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The ALPACA Experiment

Andes

Large area

PArticle detector for
Cosmic ray physics and
Astronomy
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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 y astronomy
(point & extended sources, 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, Chemical composition of CR around Knee,etc



Costs & Construction plan of ALPACA
AS + MD =5{ZH + Running cost 1{&H

Year 1: Preparation

Year 2 : Construction of MD

Year 3: Construction of AS

Year 4: Start data-taking

Observation will continue (5 — 10 years)

Cf. Detectors (Japan) + Infrastructure(Bolivia)
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FLACA Site

Mt. Chacaltaya, Bolivia
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UMSA Cosmic Ray Laboratory

v Mt Chacaltaya(5,200m asl)

v CR Lab at the highest altitude

v Discovery of charged pion
C. F. Powell et al. 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!



Origin of Cosmic Rays at the Knee

«F(x,E,) Kelneretal., PRD 74, 034018 (2006)

m04_ Il”llll T llHllII T T TTTT0 T T TTTT0 T |||||||l T T TTIr T T TTTT0 : i TT 1] T T T T ||||
~  F —o— JACEE : 5x1072 |
§ B % RUNJOB ] I
(’7, L Grigorov _ -
o~ | % —4— Tibet-ICRC2003) | _
<~ OOM —4— This work(QGSJET+HD) 2x10 “
s % — This work(QGSJET+PD)
o1 03 = § _+_ This work(SIBYLL+HD) 5
=" - 10” .
wl C ] C ]
T [ ]
S ? -3
3 [ — KASCADE(QGSJET) ¥»+ g 5%10
v +— KASCADE(SIBYLL) f *, -
0 —+— BASJE-MAS o
N I
{02 —— CASA-MIA Hy = %103
- —+— AKENO(1992)(Array1) 1y ]
AKENO(1992)(Array20) J{ ]
L —=— AKENO(1984) 4 1073 -
lllllll | £5 | IiIIIII 11 lIIIHI 11 Illllll | | lllllll (R | lIlll | 8 | Hlll 10 1
10° 10° 10° 10®° 10° 10" 10" x=E,/E,
Energy (GeV)

y-ray energy spectrum
v CR+ISM>nrl+ ... 22y
v v & v produced with

E . &, ~O(1/10 Ep,.)

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!




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°23'S, 68 08 W




ALPACA exposure (hours/year)

ALPACA exposure (8<45)
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e Assuming 0<45°
 Geometrical decrease (cosf) is taken into account



Effective Annual Exposure (hours)

ALPACA exposure (hours/year)
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* Galactic Center, RX J1713 : >2,000 hours/year (6<45°)
e >1,000 hours/year for Crab
* 0<60° allows 3000 hours/year
» Effects on threshold energy, resolution must be studied
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ALPACA exposure (hours/year)
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Schematic view of ALPACA

e J. .. Image of 1m=plastic
..................... scintillation detector

Image of unit (56m?)
300 m , underground water

« 1m? AS Detector x 401 (82,800 m?) Cherenkov muon
[ 56 m? Muon Detector x 96 (5,400 m?) detector 16



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

17



p/y discrimination by counting # of muons

TeV pr'oton' helium... TeV gamma ray

/ Atmosphere I\
i X\ Air shower
Y _

Electromagnetic \
cascade pn 'Y

& Electlomagnetlc '4
‘\ cascade '/f

Nucleonic . Y

# of muon within <100m from core

~ 50 u for 100 TeV proton ~1 p for 100 TeV y
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# of Muons vs. Energy

10TeV 100TeV .
. 4 - ALPACA full MC simulation
10} ———————
. Gamma 20 50 80 1 | (AS 83000m? + MD 5400m?)
| R e — g { Muon cut optimized, assuming
10° | oGRS { { +4 | Crab-like spectrum at 5=-30

v' Half of y-ray events
below 10 TeV have no
muon signal
(No muon events are
plotted as 0.2)

o2 ] ¥ Bluelines indicate
10’ 10° 10° optimized muon cuts



Survival Ratio After Muon Cut
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Targety Sources

Galactic Center

Fermi Bubbles

Young SNR

Other Galactic Point-like Sources
Nearby Extragalactic Sources



Int. Flux x E (TeV cm™ 8'1)
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Galactic Center as PeVatron?
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Fermi

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.

