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The Tunka-133 array
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Primary nucleus

Detection technique E,. A

+ E_~ Q(200)’ (LDF function, g 6, ¢

depends on composition)
X __ reconstruction:

1. ADF steepness b,
2. Pulse width at 400 m




3-years data (status 2013)

3 winter seasons: 2009-2010, 2010-2011, 2011-2012
165 clean moonless nights
~ 980 h of observation with a trigger frequency ~ 2 Hz
~ 6 000 000 triggers
The cuts for the energy spectrum used:
0 <45°

Reoe <450 m:
170 000 events with E, > 6-10" eV — 100% efficiency
~ 60 000 events E, > 10" eV

~ 600 events E, >10"" eV

l

R.__<800m:

core

~ 1900 events E, >10"" eV
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Energy spectrum: status 2013
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Energy spectrum: status 2013
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Energy spectrum: status 2013
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Energy spectrum: status 2013
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Energy spectrum: status 2013
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Energy spectrum: status 2013
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Energy spectrum: interpretation

N the classical view:
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Two methods of X __ reconstruction:
ADF and WDF
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Correlation of parameters b, and t, with X

X
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 linear correlation of parameters according to CORSIKA

 The regression coefficients can be estimated from
either CORSIKA or wusing a phenomenological

approach
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PHENOMENOLOGICAL APPROACH:
ADF steepness vs. zenith angle

16
E,=3-10 eV
~3500 events: 16.4 <log,,(E,/eV) < 16.5

—~ 0.8
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cos@ - AX__ = X,/cosB - X __

X, =965 g-cm?
Supposed: <X _> =580 g-cm=for E,=3-10" eV
(calibration to existing fluorescence data: HIRES/MIA and Auger(2007)
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PHENOMENOLOGY: X .. by the ADF
steepness

| Slopes are the
same.
The constant
slightly differs.

0.5 '0.55' Oi6 0.65 0.7 'o.i75 0.8
|Og10(b 2>
AX = 2865 - 3519-log,,(b,-2), g-cm?
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PHENOMENOLOGICAL APPROACH:
1.:(400) vs. zenith angle

E,=3-10*° eV
~3500 events: 16.4 <log,,(E,/eV) < 16.5
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cos@ - AX__ = X,/cosB - X __

X, =965 g-cm?
Supposed: <X __> =580 g-cm= for E, = 3-10"° eV
(calibration to existing fluorescence data: HIRES/MIA and Auger(2007)
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PHENOMENOLOGY: X.__ by 1(400)

Full agreement !

wl  CORSIKA \
1.51.551.61.651.71.751.81.851.91.95 2

l0g,,( FWHM(400))
AX. ., = 3344 — 1624-log,,(T,,), g-cm2
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<Xm e results: status 2013
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Elemental composition

Each of the experimental X__

histograms is approximated with four
groups of nuclei (H, He, N, Fe) to

determine the elemental
composition.
The method: generated in

CORSIKA distributions of different
groups of nuclei are included in a
composite model. The weight of
each group in the superposition can
be found by fitting the real X, data.

The X, resolution should be taken
into account (!).
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X parametrization (QGSJETII04)

AR TR

 Parametrization by m
Gamma-function and ek
linear interpolation (H, .
He, N, Fe)
I TR -
. (x — x9)" ! 1 T =T :%}—— —
P (x) = NG exp ( 3 ) .mi_
T = [3v + xp; i B Ilu-,gl{EI.'&;S".']
a = Jﬁ ﬁ:{ l l l
» Then convolution with Gaussian A k
with known standard deviation e
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X  resolution

max

 Comparison both b- and 1- methods provided us a
first estimation of the X __ resolution
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Elemental spectra: results
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Light and heavy components

 The heavy component (N+Fe) has a I U TR
break at 10'" eV, reaching a fraction 2T }
value of 80% W[
* The light component starts to rise %024_
again above 10" eV ]
« Up to now we cannot confirm the sharp -
decrease of <In A> seen by KASCADE
and the high <In A> at 10" eV | ] N |
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Main sources of systematic
uncertainties

« X__ resolution

Comparison both b- and - methods not fully
correct because they have different behavior with
energy — Solution: the chessboard method

« Absolute X __ calibration. Waiting for results of

max

“low-energy” extensions TALE and HEAT (was
presented at ICRC2015). Possible difficulties (!):
the shift can be not a constant




Absolute Xmax calibration
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Absolute Xmax calibration
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Most recent data. Where are we?

E 4 _ - Tunka-133, elemental composition
§ — AUGER (QGSJETII-04)
- — AUGER HEAT (QGSJETII-04)
3.5 L - lee-Top
— ] RUNJOB
3 — direct measuremen ts
25—
21—

f i

=k
—y o

d
o

IIIII| | IIIIIII| | IIIIIII| | IIIIIII| 1 1 IIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | I 111001
1012 1[]13 1014 1015 1016 1[]1? 1013 1019 DED
E, ek'

e T-133 and HEAT ?
e T-133 and Ice-Top ?

ao
‘:EL‘HII|I||




Tunka perspectives: Mass

composition aspect
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e Tunka Valley now is a host for a complex experiment TAIGA (Tunka
Advanced International Gamma-ray and Cosmic ray Astrophysics):
Tunka-Grande, Tunka-HISCORE, Tunka-IACT. One more sensitive to
X instrument Tunka-Rex. Elemental composition analysis can be

max

automatically applied to new data.
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Thank you!
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