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Abstract In order to carrv out the measurement of heaⅣv nuclei in acceleratol

Ina8s spectrome打y，characteristic x—rays of the incident projectile have been explored

砒ld u8ed as a H地thod foT isob缸discrirnination．The projectne)0ray combhed with

AMS technique has been set up in China Institute 0f Atorllic Ener只y The mea8urement

of 79Se wa8 performed by re80rti“g to th。projectile x．ray AMS technique and池e

detection sensitivity of 79Se was improved more than 2 orders of magnitude． The

detection limjt was about 3．6×10一o for 79Se／Se．
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1 Introduction

In accelerator mass 8pectrometry(AMS)measllrements of long‘lived radioisotopes，

stable isoba工s are the dom血ant back譬round，BDr the radioisotopes of a上。工Ilic n11Ⅱlber

Z≤20，the isobars backgr01lIld caIl be曲minated by meaIls of the出踮rent energy loss

of isobar jn matter due to the rate 0f energy loss is a fimction 0f Z．But with incre两ing

atonlic n砌ber，the energy stragghng increases relative to the energy loss出fference，

so that isobar separatioⅡbecomes progressively less e矗套ctive In order to separate the

isobars with hj吐er atomic numbers the ion energy has to be raised to lligher v“ues．

Ho、聊ver，for the energies accessible with larger tandem accelerator，the hjghest atomic

nurnber that can be separated is about z≈25～30．The project丑e x—ray is a new isob盯

rejection method，which does not rely on the energy loss，and the isobar discriIIlination

。apabihty is nearly independent of ion energy．The projectile ion are identi矗ed by the

characteristic X．ravs that emit when slowiIIg down in target⋯． AMS comb血ed with

the projectile cllaracteristic X-ray，which was referred as Px—AMS，call imprave heavy

nucleus detection sensitivit弭So，s。Ine 10ng．1ived radionucndes(59Ni，79Se，93zf，93Mo，

ooTc，107Pdl whjch were not able to be detected with required sensitivity before can

be measured now with the method in principle【纠． 79Se，as a trac盯，is interesting in

the study of seknium biocheInistry and metabousm，and as a component《10ng．uved

丘ssion product for nuclear Waste repositoryh Espe出111y iIl Ch主Ila it is Inore interesting

to studv the endeIllic disease fKashan and kasc}Iin-becl【diseases)wkcll related to Se．
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The values of published h舡1ive 0f 79Se are more than 2 orders of magnitude叩art[4I
In order to carry out the measllrement。f 79Se，the PX—AMS tecmque was used For

the矗rst time the 79Se was measuTed at CIAE with PX—AMS and the half-Ufe of 7。Sc has

6een 06妇函ed．

2 Elimination of the interference in the 70Se measurement

The measllrement of州Se was carried out bv mealls of PX—AMS techni口ue at Chin8

hlstitute of AtoTIlic Energy． The schematic dj醒ram of the PX．AMS system is shown

in Fig 1 The measllrement was performed in Charge State 9十at accelerator’s terndna】

volta暖e of 8．05 I讧V．h the A1讧S measuTement the jnterference come f￥om their isotopes

and isob盯s of iIlterestiIlg nuclei． The isotopic interference was eliITlinated bv deflector

and the isobaric iIlterference was elimhate by its c}Iaracteristic Kn ray

Fig．1 Schemiatic diagram of thc PX—AMS sy8teIIl at the China Institllte of Atolllic Ellcrgy

2．1 Elimination of isotopic interfbrence

The characteristic X．ray energy depends on ato工11ic number，the isotopes F8Se and

80Se with the same Kn energy as 79Se．So，in order to elimmate isobar interference by us—

ing the project丑e X-rays，these isotopes interferenceⅡmst be ehr血ated fbst．The cheTrd—

cal f曲m of CdSe was used as saInple material for increasing Se—cuⅡent aIld reducing the

isotoDes interfbrence．78Se and 80Se are the nlain interference in the measurenlent of 7。Se

