV/particle

22



23



