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ABSTRACT ^

Th» thermal nawvon moffwina «ytttm utad with ordinary thermoiuminetcence dosimeters ha» betn
trudittt. In rtti» ftoftttor<ne system we ueed the capture gamma •ay* from the reaction between cadmium and
thermal neupont. The effect» of tha back scatter and bui'dtng up of radiation have been studied for
approaching th# n'y rm*o of ma system to that of tht mixad field. It ha» baan found that tha ratio of a
system wane thai* effects « graatar than that of on* without thaat effects and that tha minimum measurable
fiwenee >t about IC* n/em2. Th<> mathod can b* u*ad for an k-od» of th««mo*umsn«»canca donmatar
phoaphoft.

INTRODUCTION '

Tha tharmoKHninaiotnct dosimatar (TLD) has baan wtdaly usad for radiation dosirnetry
baoautt of high santrtwrty to tha radiation dosa. its oonvanianoa, and th« fraar selection of TLD
phosphors it make* possible Many kinds of phosphors have bean developed and their properties
studied by • number of investigators These phosphors may be classified into two groups One
comprises phosphors for y, 0, a and X rays, and the other, phosphors for neutron dostmetry
such as * LiF and 1 LiF On the other hand, recently, the dose measurement of each radiation in
a mixed field of neutron and y rays has become importat in the field of radiation dosimetry.

Tht sensitivity of TLD in treating neutrons has been mainly investigated on LiF, CaF2

end L i jB 4 O 7 for thermal neutrons and fast neutrons*1 4> For example, the difference in
sensith/íty between *LÍF and 7LiF has been used for thermal neutrons Vvatanabe et §1, have
reported a serf ectivatio -nethod(9> This method has one of the same merits as TLD for
measuring thermal neutron and faet-nautron fhiences; namely, it is designed specifically for
nieasuring neutrons However, the serf activation method has a low sensitivity For example, the
minimum detectable ffuence is about 1O'°n/cnV of thermal neutrons using natural
CiF , T L D ( B ) ; this it because tha activation crossed ion of 1*Ce on thermal neutrons is about
0.73 barn. On tha other hand, in tha ojse of the LiF mathod of neutron dosimetry, isotope
teperation from the natural Li element must be carried out Therefore, the cost of these
Phosphors it more than ordinary Therefore, we have proposed another monitoring system by
which it it possible to detect the neutrons with all phosphors; however, nfy ratio of tha
tetactor system it lower than that of the radiation mixed fíald used. The method of improving
tha n/? ratio «ft tha monitoring system has not baan studied

The present study wat undertaken in order to ascertain tha effect of the back-scatter and
bulldtfigrup of radiation on tha nty ratio of tha monitoring tyttam; this paper will report the
results



EXPERIMENT

in the present experiment. TLD 100 LiF end TLD «00 (purchased from the Hershaw
Chermca' Co ) CaSOJTm) and BaO(Na) purchatad from MattusMa Electric Co),
MB SKDJTb) (purchaaad from the Dm Nippon Tofvo Co.). NTLSOp LiF(purchestd from tht
Ntmoio Tokushu Kageku Co.), and natural CaF3{from Brazil) were used Thaw phoaphors
wete >n powdered form, and Ma,jSiO«m»l, CaS0«(Tm» BeO(Na) and natural CtF, enclosed in
smaM glass tubes about 2 mm or 0.8 mm in diameter and 13 mm or 10 mm long wart uaad at
thrmoKjmfntscanet dosimeters. Tha TLD-800 LiF was a hot pressed aystai whila tht
T L D 100 LiF and NTL 60p ÜF photphort wart powdar

Van da Graaff gtnarator, purchaaad from tha High Vottaga Co. was usad as nau ron
ganarator from which nautron fkianoa was produced from tha reactions of both B»(d, n) and
f(d n) Tht maan anargws of thaaafast nautrons wtra about 2 5 and 14MaVracptctivtly Th*
thrmat neutrons ware obtained from thtrmtlind fast nautrons of tha Btid. n) reaction with a
peraf*<n b»ock, as it shown in Fig. 1 (a). On tha other hand the neuron» from the T(d. n)
react-onwrithermatized wrth tha block, as «showrnnFij 1 (b)
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The T L D phosphors wart irradiated 8 or 20 cm in front of a target of tha generator with
thermal neutrons, the fluence of which was measured by maan» of tha ectivetwn method of
10 x 10 mm gold foil; the ffcienee was varied from 10' to 10 ' ' i./cm;. In thtcestof reeding
the frwmoluminetcence intensity, tht phosphor was hatted from room temperatura up to
about 360°C using a Dai Nippon Toryo or Harshw TLD reader.

