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Abstract In order to reduce the systematic uncertainties caused by the sequential injection in AMS measurement of

'82Hf, a technique for instantaneous monitoring of off-axis YHfFs current was developed in the AMS laboratory at

China Institute of Atomic Energy (CIAE). The stability and reliability of this method have been experimentally

verified. As a result, the accuracy for AMS measurement of '**Hf was significantly improved.
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1 Introduction

"2Hf in half life of 8.90+0.09 million years, is an
ideal candidate as an indicator of a possible supernova
explosion in the vicinity of the solar system in the past
several million years. This may be accomplished by
finding measurable traces of '**Hf on the Earth, which
was first reported by C. Vockenhuber in 2004, "*Hf
is also a long-lived radionuclide of particular interest
for nuclear environment engineering as a suitable
(231 AMS (Accelerator mass
spectrometry) is a promising method to detect minute

neutron flux monitor

amounts of '"?Hf. Successful AMS measurement of

182 . .
Hf can offer important experiences for

ultratrace
measuring other heavy nuclides, and demonstrate the
potential ability of AMS in search for super heavy
elements. At China Institute of Atomic Energy (CIAE),
AMS measurement of '**Hf was first developed on the
HI-13 tandem accelerator in 2006, Since then,
considerable efforts have been made to improve the
measurement sensitivity towards its applications[s’(’].
At present, a sensitivity of about 1x10™" for
"82H£/'5°Hf has been achieved!®. However, for samples
with " Hf/'"™Hf isotopic ratio at 10" or less, the
measurement accuracy is still unable to satisfy the

requirements of certain practical applications. One of
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the main obstacles is the systematic uncertainty caused
by the beam current fluctuation when the traditional
slow sequential injection method is used. To solve this
problem, a technique for instantaneous monitoring of
off-axis stable Hf isotope current was developed in the
AMS laboratory at CIAE.

2 Technique

For dedicated AMS facilities, the sequential injection
(namely fast cycling option!”) of the ion beams of the
high abundance reference isotope and the rare isotope
of interest is generally employed. In this case, the
strength of magnetic field for injection is fixed. By
switching the pre-acceleration voltage, the sequential
injection can be realized quickly. If the switching is
cycled fast enough, the effect of fluctuations in the ion
source output is minimized and the isotope ratio
measurement accuracy ensured. For the AMS facility
based on the HI-13 tandem accelerator at CIAE,
however, the sequential injection had to be realized by
alternative variation of the injection magnetic field at
fixed pre-acceleration voltage. Consequently, only one
isotope (either the abundant isotope or the rare one)
could be measured at a time. Achieving good counting
statistics for the rare isotope of interest ("*?Hf) requests
a relatively long measurement time, during which the
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fluctuations in the ion source output for the high
abundance reference isotope (‘*’HfFs") are very likely
to occur and, unfortunately, unable to be monitored.
The measurement accuracy is thus influenced greatly.

The use of a stable isotope current to monitor
the ion source output, and for the normalization of
isotope ratio measurement, is usually done at the high
energy side of the AMS system. But this may be too
costly to implement at the HI-13 tandem facility.
Instead, we used a technique for monitoring the beam
current of the high abundance reference isotope (‘*’Hf),
based on simultancous measurements of the '“’Hf
count rate with a detector at the end of the AMS beam
line and the stable Hf isotope current in an off-axis
Faraday cup at the image plane of the injection magnet
at the low energy side of accelerator.

This technique has been applied in several
AMS laboratories in the world in recent years, either at
the low energy side of accelerator’™ or at the high

energy side!'".

Technical details and performances
(stability and reliability) of the technique, however,
have not been reported in cases when an overlapped
current of several stable isotopes has to be used as an
ion source output monitor. In this work, an in-depth
investigation was performed to verify the effectiveness
of this particular instantaneous monitoring technique
and its contribution to the improvement of accuracy
for AMS measurement of '*“Hf at CIAE.

The injection system dedicated for AMS at
CIAE was set up at 2007!"'1. At the image plane of the
injection magnet, three @4-cm Faraday cups are
mounted: a retractable on-axis Faraday cup (F3
Faraday cup), and two movable off-axis Faraday cups.
In AMS measurement of 182Hf, the left off-axis
Faraday cup was used to monitor the overlapped
current of several stable Hf isotopes (Fig.1). The width
of slit at the image side of magnet is 1.6 mm for a high
mass resolution. So, the F3 Faraday cup can be used to
record the current of a particular stable Hf isotope or
the mass scan spectrum for HfFs (Fig.2).

