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Preface

This is the third and final volume in a series of Lecture Notes based on the
highly successful Euro Summer School on Exotic Beams that has been running
yearly since 1993 (apart from 1999) and is planned to continue to do so. It
is the aim of the series to provide an introduction to Radioactive Ion Beam
(RIB) physics at the level of graduate students and young postdocs starting
out in the field. Each volume contains lectures covering a range of topics from
nuclear theory to experiment to applications.

Our understanding of atomic nuclei has undergone a major re-orientation
over the past two decades and seen the emergence of an exciting field of
research: the study of ‘exotic’ nuclei. The availability of energetic beams of
short-lived nuclei, referred to as ‘radioactive ion beams’ (RIBs), has opened
the way to the study of the structure and dynamics of thousands of nuclear
species never before observed in the laboratory. This field has now become
one of the most important and fast-moving in physics worldwide. And it is
fair to say that Europe leads the way with a number of large international
projects starting up in the next few years, such as the FAIR facility at GSI
in Germany. From a broader perspective, one must also highlight just how
widely RIB physics impacts on other areas, from energy and the environment
to medicine and materials science. There is little doubt that RIB physics has
transformed not only nuclear physics itself but many other areas of science
and technology too, and will continue to do so in the years to come.

While the field of RIB physics is linked mainly to the study of nuclear
structure under extreme conditions of isospin, mass, spin and temperature,
it also addresses problems in nuclear astrophysics, solid-state physics and the
study of fundamental interactions. Furthermore, important applications and
spin-offs also originate from this basic research. The development of new pro-
duction, acceleration and ion storing techniques and the construction of new
detectors adapted to work in the special environment of energetic radioactive
beams is also an important part of the science. And, due to the fact that one
is not limited anymore to the proton/neutron ratio of stable-isotope beams,
virtually the whole chart of the nuclei opens up for research, so theoretical
models can be tested and verified all the way up to the limits of nuclear
existence: the proton and neutron ‘drip lines’.
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The beams of rare and ‘exotic’ nuclei being produced are via two comple-
mentary techniques: in-flight separation and post-acceleration of low-energy
radioactive beams. Both methods have been developed in a number of Eu-
ropean Large Scale Facilities such as ISOLDE (CERN, Switzerland), GANIL
(Caen, France), GSI (Darmstadt, Germany), the Accelerator Laboratory of
the University of Jyviskyld (Finland), INFN Laboratori Nazionali di Legnaro
(Italy) and the Cyclotron Research Centre (Louvain-la-Neuve, Belgium). In-
deed, so important is the continued running and success of the School that
a number of these European facilities have committed to providing financial
support over the coming years.

While the field of RIB physics is linked mainly to the study of nuclear
structure under extreme conditions of isospin, mass, spin and temperature,
it also addresses problems in nuclear astrophysics, solid-state physics and the
study of fundamental interactions. Furthermore, important applications and
spin-offs also originate from this basic research. The development of new pro-
duction, acceleration and ion storing techniques and the construction of new
detectors adapted to work in the special environment of energetic radioactive
beams is also an important part of the science. And, due to the fact that one
is not limited anymore to the proton/neutron ratio of stable beams, virtually
the whole chart of the nuclei opens up for research, so theoretical models can
be tested and verified all the way up to the limits of nuclear existence: the
proton and neutron ‘drip lines’.

Volumes I and II of this series have proved to be highly successful
and popular with many researchers reaching for it for information or pro-
viding it for their PhD students as an introduction to a particular topic.
They are now even available to download from the Euro School Website
(http://www.euroschoolonexoticheams.be/eb/pages/lecture_notes). We stress
that the contributions in these volumes are not review articles and so are not
meant to contain all the latest results or to provide an exhaustive cover-
age of the field but are written instead in the pedagogical style of graduate
lectures and thus have a reasonably long ‘shelf life’. As with the first two
volumes, the contributions here are by leading scientists in the field who have
lectured at the School. They were chosen by the editors to provide a range
of topics within the field and will have updated their material delivered at
the School (sometimes several years ago) to incorporate recent advances and
results.

