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As one of the key com po nents of Sec tor Fo cus ing Cy clo tron at the In sti tute of Mod ern Phys -
ics, Chi nese Acad emy of Sci ences, the elec tro static de flec tor can be ac ti vated by pri mary and
sec ond ary par ti cles, be cause of a mis match be tween the ac tual value and the de sign value of
the emit tance and emer gence an gle. In ad di tion, it will be struck by more par ti cles, since there
is a stray mag netic field and outgas from the sur face of the elec tro static de flec tor. The re sid ual
ra dio ac tiv ity in the elec tro static de flec tor has been stud ied in two as pects: spe cific ac tiv ity and
re sid ual dose rate, based on the gamma-ray spec trom e try and Fluke 451p ion iza tion cham ber, 
re spec tively. The spe cific ac tiv ity of radionuclides in the main com po nents and the dust on the
en clo sure have been in ves ti gated by us ing gamma-ray spec trom e try. The re sid ual dose rate
around the elec tro static de flec tor has been ob tained by Fluke 451p ion iza tion cham ber. The
re sults of the study show that there is a non-neg li gi ble ra dio log i cal risk to the staff. This re sult 
can be pro vided as guid ance for mak ing a main te nance sched ule, so that the dose re ceived by
staff can be kept as low as rea son ably achiev able. Based on the re sults, ad vice for "hands-on"
main te nance and de com mis sion ing of the SFC have been pro vided.
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IN TRO DUC TION

The sec tor fo cus ing cy clo tron (SFC) is the only in -
jec tor of the heavy ion re search fa cil ity in Lanzhou
(HIRFL), which can pro vide beam to the ex per i men tal
ter mi nal di rectly as well as to the in jec tor of Sep a rated
Sec tor  Cy clo tron  [1].  It  can  ac cel er ate  the  charged 
par ti cles from car bon to ura nium. The max i mum en ergy
of  12C4+  is  120   MeV,  and  the  cor re spond ing  cur rent  is 
60  µA,  while  the  max i mum  en ergy  of  238U32+  is 19.04
MeV, and the cor re spond ing cur rent is 32 µA. The
charged par ti cle will pass the elec tro static de flec tor be -
fore it is ex tracted from the SFC. The lay out of the elec -
tro static de flec tor is shown in fig. 1. 

The elec tro static de flec tor will be struck by in ci -
dent par ti cles pro vided that the emit tance or emer -
gence an gle mis match with the de sign value. Be cause
of the stray mag netic field and outgas from the sur face, 
there will be more par ti cles de vi at ing from the de sired
or bit and lost at the elec tro static de flec tor [2, 3]. When
the en ergy of the in ci dent par ti cles is high enough to
over come the Cou lomb re pul sion, nu clear re ac tion
will be in duced by those par ti cles lead ing to the pro -

duc tion of radionuclides. The in ci dent par ti cles are ab -
sorbed by the nu cleus of the elec tro static de flec tor
where it de pos its its en ergy in a ran dom man ner to
many nu cle ons. If the en ergy of the in ci dent par ti cles
is lower than the Cou lomb re pul sion, radionuclides
will be pro duced by strip ping re ac tion in which one or
more nu cle ons can be trans ferred from pro jec tile to the 
tar get nu cleus when the pro jec tile passes by the tar get
nu cleus and con tin ues undeflected in its mo tion [4].
The level of ac tiv ity is de ter mined by the rate at which
the ra dio iso topes are pro duced, com bined with the rate 
at which they de cay.

