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View of TUNKA array

TUNKA array is situated in the Tunka Valley on the right bank of
Irkut River. Tunka Valley is limited by the east branch of Sayan
Mountains (so called Tunka Goltsy, seen in photo) and Hamar-Daban
Ridge.



Aim of Experiment

Increase in 10 times the area of “dense” Cherenkov
array Tunka-25 to study cosmic rays in the energy
range 1015 — 1018 eV with high energy resolution.



Content of report

1. Current status of field – motivation for the new array. 

2. Tunka-25: history and results.

3.   Tunka-133.



Current status of the field



Energy range 1016 – 1018 eV has been covered by very few experiments. 
Energy spectra determined by different experiments differ significantly, 

mostly due to the difficulties in proper energy calibration

knee galactic extragalactic?



Why the energy range  1016 - 1018 is of crucial importance ? 

In this energy range may occur transition from galactic to extragalactic
cosmic rays.

Accurate measurements in this range provide a good energy calibration
for huge arrays (Auger).



Experimental Arguments

1. From KASCADE experiment: at 1017 eV  Fe component
should dominate in cosmic rays.

2. From HiRes experiment : in the energy range 1017 – 1018 eV
mass composition of cosmic rays changes from heavy (Fe) to light (p) 

The new experiments needed to check this
important statement.



Theoretical Arguments.

1. Bell&Lucek (2000, 2001) – Amplification of magnetic
field on the front of shock wave  δB ∼100 µG

Ptuskin&Zirakashvili(2003)
Emax ∼ Z · 1017 эВ ( in SNR)

2. Berezinsky, Gazizov, Grigoreva (2003, 2004)
Transition from galactic to extragalactic cosmic rays
may  occur between 1017  and  1018 eV.



Galactic component at E ≥ 1×1017 eV is assumed to be iron nuclei. The spectrum is found as 
difference of the total (observed) spectrum and extragalactic proton spectrum. Ec is considered 
as a free parameter in a range (0.3 - 2)×1018 eV



Experiment and theory point out, 
that in energy range1017 – 1018 eV 

the transition from galactic to 
extragalactic cosmic rays may 

occur.



Importance of UHE experiments
energy calibration.









Tunka-25 array



Tunka experiment : history and results

1. 1992 – 4 PMT QUASAR-370 on the ice of lake Baikal.
2. 1993  – moving to Tunka valey ( 50 from the lake Baikal)

1993 – 1995    ТUNKA-4 – The first measurement of energy spectrum
in the knee region with  Cherenkov light.

3. 1996 – 1999 TUNKA-25 – Spectrum and mass composition.
4. 1998 – 2000  - QUEST      ( QUASAR-370  at EAS-TOP)
5. 2000      TUNKA-25 Method development:

accuracy of axis reconstruction, 
LDF, energy callibration

200 PMT from INFN, 
GRAN SASSO LAB.

133 PMT
on 1 km2

0.1 km2

Project of
TUNKA-133



The Tunka-25 array in 2005

25 QUASAR-370 tubes

4 EMI D668 tubes

Water tank
(S=10 m2 )

-37 cm diameter
- integrating

-20 cm diameter
-fiber read-out
-FADC



QUASAR PHOTO-TUBE

The base time integrated detector of TUNKA array



Main Tunka-25 results: energy 
spectrum and  mass composition.



AGREEMENT

Cerenkov
telescope with 
PMT QUASAR



Тunka-133

133 optical detectors in the area of ~ 1 km2

and  6 water tanks.
Energy Threshold ~ 1015 eV

Expected statistic from 1 year operation  ( 400 hours):
> 3·1015 eV ~ 5.0·105 events
>    1017 eV ~ 300   events
>    1018 eV ~ 2 – 3  events



Tunka array geography:
Russia, Siberia,
50 km from the Lake
Baikal.



Why Tunka?
1. Good weather conditions (~ 400 hours of observation

per year) and existence of accessible territory.

2. Existence of needed infrastructure: laboratory building,
dormitory on 20 beds, garage, workshop.

3. 10-years experience of working with Cherenkov EAS
arrays : from Tunka-4 to Tunka-25.

