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1. I NTRODUCT ION 

For the appli ca tion of TL dete c t or s for the dos imetry in 
mixed neu t ron- ga mma fi e lds one ne eds inf ormati on ahout the 
det ector sen s itivi ty as a function of neutr on e nergy. For the 
t he ore tica l ca l culation of su ch s e nsi tivit i e s in depend e nce 
of ne u t ron ene rgy it is necessary t o kn ow sev era l phos phor 
parame t ers, from wh ich the so-called l i ght conversion fa c tor 
fc is of substantial importance . This f actor de sc ribes TL ef
f ic i ency of heav y charged par t ic le s in the det ector ma t eria l. 

The l ight conversion fact or f c is de fine d as the r a tio bet
ween emi tted li ght ene r gy dEl and appl i cated radi a ti on enerzy 
dE [ , both related t o the same ma ss e lement dm 

dE: j ' dOl 
f c ( 1 ) 


dE [ ' dm 


To e limina te pa r ame t e rs o f th e evaluation equipme nt it IS com
monl y us e ful to dete rm i ne r e l a tive light convers i on f a c t ors 
'li j def ined as th (, r;]tio 

I ",i
{ , (2)
f / lj " ,J 


where 1'" " tlnJ f(',i ,l rc' the I ip,ht conve r sion fac t or s for 

heavy c h,1 r gcd p;Hti c l es i and for a ref e ren ce r adi ati on J • 

Usuall y O lll' chnn se s ;]5 r (' f e r once r adia ti on a weak i oni zing 

r a d la' t lo n I (' , () gamma ray s , t u s 0 t;llnln r. a macrOS(,fl pl C
, I ' k (iO(' h h" ' 

homogellou!i i rradi ;ll i on of the thermo lumi nescent phosphors . 
E~pcci nlly inr e re st in g for TL dete c t o r sensitivity ca l cul a

ti ons n r e H'lati ve light conve rsi on f ac t or s 7/11 for he av,y.,cha r 
gl'd p:Hticles \"it h ene rgi es bet\·Je en 0.1 MeV and 15 ~1eV 1 .Ex 
peri me ntal re sult s of the determination o f ~ -v a lu es i n the 
l as t y ~ ar s wer e r e por t ed f o r alpha partj c l e s'~- 5 : pr ot ons a nd 

, " 1 '2rc 180 6 - 8 hhav ler ch nr r.e d part i c l es li ke or . T e result s hav e 
ShO I.lJ1, that it is i mposs i ble t o de scLibe th e TL e f f i c ie nc y of 
heav y char~ed par t i c l es by a n univer sa l paramete r, l ik e f or 
i nstance the LEI of the pa rti c le in th e rad i a to r materia l. It 
i s het te r t o ,1,"t e r mine ' I for eac h TI. phospho r as a f unct i on 
o [ kind o f th e par ti cle nnd parti c le ene r gy . 

Li gh t conversion f actors \.Je re a l so de termi ned by theore ti 
' I' d'f f d 1 '!3 ,4 ,H-l l ' ca I ca 1cu l a tlons )aS lng on 1 , e r e nt mo e s . Beca u se 

of the commonly in su ff i c i ent known kind o f th e interac ti on e f 
f e ct s of the p.Jrt icl es Iol i th t be phos phor mat e r ial th e se c a lcu 
lations have almost mode l cha ract e r and ne e d a n exam i nation by 

- .__. __.
expe r ime nt. 
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2 . BAS IC CONS IDERAT IONS TO THE 'I - DETERMINA nON 

For the experimental determination one a n r C'111 equa t i on (2) 
derive the expre ss i on 

(M(E)/O) j 
(3 )'I i (j) 

(MlO) SOCo 

where Mj and Mso Co a r e the TL d ~tpc'tor r c'nd i 11)',1' iI [Lvr .1 PI' 1 i (;;1 

t i on of the he avy charged po rti.c l f' dl'~l' J) 1 il l1d Doo Cn ' r cs
pec t i ve l Y. YJj depends on the e npq;y " I' r il l' inc' i d L' n L Pilrt i f' I " 

'I ' feE) (4) 

Bec ause of the slowjng down o f .:I pa r ti c l e duri ng its passar,e 
through t he pho s phor one mllst c l ar i fy the exp ress i on ry (E) in 
the fo l lowing manner : 

We say ry( E) if the v ar ia tion o f s t opping powe r during t he 
pa s sage through a TL de t ecto r of thi ckness d i s lower than 
20%. 

dE dE 
-ax- ( X 0) - ·ux-ex d ) 

I- :::. 0,2 (5 )dE 
- - (x , 0) 
dx 

Otherwi s e we speak of a mean relative li ~ht conver S1on 
f ac t or ry (E) . 