Figure 2 shows a diagram of the TLD holder for thermal nautron monitoring. In such a
hodtr a tin or lead filter is mad for correcting tha energy dependence of the TLD phoaphoron
Trays from tht neutron generator, while • cadmium filter it used for obtaining tha eipturt
gimmarays dut to tht reaction of Cd(n,7> between thermal nautrons and tht cadmium
**m$m A (tad filter Inside or outffda of the cadmium filter was uaad for tsoarteming tht
buifcfing up of tht secondary electrons and tht back scatter of tha gemma ray».
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RESULT AMD DISCUSSION

Tht ttrmolummtsctrtct intantrty of atch fittartd phosphor in tha mixad radiation field
m y bt rtprtftnttd at follows:

ID

whtrt 71 and TLca ara tha thtrmolurmnttcence inttmitits of a non-cadmiumcovarad and a
oadmium-covtrad thtrmoluminasctnca dotimtttr respectively; D is tht radiation dost dut to
gamma rays In tha mixtd radiation f itkf, and D'and 0 C d , tht dosas dut to tht radiation caustd
by a reaction bttwttn tnermal nautrom and fiharad materials, and by cadmium, respectively.
Tht valuet of a, ft and Ô ara proportional constants rtiatad to tht thtrmolumintsctncc tmittion.

Tha amount of D' and DC4 &T9 proportional to ont and oCd/»r, whara o and oC d ara tha
crosftctions of tht filter matariai and cadmium to thermal ntutrom; nt is tht f lutnet of tht
thermal ntutrom. In equation <1>, OCá it much grtattr than £>'; D' will bt ntfitctcd if aC d is
much patter than tht filter materiel. Thertfort, tht difference between 71 c d and TL
apBroxJmatety raprestnu trw vakM proporttonal to the neutron f lutnet.

h }f wall known that whan a materiel it irradiatad with pmme-rayf tht ooncentration of
the sec9(idery electrons raaohes K» maximum at a auitaM* thtcknmot the irradiated material.
Than, ff the ahoaarwr is andoeed wtth some material tht tMeknaat of which corresponds to
that of tht maximum butfdfnf-up of tht capture eemme-rays, tha n/y ratio of the monHorinsj
•ytitm wMI bt Improved ana) wHI approach tha n/? ratio of tht miad f ioW.

On the other Hand, It It wtfl known that whan gemma-rayi are Kattered with some
mattnai, tna tnanjy of tha atattaracf nMNatlon osmat to be dacraaiad. Tha tharmofuminavoanjoe
intensities or amrfy dapendtnoi of CMO4, MijSiO* and CtF l f which have toro* atomic



numb* i than »«, gtntrtliy incrtasa with • d«crMM in tht photon tntrgy urn «I «bout 3D ktV If
tht photpho' is irradwttd by back scattartd radiation, its thynxMumtnaictnct ttnsrtivity will
inca t t but in inatast «n tha thtrmofumintsctrict *tns«wity is dtptndtm on tht ratio
bttwtan >niti«l radiation and tht back tcattarad radiation tnttntttta»

Frst thf phosphor usually tapptd with cadmium foil 0 S mm thick and fuecttttvafy
tncfoMd with laad foil of variou* thtcknastas and othar phosphors for dttacttftg tht r tact ion
gamma fays m tht mtxtd radiation fittd was only lappad with Itad foil of a thickntss tqual to
that of tht Itad foil for tht nautron dtttctor Saeond, tht phosphor was tncfcntd with tht ittd
foil of w o u s thickntnts »nd succtstivtiy toppad with ccimium foil 0 5 mm truck