In or der to re duce the loss of pri mary par ti cles,
the elec tro static de flec tor should be pol ished ev ery
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Fig ure 1. The lay out of SFC



2~3 months. The re sid ual ra dio ac tiv ity of the elec tro -
static de flec tor is a dom i nant source of oc cu pa tional
ex po sure to staff. It is one of the main ac cess-re stric -
tions for “hands-on” main te nance in ser vice and in de -
com mis sion ing. Even though the kinds and the ac tiv -
ity pro fil ing of the radionuclide have been stud ied
[5-9], the ac ti va tion pro cess in the elec tro static de flec -
tor of SFC is so phis ti cated, for the rea son that the pa -
ram e ters of the ac cel er ated par ti cles are change able.
Be sides, the re sid ual ac tiv ity in duced in the elec tro -
static de flec tor has not been stud ied yet, since it had
been put into op er a tion. The main goal of our ex per i -
men tal study was to in ves ti gate the in duced ra dio ac -
tiv ity level in the elec tro static de flec tor. The re search
has been done in two as pects: spe cific ac tiv ity and re -
sid ual dose rate. In this pa per we had: (1) iden ti fied the
dom i nat ing radionuclides con tri bu tion to the re sid ual
ac tiv ity in the cut ting plate, the high volt age elec trode
and the dust out side the en clo sures; (2) mea sured the
re sid ual dose rate at dif fer ent point around the elec tro -
static de flec tor. The cut ting plate and the high volt age
elec trode are the two main com po nents of the elec tro -
static de flec tor. Ac cord ing to the re sults, ap pro pri ate
ad vice will be pro vided for main te nance and de com -
mis sion ing. The method of this study is ap pli ca ble to
as sess the re sid ual ra dio ac tiv ity in other accelerators.

EX PER I MEN TAL SET-UP

SFC op er at ing con di tions

The SFC cy clo tron at the In sti tute of Mod ern
Phys ics (IMP) has been put into op er a tion since 1987,
and the elec tro static de flec tor was re placed in 1997.
The study was per formed 8 hours af ter the op er a tion.
36Ar11+ with the en ergy of 194.40 MeV and the cur rent
of 2.2 µA had been ac cel er ated for 9 days be fore this
study. All of the charged par ti cles had been ac cel er -
ated in the last six months are shown in tab. 1.

Method of anal y sis

In or der to as sess the level of re sid ual ra dio ac tiv -
ity, the iden ti fi ca tion of radionuclides and the mea -
sure ment of the ac tiv ity were car ried out by HPGe
gamma-ray spec trom e ter. The re sid ual dose rates
around each com po nent of the elec tro static de flec tor
were ac quired by Fluke 451p ion iza tion cham ber be -
fore the sam pling from the elec tro static de flec tor. The
cut ting plate is made of  TU2 and the high volt age elec -
trode is made of TC4. TU2 is an al loy of cop per and
sil ver, and its com po si tion is listed in tab. 2. TC4 is a ti -
ta nium al loy and its com po si tion is listed in tab. 3. 

The sam ples of the metal pow der, from the cut -
ting plate and the high volt age elec trode, were ob -
tained by sand pa per. The sam ple of the dust out side

elec tro static de flec tor was col lected by non-wo ven
fab rics. The di am e ter of the sam ple is Ø75mm.  The
weight of the dust sam ple is 4.7 g, while that of TC4
and TU2 is 62.8 mg and 54 mg, re spec tively. The semi -
con duc tor HPGe de tec tor (Ortec GEMX) was used in
this study, with 60 % ef fi ciency rel a tive to 3¢¢ × 3¢¢ NaI
and FWHM of 2.30 KeV at 1.33MeV. The di am e ter of
the crys tal is 67.20 mm and the length of the crys tal is
71.10  mm. The  thick ness  of  the dead layer out side
the crys tal is 0.30 mm, while that in side the crys tal is
700 mm. The car bon fi ber ab sorb ing layer is 0.90 mm.
The gamma ray spec trum has been ac quired by the
com mer cial soft ware GammaVision. The mea sure -
ment time of each sam ple is 10 hours. The en ergy and
ef fi ciency cal i bra tion of de tec tor have been done
based on the com bi na tion of ex per i men tal mea sure -
ment and MCNP sim u la tion [10]. 