78Se and 80Se，whjch have the saIIle mag工letic ri舀dity as 79Se after magnetic analyzer，

have energy hjgher and lowerl．013％thaII that of 79Se，respectively．The electrostatic

de丑ector was used to“ⅡⅡnate the isotopic interf毫rence When the ions pass through the

deflector，the 80se(78se)beam spots is about 12 mm lower(higher)than the 79se at a

slit(4Inm in vertical direction and 7 Irlm血horizontal direction)．h order to separate   
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the isotopic interference，the beam size is focus into less than 4咖iIl the vertical di—

rection at the slit．Fig．2 shows the isotopic interference are elinlinated by adjustmg the

deflector voltage The corresponding isotopic background is about 79Se／Se；=10—10 after

the denector．

2．2 Target

When bombarding a target with ions，

one obser、陀s chaTacteristic X．raⅣs f}om

the ions and t盯get elements The yields

of the projectile x—rays have strong coⅡe一

1ation with targets and ions energy When

there is a match between the K sheU level

of projectile and that of target，there is

a strong resonance血the K sheU vacancy

production for the incident ions，Kubo et

a!studied the situation and exDlained it

by resortillg to the moleclllar orbitals[5]

Fig．2 180topic inteTfetence in the

meagurement of 79Se

When ion bombards a s01id targets，a 900d

target is an element with an atoInjc n曲ber that is slight higher than that of the jn—

teresting projectile．This is because th由e is a match of the inner sheu binding ene。gy

between the projectile and the t缸get(如珧iple comsions lead to outer—sheu excitation

wmch cause the projectne i工lner sheⅡbinding energy increase【6J)．In this way，the x-ray

yield from the projectile is at its maxiI玎m and the count rate from the target is quite

10w．hl the measllrement of 7。Se，the Y t盯get was selected because Se Ka r8y yield is

at its maxj口m．
2．3 EliHlination of isobaric ir畦er墨erence

After the ion8 pass through the slit，the isotopic interference is considered to be

neghgible Only the 79Se and its jsobar 7。Br c0Ⅱide with Y target．Their characteristic

Ko rays are eITlitted and measured by a si(Li)detector．The di船rence 0f se K。ray

Ener口y，keV

F逗．3 x—r8y spectrum for a 7。Se blank

sample

Ene帕y，kev

Fig．4 Measured x—ray spectruⅢfor a 79驰

sampk
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(11．222keV)and Br K。ray(11．924keV)is big eⅡough to be separated by the si(Li)

detector(energy resolution(FwⅡM)=174eV for 5．9 keV x．ray)． Fig．3 is the x．ray

5pectmm 0f a珀se blank s扰1pk，F培4 is the x-ray spectrum of a 7。Se sample The

Y peak originated from the excitation 0f the t艄get foil． The X．rays ene瑁y is hi曲er

compared to the X一‘ays 0f a single ioIlized atoml7 Fig．3 shows that a fraction of Br K。，

c011Ilts extend though the Se region as a Iow en盯gy tail．The suppression fact。r—atio
of Br colmts in the Br region to Br counts in the Se region)in士1盯is about 250 and

the background correspon(hng to 79Se／Se ratio of 3 6×10一。．The sensitivitv of the 7。Se

measllrement was jmproVed more than 2 orders of mag血tude whe丑th8 project地x—ray
nlethod combined with AMS technioue

3 I)etermination of 79Se atoms in samDles

hl 0rder to get the 79Se ato工Ⅱic number丘om the counts 0f 79Se K。peak，it is

necess甜y to deterIIline the增Se Ka detectioⅡe伍ciency． The e侬ciency is related to

the solid aIl—e，the intrinsic detection emciency for 7。Se Kd ray，ion energy and ta。get

thickness．Fbr gett血g the 79Se atoms in sample，it is necessary to measllre the 79Se／Se

ratio of the sample

3．1 Detection emciency for 79Se K。rays

79Se Ka ray de￡ec￡ion emciency can not be measured directly due to jsob缸ic inter—

ference．Isotopes 78Se and 8。Se、张re used．As mentioned above，a denector can eUmiIlate

the isotopic interference．On the other hand，the deflector can choice 78Se and 80Se by

adjust血g the denector voltage，when 80se(78se)boⅡlbards a Y target，the K，，counts

of 80Se(78Se)are measllred with a Si(Li)detector at 90。with respect to the incident

beam(for avoidiILg Doppler broadening and bremsstrahlung back守ound caused by the

denector)．The counts of 80Se(78Sel are measllred by the surface barrier detector directlv

after the Y tar臣et is removed．Then we obt ained the 80Sef78sel detection emciency．The

detection emciency of 79Se can be calclllated from the detection emciency of 78Se and

