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Abstract In the fine．grain TL dating the fuU o／dose must be converted into the equivalent 

dose．The conversion is finished by ff．value，which is an cffective a effectiveness
． But the 

ff can not be measured directly for each sample and only the external radiative e伍ciency 

Ks 7 call be m easured．In order to obtaln the fr a special study for the conversion fa
．ctor 

0f ff to Ks 7 has been made using the ultrathin TLD
．
The results show that the conversion 

factor of the TLD for archaeological samples is 0．847．which is in agreement with calculated 

value 0．85． 

K eywords TL dating，Alpha efficiency， tf， 7，Conversion factor 

1 Q．effectiveness for an external I·a． 

diation 

It is important in fine—grain TL dating that 

fuU Q dose must be converted into equivalent 

dose．The conversion is finished by K．．value． 

that is the Q effectiveness for thick source for for 

interna1 radiation1．Zimmerman[1J gave a deft． 

nition ibr K—value：K—value equals TL per unit 

dose for 3．7 MeV Q particles dividecl bv TL per 

unit dose for irradiation，and it is directed 

against quartz． In fact，this is K3
．

7 that is 

an effectiveness for external r adiation ror for 

thin source 1． The interna1 radiation effcc rive— 

ness Keff can not be measured directly for each 

sample，we can measure only the externa1 ra- 

diation cffectiveness for certain Q energy．Even 

so，the obtaining of K3
．
7一value stil1 is very diffi- 

cult because it is essentia1 that the energy of ot 

particles irradiated Oil sample must be 3．7 MeV． 

Therefore．Aitken[2J have developed an “a—value 

system”．In this system the source strength of 

Q source is calibrated by “8”．The 8 is density 

of track in sample per unit time．that is the 

tota1 ler：gth of track of Q particles in per unit 

volume of sam ple per unit time，expressed in 

(#m／#m3)／nfin i．e． m-2／rain．After 8-value is 
determined for an Q source the absorbed dose 

per unit time for variant irradiated samples Call 

be calculate~1 whether the Q energy is 3．7 M eV 

or not．If irradiated sample is quartz and energy 

of Q particles is 3．7 MeV．then 

absorbed dose rate for quartz=(0．221×s×1．6×10 )／2．6=13．6s(Gy／min) 

where 0．221 fMeV／#m1 is a rate of energy 
1OSS in quartz for 3．7 MeV particles．it is 

equal to 0．85(MeV·cm ／rag1×2．6(g／cma)．The 
0．85(MeV·cm ／mg1 is stopping power oi‘quartz 
for Q particles of 3．7 MeV，and 2．6(g／cm01 is 
density of quartz． The 1．6×1 0 is conversiol, 

factor for unit．If irradiated sample is CaSOd 

and the Q energy is the same abeve． 

absorbed dose rate for CaSe4=12．8s(Gy／min) 

and so on．The dose rate in samples other 
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(1) 

quartz can also bc obtained only if 1 3．6 s is mu1． 

tiplied by the stopping power ratio between the 

sample and quartz．Hence．the Q effectiveness 

for variant samples an d 3．7 MeV Q particle can 

be obtained by using the calculated absorbed 

dose rate in the sample． 

2 E ff
，

ect
．
ive(or internal radiation) 

Q —en ec tlven ess 

The Ⅱ一value lneasured according to the 

method meutivncd above is obtained by an ar— 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


228 NUCLEAR SCIENCE AND TECHNIQUES V-01．9 

tificial Q source fthin source1，hence it is an ef- 

fectiveness for external radiation．But the nat— 

ural Th and U in sample is actually a“thick Q 

sou rce”
， the energy of Q particles is from zero 

to the most(7．7 MeV)，and its average energy is 
less thall 3．7 MeV．hence the actual effectiveness 

i．e．effective Q effectiveness Kef1．is lower than 

K3
．
7．Zirmnerman has reported the conversion 

fac tor of Keff to K3
．7 for three samples(see Ta- 

ble 11．【lj F0r the thorium series the conversion 

factor Keff／Ka．r=0．86，and for uranium series 
the factor is 0．80 for Norway quartz．so that 

for equal activity of the two series the factor is 

0．83．average of the factor used by Zimmerman 

for the three samples is 0．85．because the fine 

grain samples are not simple quartz，and are 

poly—minera1．Hence，the relation of Keff—value 

to the a—value is 

e圩= 0．853= 0_85Ka
．7 (2) 