RE SULTS

The gamma-ray spec tra have been mea sured in a
stan dard way in side a low-back ground lead shield -
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Ta ble 1. The pa ram e ters of charged par ti cles ac cel er ated 
in SFC

Nuclides En ergy
[MeV]

Ex tract cur rent
[µA]

Com mis sion
time [d]

112Sn26+/35+ 414.40 2.0 5
32S9+ 172.80 1.40 4
32S9+ 128.00 1.20 11
4He1+ 16.00 2.50 5

86Kr17+/26+ 197.80 2.00 12
209Bi31+ 188.10 0.14 19
12C4+/6+ 84.00 2.60 12

12C3+ 50.40 4.00 16
16O5+/8+ 86.40 2.50 8
40Ar11+ 188.00 4.00 4

16O6+ 123.20 2.00 14
56Fe17+ 352.80 1.20 7
12C4+/6+ 84.00 4.00 7

40Ar12+/17+ 248.00 3.00 8
209Bi31+ 188.10 0.20 17

58Ni19+/25+ 359.60 1.70 20
36Ar11+ 194.40 2.00 9

Ta ble 2. Iso to pic com po si tion of TU2

Iso to pic Mass frac tion [%] Iso to pic Mass frac tion [%]

Cu + Ag 99.95 Ni 0.002

P 0.002 Pb 0.004

Bi 0.001 Sn 0.002

Sb 0.002 S 0.004

As 0.002 Zn 0.003

Fe 0.004 O 0.003

Ta ble 3.  Iso to pic com po si tion of TC4

Iso to pic Ti Fe C N H O Al V

Mass frac tion [%] 88.035 0.3 0.1 0.05 0.015 0.2 6.8 4.5



ing-cham ber. The eval u a tion and dis tin guish ing of
gamma spec tra is a com pli cated un der tak ing be cause
of the com plex ity of multi-peak [11]. The ac tiv i ties
ob tained from these spec tra were checked by re-cal cu -
lat ing back wards in time to the time-point at the end of
ir ra di a tion us ing the char ac ter is tic de cay-con stant of a
given iso tope. The ac tiv i ties given out at the end of ir -
ra di a tion for the de cay time of re moval from the cy clo -
tron have been cor rected. The mea sure ment of the re -
sid ual dose has been done be fore the “hands-on” of
main te nance. The re sults are de scribed in four as pects
as fol lows be cause of dif fer ent sam pling lo ca tions and
mea sure ment meth ods.

Iden ti fied iso topes and re sid ual
ac tiv ity in the cut ting plate

The sam ples of cut ting plate had been mea sured
at the time of 12 hours, 30 hours, 13 days, and 60 days
end of ir ra di a tion. The radionuclides iden ti fied in the
cut ting plate are shown in the tab. 4. The kind of those
radionuclides has been ar ranged in or der of spe cific
ac tiv ity. The evo lu tions of the radionuclides in duced
in the cut ting plate are shown in fig. 2. It can be seen
from the re sults that the radionuclides with the
half-life less than 1 day in duced in the cut ting plate are
44Sc, 48Cr, 87Y, 87mY, 90Nb, 95Tc, and 97Ru. The
long-lived radionuclides with the half-life more than
70 days are 22Na, 46Sc, 54Mn, 56Co, 58Co, and 75Se.

Iden ti fied iso topes and re sid ual
ac tiv ity in the high volt age elec trode

The mea sure ment of the sam ples came from the
high volt age elec trode and has been per formed in 4
time-points at the end of ir ra di a tion: 12 hours, 30
hours, 12 days, and 107 days, re spec tively. The dis tin -
guished radionuclides and its spe cific ac tiv ity are
listed in tab. 5. The evo lu tions of the radionuclides
iden ti fied in the high volt age elec trode are shown in
fig. 3. The half-life of each radionuclide iden ti fied in
the high volt age elec trode is more than 15 days. The
long-lived radionuclides with the half-life more than
70 days are 65Zn, 54Mn, 57Co, and 60Co. 

