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Tunka-133 array:
175 optical detectors on 3 km? area
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Some important steps towards Tunka-133 Gianni(“Ramon”) Navarra
12/9/1945 - 24/8/2009

1. 2002: G.Navarra suggested to ask for
PMTs from MACRO for the new array.

2. 30.12 2003: 200 PMT in Moscow.

3 2004 : Starting R&D - financial
support from DFG- RFBR.  —

Karlsruhe, March 2009

4. 2005: Optical cable (~ 10km) from the
closed project EAS1000.

5. 2006 : Starting of financial support of
the project from Ministry
of Education and Science. Project
budget ~ 100 -150 KEU per year

Moscow, October 2005
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Tunka-133: 19 clusters,
7 detectors in each cluster
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Physics goals

1. Cosmic Rays in the energy range of 101® - 108 eV:
Transition form Galactic CR to extragalactic.

Main results: all particle energy spectrum

and mass composition

2. Search for gamma-rays with energies of
5-101% -5-1017 eV



Primary nucleus E, , A?

E, ~ Q(200) Cherenkov light flux
X ax(Model independent):
Two methods:

1. ADF steepness (LDF replaced now ADF)
2. Pulse width (FWHM replaced now by 1)

log(0/(photonsc
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Ig(Q/phot. cm™ eV™")

WDF — width distant function
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262 ACHbIX 6e3STyHHbIX HO4YU
~ 1540 yacoB HabNOEHUN C YaCTOTOM
Tpurrepa ~ 2 'y,
~ 10 000 000 TpurrepHbIx cobbITUM

~ 12400 coG6bITUM € E, >5-10%° eV
~ 3000 cobbiTun ¢ E, >1017 eV
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CneKTtp Bcex yactuy ( 3a 5 cesoHOB)
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\MaccoBblW COCTaB

1. 3aBUCMMOCTb cpeaHero Xmax cpegHero oT SHeprum -
3aBucuMocCTb In A

2. PacnpepeneHne no Xmax - CNekTp OTeNbHbIX KOMMOHEHT.
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Kasc. Gr.heavy * Tunka25,133 + Ice Top
Model prediction
] Sum of Gal. + Extragal.: 3 2 s ] menn PiHe
1Extragal. : 3 2 1
Z2>14—2>20

1 Galactic : All P+He —2Z>6

FE)E™ m*s” sr GeV’

Mpn 1 MaB: 17% P, 46 % He, 8% CNO, 16% Fe
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Pa3BuTne ycTaHOBKM:

Pernctpauuns pagmo nsnyyeHus ot
LLIAJT.

CUMHTUNNAUMUITHHBbIE CTAHLNK




Connection of 2 antennas to
2 free channel of FADC



Tunka-Rex detector ﬂ(l

m 25 antennas on 1 km‘? drea

m Existing DAQ of Tunka-133
m Irigger and information from air-Cherenkov detector

m Radio quiet rural location
m Strong geomagnetic field (=2 60 uT)

m Joint operation of radio and air-Cherenkov detectors

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

Cmitriy Kosiunin — Tunke-Fex ax parimeant April 16th 2014 529



Tunka-Rex example event

For analysis we use the radio part of the Auger Offline software’
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Correlation with amplitude (n = 2) -ﬂ!("
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Grande detectors reached Tunka
(July 2013)




Scintillation
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on the surface
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Absolute energy calibration experiment.
Repeating the “QUEST” at 101¢-10'7 eV

Lg (Ne/E, Tev)
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1 ; .1016

03 1 > 5 2 : = - 2000 events with E >3-10'° eV per

D season

P — steepness of LDF



Search for gamma-rays with energy
5-10'¢ -5.10'7 eV
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Fluorescent detector

Image detector from
TUS expenment

S=2-10m2
Field of view
*+ 7 deqg

7-10 km

The movable support
produced in JINR



Towards High Energy Gamma-Rays Astronomy
array at Tunka Valley

TAIGA — Tunka Advanced Instrument for
cosmic rays and Gamma and Astronomy

Array design concept

R
eNon imaging wide-angle optical *Net of imaging eNet of muon
stations de.tectors with detectors
(HiSCORE type) mirrors 102 2> 2103 m?