Table 1 TL effectiveness comparison between the 

a particles in collision with fine-grains in pottery 

and the a particles from 3．7 M eV[ 】 

Ken?K；T 
U Th 

’Zimmerman used the symbol e(eff)and 
￡(3．7MeV)in the place of fr and Ka 7， 

respectively 

Afterwards，the fac tor has been not required by 

Aitken in the derivation of annual dose for the 

thick source Q counting．The full annual Q dose 

Da is calculated by Aitken on the basis of total 

energy for 6 Q particles in Th series and 8 Q 

then the effective Q effectiveness Keff is equal to 

the effective annual Q dose divided by the full 

annual Q dose， 

Keff=D，0／D =(1．28033)／(1．560a) 

=0．823 (5) 

and then 

Keff／a=Keff／Ka．7=0．82 (6) 

This factor is less than the Zimmerman’s 

calculation． Maybe due to a mistake in 

stopping power is taken by Aitken． The 

stopping power of quartz for a 3．7 MeV Q 

particle is 0．85 MeV·cm ／mg．【 】If we insert 

a stopping power of 0．81 MeV·cm ／mg ffor 

4 MeV Q particle)into Eq．(1)，the absorbed 
dose—rate for quartz=(0．81×2．6×8×1．6× 
10)／2．6=13 s(Gy／rnin)，according to 138，the 
numerical factor in Eq．(4)is“1．280”． After 
correcting the mistak e the numerical factor in 

Eq．(4)becomes“1．334”，i．e． 

D =[(13．6a x 0．90 x 4a)／(13．85 x 0．835)】×10 

=4．23aa×10一。(mGy／s、 

=1．33433(mGy／a) (7) 
where 0．90 is a ratio of TL per unit track length 

for all internal Q radiation to that for externa1． 

it is an average value for 10 samples and the ra_ 

tio of each sample was obtained by Bowman[21
． 

13．85(cm 1 is the area of the scintillator and 
0．835 iS an electronic threshold factor in thick 

source Q counting．Hence 

particles in U series．W hen the sample contains and so 

equal activities of Th and U the full annual Q 

dose D。(mGy／a)is 

D。： 1．560a 

where is count—rate for a thick sample OIl a 

scintillator of diameter 42 mm and an electronic 

threshold factor of 0．835．W hen a phosphor is 

irradiated by natural U and Th within the sam- 

pie the effective annual Q dose D (mGy／a)is 

D，0=1．280aa 

Keff=(1．334aa)／(1．560a) 

= 0．853 

Keff／a=Keff／Ka．7=0．855 

This result is in agreement with Zimmerman’s， 

and it is just suitable for the polymineralic sam- 
pies，because the 0．90 is an average value for i0 

sainp!es． 

3 Direct measurem ent of the con— 

version factor 

ZinmlerlYlan and Aitken obtained the con— 

version factor in theory， we meas ured the 

factor using tile ultradlin thermoluminescence 
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dosimeter fTLD)．which is made of that the 

fine—grains (3—8#m diameter) of CaS04： tin 
glued onto 10 m thick aluminium foil，and the 

layer of CaSO4：Tm on the foil is of about a few 

microns(corresponding to 1 rag／era )． 
First．the external Q effectiveness for TLD． 

i．e．K3
．

7 TLD，is measured．Taking a TLD is ir— 

radiated by an alpha source of 241 Am and then 

the TL is measured．The alpha absorbed dose 

in the TLD is calculated by 12．8 s Gy／min．At 
the end of the TL measurement．a beta dose 

is administered to the same TLD using a洲Sr 

source．and then measure the TL again． The 

alpha efficiency of the TLD for an energy of 

3．7 MeV is given by(TL per unit alpha dose 

for 3．7 MeV1／(TL per unit beta dose)．Hence 
the g3

．7TLD=O．323 for 1 mg／cm CaSO4：Tm is 
obtained precisely． Second．the internal Q ef 

