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cIromaUic ray (ii) UIin abTorbinH meEium
 anE (iii) narroX beam HeomeUry. In caTe
 any one oG UIeTe 
conEiUionT iT noU meU
 UIiT laX iT no lonHer WaliE. 5Ie laX can be maEe WaliE by uTinH a correcUion 
GacUor
 calleE aT ĶbuilEuQ GacUorķ. 5Ie conceQU oG builEuQ GacUor XaT inUroEuceE in laUe 1950 by 
obUaininH eYQerimenUally UIe builEuQ GacUor aU 1.25 .eV QIoUon Gor XaUer uQ Uo 16 mGQ (mean Gree 
QaUI) <3
�>.

5Ie EeUerminaUion Gor builEuQ GacUorT (#'T) by WariouT coEeT Xere reQorUeE in "NSI�"NS-
6.�.3–1991 by "merican Nuclear SocieUy ("NSI�"NS–6.�.3
 1991) aU enerHy ranHe 0.015–15 .eV uQ 
Uo QeneUraUion EeQUI oG �0 mean Gree QaUI (mGQ). 5Ie #'T in reQorU "NS–6.�.3 IaWe 23 elemenUT oG 
aUomic number
 ; � �–92. 5Ie (eomeUrical 1roHreTTion ((1) XIicI EeWeloQeE by )arima iT HiWeT #'T 
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 UIe (1 ųUUinH Gormula iT uTeE Uo reQorUeE 
Hamma ray builEuQ GacUorT in many maUerialT TucI aT concreUeT
 Ŵy–aTI maUerialT
 ToilT � ceramic
 
ToilT anE Ŵy–aTI XIicI TIoXT UIaU UIe (1 ųUUinH iT a uTeGul meUIoE Gor eTUimaUion oG UIe eYQoTure 
builEuQ GacUorT <5
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comQoTiUion. 5Ie &"#' anE &#' WalueT oG UIe HlaTT TyTUemT Xere comQuUeE Gor QIoUon enerHy 
0.015–15 .eV uQ Uo a QeneUraUion EeQUI oG �0 mGQ by uTinH UIe (1 meUIoE. 5Ie GaTU neuUron  
remoWal croTT TecUionT oG HlaTT TyTUemT Xere comQuUeE. 5Ie TUuEy TIoulE be Wery uTeGul Gor  
eGGecUiWeneTT oG UranTQarenU TIielEinH HlaTT maUerial Gor a XiEe enerHy ranHe aQQlicaUionT anE EeTiHn 
oG TIielEinH.

วัตëčðระสงค์�
1. 5o inWeTUiHaUe UIe maTT aUUenuaUion coeGųcienUT oG HlaTT TyTUemT in enerHy ranHe oG 1 

LeV–100 (eV.
2. 5o comQuUe builEuQ GacUorT Gor QIoUon enerHy 0.015–15 .eV uQ Uo a QeneUraUion EeQUI 

oG �0 mGQ by uTinH UIe (1 meUIoE.
3. 5o EeUermine UIe GaTU neuUron remoWal croTT TecUionT oG HlaTT TyTUemT.
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บทนĈ  (TH SarabunPSK 14.5, Bold)   

 

 

üัตëčประสงคŤ  (TH SarabunPSK 14.5, Bold)   

1. To investigate the mass attenuation coefficients of glass systems in energy range of 1 keV–

100 GeV. 

2 .  To compute buildup factors for photon energy 0.015–15 MeV up to a penetration depth 

of 40 mfp by using the GP method. 

3. To determine the fast neutron removal cross sections of glass systems. 

Material and methods 

The theoretical/method basis have been separated into following sub-sections: 

 

 

üิíีการüิÝัย   

Radiation shielding parameters 

     The theoretical computation of mass attenuation coefficients (µm) for glass systems using 

WinXCom software program for photon at energies range 1 keV to 100 GeV by Eq. (1) [7]: 

( )m i m i

i

w=∑µ µ                                                          (1) 

where wi and (µm)i are weight fraction and mass attenuation coefficient of element i,  respectively. 

Buildup factors 

Computation of equivalent atomic numbers (Zeq) 

     Equivalent atomic numbers (Zeq) is value to explain properties in terms of equivalent 

elements identical to atomic number for single element [8]. Zeq values for chose material were 

applied by matching ratio R (µComp/µtotal) of specific glass at same energy with according ratio of 

element. Compton partial attenuation coefficient (µComp) and total attenuation coefficients (µtotal) 

values were applied by using WinXCom software program at energy from 0.015–15 MeV. Zeq were 

computed by logarithmic interpolation formula (Eq. (2)) [9] and exhibited in Fig. 2.    