Iden ti fied iso topes and re sid ual
ac tiv ity in the dust

The sam ples of dust out side the elec tro static de -
flec tor have been mea sured at the time of 30 hours and
1776 hours end the ir ra di a tion, re spec tively. The
radionuclides are listed in tab. 6. Fig ure 4 de scribes the
tem po ral evo lu tion of radionuclides. The ra dio ac tiv ity
iso tope iden ti fied in the dust is the iso tope with the
half-life more than 5 days. The kinds of long-lived
radionuclides, with the half-life lon ger than 70 days in -
duced, in the dust are the same as that in the high volt age 
elec trode and cut ting plate. None the less, the spe cific
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Ta ble 4. Ac ti va tion prod ucts in cut ting plate

Nuclides Half-life
[d]

Spe cific
ac tiv ity [Bqg–1] Er ror [%]

The ra tio to
to tal

ac tiv ity
44Sc 0.16 9.746×106 13.18 9.649×10–1

58Co 70.86 9.284×104 5.35 9.192×10–3

75Se 119.78 4.143×104 5.51 4.102×10–3

89Zr 3.27 3.812×104 5.36 3.774×10–3

48Sc 1.82 2.872×104 21.84 2.844×10–3

51Cr 27.70 2.562×104 14.48 2.537×10–3

95Tc 0.83 2.301×104 5.48 2.278×10–3

90Nb 0.61 1.661×104 7.23 1.645×10–3

87Y 0.82 1.471×104 6.18 1.456×10–3

44mSc 2.44 1.365×104 7.80 1.351×10–3

54Mn 312.30 1.255×104 5.44 1.243×10–3

56Co 77.27 8.753×103 6.49 8.666×10–4

48Cr 0.96 8.704×103 12.26 8.618×10–4

22Na 949.69 7.915×103 7.24 7.837×10–4

87mY 0.56 7.770×103 10.86 7.693×10–4

97Ru 0.86 6.688×103 5.61 6.622×10–4

46Sc 83.79 5.485×103 8.44 5.431×10–4

57Co 271.79 6.260×102 5.05 6.198×10–5

48V 15.97 5.548×102 5.57 5.493×10–5

60Co 1924.61 2.910×102 7.64 2.881×10–5

65Zn 244.26 4.414×101 6.47 4.370×10–6

Fig ure 2. Evo lu tion of the spe cific ac tiv ity in cut ting plate

Ta ble 5. Ac ti va tion prod ucts in high volt age elec trode

Nuclides Half-life
[d]

Spe cific ac tiv ity
[Bqg–1]

Er ror
[%]

The ra tio to
to tal ac tiv ity

65Zn 244.26 5.228×105 5.01 3.707×10–1

58Co 70.86 5.042×105 11.26 3.575×10–1

54Mn 312.30 1.637×105 5.02 1.161×10–1

57Co 271.79 1.074×105 5.00 7.616×10–2

56Co 77.27 6.936×104 5.04 4.919×10–2

46Sc 83.79 3.525×104 5.01 2.500×10–2

60Co 1924.61 4.095×103 5.27 2.904×10–3

48V 15.97 2.289×103 10.62 1.623×10–3

51Cr 27.70 1.077×103 11.17 7.637×10–4



ac tiv ity of each iso tope in dust is sev eral or ders of
mag ni tude lower than that in the cut ting plate and high
volt age elec trode, re spec tively. 65Zn in the dust makes
the larg est con tri bu tion to the to tal spe cific ac tiv ity for
its high est pro por tion. Due to the long-time ac cu mu la -
tion of the aero sol in side the hall, the con cen tra tion of
7Be in the dust is higher than the av er age con cen tra tion
of 7Be in the aero sol of Lanzhou at the mo ment of wip -
ing  as sum ing  the  vol ume  of  dust  dif fu sion  uni form  is 
1 m3. The ac tiv ity of 7Be in the aero sol of Lanzhou area
ranges from 3.10×10–4 to 1.78×10–2 Bq per cu bic me ter
[12]. The par tial RMS er rors of ac tiv i ties are shown in
tab. 4, tab. 5, and tab. 6. Those er rors are ob tained as a
qua dratic sum of two com po nents: (1) ef fi ciency cal i -
bra tion er ror and (2) net-peak-area er ror. 