Table 1 givts tht back scattar and building up tfftctsof tht radiation on tht n/> ratio of
tht dtttctor systtm

TaMti

Back wttttr and bvHding up tfftctt on tha nft ratio of tht monitoring systtm
t(n/?>0 is than/7 ratio of flit mofih}orifi| trstam wHhovt «litat tfftets and

tharmal nautron waa obfinad from ttwrmatttad fatt way trow ot 7"(d,ní raattéom)

Back sctttar tfftct Building up tffact

Pb(mm) 0 0 6 0 2 0 3 0 6 1 2 0 2 0 4 0 6 1 0 1 6
<n/7)/(n/7)0 1.12 0 96 133 107 123 111 124 150 118 107

Whan tha phosphor was tndotad with tht f Wttr of tht laad foil to obtain athtr tht
back «cattr or building up of tht radiation in tht phosphor, tht n/7 ratio varitd as comparad
with that erf an unfiftartd phtnpher. Each ratio in tht monitoring systtm was normaliztd with
that of th'i unf irtarad ont In tha casa of an unf iltartd syattm with cadmium fo*> 0 2 mm thick,
tht n/7 r«io was about \2, but. at i»fiwn in Tablai, tha ft/7 ratio in tha f «Ittrad sytttm has a
maximum of 1.6 at 0 5 mm and 1 minimum of 0 96 at 0 2 mm, ãfíâ was «mprovad It » found
that tha n/7 ratio in tht monitoring systam is improvtd by using thast tffacts Thtrafora, tha
ftaifcilrty of thtst aff acts for improving tha ratio in tht monitoring systtm is tatablishtd

Tht cDrr&tion batwaan tht) thtrmat-ntutron frutnea and tha thtrmoiumintsctnct
•ntansity of tht Mg3SiOá|Tb) TLD put into tht hokJar is shown m Fig, 3 In thit figura, tht
verticil axis is tha dtftaranot in tht thtrmolumintsctnct irtamrtits bttwtan tht
cadmium 1 irtarad and non-fHtarad TLO tttmants, calibrattd with gamma-rayi of t 0Co A» is
shown in Fig, 3, tht dtfftranct bttMnvtn tnt thtrmoluminascanoa intantrtias is ntarly
proportional to tht tharmat-nautron fkjtnca.Tht tinaarity of thatharmoHimtnttctnct rasponst
4m to tht dost of captura gamrnt-rayi to mainuinad in tha ttormataawon-ffuanot ranga from
10" to 101 ' n/cm7 uaad in tha prasam txparimtm

On tha othar hand, Ayytnpar at •/,<•' havt raporttd that tha tharmolumintscanct
rafpoma of tha ft UF T tO aystal 10 tht thtrmtl ntutrons was dtoratsad in tht f luanea rança of
1Ol2nfem2 or mort. IntWsoast, rt f r ^ bt iritarrad that tht * UP trystal contain» many kntct