Bubbles
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C. Lunardini, et al, PRD (2015)

Bubbles observed by Fermi-LAT




Young SNRs
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Young SNRs
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Young SNRs
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Other Galactic Sources
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1070 b Southem Array (2yrs 4o) v More than dozen sources

v Many sources are dark
In other wave length
—> Dark particle accelerator

Integral Flux ( cm@s)

v Many candidate of PWN
(excess Is located near pulsar)
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Nearby Extragalactic Source CenA

-10
10 —rrr
[ 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)




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)

31



ALPAQUITA

M. Ohnishi

ALPACA Land DeS|gn Ver0.4

* Prototype array with 100 SDs A N
« 20% coverage of full ALPACA I N IR
* No Muon Detector at this stage 1T T

e Establishing procedures in Bolivia R, .
e Construction .
* Import/Export [ - . ‘o
* Infrastructure .. E

* Some sciences 4)L9N<B N .
* Sun shadow | e R

* CR Anisotropy (TeV region) 1113 100084

(Under gro

 Bright gamma-ray sources? N
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ALPAQUITA & infrastructure

JoChacattayalab ... GEldicline .. ... ... ... ...
: crcmno forWaterPump « ¢ « « & « o &« o & to DELAl?AZ
o » Refurbish power line to the Chacartaya

observatoty

* Fence
 DAQ room, workshop and guardians hut
* Water system for life and MDs

s . De‘eoEROYECTO ALPACA . Detector

SUPERFICIE APROX. 170.25 M2 (center of array)

Cocina Sala de

M3 -
s I I
\550 - -

| VAl | (_; .

Remove Window

IO€ 0.15 deep
G (ground for electronics)|

Dormitorio 1 Dormitorio 2

. Detector . Detector




Power and

ALPACA - WATER SISTEM

WATER HOLE
roof

Cerro
Estuqueria

LAB

| 16g23'18.91"
control r key Taiker 68907'42.95"
...... | 4748 m.a.s.|
10m
hole f
20001t gy
50cm deep pipe tank |
Water tank |
— h=108mt
Transf. Road |
M Cros:
Water 16923'03.27" 865m |
Hole

©oguo lUBL
4640 m.a.s.l.
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ALPAQUITA schedule
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Southern Gamma-ray Survey
Observatory (SGSO) alliance

https://www.sgso-alliance.org/SGSOWiki/doku.php : X — YU > 7' X M IETH SN

EFIRELICER YT =T LA %ZEY ., 285MHLEEH > v REA =iz
RIBHITIL—TDEFY
« HAWC, LATTES, ALTO, STACEX, ALPACA
BRI Y A b, BETHYA VIIERTE
o« BINTIL—THENETNDODEHHEBNLE> T B
* GEANT4 codez #H L TRBEREZIR ZIRFTT 5 HM
« ALMAY A b, 7L F > DQUBIC(CMBEER) Y A b, FEIRET
AN
e YA IR —R%ZFE &7 white paper g
e 2020 D decadal surveylCH A4 TV R & L TOEEHIEH %~ B2
- ERRBAT [—o0n] BENLEEEIEA D
e CTASouth& FEFAELAWLWEL D IC
« ALPACA & D EF{%
« SGSOD—E TH 5D, highenergylZHHt L T—HELICEA TWLWD,
« ALPACA%Z SGSOMDR&DMZIZT 5 ?


https://www.sgso-alliance.org/SGSOWiki/doku.php

Thank you for your attention!

ALPAQUITA (~2/10 AS) will be constructed in FY2018



Summary
ALPACA:

1)Experimental site: 4740m above sea level, near La Paz in Bolivia
Expected budget -> ~5 M USD AS+MD + Running=5 + 1 {&F-

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 vy astronomy (point & extended sources, PeVatron, etc)
CR anisotropy, Sun shadow, CR chemical composition, etc
3) ALPAQUITA (2/10 scale ALPACA AS, in FY2018)



End
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