Mea sure ment of re sid ual dose rate

Be fore the “hands-on” of main te nance, the re -
sid ual dose rates around the elec tro static de flec tor
have been mea sured 8 hours end of ir ra di a tion by
Fluke 451p ion iza tion cham ber with 10 % ac cu racy.
The dis tance be tween the ion iza tion cham ber and the
sur face of the com po nent is 5 cm. The mea sured val -
ues of the dose rates are shown in tab. 7. It can be con -
cluded from the mea sure ment re sults that: (1) the dose
rate at the en trance are higher than that at the exit both
for the cut ting plate and the high volt age elec trode
along the di rec tion of beam trans mis sion, (2) the
charged par ti cles lost on the up per and the lower cover
are less than that on the cut ting plate and the high volt -
age elec trode, re spec tively.

DIS CUS SION

The re sid ual ra dio ac tiv ity in the elec tro static de -
flec tor de pends on the kinds, the cur rent and the en -
ergy of the in ci dent par ti cles and the com po si tion of
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Fig ure 3. Evo lu tion of the spe cific activity in high 
volt age elec trode

Ta ble 6. Ac ti va tion prod ucts in dust out side the
elec tro static de flec tor

Nuclides Half-life
[d]

Spe cific ac tiv ity
[Bqg–1]

Er ror
[%]

The ra tio to
to tal

ac tiv ity
65Zn 244.26 1.370×102 5.05 7.116×10–1

7Be 53.12 1.814×101 6.46 9.423×10–2

46Sc 83.79 1.060×101 5.41 5.506×10–2

22Na 949.69 7.350 5.46 3.818×10–2

58Co 70.86 7.140 6.01 3.709×10–2

54Mn 312.3 5.180 5.15 2.691×10–2

57Co 271.79 1.530 5.05 7.947×10–3

88Y 107 1.370 11.68 7.116×10–3

75Se 119.78 1.293 5.13 6.716×10–3

56Co 77.27 1.230 9.93 6.389×10–3

60Co 1924.06 9.300×10–1 8.90 4.831×10–3

52Mn 5.59 6.200×10–1 9.93 3.220×10–3

51Cr 27.70 1.200×10–1 5.51 6.233×10–4

48V 15.97 1.400×10–2 9.40 7.272×10–5

Fig ure 4. Evo lu tion of the spe cific ac tiv ity in dust out side
the elec tro static de flec tor

Ta ble 7. Re sid ual dose rate of elec tro static de flec tor

Lo ca tion
Dose rate
[mSvh–1]

Lo ca tion
Dose rate
[mSvh–1]

En trance of 1st

elec tro static
de flec tor

750.24 En trance of 1st

lower cover 7.55

Exit of 1st

elec tro static
de flec tor

300.79 Mid dle of 1st

lower cover 18.47

En trance of 2nd

elec tro static
de flec tor

80.43 Exit of 1st

lower cover 13.22

Exit of 2nd

elec tro static
de flec tor

30.58 En trance of 2nd

lower cover 10.24

En trance of high
volt age elec trode 38.74 Mid dle of 2nd

lower cover 12.66

Exit of high volt age
elec trode 19.85 Exit of 2nd

lower cover 9.57

En trance of up per
cover 1.19 Mid dle of

up per cover 3.62

Exit of up per cover 2.67



the tar get ma te ri als. The re quired cool ing time of the
main com po nents and the dust used for the de cay of
the re sid ual ra dio ac tiv ity, can be de ter mined based on
the ex emp tion value, the spe cific ac tiv ity and the
half-life of each radionuclide. Based on the ex per i -
men tal re sults above, the in duced ra dio ac tiv ity in the
elec tro static de flec tor has been dis cussed as fol lows. 

