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III. 6. Experimental Studies on Particles-induced Activation

Uddin M.S., Baba M. and Hagiwara M.

Cyclotron and Radioisotope Center, Tohoku University

We have been conducting the experimental study on the production of radio
isotopes useful for medical application, development of nuclear facility, wear study by thin
layer activation (TLA) analysis, and also radionuclide production which results in the
production of radioactive wastes. The measurements of p- and d-induced activation
cross-sections on silver and yttrium were carried out in the frame of systematic
investigation'”” of particles induced nuclear reactions on metals.

With review of the reported data, few problems have been picked up, which should
be solved or upgraded the previous method to obtain higher precision experimental data.
Experimental technique was reviewed and refined to improve the data accuracy. Then the
method was applied to obtain systematic experimental data.

The independent and “cumulative cross-sections” of the p- and d-induced
activation reactions on silver and yttrium were measured by using a conventional stacked
foil activation technique. The silver and yttrium containing stacks were irradiated with 50,
70, 80 MeV protons and 40 MeV deuterons using a k=110 AVF cyclotron, Cyclotron and
Radioisotope Center, Tohoku University, Sendai, Japan. The activities of the residual
nuclides were measured nondestructively using HPGe gamma-ray spectroscopy.

Few results of cross-sections and thick target integral yields deduced from the
present cross-section data are shown in Figs.1-4. The present data as shown in Fig.1 are

'9pd by direct reaction and via the decay of 'Ag and

for the production of medically used
%¢Cd of y-ray measurement. The production cross-sections for pd and 'Pd from
"Ag(p,x) at 70 MeV are larger than that of proton-induced activation on '“Rh target” <20
MeV. The separation of these nuclides from '*Pd is very difficult by chemical treatment.
101pq (T2 = 8.47 h) decays out within few days of cooling time. The 100pq and '"'pd

. . 103 . . .
production cross-sections are not so large. Thus, the "~Pd production process via silver
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involves a slightly higher impurity level of y-ray emitting radionuclides than '“Rh. The

present data are useful for the optimization of the '*

Pd production with minimum
radionuclidic impurity. The "™Ag(p,x) route seems to be profitable for the '“Pd
production.

The maximum 103Ag production cross-section is about 2.5 times as low as the
cumulative production of 'Pd. The use of the short-lived 'Ag as a precursor of the
widely used '®Pd in brachytherapy of prostate cancer is not a real alternative in comparison
with the cumulative '“Pd production from proton-induced activation on natural silver. In
some special cases this route should be an option.

The half-life of 'Cd (Ty,=1.267 y) is significantly longer compared with other
neutron deficient radioisotopes of this element, therefore the effects of the simultaneously
produced radionuclides are not critical. The '”Cd nuclide can be obtained in pure form
only by maintaining few days cooling time. As shown in Fig.2 the cross-sections for the
productions of '“Cd is large and the "™Ag+d process can be a significant route for a
large-scale production using accelerator.

As shown in Figs.3&4, the direct production of the **Y is low compared to **Zr for
both p- and d-induced activation on yttrium target. Significant amount of 87r can be
produced at low energy accelerators by using yttrium target. The measured nuclear data
can be effectively used for selection of optimal production routes. The expected thick
target yields for the production of 87r and *Y by proton and deuteron bombardment on
yttrium target are very much higher than the Mo, Nb and Zr targets. Therefore, Y+p and
Y+d are the efficient route to give large scale production of ®Zr and *Y at low energy

accelerator.

References

1) Uddin M.S., Hagiwara M., Tarkanyi F., Ditroi F., and Baba M., Appl. Radiat. and Isot. 60 (2004)
911.

2) Uddin M.S., Hagiwara M., Kawata N., Itoga T., Hirabayashi N., Baba M., Tarkanyi F., Ditroi F.,
and Csikai J., J. Nucl. Sci. Tech. Suppl. 4, (2004) 160.

3) Uddin M.S., Hagiwara M., Baba M., Tarkanyi F., and Ditroi F.; Appl. Radiat. and Isot. (in press).

4) Uddin M.S., Hagiwara M., Baba M., Tarkanyi F., and Ditroi F.; Appl. Radiat. and Isot. (in press).

5) Tarkanyi F., Ditroi F., Takacs J., Csikai J., Mahunka I., Uddin M.S., Hagiwara M., Baba M., et al.,
ND2004, AIP Conference Proceedings (in press).

6) Uddin M.S., Hagiwara M., Tarkanyi F., Ditroi F., and M.Baba; JAERI-Conf 2004-005 (2004).

7) Uddin M.S., Hagiwara M., Baba M., Tarkanyi F., and Ditroi F; JAERI-Conf 2005-003 (in press).

8) Sudar S., Cserpak F., and Qaim S.M., Appl. Radiat. and Isot. 56 (2002) 821.

46



Cross-section (mb)

300

250

200

150

100

50

Figure 1.

® This work
A Fassbender'99
—— MENDL-2P

“a‘Ag(p,x)1°3Pd

600

500 |
400 ~
300 -

200

Cross-section (mb)

100

® This work
—TALYS

A Longetal'9l

0 Rohm et al.'70

O Weixianget al.'89

nalAg(d,X)mng

40
Proton energy (MeV)

" Ag(p,x)'**Pd reaction.

Excitation function of the

Figure 2.

10 20 30 50

Deuteron energy (MeV)

Excitation function of the

"Ag(d,x)'®Cd reaction.

100 -
Men s~
=)™ ~ “\//,_’—a’ﬂ
10 “'Z'IQIX) f,’f‘;\\\/ Sl
% “‘Zﬂmf"'%;m\,
= ot f.f / \}Jj\‘- // L
o 7 / Epd e
Q / /' ! - i
/ .

g 01 k. 'f / /‘f S
"y
o I
B lz Al | e “Hipn)™
= (AL b 'p,x“_'fz
P / f 7 VXR_;N:—‘:::\-" *N(px) T

0.001 ¢ "{[ e o) S

{f‘ ! T o0 Y
0.0001 L e :
0 20 40 a0 20 100
Particle energy (Me')

Figure 3.

Physical yield of **Zr and *®Y by p-induced activation on Y, Zr, Mo and Nb.

1.E+01

1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

1.E-05

Physical yield (MBq/iAh)

RIREE L) 01 M L SRR R

Deuterons

"Y(dx) “Mo(dx)™Y
SN . o
"Y(d,0"Y \\“ Mo(dx)Zr
"7 XY 7))
' 1 1 1 1 L 1 1 1 1 A 1 1 1 1 It 1 1 '
20 30 40 50

Particle energy (MeV)

Figure 4. Physical yield of 7r and *Y bgl d-induced activation on Y, Zr, Mo and Nb.

47




<<
  /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


