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Start of EAS Cherenkov light experiments

Lateral Distribution Function (LDF):
Pamir Mounts experiments — Nina Nesterova and Aleksahdd@&kov —
1958, LDF simulation — Victor Zatsepin and Aleksandu@akov — 1962

Pulse waveform:

Simulations — Yury Fomin and Georgy Khristianseh37 1

Wide angle Yakutsk Experiments — Aleksandr Silaiev Galix
Shikalov — 1970 — 1973

Narrow angle Pic du Midi experiments — Gianni Navatrala— 1970-
1975

The new approach to the X measurement — Nikolay Kalmykov and
Vasily Prosin:

Don’t try to reconstruct the total cascade curverbeasure a single
parameter for Emeasurement and a single parameter fgr X
measurement — 1975
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1984 — 1990... - Yakutsk A = 15045 g/cr.

. ~3.25
300 | b
- N“
I 4 g 9
200 @ o
3 )
, S2.75
i o
100
- ®n . S 2.5
H H B g N’
i e
018 »n On @ 8 £i555
I m B R g 8‘ §
~100 | A m" 2]
[ 1.75
—200
[ B ®
I 1.5 |
390500 200 —100 ©0 100 200 300 B
1.25 F
1 [

0 20 40 60 80 100 120 140 180 180 200
A — Cherenkov light R, m
V¥ - pulse waveform

Scintillation counter© -2 n?, m - 0.25 n?






p, He, CNO fluxes @ B~ 100 TeV fromMACRO andEAS-TOP
\,,, (separation 1100-1300 m of rock; £1.3 - 1.6 TeV)
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LATERAL DISTRIBUTION OF CHERENKOV LIGHT
EXPERIMENTAL DATA AND JACEE SIMULATION

S 1T 7 Y20 Tev
* 20% systematic error summed in§ b [Ty v EE
quadrature with statistical one scales 4, | |
all the curves by the same amount. -'k!j—-m‘__,
» 20% JACEE uncertainty on the S|
spectra has not been included yet A
hi
10%

R=ph(42m)/ph(134m) is a good
estimator of the longitudinal
development of the shower
(Hillas)

(R -Ry)/Ry,=0.13% 0.09

0720 40 60 80 100 120 140 160 180 200

r(m)
e Inside the quoted uncertainties calculated anemx@ntal. |.d.f.s match
* CORSIKA/QGSJET reproduces well the longitudinalelepment of the

shower 28




EAS-TOP & MACRO

THE EAS-TOP CHERENKOV DETECTOR

Underground
Gran Sasso Labs.
depth: 3100 m w.e.
Epth ~ 1.3 TeV
= 76.6x 12x 4.8 h
“ gp< IO

.~ 20 m at surface level

Proc. 28 ICRC, 1 (2003) 151
Astrop. Physics, 21 (2004) 223
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QUEST:
PMT QUASARSs at EAS-TOP Array

5 wide angle PMT
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EXPERIMENT: An Example of Recorded Event
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EXPERIMENT: Mean Cherenkov Light LDF

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

Classification parameter:
N 34— the size,
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CORSIKA simulation for QUEST:
LDF parameterlzatlon

log(Q/(photonrecm®eV))

R, = 1(?83-0.2Am]
R, = 200 -20-P [m]

P — LDF steepness +
a single parameter

P=Q10d Q200
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CORSIKA: Simulated lateral distributions and
fitting function (LDF)

LDF has a single
variable parameter

ED-.-E)F’eV

of shape - | |
steepness: ' Q(R) = an eXp((Rm R) (1+3/(R+3))/F%)
P=Q(100)/Q(200) T

log(Q/(photonscm®eV))

R, = 1(P-95-0.245Am]
R, = 155 -13-P [m]
b=1.19+0.23-P
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CORSIKA: Correlation of NE, ratio and the sharpness P
of EAS Cherenkov light LDF
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Primary Energy Reconstruction from EAS Cherenkov
Light Flux at a Distance of 175 m from the CorgQ
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Model of experiment: energy resolution
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Integral Energy Spectrum
and Reference Intensity

I(E >31015 V) =

* < (2.3+0.1(stat.) +0.4(syst.))- 10

[m-2-st.sr-]
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o

0 7= —209:|:006
__________ N E,Is obtained by Q-
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iIndividual measurement
‘% error is 2 times less
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TUNKA array
geography:

RUSSIA, Siberia,
50 km form Lake
Baikal

http://dbserv.sinp.msu.ru/tunka
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Gilanni Navarra include to the Tunka
experiments from 1995 to 2009

The first INTAS grant and contacts with A.M. &
(1995 — 2006)

Experiment QUEST at EAS-TOP (1998 — 2000)
PMT for Tunka-133 from MACRO and some other
electronics parts (2002 — 2009)

The first CORSIKA simulation made by his PhD sd
(2000 — 2003)

Discussion of methods of analysis and common
publications from 2003 to 2009



Gilanni Navarra include to the Tunka
experiments from 1995 to 2009
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Tunka-25
October 2005




The Tunka-25 array
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Cherenkov Light Detectors




EXPERIMENT: Reconstruction of EAS Parameters

1. core position X, y
2. light flux at core
distance 175 M@, ¢
3. steepness of LDF -
P=Q(100)/Q(200)

Light flux, (photon*cm™+eV™")

b Eo=3£10" eV

N A

& ESEO S

i
300 400
Core distance, m



I(>E), m«sec *ster™

Absolute Energy Calibration

QUEST:
| a a s Reference Intensity
10 Normalization
N o 1 I(E>31015 eV) =
ﬁ (2.3+0.1(stat.) +0.4(syst.))-10
o N [m-2.sl.sr-1]

This method provides the
uncertainty of absolute
energy less than 10%.
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[*Eo ™ (M +sec +ster +GeV' ")

Differential energy spectrum:
power law fitting
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CONCLUSIONS

1. Energy spectrum has a sharp kneeHi¥'3eV

2. Change of the next power law index at aboel®'s eV



The primary spectrum from EAS-TOP
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Primary nucleug,, A?

