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Abstract In order to s“1dy tllcⅢecllaIlisI工l of irradiation—ind㈣cd dam÷L胛()f

I)ot a11l(’samples c att8cd by 10w e11ergy I-eavy ions，transInission energy spccmlIll I⋯，L_

s11remellt wa8 performcd Kidncy bcaII slicc 8aInplcs l㈤“m in t11kkness wcIf、i11 atli—

atcd by 50 keV N+ions ThP iHadiation bcaHl curLtmt deIlsity was ahout 30，￡A／(-IIl2，

aTl(1 tlle irr甜iatioIl ion doses were l×1015，1×1016，3×1016 a11(1 1×1017 iolls clll

rcspct¨vcly．A target set up tllat could greatly redllce tlle incidcnt ion mlrrcnt d(msity

was designed to acIIkve t}le damage．free measuremel出Tk 3 2 McV H+tIaIl8I¨itt【、(1

ion cncrgy 8pcctrum lncasurenlent wa8 carried out before an(1 after thc in刊i。Lthl．
nom t11c transmis8ion ion cnergy 8pectruIIl，i‘w粥found tllat the kldnoy hean sl⋯-

itselr was s打uctur ally inhomogeneous compared wltll th PET nlms(C10H8()4)．()11I
results indicated‘ll“tlle average mass thickness changed littk whcIl t¨N+l E)1l

dosc was bel()w 3×1016ioIl8．cIrl一2，but changed obviollsly wh‘、1l ion dnsP w。塌bcv‘Ⅲ【{

3×1016 ion8．cnl—2
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1 INTRoDUCTIoN

The new appUcations of low energy heavy ion beam in irradiated botanical InaterialH

were stu died in recent years The be眦-induced rnutation effect on crop seeds has caIlse(1
the attention of physicist and biologists"】F0r example，low energy ions can induce
remarkable mutation to rice seeds．[3】There村e many 8pecial phenomena when 11eavy
ions bombaTd bota伍c sample due to its special structure．Some studies showed that t11e

penetration depths of some ions were f甜1arger than their theoretical projectile ra“ges 14
5

壬br instance，3 MeV F+ions could penetfate 100 pm botanic sarrlples when the irradiatioIl

dose was high enough，though its theoretical range was less than 5 pm[4，剐It has bee¨

s“pp(Jrtc【l by thc Nati眦l Natllral Science Foundation nf China fNo 10675 0(14 and NI)1980【】3Ⅲ’
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proposed that the ion irradiation d锄age has signi最cant innuence on the ion depth pro矗le
in botanic samples【41

Some r印orts【6，7】shawed that the mechanism ofheavy ions’interaction with o唱anif
materials was quite di珏色rent from the mec}lanism ofheavy ions’interaction with inorzallic

materials． However，the investigation on the irradiation dam89e to botallic salllI】1es

induced by heaⅣy ion bombardment has not been well studjed to date．

IIl our experiments，irradiation damages of botanic sarnples weTe studied by t11e

transmission energy spectn皿analysis．Possibk mechanism was discussed

2 EXPERIMENTAL METHoDS AND RESUI用S

2．1 TtansrIlission energy spectrum device and“s advantage

3 2MeVH十ionsusedinthetransTnission experimentwereproducedwith 2×1．7MeV

tandem accelerator in the Department of Technical Physics，Peking University TIIe ex—

periment sanlples were put in the vaculml chamber(about 3×lo_3 Pa)．In ordeT to 1101fl

bota血c s砌ples，reduce ion cmrent density and complete the咖1ti—target measufeIlleJlt，
a target brace was designed，of which the set up is shown in Fig．1 The incident io¨

beaⅡ1 is scattered by Au矗lm(200 pg·cmq)．After 3 2 MeV lI+beam transr血ttillg tlle

Au fojls，the energy 10Ss was about 7 keV，

scattering of H+ion beam after the Au

mm could also be n醒lected． The for—

ward scattering ions within an91e of 200

were used in our experiment．The samples

were placed VerticaUy to the direction of

the ion beam．The ions were detected by

Au．Si se血conductor after thev trans工Ilit．

ted the botanic sarnpks． The signal was

anlpU6ed，and entered the conlputeT via

the mu】fj—chaIlnel system，then tbe trans-

Tnission enelgy spectrum was obtained

which could be neglected．And the energy

』：罐当掌
Fig．1 T11e ta。get brace in tllc tr“118llli}；sl‘

e2perilncm(Au mjl ab Em‘20fJpg州Ijj 2)