     1 2 2 1

2 1

(log log ) (log log )

(log log )
eq

Z R R Z R R
Z

R R

− + −
=

−
                                  (2) 

Here Z1 and Z2 are atomic numbers of elements according to µComp/µtotal ratios, R1 and R2, 

respectively, and R (µComp/µtotal) is ratio for chose material at specific energy, which lies between 

ratios R1 and R2. 

Computation of geometric progression (GP) fitting parameters 
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     American National Standards ANSI/ANS–6.4.3 were reported buildup factor values for 23 

elements (Z = 4–92), one compound and two mixtures (i.e., air and concrete) in energy range 0.015–

15 MeV up to deep 40 mfp for used to standard reference database. This database was used to 

compute G-P fitting buildup factor coefficients values for glasses compounds according to formula 

[9,10]:   

   1 2 2 1

2 1

(log log ) (log logZ )

log log

eq eqP Z Z P Z
P

Z Z

− + −
=

−
                                  (3) 

here P1 and P2 are GP fitting coefficients values which according to atomic numbers of Z1 and Z2 at 

same energy, respectively. 

Computation of energy exposure and absorption buildup factors 

At last, GP fitting parameters were used to compute energy absorption and exposure buildup 

factors at chosen incident photon energies in range 0.015 < E < 15.0 MeV up to 40 mfp deep 

penetration. This was determined by [9,10]: 

1 ( 1) , 1

1
( , ) 1 ( 1),1 40

1

, 40

x

b x K

b
B E x K K

K

otherwise K

+ − =­
° −°= + − � d® −°

t°̄

                       (4) 

K(E,x) is photon dose multiplication factor is function of tangent hyperbolic which is expressed by 

following equation [9,10]: 

   
tanh( / 1) tanh( 2)

( , ) , 40
1 tanh( 2)

a kx X
K E x cx d x

− − −
= + d

− −
                                                        (5) 

here E is incident photon energy, x is deep penetration in terms of mean free path (mfp) and a, b, c, 

d, Xk are GP fitting parameters.  

Fast neutron removal cross section 

A method for computation of the attenuation of fast neutrons by application of effective 

removal cross section was developed. The effective removal cross section of a compounds and 

homogenous mixtures is possibly determined from the value of 6R (cm–1) or 6R/U (cm2/g) of the 

elements in the mixtures or compounds by mixture rule. Difference in application of mixture or 

compound for neutron interaction differs as weight fraction is replaced by partial density and mass 

attenuation coefficient by neutron removal cross section [11,12]. 

ρ ρ=∑ ∑ ∑/ ( / )R i R i

i

w                                                                                           (6) 

and  
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     American National Standards ANSI/ANS–6.4.3 were reported buildup factor values for 23 

elements (Z = 4–92), one compound and two mixtures (i.e., air and concrete) in energy range 0.015–

15 MeV up to deep 40 mfp for used to standard reference database. This database was used to 

compute G-P fitting buildup factor coefficients values for glasses compounds according to formula 

[9,10]:   
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ρ ρ=∑ ∑ ∑( / )R i i R i                                                                                            (7) 

where Ui and (6R/U)i are the partial density and the fast neutron mass removal cross section of the i 

th constituent, respectively. The 6R/U values of elements of the glasses were taken from Kaplan and 

Chilton.  

 

ñลการüิÝัย Results and discussion  (TH SarabunPSK 14.5, Bold)   
The chemical composition of the glass systems is listed in Table1. The variation of mass 

attenuation coefficient with photon energy for the glass systems has been shown in Fig. 1. The 

variation in the Energy absorption buildup factor (EABF) and exposure buildup factor (EBF) values of 

the glass systems with photon energy are shown in the Figs. 3 and 4 (a–e) for different penetration 

depths (1, 5, 10, 15, 20, 25, 30, 35 and 40 mfp). The EABF and EBF values for the glass systems as a 

function of penetration depths at photon energies 0.015, 0.15, 1.5 and 15 MeV are shown in Figs. 6 

and 7 (a–d) and the fast neutron removal cross sections of the glass systems for neutron are shown 

in Fig. 8.  
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Code Mole fraction Chemical Formula 