- If the ma x imum range of the par ticl es i n t he material doe s 
not exeed the detector thicknes s d , we say 'I total eE) 

For t he de termina tion of the received dose after i rrad ia t ion 
of TL ma t er ia ls \'1 i th part i c l e s of k ind i and primary energy E 
t he foll owing expre s sions mu s t be appli ed: 

a) Thin de t e c to r s: 
("t h in " mean s Clcc ()fTlpl i s hment of eq uation (5 ) 

dE
OJ (E) p <I) j (E) ( {l'j( (E» I ' (6 ) 

where p is t he den s i t y o f the luminIo! 5(" l!nt lllat e ri a l , <llj (E) i s 
the par t i cle f luence a nd dE/J~E )j r e pr e sents t he stopping po
\ve r of t he par tie I e 1 wi ti, in" iden t ene r gy E . 

b) If co ndition (5 ) is not [uHi ll ed in equa tion _(§lL~~/ dX( E ) ) j 
mus t be repl aced by a mean s top pin g power value (dE/ dx( E)j 

1 dE 0, (E) P - <\l 
1 
. (E) ( -- (E)) 

1 
( 7)dx 

c) If the ma x imum r ange of the charged particl e s ( Rm ax E) J) i s 
l ower than the detector thi cknes s d , then equa tion (8) i s 
valid. 

. 1 - 1 

O J (E ) P <\lj (E) E d (8 ) 
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From these basic considerations it follows, that for a dose 
determination after heavy charged particle bombardment the flu
ence mea surement and the spectrometry of the parti c le energy 
i s necessary. Furthermore one needs stopping power values as 
a fun ction of particle energy for the corresponding therrnolu
mine scent material. 

For the ry determination according to equation (3 ) also an 
irradiation with 60Co gamma radiation must be carried out.The 
thereby received gamma dose and the particle dose must a l wa ys 
lie in the linear part of the dose characteristic of the TL 
phosphor. 

Bes ides, it must be noted t hat the pre-irrad i a tion treatment 
and the evaluation of the det ector bo th for gamma irradiation 
and irradiation with heavy charged particles mus t be carried 
ou t under the same conditions. 

3. EXPER IMENTAL 

At t he Div i sion o f Radiation Protec t ion Phys i cs of the Un i 
versity oC Technology, Dresden an experi menta l arran~ement f or 
the determi nation o f r e lative I j~ht convers ion facto rs was huilt 
up' 12 ' . The arrangemen t is connected with a n exper imental drain 
of the Ros sendo r f t a ndem accel erato r EGP- IO. The TL det ector s 
were pl aced by a slu ice sys t em in a recipi ent whe re irrad iat ion 
goes on by a pressure of 2 - 10 - 3 Pa. ....n.iIIn dUlIlcana 

Pi!!. 1. ;;dumlfl ('1.- , ~ ,l1:ngY'am 

of th(> br'nrl Y',omin!' of the 

FalaqQ4t 

i OIl £,.r'o 17',,,.£,, net- 1(/J · 

~ 
ian ..... 

~ 

In fig.1 the schematic diag ram of beam running is shown . 
An ion beam frOID the t andem generator well collimated by the 
entrance diaphragm is focussed on a 5 ,tm thick tautal scatter
ing foil . The major part of ion beam is stopped in a Faraday 
cup. Diaphra~ and Far aday cup are used for justage of the pri 
mary beam. As a resu lt of Rutherford scattering in t he f i r st 
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tant a l target at the place of irra dia t i on an appr ox imate homo
genous irradiation field i s ob t a ined wit h such l ow intensities 
which enable the fl uence measurement and the spec tromet r y of 
the parti c le energy . A second 5 pm th i ck tan t a l t arge t decrea 
ses the part i t ion of ine l as t ic sca t t e r ed hcavy cha r ged par t i c 
l es. By the a i d of a col l i mat or sy s tem a r ect angu lar par t i c l e 
inc i dence is guaranteed on TL de t ec t ors and sem i conduc t or de 
t ec tor. The latter serve s for irr adiat ion f j ('l d s pccrrometry. 
The varia t i on o f par ti c l e energy is rea l i z(> d by th e cha nge of 
the acce l era tor voltage of the t a ndem Ken0 r nlo r. 

to t he fluenc e measurement 

On t he Si (Li ) semi c() nductor de t ec t or p l ac e d i mmed i il tl y be 
hjnd an apert ure of the plate carrying the TL de tectors a pre
c i s i on di a phr a gm is fi xed. The 
ing in fi g . 2. 