According to the Rutherford scattermg formula，the scattering crosses at diHeTent

an91es could be calculated．The di乳rent scattering cross at 200 angk was calcmate(I as

8 7025×10
22 cm2． Then the yjeld could be calculated． The jncjdent ion curre¨t was

3 nA and the size of beam area was 4×4 nlm．The hole on the tarEet brace was a circle

with the radius of 3 rm．The horizontal 1ength of the target brace was 60 nml The ion
dose rate could be calculated as 1．08×105 ions．cm-+．s— ComDared with the incident ion

dose rate 1．17×1011 ions cm～·s～，ion dose rate at 20。angle reduced greatly AccordinE
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to our previous experimental results，H，剐the transⅡlission energy spectrum measIlrement

could be considered as a damage-free measurement when H+ion dose rate was less than

105 ions·cm一·s～． The low dose rate and light iIlcident ion could“so protect Au—Si

detectoT from ion irradiation damages． In order to confirm whether the measurement

was damage—free to saⅡ1ples，a sarnple was measured twice under the s砒ne conditioll，

and the time interval was 20 mjIIutes． It was f洒d that the two traIlsrnjssion energy
spectra were nearly the same．So it could be regarded as dmage—free measuremellt
Because of the di船rence in mass distribution in kidney bean slices，samples肌1 s¨e

measured under the same cdndition to get statis“c average value．In this experiment，12

target places were designed at the syrmetric position of the circle Before the iHadiati01】
exper血ent，transIIlission energy spectrum method was used to chec】【the smnples If
there were small h01es or very thin areas in the irradiation area，there would bc count s

near the position without energy 10ss．The translllisslon energy spectrum。f 3．2 MeV II

through 100 pm kidney sbce with some open·paths obserVed under the optical面croscope
was done． Fig．2 sho、Ⅳed that there was a smaU peak at 474 channel correspondlIlg

to the position without energy loss． It could be concluded that there weTe some tilly

open·paths where the ions could penetrate with。ut energy loss． The total counts were

about 1．337×106 ions and the total counts near to the small peak were about 1274 ions

We collld estimate that the total area of叩en．paths was 9 5×10—4 time of the total

打ans“tted area The transIIlitted area of the sample was 9 Im2t then the area of total
open—paths was 8．55×10—3工I吼2．So the samples could be checked using the trans珊ssloIl

energy spectrum In the above experiment，the incident H+ion current was ab叭It 6 11A

and the measuring time was 240 seconds．According to the calculation，the ion dose rate

that reaches the surface 0f sanlples was 2．16×105 ions cm s ，so the total incident ioTl

was about 4．3×106 ions If there Were sever“ions at 474出annel，then open—paths cotdd

be detected．So the detecting emciency of the device was about 10—6 under the condltlon

1】sed

2．2 Comparison bet、Veen 105 pm PET fllm and 120 pm kidney bean slice

I工1 order to study the mass distribution of kidIley bean slice，PET丘hn was sc。

1ected for comp扯ison． 120pm kidney bean shce(1．209 cm_3)and 108pm PET矗lrll

(1．3979 cm一3)were used in the traIls血ssion experiment Their transrnjssion energy
spectra are shown in Fig．3．The peak positions were nearly the same(116 channel)，but
the FWHM fFull Width of Half Maxim眦)of the slice(96 channell was much l甜臣er
than that of PET矗hn(30 cha越e1)．It showed that the energy str899ling of H+bealn
in the kidney beaIL sHce was larg盯than that in the PET mm． It was known that

mass thickness of PET mm(15．1 mg cmq)was l缸ger than that of kidney bean slices

(14．4mg cm一2)．Ftom these reslllts we conclude that the distribution ofmass of kidnev
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bean slices is more ir山omoEeneous than that of PET矗hns．According to the calculation

by the software TRIM98，the theoretical range of 3．2MeV H+in PET矗Lm(cluH804)