80Se by an interpolation．h tllis experiment，the ion energy is 80．5 MeVj the thjckness

of Y target is 3．8 mg／cm2，che djstance be￡w它en the target and亡he Be window of si(Lj)
detector is about 5 mⅡL The overall detection efhciency for the system was rneasured to

be f7土0．4)×10—4 for K。counts per incident 79Se．The uncert ainty is from the statistics

error and。印roducibility in the measurement of Se K。peak counts and Se counts

3．2 Measuremen止of 7。Se／Se ratio

F0r the measllrement of 79se／Se ratio．the BOSe cllrrent was measured with a fbl出

Faraday cup(behind the sUt and in front of the Y target)，the 79Se was detected by

Ka ray，and the at。ms nurrlber 0f 79Se was calcualted from 7。se Kn collIlts and 7。Se Kn

detection e伍ciency．The ion transfer emciency from the hal Faraday cup to the sⅢface

banier detector(西12咖)was consider to be 100％within 10％uncertainty From剐’Se

c岍ent and the 79Se counts we obta血ed the 79Se／80Se ratio The ratios of 70Se／Se 1n

the samples were deduced after a correction for stripping probability 0f these lSotopes

and 80Se isotopic abund孤ce．The 79Se a土dIIlic nllnl_ber 0f saI工lples was calclllated from   
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the ratio 0f 7。Se／Se by using the relation：Ⅳ79=M rⅣ0似，where M is the we培ht of

Cdse saIrlple，r is the ratio of 7。Se／Se，且is the CdSe rnok weight，』％is the Avogadro’s

nu』nber．

4 PreJjminarv measurement of 79Se half-life

The hamⅡfe of 79Se has been measllrement with AMS tecmque㈦In this exper—

iment。isobar 70Br was deduced矗om meas砒ement of 81Br Now the 70Br interference

can be eliInjnated andⅢSe can be measllred bv the PX—AMS directlv．The ha正hfe of

79Se was re—measllred．Two‘oSe s啪Dles have been used

nom the measured decay rate，dIl／dt，and the number of 79Se atoms，Ⅳ，the

hamⅡfe(Tl／2)can be deduced using the relation of d礼／出=一(1112)-Ⅳ／n，2． nom 011『

preliT面nary experimental reslllts we get the h心Ufe of珀Se． The h越life is about

f 1．24土0 19)×105a． The data for deterIIlination of the haJflif毫are given in’】?able 1

The error is due to the systematic uncertainty，the uncertainty of 79Se X．ray detection

e疖cien。y and the reProducibility in rea山ng 80Se cllrrent and 79Se Ka counts，respectively．

Table 1 Data for determination of the 7。Se halLlife

2 4 02士0．59 (1．26士o．18)×10‘1 】31土o．07 (1．27±o．19)×1旷

M咖va|uc (1 24士0．19)×l(】5

5 Con clusions

nom these experiments，it can be seen that combiIIing projectne x—ray detection

with AMS technjque provides all eHbctive method for detectiIlg heaⅣy nuclei at relatively

low ion、energy． The isob盯ic interference and the isotopic interference c11rrently hIIljt

the 79Se detection sensitiv“y．A t证le of丑jght detector set itl the e)【it of AMS be砌ne
wm allow re{ection of the isotopic iIlterference．The isobaric interference could also be

reduced bv combi血g PX．AMS蛳th a SBD detector placed behjnd a relatively t±liIl Y

t盯get．The SBD could be made from a residual energy点h detector Explor血g cll盯Ilical

separation technique to f证ther lower the Br bac】【ground can also reduce the isobaric

interference．Then the sensitivity of 79se detection wiu be 79Se／Se～10—10—10一11
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