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Tunka facility

Karlsruhe Intitute of Technology

Dmitriy Kostunin — Tunka-Rex: two years of air-shower measurements 3rd August 2015



Tunka-Rex detector ﬂ(“

a Radio quiet rural location
a Strong geomagnetic field (= 60 uT)
a Absolute amplitude calibration (see contribution PoS 573 by R.Hiller)

a Joint operation of radio and air-Cherenkov detectors

a Goal: precision of radio reconstruction for shower parameters
(energy and shower maximum)

® Super-hybrid measurements soon: radio + air-C + e/
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Events aquisition and reconstruction KIT

Effective time of measurements: 280 hours
Event rate: ~ 1 candidate per hour

m Searching of the signal in power trace

e Digital filtering

e SNR>10

® Nant >3

= 244 events found

a Rejecting false positive events

e Rejecting outliers from the LDF (using Tunka-133 core coordinates)
e Reconstruction of arrival direction with plane fit
e Comparison with Cherenkov reconstruction (A2 < 5°)

= 88 events remain

For analysis we use the radio part of the Auger Offline software
Pierre Auger Collaboration, NIM A 635 (2011) 92
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Events aquisition and reconstruction AT

Karlsruhe Institute of Technology.

a Quality cuts (for X,,.x reconstruction)

e at least one antenna at dyis > 200m
= 64 events remain

o fit uncertainty (X ax) < 50 g/cm?
= 25 events remain
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Lateral distribution asymmetry ﬂ(“
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Both methods describe the same physics and should converge.

'published in JCAP 1505 (2015) 05, 018
2[arXiv:1504.050831, submitted to Astropart. Phys.
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Asymmetry correction ﬂ(“

[N

Correction operator K = (2 + 2¢ cos ¢ sin g + sin’ ag)
o is geomagnetic angle, e = 0.085 is asymmetry, ¢, is azimuth of antenna
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Slope (n) sensitivity to shower maximum 67 < § X ax < 70 g/cm?
Energy estimator works for all oy > 0 (cf. Glaser et. al., PoS 364)
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Air-shower reconstruction ﬂ(“
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Air-shower parameters
Model parameters from CoREAS
Ep = krE(re) simulations

Xmax = Xo/ cos 0—(A+Blog(n(rs)+b))
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Energy correlation IT
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Combined resolution: o ~ 20% for 91 measured events
Radio simulations (noise included): oproton = 12%, Oiron = 15%
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Shower maximum correlation
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Combined resolution: ¢ = 50 g/cm? for 25 measured events
Radio simulations (noise included): oproton = 25 g/cm?, oipon = 40 g/cm?
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Tuning and Prediction seasons IT

Karlsruhe Institute of Technology

Effective time: 280 h/260 h Total N of events: 91 /87 HQ events: 25/22
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The encrypted file with reconstruction of blinded data can be found on
http://reco.tunkarex.info  ~ => 2> = NAC

Dmitriy Kostunin — Tunka-Rex: two years of air-shower measurements 3rd August 2015 12/26



Conclusion ﬂ(“

m Tunka-Rex successfully operates since 2012.

m The combined resolution of £, and X, after cross-calibration is
comparable with non-imaging techniques.

m Tunka-Rex has proven that sparse low-cost radio arrays are feasible
for the ultra-high energy cosmic rays detection.

Outlook

a Tunka-Grande will be calibrated using hybrid measurements with
Tunka-Rex.

m After the starting hybrid measurements with doubled core shower
maximum resolution should be improved to 40 g/cm?.

Dmitriy Kostunin — Tunka-Rex: two years of air-shower measurements 3rd August 2015 13/26



BACKUP
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Tunka-Rex station
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Data acquisition and event merging KIT

a Every run local clocks set to zero

m Cluster centers have independent
triggers (more than 2 simultaneous
signals from PMT consider as event)

m Delays in optical fibers are taken into
account. Event time is
T = local time + fiber delay

a We merge separate events with
AT < 7000 ns into one

m UTC time sets for each event in DAQ
center and then data reader choses
Tl = t1 + dtl one for merged event.

T2 = t2 + dt2|
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Sample signal trace

Karlsruhe Intitute of Technology
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Event distribution
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Convergence of energy estimator ﬂ(“

E(re) = kEpy \/82 + 2¢ coS g sin g + sin? Qg

Taylor series
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For e ~ 15%: g™ ~ 0.1 (6°)
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Parametrization ay(E,,;, )
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Shower maximum correlation ﬂ(“
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Theoretical and experimental resolution AT
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Correction influence on resolution
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Reconstructed spectra

Karlsruhe Institute of Technology
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Distribution of simulated X,

Karlsruhe Intitute of Technology
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