On one hand, 44Sc, with its half-life of 0.16 days
is the dom i nant short-lived radionuclide to be found in
the cut ting plate. It would de cay at a fast rate 1 day af -
ter ir ra di a tion with the larg est pro por tion 0.9649 of the 
to tal ra dio ac tiv ity. The short-lived radionuclides
found in the cut ting plate are 89Zr, 95Tc, 90Nb, and 87Y.
Those are pro duced by 36Ar11+. The spe cific ac tiv ity of 
those radionuclides would be lower than the ex emp -
tion value pointed in GB18871 [13] 10 days af ter ir ra -
di a tion. The ex emp tion value of 58Co, 22Na, and 54Mn
are 1×101 Bqg–1, while the value of 75Se is 1×102 Bqg–1.
So it will be needed more than 10 years for the those
radionuclides in the cut ting plate to achieve the clear -
ance level, based on the ex emp tion val ues of each
radionuclide and the to tal spe cific ac tiv ity lim ited by
EURATOM Coun cil Di rec tive 2013/59 [14]. 

On the other hand, the kinds of all of the long-lived
radionuclides iden ti fied in the high volt age elec trode are
the same as that in the cut ting plate. But no short-lived ra -
dio ac tiv ity iso tope with the half-life shorter than 1 day
has been dis tin guished in the high volt age elec trode. 65Zn 
is the most im por tant radionuclide that has been iden ti -
fied in the high volt age elec trode with the max i mum pro -
por tion of the to tal ra dio ac tiv ity. Ac cord ing to the evo lu -
tion of the spe cific ac tiv ity in the high volt age elec trode,
it can be de duced that it needs ap prox i mately 7 years for
the high volt age elec trode to achieve the ex emp tion val -
ues af ter mov ing out of the SFC.

More over, the dust is also a ra dio ac tive source
which is formed by nat u ral ero sion and wear on the
elec tro static de flec tor. The dust will be ad sorbed on
the en clo sure of elec tro static de flec tor with in door air -
flow. All of the radionuclides iden ti fied in the dust out -
side the en clo sure are the long-lived radionuclides,
which also have been dis tin guished in the cut ting plate
and the high volt age elec trode. In ad di tion, 65Zn in the
dust should be given more at ten tion be cause it has the
larg est pro por tion of the to tal ra dio ac tiv ity. 7Be in the
aero sol pro duced by ther mal neu trons tend to uni -
formly fill a room should be taken in par tic u lar con -
cern, since it may be higher than the back ground.

The cool ing time is re quired at dif fer ent
workplaces, based on the kinds of radionuclides to be
dis tin guished. The stor age time of com po nent be fore
de com mis sion ing will be in flu enced by the ac tiv ity of
long-lived radionuclides with the half-life lon ger than
70 days. The re quired cool ing time be fore the
“hands-on” main te nance is mainly lim ited by the
short-lived ra dio ac tiv ity iso tope. The kind of the
short-lived ra dio ac tiv ity iso tope in duced in the elec -
tro static de flec tor af ter op er a tion would be af fected by

the pa ram e ters of the ac cel er ated par ti cles. The rel a -
tive im por tance of a par tic u lar iso tope from the view
of its con tri bu tion to the lo cal dose rate de pends on its
half-life and the ra di a tion emit ted when it de cays. Beta 
ra dio ac tiv ity rep re sents a sig nif i cant source of ex po -
sure to per son nel via the skin of in di vid u als en gaged in 
main te nance af ter the ac cel er a tor is shut down, for the
rea son that some of the radionuclides iden ti fied in the
elec tro static de flec tor de cay by beta emis sion or, by
pos i tron emis sion or, by cap tur ing an or bit ing elec -
tron.