TI detKtors 
I 

rnciIirt diwhnlam 

i 

ge ome tr i ca l c onditions are s how-

Fig . 2. Geometrical condir;ions 
at the place of TL dete'JtoY' 1: 
radiation. 

Fig. 3. Examples of measured 
enel'gy speotrQ ()f primar y 1 Me V
emd 8 MeV - ions at the irpadia
t i on pla('e . 
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The fluence according to this arrangement is given by 
¢' f g eom 

Z
-A (9) 

with Z is the re gistered Si(Li) detector pulses, A is the aper
t ure area o f the precision diaphra gm and fgeorn is a geometrical 
co rr ect i on f a c tor. 

Through interac tions of the ions within the tantal foil s one 
doesn't measure a Dirac ener gy distribution at the irradiation 
place. Fi g . 3 shows two examples of measured spectra. That is 
why for the purpose of dose calcu l atlon it is necessary to part 
in the s pec trum in a number of energy groups k (k=group number, 
in t h i s case k running from 1 to 256 i s favourabl e ) . There fore 
the expres s ion s for dose calculations after heavy charged par 
t i cle irradia tion (eqs. 6-8 ) are modified to (10-12). 

- 1 256 
Dj(E) - ( p. A ) f georn 	 1 zk(dE/ dx(Ek))k ' 

k = l 

_ 1 256 
Dj(E) . (p . A) f geom 1 z k(dE! dx(Ek))k'

k· 1 

k ·256- 1 
Dj (E) (p . A . d) f g eom 	 L Z k Ek . 


k~ 1 


to the electronic evaluation equipment 
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Fi g. 4 , ELectronic eva luation equipment . 
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In fig.4 the substantial implements of the electronic eva
luation equipment are s ho'ro . This equipment allm"s 

- energy calibration of the measuring assesment by means of a 
241Am alpha source and a mercury pulser; 

- death time c orrection using the "pulse method " ; 
- read out of the mea sured spectrum in a dialog t r af fic with 

the ca lculator configuration KRS 420J. That means data trans
fer to a di sc memor y and dose c. alculation with the developed 
programme ETA (there by scaling of the measured spec t r um 
~i th t he st opp i ng power funct i on , corr ection of death time, 
gamma background corr ec t i on and so on). 

The stopp ing powe r values fo r s eve ra l TL mat erials were got by 
. ' . / 13 / 

th e 31d of the cal cu l at l on programme STOPOH 82 ; The agr ee
ment bet ween exper iment a ll y de t ermi ned dE / dx -value s for pro
tons and deut erons in TL mat er i als and s uch calculated wi t h 
STopm~ 82 is very good ' 14 ' 

t o the gamma i rr<~ di a t i on 

Durin g garruna irradiation on a h igh dose me asur i ng f aci lit y 
the TL detectors we r e pl aced bet wee n JO mm thic k PMMA plates. 
The dose in air was de t e rmined with a sca led reference normal. 

t o the TL eva lua tion 

Fo r the evalua ti on a Hungarian TL reader NHZ-203 connected 
wi th a microcalculator was .used. The measuring signal coming 
[rom th e TL reader t he r eby is digitali sed and tran sfer red to 
the working memo ry of t he ca lculator. By th is from one measure
ment one gets a l o t of information and the ,'valuation ac cord
i ng to th e peak he i~h t me thod and the pe ak area me t hod be twe e n 
variable temp e r ature limit s i s poss ibl e . The pretreatmen t c on 
diti ons - as al r e ady me n tioned it must he the s a me in hl)t h ir
r adiation cases - a re: heati nr, 1 hour at a t empera ture o f 300

0 e, 
storaGe in dark sl i~hts and TL evaluat i on wi t hin 5 da ys after 
irrad iat ion. 

r 
~ 

4. RESULTS 

Total l i ght conversi on factocs 1/ tota l we re de te rmined for 
LiF: Mg , Ti in the form of hot pressed ch ips (TLD-IOO from t he 
HARSHAW Chemical Compan y) . For this purpose irrad i a tions 
were realized with protons in the energy range from 2.0 t o 
9.0 MeV. In each case 6 detect ors were irradiated with partic
les of the same ener8Y and evalua t ed for the determination of 
one 7) value. 
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'l'nble 1, Evatuation par'wne te"f's and considered T£ prol 'eY' ties 

IrL dehctol' ne.ting 
r::.te 
(I{ ••-1 ) 

Tend 

(oe) 

-a.urlng 

t1me ' ••• 
(aea.) 

considered 
TL po. k. 

