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TAIGA 2019

500 m



The Hybrid TAIGA Experiment
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TAIGA-HiSCORE

Integrating air Cherenkov
Timing array
2020: 89 stations
2021: 120 stations

TAIGA-IACT

IACT-1: first results available
IACT-2: data taking started
IACT-3: in construction

TAIGA-Muon

240 m² surface and 
underground particle
detectors

More info: TAIGA overview talk - N. Budnev

https://indico.desy.de/event/27991/contributions/102036/


The hybrid air Cherenkov approach
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HiSCORE timing array:
Angular resolution O(0.1°)
Core resolution O(10m)

Monoscopic IACTs:
Image shape

Hybrid reconstruction: combine

e.g. use Core & incident angle
from HiSCORE

to scale image width
→ hybrid scaled width

Cost-efficient coverage of large areas
Combining strengths of both techniques



Imaging Hybrid Mode

Stereo

Light Pool

100 m

100 m

Imaging
Hybrid

300 - 1000 m
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Point Source Gamma Simulation

IACT 1 IACT 2

Stereo Events
(not needed)

325 m

• Large distance between telescopes
• Operation mode: independent telescopes
• All events are usable
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Reconstruction Idea: Hybrid Scaled Width
• Thesis of Maike Kunnas, 2017

• Take reconstructed core position from timing array

• Scale width by mean width at that core position

• Additional possibility: take single station core position (Wertz 2019)
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Current Status
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Data Simulation

HiSCORE End of 2021: 121 Stations in 4 clusters Sim_score
MC Processing ongoing

IACT 1 Operational since 2018 Adapted version of sim_telarray
Reasonable agreement

IACT 2 Operational since Feb 20 Adapted version of sim_telarray
Work in progress

IACT 3 Mount ready, camera to be installed soon -

Datasets Corsika v7.64 with IACT option:
Point Source:

Gamma 0.5 TeV – 50 TeV: 11M

Viewcone 35 deg:
Proton 0.65 TeV – 682 TeV: 100 M
Helium 0.7 TeV – 743 TeV: 43 M
Nitrogen 0.8 TeV – 83 TeV: 11 M
Iron 0.9 TeV – 96 TeV: 11 M

Status: Exploring 2 IACT + HiSCORE events



arXiv:1511.00463

[astro-ph.IM]

Stereo Plane Intersection
Simulation: 
Pointing: zd 31 deg, az 180 deg

Data: 
Pointing: zd 30 - 42, mean az 210

michael.blank@uni-hamburg.de 11

https://arxiv.org/abs/1511.00463


Stereo + HiSCORE
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Recover coreHybrid event



Coincident Data Events (IACTs + HiSCORE)
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Stereo Reconstruction Center of Gravity



Coincident Events (IACTs + HiSCORE)
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• Gamma Simulation
− ~20 to 50 TeV, weighted to E^(-2.6)
− CoG reconstruction only -> even better with LDF fit

arXiv:0909.0663

[astro-ph.IM]

https://arxiv.org/abs/0909.0663


Summary and Outlook

• Summary:
• 2 IACTs and 89 HiSCORE stations in operation
• coincident events seen in data and simulation

• Outlook:
• 2 IACT + HiSCORE events:

• cross calibration
• systematic simulation checks

• 1 IACT + HiSCORE events (operational goal)
• Verify Hybrid Scaled Width
• Fix major axis via HiSCORE core
• …

• Single IACTs:
• Improve analysis
• Verify IACT 2
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Other contributions
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Speaker Contribution

N. Budnev The-TAIGA-an-advanced-hybrid-detector-complex-for-astroparticle-physics-cosmic-ray-physics-and-gamma-ray-astronomy

R. Wischnewski White-Rabbit-in-the-TAIGA-Observatory-From-Precision-Timing-to-Fast-Event-Classification

A. Porelli TAIGA-Observatory-First-5-years-of-operation-of-the-HiSCORE-Air-Cerenkov-Array

A. Porelli Satellite-based-Calibration-of-the-TAIGA-HiSCORE-Cerenkov-Array-by-the-LIDAR-on-board-CALIPSO

L. Sveshnikova The-detection-of-high-energy-gamma-rays-larger-40-TeV-from-Crab-Nebular-by-a-hybrid-method-of-TAIGA-installation