defects caused by tht reaction of *L»(n o) lH. Accordingly, in the otw of reusing the
phosphor, tht thtr ̂ luminescence mttneity of tht phosphor is effected by tht iattint deffact*
On tht othtr hand, in tht out of tht application of tht cipturt gamma rays for tht dostmttry
of thermal neutrons, tht rtdittion damage is its* thtn thtt dut to a direct reaction between
thermal neutrons tnd tht phosphor Therefore, with rtgtrd to re using tht phosphor, tht
application of tht capture çemmefays to tht ntutron monitoring t» bttttr thtn thtt of tht
direct reaction between tht neutrons and tht phosphor, and tht linearity of ihe
thermotuminesctnee rtsponsa it maintained until tht tarnt dost rangt as tht cast of tht
•radwtton of *°Co gamma rays, btoausa of tht irradtfrtiori of tht gamma rays It is cons»dtrad
that whtn tht rtaponat it txtrapolttad from htghfhjtnct txptrimtntal rtsutts. the minimum
mtasurablt flutnoa is about 10* n/cnV or itss Tharafort. ft may b« concluded that this
monitoring tysttm can ba usad for monitoring tha tharmat neutrom from the point of view of
heath physics.
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Tht ratio bttwttn tht tharmokimtnaactnct inttmititt of tha phosphors in tht monitoring
tysttm OMMtrf by tht captura and ratctton of gamma-rays was about 1,2 whtn tht phoiphor
was tndotad with t 02 mm thick cadmium foil and whtn it was irradiated with tht thermal
neutrons obtained by thermeMztng tht fait ntutrons of 2 5 MeV but it has been reported thtt.
whan they are thtrmtllttd m paraif m 9 cm thick, tha fast neutrons of 2 5 MaV mad m tht
(patent anperiment trt about 40 ptr ctm thtrmatlztd and that tha tissue doit dut to tht fast
coHitHW of tht fait neutron» is about 6 9 times tht gamma ray doit of this Van dt Gratff
generator. Thtrafoft, ft may be considered or inferred thai tht n/y ratio in the'nvxed radiation
f itM used »n tht prtaant wptrfmtnl it about 2.4. This webe is largv than that obwtntd from
(ha TLD monttorlnf lytttm mad in tht axperimeni. Accordinfly whtn tht thickness of tht
ctdmium Wt tor aocfoiing tht photphor Hytfttd, tha optimum thickness of tht otdmium foH
with regard to tht #M» ratio of tht monitor int system may be found.



T«b(t 2 gtv*s th« n/7 ratio of tht syittm baud on thtrmtt ntutrom from the thtrmaiiztd
fast nautrons of 2 5 MaV Tha t/> ratio in tht syttam wat dapandtm on tha thtckntu of tha
cadmium foil and •ncrtattd with tht thicknaat of tha ctdrwum foil

T«Mt2

1 nt nry t o © or V M iworuionm fynan on vanotit csonwiin IIMGKJMM

ithfmal ntwtfOft was ootaiftad tntnnafMtfig fMt natitfoii ffwtt Tiojft} fatctioivJ

Cd (mm)
<n/7>/<n/7>0

0
1
.1
0

0.2
1,27

0
1

.4
44

O.S
1 42

0
1

8
51

1
1

0
72

Th»a ara stvtral tttmantt w»th croutctton larger than that of cadmtum for txampia, Gd.
Sm and Eu Whan 4g of Gd ; O } powdtr wart i^9d insttad of Cd Foit, tha ratio in tha
mon*tonng systtm wa* about 0 1. tmaütr than that of Cd foil Whan cadmium it usad. tha
tharmoiurruntscenct dosimttar can dtttct thtrmal nautrom which hava tiwqm btkm tha
tHtct*v« cadm>um CUT off. whtch i« naar OS tV and tht cost of tha cadmtum it much law than
that of rara mnh aftmanu Accordingly >n c* act tea, tna u*t of cadmium covtrad TLD ii utafui
m rha prionntl mon'tor»ng syfttm of thtrmal ntutrons

Tha «nftutnet of such phoiphori as "UF. Uf, nUf. natural CaFj, BtO(N«>,
CaS04 (Tm) and Mg;S»O« (Tb) on tha n/7 rato of tha monitoring «yftam it gívan in Tablt 3 In
th«» axpf 'mam. tha»mai ntutront wart obtaintd from tharmaitzad ftft neutrons of tha T[à. n)
raacnon Tha n/7 ratio* of all thttt phofphors txctpt tht LiF pho^>h&r» wtrt itrgtr than tmo
and wtrt naarly aqual to «cti othtr. Thi» phanomanon will bt discusstd •* tht causa of tha
negativa vaHtt* of tht n/7 ratio Tht irradiation afftct on tht trttrmoiuminttctnca amitiion dut
to o part.de» from tha * U(n, a) ' H raaction in tht LiF TLD phoiphor without cadmium foil is
•argr than dut to gamma rays from tha Cd(n. 7)Cd raaction, btcauM tht LET of tht
o; paliei» •* much largr than that of tht captura gamma<ay«

Tht n/7 ratio of phdphoft in li lt fnonftoffni vytttn to fntnwtl nautron tno tfottwtion
nturrofi waa ovntnao Tnnw wmfntntmi van RRnran or 1 \9jnt fttwony