(oe) 

telllperat uzoe 
11:::1to f or 
peak area 
method (oe) I 

I 

~LD  100 
( denoU,. 

f ..2 .64gao-~ 

-

4 )20 80 2)() (p.a~ 

V) 

)CO (peak 

VI ) 

n O - )20 

Table 2 . Total light- ·(JtwcY'siml f act '"7 ]"'D () t T[{!- /O(l ,1[: 

" f /'/n<': t1:0n ()j' th'" !'r'<'fJm fJIICY'(/!I E p 

~p in l!e' 'I i otal 7. toi '_l ( iohl 

i nteg",l aoc. peak 'J oellk n 
peal< are. ",.thod 

2,69 0,)9 t 0,0) 0,37 t 0,0) 2,92 t 0,)0 

~, 77 0,.) 1: 0,04 0,41 1 0,04 2,55 t 0,)2 

',8) (',49 1: o,o~ 0,.7 t 0,05 2,41 t 0,25 

s,n 0,5) t 0,05 0,51 t 0,05 2,)5 t 0,27 

, 1,)9 0,58 t 0,06 0,55 t 0,06 2, )7 t 0,24 

I c, , ~ 1 10,64 1 0 ,06 0,6) t 0,06 2.08 t 0,21 

In t a ble I t he evaluation parame t e rs a nd co ns id ered TL pro
per t i es are lis t ed. Ta ble 2 sh ows the results of the de termi
na t ion of total r e l a tive light conversion factors. I n fi g , 5 
Ti \,,\,, 1 [ Dr peak V and VI a nd Ti tOla l dete rmined ac cording 
to t I le peak ar e~ me t lltJd ver s us proton energy can be seen, The 
me~s uT i ng unce r t ai n t i es we r e estimated to be 10% . The repro
dll c i h i J i t y i s be tter t han 5%. 

Su mma ri z i ng one ran concl ude : 

a) \-,I ith in c- r c."ls in g pr oton e ne r gy as well as Ti total determined 
;)c cl\ r d i ng t o the pe ak ar ea me t hod as l/ wt a l for pe ak V are 
p,rolo., i Il l', . The va lue s are be l ow I. 
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Fi g. 5. ToLal light conversion f ac t or TJ to t al - J(E p ) ' 

comparison between ·i ntegral TJ - value and TJ for 
peak V and VI (de tector : TLD- lOO) . 

Fi g . 6 .. Normalized glow curves 
of TLD- 100 after proton a~ 

.~ gamma irradiation . 

~ 
~ 
Q 

~ _=vP(3MeVl 
=+=-... ~p(6M.V) 

Dl 

b ) TJW t~ f or peak VI s hows a con t r ary energy dependence . The 
val ues clear l y exceed I. 

A compar i son be t we en normal ized TL glow curves of TLD-IOO 
af t er proton and gamma i rradia ti on i s shown in fig .6. It is 
obvious. that aft er proton i r r adia tion peak VI i s more pr edo
mi nant. obt a in i ng for th is peak va lues grea t er than I. Als o 
l ow temperature peaks ( 17 5 °C) aredistinctiy expressed . A shift 
ing of Bl ow peak positions af t e r prot on irradiation compared 
with t he pos i tion s af t e r gamma irradiation wi t hin t he measuring 
accuracy couldn't be obs erved. 
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'I'IIP 7/ values measured in thi s work are insign ificant 
bl.! J llw thos e measured by JAHNERT ' 4: Re lative li ght conversion 
r'lctl)rS fo r peak VI great er than 2 were reported by WAL IGORSKI ' 15 · 

bos ing on his th eo retical cal culations . 