A. Borodin The-precision-of-the-IACT-mechanical-mounts-of-the-TAIGA-observatory

A. Ivanova Tunka-Grande-array-for-high-energy-gamma-ray-astronomy-and-cosmic-ray-physics-preliminary-results

P. Volchugov Plans-and-Tests-for-Stereoscopic-and-Monoscopic-Operation-of-Four-IACTs-of-the-TAIGA-Hybrid-Experiment

D. Zhurov TAIGA-IACT-control-and-monitoring-software-status

A. Panov Search-for-nanosecond-fast-optical-transients-with-TAIGA-HiSCORE-array

J. Dubenskaya Fast-simulation-of-gammaproton-event-images-for-the-TAIGA-IACT-experiment-using-generative-adversarial-networks

S. Polyakov The-use-of-convolutional-neural-networks-for-processing-images-from-multiple-IACTs-in-the-TAIGA-experiment

https://icrc2021-venue.desy.de/video/The-TAIGA-an-advanced-hybrid-detector-complex-for-astroparticle-physics-cosmic-ray-physics-and-gamma-ray-astronomy/813eb6655311e4dad5261eed5282f21b
https://icrc2021-venue.desy.de/video/White-Rabbit-in-the-TAIGA-Observatory-From-Precision-Timing-to-Fast-Event-Classification/7c1199f65ed4a3c7d817406fbcef24cf
https://icrc2021-venue.desy.de/video/TAIGA-Observatory-First-5-years-of-operation-of-the-HiSCORE-Air-Cerenkov-Array/1d94944229684e845828603180b339aa
https://icrc2021-venue.desy.de/video/Satellite-based-Calibration-of-the-TAIGA-HiSCORE-Cerenkov-Array-by-the-LIDAR-on-board-CALIPSO/f821c83d04da3c8203f45ca91fce9cec
https://icrc2021-venue.desy.de/video/The-detection-of-high-energy-gamma-rays-larger-40-TeV-from-Crab-Nebular-by-a-hybrid-method-of-TAIGA-installation/047cbe9f52ee2245c2ee4a149fef37cf
https://icrc2021-venue.desy.de/video/The-precision-of-the-IACT-mechanical-mounts-of-the-TAIGA-observatory/641ce035c8c25d5dc7acfe7cdf83388c
https://icrc2021-venue.desy.de/video/Tunka-Grande-array-for-high-energy-gamma-ray-astronomy-and-cosmic-ray-physics-preliminary-results/0b4a0f9071effd83689befacb99131d9
https://icrc2021-venue.desy.de/video/Plans-and-Tests-for-Stereoscopic-and-Monoscopic-Operation-of-Four-IACTs-of-the-TAIGA-Hybrid-Experiment/dc09ca7fbc0137836a1dac511c458bac
https://icrc2021-venue.desy.de/video/TAIGA-IACT-control-and-monitoring-software-status/43e3377d2bbc8812d34e9e174289d680
https://icrc2021-venue.desy.de/video/Search-for-nanosecond-fast-optical-transients-with-TAIGA-HiSCORE-array/3079360a7f4b97a1f1a212dff53b045a
https://icrc2021-venue.desy.de/video/Fast-simulation-of-gammaproton-event-images-for-the-TAIGA-IACT-experiment-using-generative-adversarial-networks/a85d208c1d502d6c8e02354ffe5a549e
https://icrc2021-venue.desy.de/video/The-use-of-convolutional-neural-networks-for-processing-images-from-multiple-IACTs-in-the-TAIGA-experiment/caa025a1f78c386064ea6622b8247023


Backup
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Reconstructed Core Positions (Not coincident)
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2 IACT Stereo HiSCORE



IACT 1

First simple analysis:
- Random Forest g/h separation
- Random Forest Disp estimation

Theta Square
Crab ~40 h
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Coincident Events (IACTs + HiSCORE)
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Gamma
Simulation

~20 to 50 TeV

Data

(Not only
Gammas)

Preliminary



„Shadowing“ in Impact Distribution
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‚Depleted‘ region Bright region



Stereo reconstruction method

1. Get alt and az of c and d

2. Get unit vectors 𝑐𝑖 and 𝑑𝑖 for c and d in ground coordinates: 
cos 𝑎𝑙𝑡 cos 𝑎𝑧
cos 𝑎𝑙𝑡 sin 𝑎𝑧

sin 𝑎𝑙𝑡

3. Calculate plane normals via cross product 𝑛𝑖 = 𝑐𝑖 × 𝑑𝑖

4. Define planes via normals and telescope positions 𝑃𝑖:   𝑛𝑖 ∙ ( Ԧ𝑋 − 𝑃𝑖) = 0

5. Intersect planes at Z = 0 

• Center of Gravity c
• Point along major axis d

c

d
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