Spectroscopy of the lightest nuclei in the Lanthanide region

M. Fantuzi!, C.M. Petrache', M. Axiotis®, D. Bazzacco’, G. Benzoni*, P.G. Bizzeti’, A.M. Bizzeti-SonaS, N. Blasi4, A.
Bracco®’, M.A. Cardona®, G. De Angelisz, F. Della Vedova®, M. De Poli?, E.Farnea’, A.Gadea?, D. Hojmané, T. Kroll%, S.
Leoni*, G. Lo Bianco', S. Lunardi’, N. Margineanz, T. Martinez’, R. Menegazzo3 , D. Mengonil, D.R. Napoliz, M.
Nespolo3, P. Pavan’, C. Rossi Alvarez’, A. Saltarelli', P. Spolaorez, C.A. Ur, R. Venturelli®

1 INFN, Sezione di Perugia e Dipartimento di Fisica Universita di Camerino, 2 INFN, Laboratori
Nazionali di Legnaro, 3 INFN, Sezione di Padova e Dipartimento di Fisica Universita di Padova, 4
INFN, Sezione di Milano, Milano, 5 INFN, Sezione di Firenze e Dipartimento di Fisica Universita di
Firenze, 6 Departamento de Fisica, TANDAR, CNEA, Argentina

INTRODUCTION

One of the most exciting subjects in contemporary
nuclear physics is the study of nuclei at the limits of
stability with respect to particle emission. Recently, there
has been an intensive experimental activity in
measuring the proton decay and a large variety of proton

emitters were observed in the region of heavy nuclei
with 50 < Z < 82. Very recently the proton radioactivity
from '"""La [1], *'Pr[2], "'Eu and ""'Ho [3] has been
identified. The proton decay rates deviates significantly
from calculations assuming spherical configurations,
thus indicating the onset of large deformations in the drip
line nuclei below Z=69. However, a detailed study of the
structure of these nuclei can only be performed by
means of y-ray spectroscopy using large detector arrays
coupled with efficient light charged particles detectors,
since the cross section for their population with the
presently available stable beams are very low.

The lightest nuclei in the lanthanide region for which
spectroscopic information has been published are '*La
[4], '**Ce [5], "*°Pr [6] and '**Nd [7]. These data indicate
a strong quadrupole deformation $,~0.35.

In order to establish the lowest single-particle
excitations close to the point of the predicted [§]
maximum deformation in this mass region (N,Z=64), we
have studied the structure of the 122La65, 12Cegs and
'2"Ndg; nuclei with the GASP+ISIS+neutron ring setup.

We would like to stress that in our previous
experiment for the study of nuclei in this mass region, we
have used the GASP+ISIS+RMS setup and identified for
the first time excited states in '*°Pr [9], as well as new
bands in '*Ba [10], '**'*°Ce [11] and "®Nd [7].

EXPERIMENTAL DETAILS

We used the *°Ca+"*Mo reaction, with a 200 MeV *“Ca
beam of 5 pnA intensity. The target was a stack of two
self-supporting Mo foils enriched to 97%, with a
thickness of 0.5 mg/cm” each. The nuclei of interest
122Laé5, 123Ce(,5 and 127Nd67 were populated via the 2apn,
2o0m, and on channels, respectively, with cross-sections

of around 8, 3 and 0.3 mb, respectively. The use of the
neutron detectors recently installed in the GASP array
was absolutely necessary for the selection of the lightest
nuclei populated in the reaction.

The experimental setup was carefully prepared, to
minimize the absorption of the low energy X-rays. The
tuning of the signal processing electronics to optimize
the detector response in the energy range below 50 keV
led to an increased coincidence rate between the X and y
rays.

The assignment of the observed y-ray cascades to a
specific residual nucleus was done using the following
selection method. The nuclides with different Z were
distinguished by means of the coincidence X-rays as
measured by the GASP detectors. The selection with
respect to the number and type of evaporated charged
particles were performed with the ISIS detector. The -
lines belonging to the lightest nuclei were assigned based
on the spectra in coincidence with the evaporated
neutrons which hit the detectors mounted at forward
angles in the GASP array.

PRELIMINARY RESULTS

The data of the present experiment were summed to
the data of our previous experiment [9] performed at a
beam energy of 190 MeV, getting therefore a total of
5.9x10° Compton-suppressed events. The events were
sorted according to the number of charged particle and
neutron detectors that fired in coincidence. For each
charged particle and neutron combination Ey-Ey and
Ey-Ey-Ey matrices were produced off-line for further
analysis.