S. 	 CONCLUSIONS 

According to t he presented method and with the developed 
irrad ia tion a rr angement it is possi bl e t o deteimine relative 
li ght conver s io n f ac tors wi th sufficient accu r acy . The who l e 
eq uipmen t can a lso be us ed t o mea s ure ry val ues for deuterons, 
alpha parti c les and heavier cha r ged parti cles with energies 
of some MeV /nucleon. These exper iments are unde r prepara tion . 
Al so unde r p r epara tion is the deve lopment of extreme thin TL 
det ectors to de t e r mi ne relative li gh t conversion factors . 
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lllMH.t:IT il. H D;p. E&-85-536 
3xcnepHMeHTanbHoe onpeJJ;eneHHe OTHOCHTenbHoro caeToaoro . a~oJJ;a TnQ-100 
AflH npoTOHOB c 3HeprHeH oT 2 JJ;O 9 M3B 

0THOCHTenbHNH CBeTOBOH B~OJJ; /O.C.B./ AflH T~~ 3ap~eHHYX qacT~ 
/npOTO~, AeHTO~, H~pa OTAaqH/ Heo6XOAHMO 3HaTb AnH B~HCneHHH qyaCTBHTen~ 
HOCTH x He"TpoHaM Tll-JJ;eTexTopoa. B AaHHOH CTaTbe npeJJ;cTaaneH 3xcnepHMeHTanb
Hbrn MeTOD; onpeAeneHHH O.C.B. OnHcaHHaH 3KCnepHMeHTaflbHaH YCTaHOBKa JJ;aeT Bo3-
MO~HOCTb 06nyqeHHH pa3n~~ o6pa3UOB ~MHH~pOB T~~ 3ap~eHHUMH qac
THUaMH H OnpeAeneHHH llOTOKa H cneKTPOMeTpHH qaCTHU B TO Jke CaMOe BpeMH. 

~H onpeAeneHHH O.C.B. Heo6xoJJ;HMO 6Yno 3HaTb JJ;03Y, npHMeHHeMYe, cooTaeT 
CTBeHHO, npH 06nY'!eHHH Y -KBaHTaMH H THJke.JlbiMH 3ap~eHHbiMH qacTHUaMH, H COOT- j•_ 

BeTCTBYJOil!He noxa3aHHH JJ;eTeKTOpOB npH onpeAeneHHH TepMO!DOMHHHCUeHUHH. 06CYJk
JJ;~TCH npo6neKY, B03HHK~e ITPH onpeJJ;eneHHH A03Y. 

Ha 3Tofi 3KcnepHMeHTaflbHOH ycTaHoaxe 6Yn onpeD;eneH O.C.B. AnH TITU-100 
npH o6nyqeHHH npoTOHaMH. ilpeACTaane~ H o6c~~TCR O.C.B., nonyqeHHYe xax 
no MeTOAY CYMMapHOrO CBeTOB~OJJ;a, TaK H no MeTOAY B3BemeH~ nHKOB. 

Pa6oTa aynonHeHa a 0TJJ;ene paAHaUHOHHOH 6e3onacHOCTH H paJJ;HaUHOHHYX 
HccneJJ;oaaHHH OaHH. 

Coo6meHMe 06beJJ;HHeHHOro MHCTHTYTa RJJ;epHYX MCcneJJ;oBaHHA, nyOaa 1985 

Schmidt P., et al. • . E6-85-536 
Experimental Determination of Relative Light Conversion Factors 
of TLD-100 for Protons with Energies from 2.0 to 9.0 MeV 

Relative light conversion factors (R.L.C.F.) for heavy charged pa rticles 
(protons, deuterons, recoils) are needed for the calculation of th~ neu tron 
sensitivity of TL detectors. Such light conversion factors can be det e rmined 
experimentally. 

In the given paper a method is represented for the experimental d e ter
mination of R.L.C.F. The described experimental arrangement gives the possi 
bility of the irradiation of different luminophor samples with heavy charged 
particles and flux determination and particle spectrometry at the same time. 
For the determination of R.L.C.F . the doses are needed which are applicated 
at the irradiation with heavy charged particles and gamma radiation, r e spec
tively, and the according detector readings at the TL evaluation. The p rob
lems arising at the dose determination are discussed. With this experimental 
arrangement R.L.C.F. for TLD-100 for protons were determined. The rel ative 
light conversion factors determined according to the light . sum method as 
well as the peak height method are summarizingly represented and discussed. 
Furthermore a comparison of the glow curves is made after gamma and pro ton 
irradiation. 

The investigation has been performed at the Department of Radiati o n 
Safety and Radiation Researches, JINR. 
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