Properties of the TSU goniometer

PROPERTIES OF EAS GONIOMETER TSU

All definitions of the values and functions used see in the part « GONIOMETER’S GENERIC PROPERTIES»

1. Javakhishvili Thilisi State University, Thilisi, Georgia

Location of the TSU installation,

Latitude 41.710426°N
Longitude 44.777002°E
Altitude (474.5 £0.5)m

above sea level

Upright atmospheric X1, =979.0 g/cm?
mass depth

Air density Prsy =1170g/m’
at this location

and the corresponding M, =82.2m

TSU
multiple scattering unit

The “flat” detectors of the TSU goniome-
ter are located under the iron roof of the second
building of Thbilisi State University in Thbilisi.
The mass depth of this filter is accepted to be
Xy =0.78 g/cm’ for all directions and the radia-

tion length for the actual absorber’s substance (iron) is accepted to be T},

Number of detectors N=4; 4=0,1,2,3

The TSU goniometer is disassembled since 2018.

Figure 1  TSU array layout.
All linear dimensions are measured in centimeters.

=139 g/cm2

ilter

The areas of all plastic scintillator slabs are S, =0.25m*;  {SS;,}=(5,.5,,5,,S;,)
The detectors’ positions layout in the roof space is shown in the figure 1.
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Properties of the TSU goniometer

Local (E, N)" coordinates of the detectors S —
are obtained by two-dimensional multilateration | < | \ Y ]
procedure relative to the fixed points on the cir- | § | i |
cumscribing walling with subsequent rotation by ;‘é - : |
15.3° about the vertical axis: Y —— oo - - - B
|&] | ———
308 1217 535 1443 "E" e
{rrTSU } = cm : .
433 176 1268 1020 "N" : T T T Tt T
The practically occurred EAS observation 21\ — i 1
rate at AIP goniometer’s performance during the e B S BipRatersy|
1 1 1 nterpolation !
2017 year observation session is | |
EprateTSU = (20306 + 0138) hr™. e e ae 2 2 2 am ‘ 2% 2% 28
The required effectlve common threshold Of Presumable threshold of sensitivity of the detectors , particles / detector
sensitivity 7, of all detectors used is estimated Figure 2 1Plot of the numerical estimation of the
by numerical solving of the equation effective common threshold of sensitivity
%(n* )= ExpRate of the detectors of TSU goniometer.
TSU TSU

shown in the figure2. Here Rate(n) is the

interpolation polynomial curved upon the set of calculated rates for the series of arbitrarily assigned
values n* of supposed thresholds of sensitivity. The effective common threshold of sensitivity of all
detectors is estimated as 77, =2.729 particles per detector

Therefore the aggregate variable 7SU describing the native properties of the TSU goniometer
is established as 7SU = [X T ,{rrTSU},{SSTSU},{n%U}] . Bvery consequent calculation uses this set of
properties.

The properties evaluated
The calculated rate of EAS observations by TSU goniometer is Rate,y, =20.306 i~ while the

observations rate is ExpRate,q, =(20.306+0.138) hr".

The aperture function of the TSU goniometer
The estimated dependence of the TSU goniometer’s aperture "“’Ap(E) on the showers’ en-
ergy E is shown in the figure 3.
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Figure 3. Dependence of the TSU goniometer’s aperture
on the showers’ energy E
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Properties of the TSU goniometer

The probability density function of the EAS energies observable by the TSU goniometer

The estimated density function of the EAS energies E observable by the TSU goniometer
SV (E) is shown in the figure 4.
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Figure 4. The EAS energy E distribution density for the TSU
goniometer observations is shown. Density values are
scaled by corresponding energy £ in the power 2.0

The integral distribution function of the EAS energies observable by the TSU goniometer

The estimated total number of EAS events observable by TSU goniometer in the course of
1 year “F_(E. ) dependent on the minimal energy E,_. of the showers’ sampling part is shown in

in

the figure 5.
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Figure 5. The curve shows the dependence on the sample mini-
mal energy of total number of EAS events observable
by TSU goniometer in the course of 1 year




Properties of the TSU goniometer

The greatest accessible distance to the shower cores

The function ™YR..(E) of the greatest accessible distance to the shower cores is defined
numerically at given energy. This function is shown in the figure 6.

This dependence is defined in > 3

the energy interval 3000 ‘
WUE, <E<E,.

The maximal available distance
is defined at upper bound of observ-
able EAS energy
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Figure 6. The energy dependence of the maximal distance
from the TSU center to the EAS core intersection
with the XY plane

The probability density function of the distances between the coordinate system origin and
the EAS cores’ points of intersection with the XY plane
for the showers observable by the TSU goniometer

The probability density function V'f, (R) of the distances R to the cores of observable show-
ers at TSU goniometer is shown in the figure 7.

This distribution is defined in ool

the available distances interval 0.009
O<R< (TSU)maxR 0.008

TS maxR = 2944m 0.007

0.006]

The distance of most probable
EAS observations is

VR =39.1m
The average distance is
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Figure 7. The distribution density of the EAS core distances R
from the TSU goniometer center.
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Properties of the TSU goniometer

Two-dimensional distribution of the EAS core position points’ observable by TSU goniometer
The diametrical section of two-dimensional distribution ’f®(x,y) of the EAS core position
points’ observable by TSU goniometer is shown in the figure 8.
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The average position of all EAS
cores’ intersections with XY plane is
obviously in the goniometer’s center w0
(x=0,y=0)and the standard deviation 7107

in each of (x,y) dimensions is equal to

WUGR = T(R?)[2 =112.8m .
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Figure 8. The diametrical section of the EAS core position
points’ distribution for the TSU goniometer
observations.

Probability of the EAS core observation by the TSU goniometer at the distance less then R
The last probability is shown in the figure 9.
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Properties of the TSU goniometer

Borders of the areas of the observable vertical EAS cores’ penetration
for the TSU goniometer

Distance northward from TSU center, m
1

rl

Those borders are shown in the figures 10 and 11 for some maximal EAS energies.
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Figure 10 Borders of the areas
of the TSU-observable ver-
tical EAS cores’ passage
for the specified maximal to-
tal energies of the showers:
10PeV, 100PeV, 1EeV,
10EeV, 100EeV

=25
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Figure 11 Borders in the TSU vicinity
of the areas of the observ-
able vertical EAS cores’
passage for the maximal
total energies of the show-
ers specified in the legend

-6 -



	Word Bookmarks
	f6



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /GothicG
    /MT-Extra
    /Swiss721BT-BlackOutline
    /SymbolMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