and iIl kidney bean shce(cH20)was 128 pm and“4 pm respectively After 3 2 MeV

H十ion be猢passed 108pm PET f山n and 120pm kidney bean slice，the energy loss was
about 2．1 MeV and 2 2 MeV，respectively The peak position of the transn五tted ion was

calculated as 124 ch姐nel and 107 channel，respectively(about 6 keV per channel lJl our

experiment)．The theoretic“results had the di舵rence of 8—9 chaIlnels from the expeTi—

mental results f116 channell．The difference ratio was abaut 7％ It indicated that thp

kidnev bean sⅡce could be looked at as a condensed state material when we considered

the average mass tl“ckness of kidIIey bean sⅡce．

Fig．2 3 2 MeV H+tran8mission ene’gy

spectrmn of 100pln kidney bean 81ice 8aIrlI)le

Ch们n■

Fig．3 ComparisoIl of thc translIli8出m ImI-r崔y

印ectra with hoIe’120，Im kidney})eall sm．-

aⅡd 108“nl PET hlHl

2．3 Energy loss coⅡlparison at di珏-erent ion doses

In the experiments，aner being caTefhUy selected using the tramsrnjssi。n lnetllod、

100Ⅳmkidney bean sliceswereirra出atedwith 50keVN+at diffbrention doses ofl×101 5，

1×1016．3×1016 and 1×1017ions．cm一2．The beam cuIrent was 30“A and the beanl sjze

was 25 cm2 Before and after the irradiation experiment，the transnlission elperlment

was done．A tra工lsr血ssion eIlergy 8pectrum at ion dose of 1×1010 ions·cm一2 was given

in Fig．4． The peak position of the transrmssion energy spectrum had shifted a f色w(3

cha皿els)to the hjgh·energy direction and FwHM had uttle change after irTadiatiolI

Because the experinlent胡error was about 2 channels，it could be concluded that the

avefage mass thickness cha工lged li￡tk when the ion d。se was l×1016ions cm一2．It coul(1

als。be seen that there was no c。unt at higher energy region than 474 channel，whic|1

suggested that there was no direct holes or 0pen’paths after l×1016 ions cm一2 N+ioIl

跚娜椰蛳锄踟狮帅伽姗。
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irradiation．In our experiment nine sampIes were measured to make statistical operati。n

for dmrent ion doses．The average value of energy loss change was shown in Fig 5 For
ion doses 1×1015，1×1016 and 3×1016ions cm～，all the average channel clIanges were

around 1．5 ch甜mels，less than 2 channels(the error)． It was thought that the challge
of av盯age mass thickness was not obvidus．However for ion dose 1×1017ions／cm2，“1e

average ch a：nnel cllange was about 6 channels，wlLich was greater than the error． A s

shown in Fig 5，the change in aⅣerage mass thickness was not obVious below“1e i。n dose

point，3×1016i。ns-cm～，but was obvious ab。ve it This experimental phenomen。n was

also observed in mass measurement exDeriments[8]

Fig．4 Tlle comparison of 3．2 MeV H+

transmission spcctrum of 100，lm kidncy

1)call slicc beforc and after 1×l(116N+．cm一2

irradiatio“

3 CoNCLUSIoNS

20 40 ●O ●口

Ion d⋯(1x'o’‘Jon-cm。1)

Fig．5 The average value of cncrgy lt培s

cha“ge at di矗brent ion doscs

In oIlr experimentsl a target brace that can reduce the incident ion current density

greatly was designed，the damage-free measurement could be made．nom the transnds—

sion energy spectrum e】【periment，the fbⅡowing conclusions can be obtained：

11 As an emcient method，Ⅱ+transIIlission spectrum method can be used t。select

the perfect samples．

2)The homogeneity degree of sarnples can be obtained by analyzing FWHM．The

mass distribution of kidney bean slice is more洫homogeneous than PET fuIn．

3)F}om the peak position comp缸ison of trans缸ssioII energy spectra，the energy
10ss changed after N+ion irradiation． HoweVer，when the N+ion dose was below

3×1016ions·cm一2，the change in average mass thjd【Iless was not obvious．When jon dose

was above 3×1016 ions cm～，the change iIl average mass thickness(i点，the damage)was

．詈孓；；F00乳
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