In every experiment, the position of left
off-axis Faraday cup should be optimized to get the
best match with the In this

experiment, the distance between the beam-line axis

injection system.

and the center position of the left off-axis Faraday cup

is 2.8 cm.
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Fig.1 Schematic setup for instantaneous monitoring of beam
current for abundant reference nuclide in the measurement of
2Hf. (F3 Faraday cup is temporarily mounted for the
measurement of '*°"HfFs current /s and I3/l only).
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Fig.2 The mass scan spectrum for HfFs™ obtained in F3 Faraday
cup. The relative intensities are very close to their natural
isotopic abundances, indicating the lack of contaminating
beams in the mass range covering HfFs of all Hf isotopes.

In the AMS measurement of 182Hf, Al-target
holders were used for HfF, samples (the target
material). There is no evident of reactions between Al
and F, even saving them together for a long time. But
it was found that using Cu-target holders, the
background of M=182 was about 100 times higher
than that of using Al holders, which is unfavorable for
the 82

HfF, powder was pressed firmly into Al-target holders

Hf AMS. Therefore, in every experiment, pure

of a 40 position MC-SNICS source directly, in an
effort to achieve a larger suppression of background.

From the target material, HfFs ions were
extracted. After pre-acceleration, the ions were
analyzed by an electrostatic analyzer and an injection
magnet. The ions with certain magnetic rigidity were
selected and passed through the slit at the image side
of the injection magnet (Fig.1), where most of the
unwanted isotopes were rejected. The mass spectrum
for HfFs scanned on the on-axis F3 Faraday cup is
shown in Fig.2.

As shown in Fig.1, when '"*HfFs ions were
selected by the slit, HfFs ions containing Hf isotopes
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other than '"*’Hf (i.e., RISty 5, "PHF 5, YR 5, etc.)
were reflected into, and recorded by, the left off-axis
Faraday cup, because of their relatively smaller
magnetic rigidities. In this way, the counts of 'Hf
measured at the end of the AMS beam line and the
2 HfFs current or integrated charges can be obtained
simultaneously. It would be better to record current of
a particular stable isotope, such as "**HfFs", for the ion
source output monitoring. However, the spatial
dispersion on the image plane of the injection magnet
is not large enough for this option to be readily
implemented for the heavy masses of Hf isotopes. As
an alternative, an overlapped current from several
stable Hf isotopes measured in the left off-axis
Faraday cup was used as a proxy for "“"HfFs . The
validity and reliability of this substitution were
experimentally verified.

"SOHfFs” beam current (Ir3) was measured on
F3 Faraday cup by setting the magnetic field
corresponding to its magnetic rigidity. Next, the
2 HfFs current (I,) was measured in the left off-axis
Faraday cup immediately by switching the magnetic
field corresponding to the magnetic rigidity of '"**HfFs .
The switching was cycled fast enough to avoid the
uncertainty from the fluctuation of the ion source
output. Thus, the ratio of OH{FS current (Ir3) to off-
axis Y HfFs current (I,.) was repeatedly determined by
multiple alternate measurements. The experimental
data of Ir3, I,., and the calculated ratio of Igs/l,. are
listed in Table 1.

Table 1 The off-axis X HfFs current (), OHFS current (Ir3)
and Igsy/1,.. Averaged ratio of Igy/l,. % = 35.5+1.4.

I,./nA I3 /MA Ips/ly. | %
13.6 5.1 0.375
55.8 20.0 0.358
78.0 26.0 0.333
10.26 3.6 0.351
82.0 31.0 0.378
60.0 21.0 0.350
185.0 65.0 0.351
70.0 25.0 0.357
19.0 6.4 0.337
55.0 19.7 0.358

The averaged ratio of Ips/l, is 35.5 with a
relative standard deviation of only 3.9% for a variation
range of more than an order of magnitude in '"**HfFs~

current (from 5.1 to 65 nA), indicating '*°HfFs~ current
(fp3) can be indirectly monitored by measuring I, at
the left off-axis Faraday cup, while measuring '**Hf at
the end of the AMS beam line.

In Fig.3, the off-axis 2 HfFs current scanning
spectrum shows that a fairly wide flat top around the
magnetic strength corresponding to "**HF5™ (8.860 kG
in this experiment). So, despite small variations in

182
Hf measurement,

magnetic intensity during the
monitoring with sufficiently reliable off-axis current of
2 HfF5 can be guaranteed. Therefore, it is verified that
this is a stable and reliable technique.
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Fig.3 Off-axis current vs magnetic strength. There is a flat
part at the vicinity of 8.860 kG (corresponding to the magnetic
rigidity of '**HfF5").

3  Results

In order to verify the contribution of this technique to
improving the measurement accuracy of '**Hf/'*°Hf,
laboratory standard samples with 'S2Hf/"*"Hf isotopic
ratio in the order of 107" were measured. In the
experiment, the magnetic field of injection magnet was
set corresponding to the magnetic rigidity of "**HfFs .
The counts of '?Hf were recorded at the end of the
AMS beam line, while the integrated charges of
off-axis 2 HfFs current with time were obtained by
the left off-axis Faraday cup simultaneously. In
addition, the transmission of OHfFs” jons from low
energy side of accelerator to the end of the AMS beam
line was measured. Detailed description of the
experimental method can be found in Ref.[6]. Thus the
ratio of 'Hf/'"'Hf was calculated for a single
measurement.

