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Search for Optimum Eleetric Pulses
to Obtain Tracks in Isotropic Monogap Chambers.
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An experimental layout has been realized in order to find the best conditions of pulsing
an isotropic monogap chamber. In particular rectangular pulses and damped oscillating
pulses have been analised and width, luminosity and brilliance of tracks and number
of streamers per unit length have been measured.
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Fig. 1. — Block scheme of the experimental layout.

The block scheme of the experimental layout is sketched in Fig. 1. A fast coinei-
dence, operated by a telescope of two scintillators, triggers a pulse generator of Marx
type, followed by a convenient pulse shaper in order to give the chamber electrodes

.
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a rectangular voltage pulse with adjustable amplitude and duration or a damped oscil-
lating pulse with adjustable amplitude, frequency and damping-time constant. The
tracks and the shapes of the voltage pulses applied to the electrodes and those of a
pulse (obtained by a multiplier phototube) proportional to the total light emitted from
the track are photographed by means of three automatic cameras. The voltage pulses
are delayed so that they are not superposed on the noise due to induction and radiation
of the pulse delivered by the Marx generator. A number indicated by a numerator is
photographed in order to associate the correspondent photographs of tracks, triggering
pulse and emitted light. The advancement of the films and of the numerator is obtained
by means of a camera trigger and a numerator trigger, both operated by the fast
coincidence.

Fig. 2. — Track photograph in & direction perpendicular to the electric field, obtained by a rectangular
pulse of 11 kV/em amplitude and 45ns duration. Streamer mean length A7=(2.3 +£0.5) mm.
.Track length 14.5 cm. :

Figure 2 is the photograph of a track obtained in a direction perpendicular to the
electric field. The triggering pulse was rectangunlar with 11 kV/jem amplitude and 45 ns
duration. The mean length of the streamers (in the direction of the electric field) is
(2.8 & 0.5) mm. The photograph of Fig. 3 is obtained by a reectangular puise of
11 kV/jem amplitude and 56 ns duration. The mean streamer length is (6.14-0.5) mm.

Fig. 3. — Track photograph in a direction perpendicular to the electric field, obtained by a rectangular
pulse of- 11 kV/em amplitude and 56 ns duration. Streamer mean length Al=(6.1 £0.5)mm.
Track length 15 cm.
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By plotting the mean streamer length Al as a function of the rectangular-electric-pulse
duration At, the curve of Fig. 4 is obtained. The drift velocity, given by AlJA¢, increases
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Fig. 4. — Mean streamer length Al vs. duration
At of a rectangular electric’ pulse.
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many streamers «run away » because of
the increasing value of the drift velocity
and there is a considerable number of
streamers with a length larger than the
mean value (see Fig. 6). An important
characteristic of a track is its brilliance

rapidly for pulse durations longer than
60 ns, henece the further streamer devel-
opment is mainly due to photoionization.
This characteristic explains the statistical
distribution of the streamer lengths. For
mean lengths up to about 5 mm the dis-
tribution is rather symmetrical with re-
spect to the mean value (see Fig. 5). The
apparent asymmetry for low streamer
length is due to the fact that the stream-
ers having a length less than 1 mm emit
a Jight insufficient to expose the film. For
mean streamer lengths larger than 6 mm,
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Tig. 5. — Streamer distribution An/Al vs. streamer
length Al, where An is the number of streamers
having a length between Al and (Al-+ 1) mm,
The track observed had 14.5 em length and 52
streamers with a mean length Al~4.9 mm.

