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SMECA: SurfaceMobile EasCherenkovArray
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Events

X 2/ndf 41.3/31
mean 0.88 + 0.2
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Search for the Acceleration Limit of Galactic Sources

- Energy range 107%-10'8 eV demands:
- 1 km? with spacing smaller than that
at Auger

- complementary techniques
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Atmosphere as
a huge calorimeter

Cherenkov light
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Advantage of Cherenkov Technique:

1. Good energy resolution -upto 15%
2. Good accuracy of X -20-25 g/em?
3. Good angular resolution - 0.1 — 0.3 deg
4. Low cost — Tunka-133 — 1 km? array:
0.5 10° Eur ( construction and deployment)

_|_
0.2 106 Eur( PMTs)
100 km? array - 107 Eur

Disadvantage:

1. Small time of operation ( moonless,
cloudless nights) —5-10%



Usage of Cherenkov Light Lateral Distribution Function
(LDF) for the Reconstruction of EAS Parameters

logl( 0/ photonscrn®ey) )
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E, = 5 PeV

CQ(R) = QR /RF? |

| QR) = Q exp((R,, Ry (1+3/(RE3)/R,)

| Q(R) = QEO0)((R/200+1 ]2 *
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LDF from CORSIKA

Q(R) =F(R, p) (only one

T parameter)

steepness of LDF | =
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Light flux, (photonecm ™ say™")
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Experimental data fitted with LDF

light tlux at core distance 175 m -
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P = Q(IOO)/Q(ZOO)_} Xmax




Primary energy reconstruction

— . g
E =AQys
EAS Cherenkov light flux at core distance 175 m

For 101°— 1017 eV

s = 0.93+0.02 (CORSIKA)

0.95 for light composition,
0.91 for heavy composition
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Absolute energy calibration :
QUEST experiment ( Cherenkov detectors at EAS-TOP)
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X nax determination

1. Steepness of LDF: X =F(P)

max

2. Width of signal: X _=F(T1)

max

3. Shape of Cherenkov front : X . = F(R)
( not used up to now)
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Tunka-133: 19 clusters,
7 detectors in each cluster

Cluster e Dbol e fectos %
| cdl ¢ CLo g
Electronlc : Cluster box
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iaommnnel FADC boards pE &

200 MHz, 12 bit




Led
driver Bo
A mechanics
PreAmplifier | | HV
+ HV devider | | supply Detector
' ' control
module
Anode Dynode Flash RS 485
v V led interface

8 inch EMI9350 PMT from MACRO
A/D=30, high linearity (>10pe)
Fast LED driver with high dynamic range
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Two seasons of array operation

2009 - 2010 :286 hours of good weather . o
2010 —2011: 270 hours of good weather. 2|
> 4-10° events with energy >10°3B. 5
1 = | Tunka-133, 2009-12-19 |~
0 2 4 6 B i0 12
- Time. hour
= 00} LS Trigger counting rate
[, | | . .
= " 5 during one night .
% ol \ . >50 detectors g o
. . > 1016 eV
2.0} ""-,_‘ >10 events during every night with
. j ”"'t-.ﬁ_.‘ number of hitted detectors more
T ‘“u..\. than 100.
4.0t A

12345 7 9 11 13 15 17 19
Number of Clusters
Distribution of the number of hitted clusters
in one event.
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Example of event

Energy: 2.0-107 eV
zenith angle : 12.6 °

200 |- O30

—400

125 detectors

Core position:
1 LDF -method

LJ WDF -method

figm
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Example of event

Energy: 2.0-107eV
zenith angle :12.6°

400 S S—
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__ Core position:

[:] LDF -method
Ld WDF -method

B

R« 1g ( Ligsic)




=
tn

lg{0/chot. cm™ V")
]
tn

[ o]

=

|

2.5 |

=579 g/cm’ 1012 No 44

# = 13.5165°

Nyp=115

No 31142

L | L L L l L L L l L . L
400 6a0 300 1000
Core distance {Idf), m

IgFWHM

n4 b Ea=10.1+10"ev
d = 13.5165°
- ]
an | 1012 No — 44
T e = 579 g/cm” -
1.8
1.8
1.4
-Ir:r I . ol — ol . ol — ol —
Y 200 400 600 800 1000

Core distance {Idf), m



T delay, ns
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M cTOYHUKI, KOTOPBIE MBI KaK TO MOKEM BUIETh.
KpacHuplii 1BeT — ecTb T3B-HOe n3myueHIe:
CIHIII IIBET -0KIIaeMoe BpeMs HaOMro1eHd 1 viicio codrrtuii > 20 T>B

Mame R lon lat Ra del Tnabl  (N=20TeV)
12 Cygnus 058 74.0 -85 20.8 30.7 Ver 100 h 1000 cob.
13 DR4 15 782 21 204 404
14  HB21 0.8 89.0 47 208 50.7
15 DAS530 20 933 69 209 554
16 CTB104 15 93.7 -0.2 215 50.8
17. Boomerang 106.3 2.7 225 60.8 270 500 cob
18  Cas 34 1117 -2.1 23.4 58.8 300 180 cob
19 07 1143 0.3 236 61.9
20 16 1165 1.1 239 63.2
21 (CTB1 1.6 11659 0.2 24.0 62.5
22 (CTA1 1.4 1195 102 0.1 72.8 Ver 4% 300 500-800
23 Tycho 2.2 1201 14 04 641 Ver 360 120-180 cob.
24 RS 1.20 1271 0.5 1.5 63.1
25 3058 26 1307 3.1 21 648
26 HB3 22 1327 13 23 625
27 HBS 0.8 16059 26 5.0 46.2
28 5147 0.8 180.0 -1.7 5.7 23.0
29  Crab 20 1846 -58 5.6 22.0 Ver 100 h 5000 cob.
30 1C443 1.5 1891 3.0 6.3 22.5 Mil

S =2.5 km?
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Absolute energy calibration experiment.
Repeating the “QUEST” at 101°-1017 eV
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Cross calibration of Cherenkov light and
fluorescent light methods.

Image detector
from TUS
experiment
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Tunka133 calibration system

High power LED source with ~10!? photons
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vtsdzS st dzj dzsydz" J mMd3d Misd s dz

J ¥ B dzsW 518 oo 028 D |, dzd3 | emax 4203 D |, dzdf3 X, % t,, dzf
PPO 310 80 360 70 2-3 14
275 50 340 55 5 10
PTP
POP 295 60 360 60 11 0.8
BED 315 80 380 80 0.3 i
™I 295 60 375 70 11 6.5
Butyl-PED 302 60 368 60 5 0.8
Bis.MSB 350 75 415 80 8 14
POPOP 358 75 410 80 6.5 15
PBD 302 60 360 60 4 <1
1 OW s Odzd dz 275 40 325 40 - ~100
BMQ 275 70 357 70 9 0.9
DPS 340 70 406 70 11 1.2
QurIr 310 65 390 70 11 -
TBS 320 60 390 60 11 18
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