Finally, we wish to thank the lectures who have contributed to this volume
for their hard work and diligence, and indeed for their patience, at a time when
everyone finds it difficult to find the time to lay out their subject in such a
careful, thorough and readable style. We also wish to thank Dr. Chris Caron
and his colleagues at Springer-Verlag for their help, fruitful collaboration and
continued support on this project.

Guildford, UK, J. Al-Khalili
Darmstadt, Germany E. Roeckl



Contents

Shell Structure of Exotic Nuclei

T. OSUKG . . .. oo 1
1 Basics of Shell Model ....... ... 1
2 Construction of an Effective Interaction and an Example in the pf

Shell. .o 16
3  The N = 20 Problem: Does the Gap Change? .................... 18
4 SUIMINATY . ¢ .ottt e e e e e e e e e e e 20
References . ... ... 20

Testing the Structure of Exotic Nuclei via Coulomb
Excitation of Radioactive Ion Beams at Intermediate Energies

T. Glasmacher . ... ... .. . . . . 27
1 Introduction .......... ... ... .. 27
2 Experimental Considerations........... ... .. ... . ... 31
3  Extraction of Transition Matrix Elements from Cross Sections .. ... 41
4  Recent Experimental Results ........... .. ... ... ... ... ...... 43
5 Accuracy of the Technique.......... ... . ... . i ... 48
6 Outlook and Summary . ......... .. .. .. i 50
References . ... ... 50

Test of Isospin Symmetry Along the N=Z Line

S.M. Lenzi, MLA. Bentley ... ..o 57
1 Imtroduction .......... ... ... 57
2 Background ... 59
3 Experimental and Theoretical Tools .............. .. ... ... .... 67
4 Description of Excitation Energy Differences .................. ... 73
5 Isobaric Multiplets in the f% Shell ... 84
6  Isobaric Multiplets in the sd and fp Shells............ ... ... ... 92
7  Conclusions and Outlook .. ...... ... .. .. . .. .. . . . 95

References .. ... e 97



VIII  Contents

Beta Decay of Exotic Nuclei

B. Rubio and W. Gelletly .. ..... ... .. .. 99
1 Introduction ....... ... .. 99
2 Beta Decay and Nuclear Structure.............................. 103
3  Experimental Considerations. ........... ... .. i .. 114
4 Some Ilustrative Examples .. ........ .. ... ... ... ... 122
5 Future Measurements .. ....... ... .. .. . i 147
References .. ... 148
One- and Two-Proton Radioactivity

B. Blank . . . ... 153
1 Introduction ... ...... ..t 153
2 One-Proton Radioactivity ....... ... .. ... .. i i, 155
3  Two-Proton Radioactivity ......... .. .. ... . i 174
4 Other Exotic Decay Channels .. ........ ... ... ... ... ... 190
5 Conclusions. . ..ot 192
References . ... ..o 193
Superheavy Elements

S, HOfmanm . ..o 203
1 Imtroduction ........ ... ... 203
2 Experimental Techniques .......... .. .. ... . ... 205
3  Experimental Results ...... .. .. . ... 213
4 Nuclear Structure and Decay Properties........... ... ... ... ... 232
5 Nuclear Reactions ............. i 238
6 Summary and Outlook ......... ... .. ... . 246
References .. ... 248
Experimental Tools for Nuclear Astrophysics

C.Angulo. .. oo 253
1 Understanding the Universe ........ .. ... ... ... 253
2 Relevant Quantities at Stellar Energies............ ... ... ... ... 256
3 Stellar Cycles and Some Key Reactions ......................... 260
4 Experimental Techniques in Nuclear Astrophysics ................ 262
5  Future Challenges and Conclusions ............... ... ... ...... 279
References ... ... 279
Index .. ..o 283



	Preface
	Contents


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