2
10 m“square. area.




TAIGA Collaboratipn

Germany Russia
Hamburg University(Hamburg) MSU( SINP)( Moscow)
DESY (Zeuthen) ISU (API) (Irkutsk)
MPI (Munich) INR RAS(Moscow
Humbolt University JINR (Dubna)

MEPHI(Moscow)
IZMIRAN
ITALY Kurchatov Institute

Torino University IPSM(Ulan-Ude)



Pevatron sky
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What we can see with 1 km? array (short list)

Flux F at 35 [Time of
RA Flux Fat1TeV, TeV, observation
Name dearees Decl | 10%2cm2 slTeV!l | 10cm2 s |per one year
g r Tev! (x 0.5- weater
(from Milagro)|factor)
Tycho SNR 0.17 £0.05
(J0025+641) 6.359 [ 64.13 I'=1.95+0.5 236h
32.6 £.9.0
Crab 83.6329 [22.0145 =2 6403 162.6 £9.4 110h,
SNR 1C443 0.58 +0.12
(MAGIC J0616+225) 94.1792 122.5300 =31 +0.30 28.8 £9.5 112h,
Geminga
MGRO C3 98.50 |17.76 37.7 £10.7 102h,
PSR
0.25 +0.12
|M82 (Starburst Galaxy) [148.7 [69.7 F—2 5 10.640.2 325h,
IMkn 421 (BL, z=0.031 50-200
Variable ) 166.114 138.2088 [=20-26 140h
1.42 £0.33 £0.41
SNR 106.6+2.7 337.26 |61.34 |'=2.29 +0.33 70.9 +£10.8 167h
(J2229.0+6114) +0.30
Cas A (SNR, G111.7- 1.26 +£0.18
_2.1)[6] 350.853 [58.8154 =2 61 40.24-0.2 177h
CTA_1(SNR,PWN) 1.5 72.8 11;32 3 266 h



http://icrr.u-tokyo.ac.jp/~morim/TeV-catalog/J0616.htm
http://icrr.u-tokyo.ac.jp/~morim/TeV-catalog/J0616.htm
http://icrr.u-tokyo.ac.jp/~morim/TeV-catalog/Mrk421.htm
http://icrr.u-tokyo.ac.jp/~morim/TeV-catalog/CasA.htm

Methodical approaches for 3 stages

1. Shower front and LDF sampling technique .
Angular resolution — 0.1 deg,
X..a Measurement for hadron rejection.

2. Using of mirrors net with cheap matrix of PMTs for imaging
technique.

3. Using of large area muon detectors for hadron rejection.



Concept of HiSCORE approach

Array of detector stations Air-showel ¥ vy
e == Light-front = o= o
100’20V LA Y T Y LA

T Y et

-Better than for Tunka angular resolution,- up to 0.1 degree
-much lower energy threshold —up to 30 TeV .

-Field of View (FOV) - 0.6 sr (¥30 deq)

- Low cost of each station — possibility to cover large area

HiISCORE — Hundred* i Square-km
Cosmic Origin Explorer




Tunka-HiSCORE — 1km? e
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Sum of 4 anods

100 MHz :
signals

clock for 4 anods and 4 dinods signals
synchronization )\
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Amplitude spectrum of PMTs in station
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Counting rate = 12 -16 Hz

Threshold flux:
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F(R)/cm2

LDF of Cherenkov light from EAS from gamma-rays

Threshold
flux

‘Egam = 30 TeV

Egam = 100 TeV-

| -

100 TeV E




13(Q/phot. cm™ ev™") Ig(A/a.u.)