We present here preliminary results on only one of
the nuclei of interest populated in the reaction, '**La. The
level structure of '?La was mainly deduced from the
analysis of the lalp- and 2alp-gated spectra, which
presented a reasonable good statistics to enable the
analysis of the triple coincidences and therefore to
eliminate the strong contaminating Yy-lines of '**Ba
populated via the 202p reaction channel. We have
identified for the first time excited states in 122La, which
thus becomes the lightest Lanthanum isotope with known
spectroscopic information. The observed rotational



cascades were separated in three bands. Two of the
observed bands are linked by several transitions, while
the third one is floating.

The assignment of the observed bands to '*La is
based on the internal conversion X-rays seen in the
spectra in coincidence with the y-rays of the bands, and
on the coincidence with the neutrons. As can be seen in
fig. 1, where spectra in coincidence with one Yy-ray
assigned to the new bands in 'La obtained from the
20lp and 2alpln matrices are shown, even if the
statistics of the 2alpln spectrum is low, the <y-rays
present in the 2alp spectrum are clearly seen.
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Fig. 1. Spectra in coincidence with one yray assigned to '*’La,

extracted from the 2oadp matrix (upper panel) and 2alpln
matrix (lower panel).

One of the observed bands has properties (aligned
single-particle angular momentum, signature staggering,
etc.) similar to the mhy;,®vh;;, bands observed in the
neighboring odd-odd nuclei. In order to see how the
level spacing in the two signature partners changes with
decreasing neutron number, we plotted in fig. 2a and 2b
the systematics of the h;;,®vh;;, bands in the sequence
of the odd-odd lanthanum nuclei. As we can see, there is
significant decrease of the level spacing between '*‘La
and 'La, nuclei with N=67 and N=65, respectively.
This could be related to the closeness to N=66, the
neutron number for which maximum deformation is
expected in this region.

The data analysis is in progress, and we hope to
identify new excited states also in the other nuclei at the
limit of stability, '>Ce and '*’Nd, that are also unknown
from the spectroscopic point of view.
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Fig. 2a. Systematics of the excitation energy for the o=0
signature of the mwh;;,,®Vh;;,», bands in the series of La nuclei.
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Fig. 2b. Systematics of the excitation energy for the a=I
signature of the mwh;;,®Vh;;, bands in the series of La nuclei.

[1] H. Mahmud et al., Phys. Rev. C64 (2001) 031303(R).
[2] A.P. Robinson et al., Phys. Rev. Lett. 95 (2005) 032502.
[3] K. Rykaczewski et al., Phys. Rev. C60 (1999) 011301(R).
[4] H.I. Park et al., Phys. Rev. C68 (2003) 044323.
[5] J.F. Smith et al., Phys. Rev. C69 (2004) 034339.
[6] A.N. Wilson et al., Phys. Rev. C66 (2002) 021305(R).
[7] C.M. Petrache et al., EPJ A12 (2001) 139.

[8] P.Moller, J.R. Nix, W.D. Myers, and W.J. Swiatecki, At.
Data Nucl. Data Tables 59 (1995) 185.

[9] C.M. Petrache et al., Phys. Rev. C64 (2001) 044303.

[10] C.M. Petrache et al., EPJ A12 (2001) 135.

[11] C.M. Petrache et al., EPJ A14 (2002) 439 ; A16 (2003)
337.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CityBlueprint
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EstrangeloEdessa
    /EuroRoman
    /EuroRomanOblique
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GDT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GothicE
    /GothicG
    /GothicI
    /GreekC
    /GreekS
    /Haettenschweiler
    /Impact
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCPEUR
    /ISOCPEURItalic
    /ISOCT
    /ISOCT2
    /ISOCT3
    /ISOCTEUR
    /ISOCTEURItalic
    /Italic
    /ItalicC
    /ItalicT
    /Latha
    /LucidaConsole
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MSOutlook
    /MVBoli
    /Nucleus-Arial
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PanRoman
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Raavi
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /ScriptC
    /ScriptS
    /Shruti
    /Simplex
    /Sshlinedraw
    /StylusBT
    /SuperFrench
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolMT
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /Technic
    /TechnicBold
    /TechnicLite
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Txt
    /UniversalMath1BT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinetaBT-Regular
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 700
  /ColorImageDepth -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 0.76
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 700
  /GrayImageDepth -1
  /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 0.76
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /NOR <>
    /SVE <>
    /KOR <FEFFc5c5bb34c6a90020bb38c11cb97c0020ac80d1a0d558ace00020c778c1c4d558b2940020b3700020c801d569d55c00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c9002540875284e8e55464e1a65876863ff0c53ef4ee553ef9760573067e5770b548c6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef69069752865bc6aa28996548c521753705546696d65874ef63002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /ITA <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


