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The Diffuse Interstellar Bands
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High pressure slit nozzle discharge

H. Linnartz et al., CPL 292, 188 (1998)

St nozzle operation
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Cavity Ring Down Experiment

T. Motylewski and H. Linnartz, RS1 70 (2000) 1305.
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Principle of CRDS:
Confine a light pulse to an optical cavity
and detect the rate of light leaking out.




Matrix (solid state) work
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J.P. Maier, Chem. Soc. Rev.
26 (1997) 21
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Mass selective spectra.

High molecular densities
(101> /10! part./cm?).

[.ow resolution.

Interaction with matrix
environment:

- no rotational spectra
- matrix shifts

m However, indication for
region of absorption.




Experimental procedure
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Look for Compare with MW and
excited states IR data.

P. Thaddeus et al.
T— Check <« | Ferafay Dise. 100 (1008) 191.

electronic profile

A van Orden, K.J. Saykally,
Chem. Rev. B8 (1088) 2313.




Origin of the electronic transition

Rovibronic spectra give information on the electronic excitation, on

the internuclear modes and on the moment of inertia of the molecule.

Sirong electronic transitions involve excitation of T elecirons
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Results: linear :C=C=C=C=C=C-H

H. Linnartz et al., J. Molec. Spectrosc. 197 (1999 1.

T(rot) = 15(3) K
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Results: linear :C=C=C=C=C=C-D

H. Linnartz et al., J. Molec. Spectrosc. 197 (1999 1.

T(rot) = 15(3) K

13034 19mE 13039 13oda 13042 1aodd 19045

A”=-15.13 em!

= -

AA = 8.95cm?




Iso-electronic species
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Triacetylene cation

CPL 313, 171 (1999)

JCP 110, 296 (1999)
Dicyano-acetylene cation

ApJ 531, 312 (2000)

Cyano-diacetylene cation

ApJ 521, 312 (2000)

Hexatrinyl radical

JMS 197, 1 (1999)




CW CRDS & Pulsed Plasma
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Fig. 2. Schematic of the experimental setup. Detals are @mven in the text,




CW CRDS & Pulsed Plasma
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CW CRDS & Pulsed Plasma

P Birza et al V Chemical Physics 283 (2002) 118-124
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Fig. 4. The origin band of the A? I, — 1, electronic spectrum of triacetylene cation, HC.H', measured by cw CRD spectroscopy
through a supersonic pulsed planar plasma with Ty ~ 15 K (lower trace]). The upper trace shows the corresponding cell spectrum using
frequency-plasma double modulation spectroscopy with T, ~ 170 K [21].







Laboratory vs. Astronomical Data
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Laboratory vs. Astronomical Data
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Temperature effects
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Benzene plasma and 4429 DIB

C.D. Ball, M.C. McCarthy, P.
Thaddeus, Ap]J. 528 (2000) L61




Benzene plasma and 4429 DIB

M. Araki et al. ApJ 616
(2004) 1301.




Benzene plasma and 4429 DIB

M. Araki et al. ApJ 616
(2004) 1301.




Benzene plasma and 4429 DIB

M. Araki et al. ApJ 616
(2004) 1301.




Benzene plasma and 4429 DIB

Jal Spssra

Simulation
~15 K

M. Araki et al. ApJ 616
(2004) 1301.




A story without a happy end ?

The strong DIBs are not due
to electronic transitions of
carbon chain radicals. P

R Q2 4 & s

We learnt a lot about carbon RN
chain radicals, and

The new spectra allow for a MWWWWW\MN\W
guided search of these WWW

species 1n diffuse interstellar < per

clouds. %WMWWMMWWV\MWWWW

Recently, C; has been w2
detected in the diffuse ___ Wavelength (A)
interstellar medium.

-C Astrophys. J. 553 (2001) 267
Column densities are of the

order of < 1012 cm?.




Conclusion ?!

T. Motylewski et al. ApJ. 531 (2000} 312.

TaBLE 1
LABDRATORY AND ASTRONOMICAL DATA OF CARBON CHAIN RADICALS WITH INFERRED UPPER LIMITS OF
THE COLUMN DEMNSITY N,mm IN DIFFUSE CLOUDS TOWARDS SELECTED STARS.
Laboratory Astronomical
Chain lrﬂ'-r R[-'."f. fD—D F“FHM Stﬂl‘ RL'I-I[S Wl,fnru: anrr.l:
[A] [A] [10'* em™]
CeH 5265.706(3)* 1 .04 1.4 HD190603 0.0043 1.041 1.43
HD207198 10032 {1.014 1.09
CgH EEEE.EE{E}I’ 2 {1.08 1.7 HD210239 0.0017 0.014 .50
HD2(7198 0.0037 1.041 1.12
C1oH 7140.9(5)F 2 .10 4.0 HD207198 00036 0072 1.59
HD210239 0.0044 {1.088 1.95
CizH 704.5(3)" 3 {.12 2.8 HD210839 00066  0.092 1.39
HD207198 0.0076 1.1046 1.60
HCHT  5062.650(3 34 .04 2.0 HD207198 .0046 0.044 2.06
HCzHT 6002.138(3)* 3.5 .06 1.2 HD210839 {10015 {1.0049 .47
HCsHT  7067.82(2)* 34 .08 1.4 HD2(7198 {1.0036 0.034 .94
BD440% 4220 {.0058 {1.055 1.55
NC4NT  5957.738(3) 3.6 .04 1.4 HD210239 {.005¢ 0.007¢ (.37
NCsNT 6567.52(31" 3 (.08 1.2 obarured by Ha line
HC;Nt 5819.27(2)* 36 (.04 1.5 HD207198 0.0114 {1.461




Take home message

Cavity Ring Down
&
Molecular Laboratory Astrophysics

1

1x

A




Basel:

John P. Maier

y Amsterdam:

\;‘*J‘\ Wim Ubachs
Tomasz Motylewski Dmitriy Ityaksov

Olga Vaizert Jordy Bouwman

Pawel Cias Tomas Foldes

Alexey Denisov Leiden:

Mitsunori Araki

Jordy Bouwman

Harald Verbraak

vrife Universiteit amsterdam

_ _ Anthony Ngai
Wayne Sinclair

Stefan Persijn
David Pfluger

Frans Harren

RUN

Dmitriy Khoroshev

“Sterrewacht™\ -
Leiden




http: / /www.strw.leidenuniv.nl/~linnartz

linnartz(@strw.leidenuniv.nl





<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [612.000 792.000]
>> setpagedevice