[ N
100
50 - DATE = 2602
N,, = 87045
s . lg(E,/TeV)=4.016
¥ =7.2°
_50 :—\ E
—100
o | o/ 10/10KeHne
" ocH
i FD ~| ¥
1§
=280 .‘1....1....|,.‘.1.3...|‘...1....1....|
-300 -250 -200 -150 —100  —50 0 50
5
DATE = 2602
N, = 87045
4 Ig{Ey/TeV)=4.016
9 =72

I RIS

Q(R)

| N |

Lo b b nnn bony

I AT
400 450 500
Core distance, m

I il B Il L I
50 100 150 200 250 300 350

(1)

Mpumep cobbiTns
3€HUTHbIN yron — 7.2°
sHeprua - 1.0 10'° 3B

E = ¢ Q(200) 094

PpoHT WA

3a4eprKKa, HC

g100
B DATE = 2602
@ |5
S a0 L N, =87045
lg(E,/TeV)=4.016
& L ©=72"
w0 ; /
; G
20 | /
: _ee* 20 HC
o L—@
=20 |
—40
s o e b b by v b b s by sl

L Ll
0 50 100

M P
400 450 500
Core distance, m

il I Ll L I
150 200 250 300 350




IxE, %, (M~ *xsec™ xster™ xeV")

OA
o0

b e b i e e M i mm e mmeeccsmcssesmmcssemAcesemmessemmssssmmsssemmesssbmssssmmesssmmsssssmessssmes

............................................................................................................................................

.............................................................................................................................................

[loknan
J1.I.CBeluHuKoOBOM




CnekKTp BCex YacTtuu

=

o
)

|

3.0 -2 -1 -1 2.0
IXE>" m~°s s GeV

Q@ Tunka All ]
@ Tunka Hiscore * Kask. Grande ]

(e O
e ®, 00ee PR
e v S




YctaHoBka 2014-2015 roga — 33 ctaHUuum

500 r
. ® )
n ® @ ®
400 B ® . ® . ® ®
B ® ®
B L J ® & ®
300 | S L [ ol . .
B [ ] °
200 [ o B, R, B, ¥, .
. ® L BN BN R B L
E . ® ® » R
100 - o Ed mER ] e
i - .
0 F e o e L B & T ° .. - * Bce cTaHLmMKn HaKknoHeHb!
0 IR B A B » K HOry Ha 30 rpag
—-100 N ® b ® [ [ e ®
: ° N L & . . 20-60 cob6bITWiM OT
B L ® [ ] @ ® @
-200 | Y . BH. . . Kpaba 3a 100 yacos
E . . ® @ ® ®
-300 | e o ® o .
. o ® . i - @
i . i @
—400 |- . - . .
& @ [ ®
_500 5 | | .l | e | .I | | |

Z500-400-300-200-100 0 100 200 300 400 500



Telescope parameters

D= 4.32m F=4.75

34 mirrors with 60 cm diameters

Camera : 400 PMTs ( XP 1911) with 15 mm useful diameter of photocathode
Winston cone: 30 mm input size, 15 output size
1 single pixel = 0.36 deg
full angular size 8.3 deg

DAQ - MAROC3

First telescope in autumn 2015




2000 m2 muon detectors
(0.2% of array area)

200 At et

v EAS, 0 = 40°
150 |
300 TeV proton — 2-6
100 | muons

N, events
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Rejection of hadron background
by 10 times at 300 TeV

ID: 122

Scintillation detectors developed in Mephi
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3aKn4YeHue

1. Tunka-133:

[Mate Onuxanwmnx net dyget npoaosmkeH Habop AaHHbIX COBMECTHO
CUMHTUIMNSALUUOHHBIMUY CTAHUUSMN N padnOaHTEHHAMM.

[anee OypeT npoBedeHa cepbe3Had MogepHU3auus ana nepexona
B pYyron MHTepBar 3Hepruu.

2. NMepsble 9 ctaHunn HISCORE ycnelwHo npopaboTanu nepsbin
3MHUIN ce30H. BocctaHoBneH aHepreTnyecknn crniektp ot 200 TaB
no 10 NaB Ha yctaHoBke 2014-15 roga ( 33 cTaHUUM) Mbl HageeMCH
3apernctpupoBaTb curHan ot Kpaba.

3. [NepBbIn Teneckon Ha4yHeT paboTaTtb 2015 rogy.
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