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Motivation

 Cosmic ray spectrum with direct/indirect measurements in GeV — TeV — PeV
loglo(E/eV)
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« DAMPE / CALET reach ~1 PeV, HAWC down to 10 TeV
« We will present 10 TeV — 300 TeV spectrum measurement with ALPACA data
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ALPACA detectors

Surface Air Shower Array Lead pate 056

" Air shower detector, 1 m* x 97 (operational ALPAQUITA)
o Air shower detector, 1 m” x 304 (planned for full ALPACA)
Muon detector, 56.25 m? x 64

' Scintillator (5 cm) |
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Underground Muon Detector Array : s e o oa s

(Total area: 3,600 m?) dof 5o oo
= 56 m2 / cells x 64 cells 5 B

= Provide good y/h separation
+ composition sensitivity
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Reinforced concrete  Waterproof material and reflector
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ALPAQUITA air-shower array |

2023/06/25 00:38:48.577869 time [ns] * ~1/4 size of full-ALPACA array
C 9=477deg, ¢ =-52.7 deg, E = 295.1 TeV .35 0 - 97 scintillation detectors
100~ core, = -9.3 m,core, = 11.9m, £p = 268.9 - Operating since 2023
- —1300
] « Sampling air-shower signals
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1.00 < sec < 1.05, (8)=11.8° 1.25 < sec < 1.30, (0) =38.3° 6

Energy estimation
5 ¢
e E estimator: Ip _ o 1
- X.p-E relation determined for mm”; "0
each zenith-angle bin :
- Accounts for 8 dependence of
atmospheric attenuation 10 10"
* Bvent selection
- zenith angle < 40 deg oo -
- geom. fit y < 1.0 _ . i)
- Above 1.25 ptcls with any 4 detectors S [ R 7™ Jooo
- top 2/3 signals should be inside of inner area Fals . £ bias
- logy(Xp/m?) < 2.8 © 06 v E resolution
0.5
 Resolution T
- Arrival direction: ~1deg, E > 10 TeV 03 !
- Core position: ~15m, E > 10 TeV 0af T
- Energy: Right-Fig. oabe L v
OF
IR 07 10
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Datasets

e Observational data
- 2023 Jun. - 2024 Apr., ~240 days
- ~10° events used

e MC simulations
CORSIKA

/N /Si/Fe

primary: p/

o weighted to follow Right-Fig. CR flux model

E range: 300 GeV to 1 PeV
Zenith angle: 0 - 50 deg
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Full detector simulation with GEANT4

26 J (E) [m? s sl GeV']

Sq
Interaction model: EPOS-LHC + FLUKA
o syst. study with QGS]Jet II-04 and Sibyll 2.3e
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Nominal CR flux model derived from
DAMPE and LHAASO data

LHAASO collaboration, Phys. Rev. Lett 132, 131002 (2024)
LHAASO collaboration, Phys. Rev. Lett 136, 121001 (2026)
DAMPE collaboration, Nature 653, 52 (2026)

DAMPE collaboration, PoS(ICRC2025)021
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Data/MC comparisons

« Comparisons show reasonable agreement between observational data and MC
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S t t Smearing matrix 19
pectrum measuremen ,
. log, (E/eV) EOT
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- N(E): unfolded distribution < F - :
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ALPAQUITA spectrum
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« We observe the spectrum break at around E ~ 30 TeV ¥l

* In addition, our data favor a double-break fit




DAMPE, PoS(ICRC2025)021

CALET, PoS(ICRC2025)004

HAWCGC, Astropart. Phys., 167, 103077
IceCube, Phys. Rev. D 102, 122001 (2020)

Spectrum comparison

LHAASO, Phys. Rev. Lett 132, 131002 (2024)

Tibet, Astrophys. J. 678, 1165 (2008) 11
Telescope Array, Ap]. 865, 74 (2018)

KASCADE, Astropart. Phys. 47, 54 (2013)
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| ok TALE (QGSJet I11-03) IceTop (Sibyll 2.1) Zenith-angle dependence < 2.5%
KASCADE (QGSJet I1-02) Tibet (QGSJet 01 + proton-dominant) Hadronic interaction model —4.5% to +8.5%
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* Spectral break around 30 TeV is consistent with the structure seen by CALET, DAMPE and

HAWC
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Conclusions
« ALPACA has been operating at Bolivia since 2023 with ALPAQUITA air-shower array
smic-ray spectrum from 10 to 300 TeV with the

« We measured the all-particle
ALPAQUITA air-shower array

* A clear spectral break is observed ar
measurements

* The spectrum shows an additi@litﬂ}cture a

TeV, consistent with recent direct