Table 2 shows that, by using this instantaneous
monitoring technique, the relative deviation (between

measured value and standard one) is 9%, rather than
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24.6% with traditional sequential injection method,
while the total relative uncertainties are 15.7% and

33.0% for instantaneous monitoring and sequential

injection method, respectively. The improvement in

measurement accuracy is evident.

Table 2 Comparison of measurement accuracies by instantaneous monitoring technique and sequential injection method.

Monitoring method Standard "*Hf/"*Hf ratio

Measured "*?Hf/3°Hf ratio

Relative uncertainty / %  Deviation / %

1.33x1071°

Sequential injection ! 3.45%x107"°

Instantaneous (this work)

(1.21£0.19) x107'° 15.7 9.0
(2.60+0.86)x107"° 33.0 24.6

4 Discussion and Conclusion

A technique has been developed for instantaneous
monitoring off-axis 2 HfFs current of the abundant Hf
isotopes in AMS measurement of 821t at CIAE, for
improving accuracy of the isotope ratio measurement.
This technique measures the "2Hf count rate at
the end of the AMS beam line, while monitors the
stable Hf isotope current in an off-axis Faraday cup at
the image plane of the injection magnet at the low
energy side, where contaminating species mixed in the
beams of interest. However, experiment indicates that
the mass spectra from HfF, samples are generally
quite clean in the mass range covering HfFs of all Hf
isotopes. And the beam current measured in the left
off-axis Faraday cup, 2HfFs, is proportional to
"OHfFs current over a wide range of beam intensity
with an uncertainty of less than 3.9%. This allows
monitoring '*°HfFs current at the image side of
injection magnet while measuring '**Hf at the end of
the AMS beam line. The technique improves accuracy
of "“Hf/"**"Hf measurement, which is verified using
laboratory standard samples with 82/ 0y f isotopic
ratio in the order of 107'°. Compared with those by
method,
substantial reduction in measurement uncertainty can

using traditional sequential injection
be achieved with this technique.

However, the measurement accuracy needs to
be further improved to satisfy the requirements of
certain practical applications. An additional measure to
be taken in our laboratory in the near future is the use
of samples (HfF,; or NH4HfF5) prepared by multiphase
synthesism] to increase the current of HfFs , which is
important for obtaining high count rate of "**Hf, and to
shorten the alternate measurement cycle between

standard and unknown samples, thereby further

reducing the systematic uncertainties associated with
beam fluctuations.

Acknowledgements

This work is supported by the National Natural
Science Foundation of China under Grant No
10705054. The
Professor Tian Weizhi for helpful discussions, as well

authors gratefully acknowledge
as the technical staff at CIAE for ensuring a smooth
accelerator operation.

References

1 Vockenhuber C, Bichler M, Golser R, et al. Nucl Instrum
Meth B, 2004, 223/224: 823-828.

2 Jiang T, Yang T Z, Qiu J Z, et al. Nucl Tech, 2007, 30:
660 —664.

3 Yin XY, He M, Dong K J, ef al. High Energy Phys Nucl
Phys, 2007, 31: 978-981.

4 QiuJ Z, Jiang S, He M, ef al. Nucl Instrum Meth. B, 2007,

259: 246-249.

5 Tuo F, He M, Shen H T, et al. Chin Phys C, 2008, 32: 201
—204.

6 Dong K J, He M, Li Z Y, et al. Chin. Phys Lett, 2010, 27:
110701.

7  Fifield L K, Rep. Prog Phys, 1999, 62: 1223-1274.
Friedrich M, Pilz W, Sun G, et al. Nucl Instrum Meth B,
2000, 172: 655-658.

9 Nagashima Y, Seki R, Sasa K, et al. Nucl Instrum Meth B,
2007, 259: 241 Nucl Instrum Meth B, 245.

10  Hunt A L, Petrucci G A, Bierman P R, ef al. Nucl Instrum
Meth B, 2007, 260: 633-636.

11 Tuo F, Ruan X D, He M, et al. Nucl Instrum Meth B, 2010,
268: 776-778.

12 Jiang T, Yang J, Yang L, ef al. Acta Chim Sinca, 2010, 68:
2211-2214.



	(HfF5− current monitoring with off-axis Faraday cup in AMS measurement of 182Hf at CIAE
	1 Introduction
	2 Technique
	3 Results
	4 Discussion and Conclusion
	Acknowledgements



<<
  /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
  /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 600
  /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 600
  /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 1800
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


