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TECHNIQUE 
OF THE EAS FRONT MOVEMENT DIRECTION ESTIMATION 

The direction of Extensive Air Shower’s (EAS) front movement at any small scale CR station 
can be estimated by means of the so-called “EAS goniometer” (figure 1).The latter is an installation 
consisting of a scintillation detector system, registering the times of EAS front charged particles’ 
passages through the detector. This information allows estimation of the EAS movement direction 
by means of the relative delays between the signals.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Generally the set of any number of ionizing radiation detectors, arbitrarily distributed in the 3D 

space, can be used as the volumetric EAS goniometer. Some “triggering structure” for EAS discover-
ing is implied. This structure has to send a trigger signal to the measuring part of installation to fix a 
time reckoning of the pulses delays from EAS goniometer detectors. In particular, the EAS goniome-
ter detectors themselves can be used for this purpose. The signals from all detectors are delayed for 
the common period with respect to the real moments of the pulses origins. The measuring part itself 
records the differences of signal arrival times with respect to the trigger signal hit time. This set of 
recorded numbers has to be used later (off line) to estimate the shower front movement direction. 

Provided the geometric dimensions of the installation are small compared with the characteristic 
radius of curvature of the shower’s front surface, this front surface can be approximated by a local 
tangent plane, moving with light velocity c. Since the plane’s algebraic equation is linear with re-
spect to all independent variables, the measured delay intervals of every detector can be expressed 
linearly in terms of the plane’s unit direction vector components. This unit vector is perpendicular 
to the front’s plane and shows the showers’ movement direction required (figure 1). 

Figure 1.  The concept of arrangement of most general EAS goniometer.  
All signal cables from all detectors have equal length; 
The rest of the delay cables conditionally are not shown 

 

X 

Y

Z

ri 

Detectors of  
the goniometer 

Trigger
system

Measuring system & data recording 

The observable part 
of the EAS front

n

Delay cables 

Unit vector  
of the EAS front 
movement direction 

https://en.wikipedia.org/wiki/Air_shower_(physics)�


GELATICA Technique 

The similar linear equation arises for every measured delay from every detector. So, it appears a 
system of linear equations with respect to the unit movement direction vector. The number of equa-
tions is equal to the number of detectors used. In the general case the detectors’ number exceeds the 
number of vector components required. That is why the linear least-squares method has to be used 
for this overspecified equation system solution. 

The problem solution appears as linear expressions for movement direction unit vector components 
in terms of all measured delay values with coefficients dependent on the coordinates of all detectors. 

The goniometers for Extensive Air Showers used by the GELATICA network belong to the spe-
cial case of so-called “planar goniometers”. The planar goniometers (i.e. with all detectors located 
in a common plane) are commonly used worldwide. They have an essential shortcoming of consid-
erable degradation of the mentioned linear least-squares method normal equation set. That is why 
only two components of the EAS movement direction unit vector can be estimated directly by the 
planar goniometer measurements. 

The detectors of goniometers used by 
the GELATICA network are commonly 
located in horizontal plane nearly by the 
corners of square with the side dimensions 
of a ≈ 10m (figure 2). This disposition is 
caused both by the restricted number of the 
DAQ’s signal channels (described in the 
part «GELATICA ARRANGEMENT») and 
by the reason of constructional simplicity. 

The PMT pulses, initiated by the passage 
of EAS charged particles through the scintil-
lator detectors, are read by DAQ card. The 
equipment measures the pulse delay relative 
to the 4-fold pulse coincidence with 
τ = 1.25ns time slicing step. The data are 
stored on PC in the form of integer values 
k0, k1, k2 and k3, corresponding to the num-
bers of delay slices for every detector.  

 

The spatial picture of the EAS movement direction vector estimation by some planar goniometer 
is shown in the figure 3. The EAS front plane estimated is shown in the position at the triggering 
moment, i.e. down the front movement direction under the plane of the detectors’ location. 
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Figure 2. The basic layout of common EAS planar go-
niometer used by the GELATICA network 

Figure 3  The spatial picture of EAS front plane movement direction estimation 
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For the special case of detectors’ exact location in the corners of a square (figure 2) the estimation 
of the horizontal 2D projection of this direction vector n with respect to the XOY reference frame is 
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That is in this very special symmetric case all solution coefficients (dependent on the coordinates of 
all detectors) are of equal absolute value. The vertical component of direction unit vector is now recon-
structed by the use of unity length condition 2 2 1 2(1 )z x yn n n= − − ; the dispersion of this vector horizontal 

components’ estimation is 2 2 2 2
0 2 1 3 ( 2 ) [( ) ( )]x y c a k k k kσ σ τ= = ⋅ ⋅ + − + , while the components’ corre-

lation vanishes. Here only statistical uncertainty of the front plane position is taken into account. 

Practical estimations of the EAS front’s direction vector n are evaluated with use of the known real 
coordinates of the detectors’ location, described in the part «GONIOMETERS’ GENERIC PROPERTIES». 
There are five independent types of fluctuations and uncertainties determining the respective covariance 
matrixes, which estimate the received direction vector’s vagueness:  

1 Covariance matrix frD  is connected with fluctuations due to the limited thickness of the physical 
EAS front, i.e. due to the random deviations of the front particles intersection times with the real de-
tectors relative to the conditional time of the mathematical “front plane” passage. 

2 Covariance matrix detD  is connected with the randomness of the front particle’s passage point 
through the detectors’ areas, resulting in some random variations in the internal delays of the re-
spective signal times. 

3 Covariance matrix locD  is connected with the detectors’ location coordinates’ measurement inaccuracy. 

4 Covariance matrix elD  is connected with the time delays measurement inaccuracy caused by the pe-
culiarities of the goniometer’s electronic part. 

5 Covariance matrix orD  is connected with inaccuracy in the coordinate system orientation relative 
to the true Geocentric Coordinate System. 

The total covariance matrix is an ordinary sum of the matrixes of independent variation origins: 
tot fr det loc el or= + + + +D D D D D D  

 

So, the EAS arrival direction unit vec-
tor is estimated with some error. The 
EAS arrival direction estimation with 
respect to the upper celestial hemisphere 
is shown in the figure 4. The cone of 
possible directions with 95% confidence 
level is shown too. The tipical angle eror 
by the GELATICA network EAS 
goniometers is approximatelly 3°. But in 
the horizon vicinity it grous extrimelly – 
because of the flatness of the detectors’ 
disposition. 

 

 

 

 

 
Figure 4  The EAS front movement direction estimation with 

respect to the upper celestial hemisphere. 

The direction’s cone  
of 95% confidence 

Celestial hemisphere 
imagined 

EAS front 
movement direction 


	Word Bookmarks
	OLE_LINK1
	OLE_LINK37
	OLE_LINK38
	OLE_LINK34
	OLE_LINK35
	OLE_LINK39



<<
  /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