LiF "LiF BtO CiF , CaSO« Mp«SiO4

(Tb) ÍTro)

n/7 0^3 -0-1» 0.77 034 0.88 006
a 880b»rn 71 barn 04mb 2163mb 279mb 143mb



Tht trwrmoHMnuittOtnot sensitivites of CaS04<Tm) and natural CeF3 ware about 1 0 and
t*me* thtt of Mg:S*OJTb» respectively. Therefore, it may ba concluded that these two

phosphor* ear», like tha Mg>SiOJTb) phosphor, ba used for this monitoring systtm of tharmal
nautron dataction. Mowever, tha tharrnolumtnescence semftivrty of BeOfNei it about on*
percent of that of the Mg,SiO«(Tbr phosphor. Accordingly, BaO(Ne) is not surtabla for use m
tha monitor ing system for detecting a low f tuanca of tharmal nautrons.

The holder shown in Fig. 2 was uaada« tha TLD holdar in this experiment. A part of a'
in Figura 2, which was namad tha holder spaca, is meda of plastic materal it may ba infarrad
that tha tharrnolufmnascanca intensity of tha TLD usad to datact tha gamma rays in tha mixed
f*«kJ n disturbed by tha captura aemmo-rays from tha cadmium foil Therefore, the shielding
effects of the holdar spaca materials such as lead, iron, brass and plastic, on the capture
gamma fays ware studied

Tha shielding affect of each material on tht capture gamma-rays is given in Table 4 in
this experiment, tha nty ratios ware compared with each holder space me»*at According to
those tesutts, tha shielding affect was hardly dependent at alt on the holder space materials
Therefore, it may ba concluded that tha plastic material is usad M the holdar space

Table 4

Effect of holdar space material on tht «/> ratio of the monitoring system
(thermal neutron waa obtained from thermeliied 1m nautron

of tha r\d. n) reaction)

Plastic Iron Brass Lead
n/7 077 087 0 9 7 0 9 2

Tha authors wtth to eeprest their thanks to Prof. Dr R, R Pieront, Director of the
institute of Atomic Energy, Sao Paulo, Brazil, and to Dr. T. Hathizume, Chief of tha Physics
Division, National Institute of Radiological Sciences, Chibeshi, Japan, for their advice and
encouragement. A part of tha work was supported gy grams of CNEN and FAPESP, Brazil

Um sistema da monitoreelo da neutro* térmicos uaedo om dosimttros comurn d«
ttrmettMfHneieefieie w invmiaado. Nane sietema de nanHoracio, nai utemot raios gama dt captura d*
'•ação entre o Cd e neutror* têmtoo*. Os efeito* de retro npalhamento a "buiidtde-up' da radiaeao foram
•Mudado», aarowmendo a raifo nty da sistema ao do oampe minto. O resultado observado mostra que •
mto 4» um fitteme usando estai efeitos a matar do que a do sistema sem eaes efeitot a que a ffuen&a

mensursVai é eeroa d» 10* n/em1, fete matado pod» ser usado para todos o* tipos da dostmetros
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Un l y i t i m i cont'O'fur a t i nautroni th«rmtqutt uMat «vac dovmetnM otlifujirw d*
thtrmoium<naicar>c< act ttudi*. Pour at tyttama. on • utrí«* It» r*yonnanwm g^rm* da w) captura d*n* t«
reaction «nut H Cd • it* ntutrof» th#rrT»Hju«». UM «Htf* du tMCk«c*tttr » du buttdingup du

«ont inamtnM «n mtttent «• rvion n/7 du tv*t*mt •up'tt dt o«<t« du ch«mp m<»u u» rt»utt#t
montr* qua i« ration d un tynam* an utttnant am *Mm$ a*t ptut grand qua oa»<a dun lyiTema t tm

c«t tHats at w •• f tuanoa minimum qu» ptut *tr# mawaa mt anviron tO ri cm Ctrtta métftoda pau»
uiii«a* pour tout tat typai dat dot>m*trai trtarmotuminaacantt.
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