In or der to re duce the risk of ex ter nal and in ter -
nal ex po sure, the fol low ing ad vice should be paid
much at ten tion. First of all, the re sid ual dose rate of the 
elec tro static de flec tor must be mea sured dur ing the
main te nance and the re ceived dose of each work ing
time should be re corded so that the to tal dose re ceived
within one year by each staff mem ber is lower than the
per sonal dose lim its for oc cu pa tional ex po sure. The
max i mum  work ing  time  should be lim ited within
1.11 hours per time based on the man age ment limit of
5 mSv per year of one per son [15], sup pos ing that the
main te nance is con ducted ev ery two months. Be yond
that, the pol ish should be ap plied within a con fined
space and the metal dust should be cleaned at the end
of main te nance so as to re duce the risk of in ter nal ex -
po sure. Last but not least, staff must wear dust masks
dur ing work. 

CON CLU SIONS

The elec tro static de flec tor of SFC has been ac ti -
vated by the lost par ti cles, due to the stray mag netic
field and the un sta ble vac uum. The radionuclide in -
ven tory in the com po nents of elec tro static de flec tor
and the dust out side the elec tro static de flec tor en clo -
sure was un der in ves ti ga tion by gamma-ray spec tros -
copy and ion iza tion cham ber, re spec tively. The
method can be ap plied to eval u ate the re sid ual ra dio ac -
tiv ity of the ac cel er a tor both in com mis sion ing and de -
com mis sion ing. In ves ti ga tion re sults show that the
kinds of the radionuclides in duced in the cut ting plate
are higher than in the high volt age elec trode for the
rea son that 36Ar11+ is lost in the cut ting plate. The re -
sid ual ra dio ac tiv ity in the com po nents of elec tro static
de flec tor ex hib ited that there is a non-neg li gi ble ra dio -
log i cal risk to the rel e vant staff. The cool ing time un -
der dif fer ent sit u a tion has been an a lyzed ac cord ing to
the ex emp tion value, the spe cific ac tiv ity and the
half-life of each radionuclide. The re sid ual ra dio ac tiv -
ity of the dust out side the elec tro static de flec tor can
not be ig nored be cause the 65Zn and 7Be may be in -
haled. The re sults of the study can be pro vided as a
guid ance for mak ing main te nance sched ule so that the
re sid ual dose re ceived by the staff is kept as low as rea -
son ably achiev able. Nev er the less, a fur ther work
should be done to as sess the risk of in ter nal ex po sure.
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EKSPERIMENTALNO  ODRE\IVAWE  ZAOSTALE  RADIAKTIVNOSTI
INDUKOVANE  U  ELEKTROSTATI^KOM  USMERIVA^U

Elekrostati~ki usmeriva~ predstavqa jednu od kqu~nih komponenti SFC ciklotrona u
Institutu za modernu fiziku Kineske akademije nauka. U toku rada mo`e do}i do wegove
aktivacije primarnim i sekundarnim ~esticama usled odstupawa stvarne od projektovane
vrednosti ugla emitovawa i izlaznog ugla. Dodatno, usmeriva~ }e biti pogo|en ve}im brojem
~estica usled lutaju}eg magnetnog poqa i oslobo|enog gasa sa povr{ine elektrostati~kog
usmeriva~a. Zaostala radioaktivnost u elektrostati~kom usmeriva~u prou~avana je sa
stanovi{ta specifi~ne aktivnosti ‡ spektrometrijom gama zra~ewa, i ja~ine doze ‡ primenom
jonizacione komore Fluke 451P. Gama spektrometrijskom analizom utvr|ena je specifi~na
aktivnost radionuklida u glavnim komponentama usmeriva~a i pra{ini na ku}i{tu. Ja~ina doze
oko elektrostati~kog usmeriva~a izmerena je jonizacionom komorom Fluke 451P. Rezultati
ispitivawa pokazuju da postoji nezanemarqiv radijacioni rizik za osobqe, te se mogu upotrebiti
kao smernice u pripremi plana i rasporeda odr`avawa, ~ime bi se doza za osobqe svela na
minimalnu mogu}u. Na osnovu rezultata, dati su i prakti~ni saveti za odr`avawe i dekomisiju SFC
ciklotrona.

Kqu~ne re~i: elektrostati~ki usmeriva~, akcelerator, indukovana radioaktivnost,
.........................specifi~na aktivnost, radionuklid