fectiveness for TLD，KeffTLD，is also measured． 

According to Eq．(5)， 

K ffTLD D TLD／D。 (8) 

where D，0 TLD is effective annual a dose for 
TLD，and Dn is full annual a dose measured 

by the thick source Q counting． 

The measurement of internal effective Q 

dose—rate and dose—rate in powdered sam ple 

has been reported．[3，4J，】 obtain the Q dose
．  

the TLDa of two groups A ．and B are embed— 

ded in a glass container with powdered sample 

in the same time． The TLDs of the group B 

have been shielded on both sides by 8 mg／cm 
thick polyethylene．so none of Q particles reach 

the TLD．The TLDs of group A have been 

shielded only on aluminium fon by the same 

thick polyethylene，let phosphors in direct con— 

tact with the sample．so half of Q particles can 

reach the TLD．Then the dose—rate in 47r ge— 

ometry is obtained by TLD of group B，Q dose· 

rate in 27r is obtained by group A．and the ef- 

fective annual Q dose D TLD is equal to dou— 

bling tt：e difierence of dose—rate between groups 

A and B．Finaly，we obtain 

Conversion factor of Keff to K3
．7 frTLD／ ．7TLD KeffTLD／0．323 

Table 2 gives the conversion factor of TLD within the archaeological sample(pottery，brick 

Table 2 M easurement of conversion i~ctor for TLD within the archaeological samples 

and tile、． The average value of the fac． 

tot is 0．847．this result is in agreement witt, 

Zimmerman[11 and Aitkcn
．
[2】The factor is suit,一 

able for quartz because it is about the same in 

quartz and CaSO4 whether for U or Th fbased 
on data reported by Zimmermant j1．IP．Table 2． 

the factor is difierent in each sample．it is fIom 

di仟erent Th／U ratio in the sample and the mea- 
shred errors in KTLD including both the TLD 

method and the n counting． In addition．the 

average value in KeffTLD，0．273，is alSO given 

in Tablc 2．This value is less than the reported 
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previously[ 
． the difference is related 

ratio in the sample． 

to Th／U is a constant(equals 0．323)and the conversion 

This factor can be reduced in the deter． 

Inination of the effective annual dose using 

ultrathin TLD．The full annual dose in TLD． 

DaTLD，iS 

DaTLD D TLD／ eifTLD 

=D TLD／0．85K3．7TLD 

Hence the effective annual dose in the sample． 

D is given by 

D = DaTLD ×Keff 

= DaTLD ×0．85a 

= (D TLD／0．85Ka．7TLD)X 0．85a 

= D TLD(a／Ka．7TLD) 

=D TLD(a／0．323) (10) 

The Eq．(10)gives tile relationship of D to 
D TLD in ultrathin TLD method al ‘l showg 

that the effective dose．rate in the sample will 

be the effeclive dose．rate in tile TLD mulLi． 

plied by tile c佑cicncy ratio between the sam． 

ple and the TLD for an extcrnal radiation of 

3．7 MeV energy．In this equation．the TLD’8( 

efficiency for an external radiation，K3
． 7TLD ， 

factor is inexistent，therefore we can obtain the 

sample’S effective dose-rate SO long as we men- 

sure the sam ple’S efficiency for an external 

radiation and the effective dose．rate in the 

TLD． 

It iS explained that the K3 7 iS related 

to the a—value system (developed by Aitken， 

1985)，for quartz a= Ka．7，for other samples 
0 = rKa

．

7，and where 7’is the stopping power 

ratio between the sample and quartz fAitken， 

19851． After the source strength “S” has 

been calibratec1 we can obtain the a．value for 

tile sample irradiated by the source．and the 

a．value can insert directly into the age equa． 

tion．Alternatively．if the full dose rate has 

been obtained by some method other than 

counting．tile effcctive efficiency of the sam- 

pie，Kcff，should equals to a-value times 0．85 if 

the Th／U ratio iI"1 unknown and equal activities 
are assumed in the archaeological samples． 
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