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Motivation
• Cosmic ray spectrum with direct/indirect measurements in GeV – TeV – PeV

• 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 experiment
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2m 15 m

 97  (operational ALPAQUITA)´ 2Air shower detector, 1 m
 304 (planned for full ALPACA)´ 2Air shower detector, 1 m
 64´ 2Muon detector,  56.25 m

ALPAQUITA

ALPACA detectors
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Surface Air Shower Array
(Coverage: 83,000 m2) 
§ 1 m2 scintillation detector

- × 401 counters
- 5cm scintillatior
- 5mm lead plate on the top
- 15m spacing

Underground Muon Detector Array 
(Total area: 3,600 m2)
§ 56 m2 / cells × 64 cells

§ Provide good !/ℎ separation 
+ composition sensitivity
by # of # in air-showers

300 m



ALPAQUITA air-shower array
• ~1/4 size of full-ALPACA array

- 97 scintillation detectors
- Operating since 2023

• Sampling air-shower signals
- Records hit timing and # of ptcls

• Core position

• Arrival direction
- Use relative timing differences
- Assuming conical shower front

• Energy
- function of Σ! and " (next page)
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Energy estimation

Sep. 03, 2026 TeVPA2026

6

• E estimator: Σ!
- Σ!-E relation determined for 

each zenith-angle bin
- Accounts for $ dependence of 

atmospheric attenuation

• Event selection
- zenith angle < 40 deg
- geom. fit % < 1.0
- Above 1.25 ptcls with any 4 detectors
- top 2/3 signals should be inside of inner area
- log10(∑'/m2) < 2.8

• Resolution
- Arrival direction: ~1deg, ( > 10 TeV
- Core position: ~15m, ( > 10 TeV
- Energy: Right-Fig.
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Datasets
• Observational data

- 2023 Jun. - 2024 Apr.,  ~240 days
- ~109 events used

• MC simulations
- CORSIKA
- Interaction model: EPOS-LHC + FLUKA

◦ syst. study with QGSJet II-04 and Sibyll 2.3e
- primary: p/He/N/Si/Fe

◦ weighted to follow Right-Fig. CR flux model
- E range: 300 GeV to 1 PeV
- Zenith angle: 0 - 50 deg
- Full detector simulation with GEANT4
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Nominal CR flux model derived from 
DAMPE and LHAASO data
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Data/MC comparisons

Sep. 03, 2026

8

• Comparisons show reasonable agreement between observational data and MC
# of hit detector
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Spectrum measurement
• Energy spectrum:

Φ # = %(#)
(%&& # ) Δ#

- '()): unfolded distribution
- +!""()): detector acceptance [m2 sr]
- ,: observation time ~ 240days
- Δ): bin size of energy

• Unfolding method
# $ = Σ # $!"#$% '($|$!"#$%)
- '()): unfolded energy distribution
- ' )#!$%& : raw energy distribution
- .()|)#!$%&): smearing matrix

◦ Use Bayes’ unfolding method
[D’Agostini, NIMA 362, (1995) 487]
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• We observe the spectrum break at around E ~ 30 TeV
• In addition, our data favor a double-break fit

ALPAQUITA spectrum 

Mar. 24, 2026 日本物理学会 2026年春季大会
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Spectrum comparison

• 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
• We measured the all-particle cosmic-ray spectrum from 10 to 300 TeV with the 

ALPAQUITA air-shower array
• A clear spectral break is observed around 30 TeV, consistent with recent direct 

measurements
• The spectrum shows an additional structure around 70 TeV
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