4. Considerable progress in method of EAS parameters 
reconstruction.

5. Existence of 200 PMTs (from INFN, MACRO) with
20 cm diameter photocathodes.



Plan of Tunka-133

Seven optical detectors
form Cluster

Water
tank



Accuracy of EAS parameters reconstruction

accuracy of core location ~ 6 m
accuracy of  E0 determination ~ 15%

From the lateral distribution steepness

accuracy of Xmax determination ~ 35  g/cm2

From the pulse duration                                
(at 250 – 350 m from the core)

accuracy  of Xmax determination ~ 25 g/сm2





Water Cherenkov 
detector

S= 10 m2 ,  h=90 cm

2 level detector:
upper tank      – e, γ
bottom tank    - µ

Now only bottom tanks
were installed



FADC FOR TUNKA-133

Tested example:
ISA-card, 4 10bit, 200 MHz 
ADC ( AD9410)

Will be : 3U –VME,
4 12 bit, 200 MHz
ADC (AD9430) 



Prototype of optical detector.



Tunka Collaboration

SINP MSU (Moscow): Front-end 
electronics, data acquisition system, data 
analysis.

API (Irkutsk): Mechanical devices, 
array deployment.

Torino Univ.: PMT, array calibration
development, M-C simulation.

Tunka-133IZMIRAN (Troitsk): The acceleration 
in  SNR, Galactic propagation. 

DESY-Zeuthen: Digital electronics,
software.



Time schedule of the array deployment

The cluster electronics partly prepared and tested. A test of the first optical 
detector and analog electronics in the Tunka valley has been carried out in 
October 2005.

The first 4 clusters (Tunka-28) will be deployed in the fall of 2006. The test
operation of the array will extend over the winter season 2006-2007.

The further installation of array depends on the financial support. In case of
sufficient support, the rest of array could be constructed in 2006 and 2007 
and  installed in Summer/Autumn 2007.    





October 2005. The center of the future 
array.



Conclusion

A 1-km2  array in the Tunka valley ( Buratia, Siberia) is planned to record EAS from 
cosmic rays of super-high energies by their Cherenkov light. It will allow to study 
cosmic rays by a single method covering uniformly the energy range 1015 – 1018 eV.

This includes the classical knee at  ~3 · 1015  eV   as  well as the second knee at 
a few 1017 eV, allowing to study features of the spectrum probably connected with
the transition from galactic to extra-galactic cosmic rays.

With this installation we are going to study up to which maximal energy particles
in supernova remnants are accelerated and will also provide a low – energy 
calibration to much larger installations like Auger.  

Array may be constructed  and give  first results in 2-3 years.  



Is there second knee in cosmic 
rays spectrum?

Akeno - 6·1017  эВ

Fly’s Eye  - 4·1017 эВ

HiRes       - 7·1017 эВ

Якутск      - 8·1017 эВ





Cost of the array ( in thousand 
EUR)

1.Electronic - 80

2. Mechanical devices – 70

3. Cables                       -30

Total                               180   





20-30км

P, A

for Ee >25 Mev
Ve > C/ n   – speed of ligh in    
the air

For Cherenkov light

Detectors of photons

Q tot  ∼ E

Recording of Cherenkov light

Most accurate method for
measurement energy of
EAS.



Mean depth of EAS maximum



Some recent 
primary energy 

spectrum,        
data  



The region above 1016 is of crucial importance for understanding 
of the origin and propagation of cosmic rays in the Galaxy.

- Is there an “iron knee” above the classical knee at 3·1015 eV? The identification of
an iron knee could provide a final understanding of this region.

-What is the mass composition above a possible iron knee? Is this region dominated 
by sources different to supernova remnants?

-What is the nature of the observed “second knee” at 3-5·1017 eV? Is it caused by end
of the galactic component?

-What is the relation between cut-off effects due to leakage out of Galaxy and cut-off
effects due to maximum energies in sources?