1. E, ~ Q;7.5— Cherenkov light flux

2. X nax(Model independent)
K@(: Xp_ﬁxmaxlalnE.ln_A X
Two methods:

Pulse width:
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Simulation for Tunka.

CORSIKA:
Measurement of
a distance to EAS
maximum with the
Cherenkov light LDF
steepness P

H 10 KM
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Simulated X._,
distributions for
4 different
nuclel groups
taking into
account all
apparatus
uncertainties.
Model
QGSJET-01.
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Mass composition fit.
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Comparison of
experimental
(line) and
simulated (filled
area) X,
distributions for
E,=5-1G~eV
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X max distribution
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X max distribution
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X max distribution
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X max distribution
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X max distribution
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X max distribution
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X max distribution
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CONCLUSIONS

1. Composition before the knee and in the knegig I[10% of
p+He, 30% of others.

2. Composition at-30%% is heavy 30% of p+He, 70% of others.
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Some important steps towards Tunka-133

2002: G. Navarra suggested to use PMTs from foM#A&CRO
experiment.

30.12 2003: 200 PMTs arrived in Moscow.

2004: Starting of financial support from DFG-RFRRdS.

2005: Optical cabld 10km) from the terminated EAS-1000 project.
2006: Starting of financial support from Rusdidinistry

of Education and Science. Project budg&80 — 150 KEuro per

year.
2006 — 2009: ADC AD9430 chips from G. Navarral(d) and

C. Spiering (Germany).
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The array deployment
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Tunka-133 deployment
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The first season of observation:
November 2009 — March 2010

286 h. of clean weather

> 2-1(P events with energyl0eV.

~ 200 EAS with energy >10eV inside the circle R<500 m afg45°
>10 events with 19 clusters hit every night

=
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= | Tunka-133, 2009-12-19
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Time. hour

Tunka-133 single nightstatistics is
comparable with that of
Tunka-25 single winter
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1024 points of amplitude vs. time
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EXPERIMENT:

The main parameters determination — area (light @ xamplitude A width
FWHM. and front delay, at 0.25A.
(The more accurate FWHM/1.24,1. = Q/A)
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EAS parameters reconstruction

1. Traditional:Reconstruction of EAS core position by the method
of Q. fitting with LDF.
Measuring of the LDF steepness P. Getting of WDFRHe event and
measuring of FWHM(400).

2. The newReconstruction of EAS core position by the methbd o

FWHM fiiting with WDF-.
Getting of FWHM(400) and the LDF steepness P f@r ¢re position.



CORSIKA: Simulated lateral distributions
and fitting function (LDF)
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- AX=

l0go(FWHM/ns)

CORSIKA: Width vs. Distance
Function (WDF)
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CORSIKA: X vs. FWHM(400)
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A

5.

Further information analysis:
the results to be published next year (2011)

The differential energy spectrum in the energygea310t°— 108 eV.
X.ax distributions in the narrow Igbins.
Simulation of X ., distributions for the different primary mass groups.

Comparison of the experimental and combined sitadldistributions and
thus estimation of the most probable primary contiposfor the every energy
bin.

Estimation of <InA> vs. Hn the energy range3'>— 3107 eV.
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Possible change of primary composition at the

EeV energies
(Michael Unger review at ECRS-2008)

Owverview over transition models Chenical Conmposition- Ymax vs E
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The curious features of the spectrum in the intérate range.

From A. Haungs report at
ECRS 2010, Turku, Finland.
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From A. Haungs report at ECRS 2010, Turku, Finland.
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he partial preliminary conclusion.

1. Our preliminary analysis (based upon more tH0Q0 events
with E;>10' eV) confirms these both features of the energy
spectrum.

2. Next year we’ll show the X, distribution for the both
interesting energy ranges as well as for all timgeal3°— 10t eV.
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Robotic optical telescope

I //

System of wide angle automatic
telescopes.

Search for optical point sources
responsible for GRBs

Search for SN
Search for asteroids and comets

For Tunka-133:
Observation of clouds in the field
of view of the



Registration of radio signals
from EAS

Choosing of the antenna type:
2 types of antennas were installed
at Tunka Array till now

Log-periodic antenna
(D. Besson et al. University of Kansas, USA

Short Aperiodic Loaded Loop
Antenna (SALLA)

(A. Haungs et al. Institute fur
Kernphysik, Forschungszentrum,
Karlsruhe, Germany

Antennas are connected to the free FA
channels of Tunka-133 cluster electron

2010: Net of 20 antenn#s




6 distant clusters
(42 optical
detectors)

l

The effective area |
enlarging to about 4 | gl
times for the EAS .
with the energy
> 107 eV

Further possibility of
the effective area

enlarging to about 10, ye-
times for the external
EAS with the energy
> 510 eV




Thank you!