(light emitted per unit apparent area of the track). Relative values of the brilliance have
been obtained by dividing the area of the current pulse delivered by the multiplier photo-
tube, by the total area of the corresponding 1:1 scale photograph of the track. The
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Fig. 6. — Streamer distribution An/Al vs. streamer length Al for a track having 14.5 cm length and
49 streamers with a mean length A7 =~9.,4 mm.
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area of the frack has been computed by adding the areas of all the streamers of the
track considered. The relative brilliance values so obtained are plotted in Fig. 7 ws.
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Fig. 7. — Relative brilliance values b wvs.
streamer mean length A7,

Another important parameter for
the track definition is the streamer
number per unit length of a track.

streamer mean length, varied by chang-
ing the pulse duration at constant voltage
amplitude. The resulting linear behaviour is
in agreement with the following elementary
interpretation. As soon as the free-electron
number of a streamer reaches a value, in
correspondence of which the emitted light
is at the threshold to be photographed, the
electric field is strongly reduced inside
and strongly increased outside the electron
avalanche because of the spatial charge.
The further development of the streamer
oceurs on the leading edge of the electron
avalanche (and on the.streamer’s ion. tail)
at about a constant electric-field value. This
is given, schematizing the electron ava-
lanche by a sphere of radius R and uniform
charge density o, by E=%nR%o/dns,R?=
= oR[3¢,. A constant value of ¥ implies a
constant (gR), which is proportional to
the streamer brilliance (and the latter quan-
tity is proportional to the excited-atom
number and to the thickness of the stream-
er, characterized by R).
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Fig. 8. — Streamer number N per track unit length
vs. streamer mean, length A]. Curver is obtained by
rectangular electric pulses of amplitude 11 KV/em
and. variable duration Af. Curve d is obtained by
damped oscillating pulses of frequency 40 MHz, damp-
ing-time constant 200 ns and variable amplitude.

The ion-electron pairs produced by a minimum-ionization particle in our working con-
ditions (neon at atmospheric pressure) are about 57 per unit length, but only 2 or
3 streamers per unit length are actually observed. Namely, because of gpatial-charge
effects, the biggest electron avalanches suppress all others (). We have found that the

() K., STRAUCH: IEEE Trans. Nucl, Sei., NS-12, 1 (1965).
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streamer number N per unit length depends on the streamer mean length Al. Plotting
N ws. Al in the case of rectangular electric pulse of constant amplitude and variable
duration, curve r of Fig. 8 is obtained. For any electric-pulse amplitude there is an
optimum pulse duration in order to obtain the maximum streamer number per unit
length. For the example quoted in Fig. 8, the maximum of curve 7 corresponds to
B=11kV/em and At~52ns (mean streamer length Al~5.1mm: see Fig. 4).

We have performed an analogous search by using a damped oscillating pulse (2).
Up to the maximum frequency (~ 40 MHz) obtainable with concentrated parameter
and the actual chamber dimensions (20 em diameter and 10 em height) the track bril-
liance is less than that obtained by rectangular pulses. The streamer number N per unit
length is given by curve d of Fig. 8. The mean streamer length Al has been changed by
varying the amplitude (from 10 to 12 kV/jem for the first elongation), whereas frequency
(40 MHz) and damping-time constant (=~ 200 ns) are maintained invariant. The streamer
number N per track unit length obtained with damped oscillating pulses reaches the value
obtained by rectangular pulses only for Al>1 cm. We think, however, that a good
improvement (by using osecillating pulses) may be obtained working with baked chambers
filled with a noble gas of spectral purity. Namely the photoionization due to the photons
emitted by the same gas cannot occur. Moreover the successive overlapping due to
reversions of the electric field reduces the spatial-charge effects. Consequently an
increase of brilliance and streamer number per unit length should be obtained.
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We thank Prof. E. GaTtI for his encouragements, suggestions and critical discussions
during the development of this work.

(?) For details on the damped oscillating pulse and the relevant best gas mixture see: G. CAVAL-
1ERI, K. GATTI and G. REDAELLI: Nuovo Cimento, 25, 1282 (1962); F. T. AREBCCHI, G. CAVALLERI,
P. PRINCIPI and G. REDAELLI: Energia Nucleare, 9, 713 (1962); G. CAVALLERI, E. GATTI, R. HABEL,
. TARoCCI, T. LETARDI and R. VISENTIN: Nuovo Cimento, 41 A, 289 (1966).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 300
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