Cluster Electronic Box

2 m

1m
scintillator

VME crate

cabels

1.3 m



Tunka-Italian cooperation : past and future

Past

1. Common INTAS grant in 1998-2000 for construction Tunka-25
2. Installing  5 QUASAR-370 for common operation with 

EAS-TOP (Experiment QUEST) – 1998-2000
3. M-C simulation and data analysis. Methods of absolute energy

calibration for Cherenkov EAS arrays – 2000-2003
4. Tunka-133 project.  200 PMT from GRAN SASSO LAB. for

new array.  New INTAS application ( successfully passing 1 stage)
2003-2005. 



Tunka-Italian cooperation : past and future

Future

1. Preparing software for Tunka-133 date acquisition system.
2. Exchange students for passing practice in running and

evaluating of KASKADE-Grande and Tunka-133.
3. Performing M-C simulation for Tunka-133 completing

experience of sites in detecting Cherenkov light and 
charge particles ( especially in water tank methodic).

4. Discussion of experimental results and preparing
publication.

5.   Support from Theory.



FURTHER STEPS

1014 - 1015 eV

25 sphere mirrors of  
1 m in diameter -
2005-2007. 

1016 - 1018 eV

TUNKA-133 project 2005 - 2007 -
…



Approach to the mass 
composition

∆X = X0/cosθ – Xmax

Xmax

Primary nucleus E0 , A? 
<Xmax> ~ <lnA> 

2. FWHM ~ ∆X g/cm2 X0

θ, φ

1. LDF 
steepness

Xmax measurement:
(model independent)





Example of event (in water tanks)

1 tank1 tank



Motivation for Tunka-133: energy range 1016 – 1018 eV has been covered by 
very few experiments. Energy spectra determined by different experiments 

differ significantly, mostly due to the difficulties in proper energy calibration



A careful investigation of the region
1016 – 1018 eV  requires:

-Detectors with area 1 km2  or more, but much smaller
spacing than that of arrays for ultra-high energies.

-The detectors should exploit as many  as possible 
complementary techniques, which can be cross-
checked  against each-other.

-Precise energy measurement is crucial to detect fine
structure in the spectrum. Therefore the set of 
techniques should include a calorimetric methods,
which – for this energy range – is Cherenkov 
technique.   

A trinity of detectors complementing each other:
KASKADE-Grande, Space/IceTop,  Tunka



Коллаборация ТУНКА. Пуск установки
ТУНКА-25,   октябрь 2000 г.



Differential energy spectrum:    
power law fitting

300 hours

θ<25°

140000 events

10000 events 
with                 
E0 > 3·1015 eV


	Tunka Experiment: Towards 1км2  EAS Cherenkov Array at the Tunka Valley
	View of TUNKA array
	Aim of Experiment
	Content of report
	Current status of the field
	Energy range 1016 – 1018 eV has been covered by very few experiments. Energy spectra determined by different experiments dif
	Why the energy range  1016  - 1018  is of crucial importance ?
	Experimental Arguments
	Theoretical Arguments.
	transition to extragalactic cosmic rays, after Berezinsky et al. 2005
	Experiment and theory point out, that in energy range1017 – 1018 eV the transition from galactic to extragalactic cosmic rays
	Importance of UHE experimentsenergy calibration.
	Tunka-25 array
	Tunka experiment : history and results
	QUASAR PHOTO-TUBE
	Main Tunka-25 results: energy spectrum and  mass composition.
	AGREEMENT
	Тunka-133
	Why Tunka?
	Plan of Tunka-133
	Accuracy of EAS parameters reconstruction
	Water Cherenkov detector
	FADC FOR TUNKA-133
	Prototype of optical detector.
	Time schedule of the array deployment
	October 2005. The center of the future array.
	Conclusion
	Is there second knee in cosmic rays spectrum?
	Cost of the array ( in thousand EUR)
	Mean depth of EAS maximum
	Some recent primary energy spectrum,        data
	The region above 1016  is of crucial importance for understanding of the origin and propagation of cosmic rays in the Galaxy.
	Tunka-Italian cooperation : past and future
	Tunka-Italian cooperation : past and future
	FURTHER STEPS
	Approach to the mass composition
	Example of event (in water tanks)
	Motivation for Tunka-133: energy range 1016 – 1018 eV has been covered by very few experiments. Energy spectra determined by d
	Differential energy spectrum:    power law fitting


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