WO3 Gd2O3 B2O3 Tb2O3  

Tb0 42.5 27.5 30.0 0.0 42.5WO3: 27.5Gd2O3: 30B2O3 

Tb1 42.5 27.5 29.9 0.1 42.5WO3: 27.5Gd2O3: 29.9B2O3: 0.1Tb2O3 

Tb2 42.5 27.5 29.5 0.5 42.5WO3: 27.5Gd2O3: 29.5B2O3: 0.5Tb2O3 

Tb3 42.5 27.5 29.0 1.0 42.5WO3: 27.5Gd2O3: 29.0B2O3: 1.0Tb2O3 

Tb4 42.5 27.5 28.0 2.0 42.5WO3: 27.5Gd2O3: 28.0B2O3: 2.0Tb2O3 

 

Mass attenuation coefficient of glass systems  

The mass attenuation coefficient, µm of glass systems is shown in Fig. 1. It is shown that the 

µm values of glass systems are highest in photoelectric absorption region, reduces gradually and 

become lowest in Compton scattering region. After that, it again starts increasing and become nearly 

constant at around photon energy of 100 MeV. The graphs of µm value for glass systems was 

discontinuous in photoelectric absorption region because of absorption edge of elements as show in 

Table 2. These variations can be discussed by photon energy and Z dependency of interaction cross 

section of the elements.  
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Computation of energy exposure and absorption buildup factors
"U laTU
 (1 ųUUinH QarameUerT Xere uTeE Uo comQuUe enerHy abTorQUion anE eYQoTure builE-
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10>�

     

,(&
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10>�

   
Iere & iT inciEenU QIoUon enerHy
 Y iT EeeQ QeneUraUion in UermT oG mean Gree QaUI (mGQ) anE a
 b
 
c
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L
 are (1 ųUUinH QarameUerT. 

Fast neutron removal cross section
" meUIoE Gor comQuUaUion oG UIe aUUenuaUion oG GaTU neuUronT by aQQlicaUion oG eGGecUiWe 

remoWal croTT TecUion XaT EeWeloQeE. 5Ie eGGecUiWe remoWal croTT TecUion oG a comQounET anE 
IomoHenouT miYUureT iT QoTTibly EeUermineE Grom UIe Walue oG Σ

3
 (cm–1) or Σ

3
�Σ (cm2�H) oG UIe 

elemenUT in UIe miYUureT or comQounET by miYUure rule. DiGGerence in aQQlicaUion oG miYUure or 
comQounE Gor neuUron inUeracUion EiGGerT aT XeiHIU GracUion iT reQlaceE by QarUial EenTiUy anE maTT 
aUUenuaUion coeGųcienU by neuUron remoWal croTT TecUion <11
12>.
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3
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3
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The chemical composition of the glass systems is listed in Table1. The variation of mass 

attenuation coefficient with photon energy for the glass systems has been shown in Fig. 1. The 

variation in the Energy absorption buildup factor (EABF) and exposure buildup factor (EBF) values of 

the glass systems with photon energy are shown in the Figs. 3 and 4 (a–e) for different penetration 

depths (1, 5, 10, 15, 20, 25, 30, 35 and 40 mfp). The EABF and EBF values for the glass systems as a 

function of penetration depths at photon energies 0.015, 0.15, 1.5 and 15 MeV are shown in Figs. 6 

and 7 (a–d) and the fast neutron removal cross sections of the glass systems for neutron are shown 

in Fig. 8.	 
 

 

Table 1 Chemical compositions of glass systems in mol%.                 
Code Mole fraction Chemical Formula 

WO3 Gd2O3 B2O3 Tb2O3  
Tb0 42.5 27.5 30.0 0.0 42.5WO3: 27.5Gd2O3: 30B2O3 

Tb1 42.5 27.5 29.9 0.1 42.5WO3: 27.5Gd2O3: 29.9B2O3: 0.1Tb2O3 

Tb2 42.5 27.5 29.5 0.5 42.5WO3: 27.5Gd2O3: 29.5B2O3: 0.5Tb2O3 

Tb3 42.5 27.5 29.0 1.0 42.5WO3: 27.5Gd2O3: 29.0B2O3: 1.0Tb2O3 

Tb4 42.5 27.5 28.0 2.0 42.5WO3: 27.5Gd2O3: 28.0B2O3: 2.0Tb2O3 

 

Mass attenuation coefficient of glass systems  
The mass attenuation coefficient, µm of glass systems is shown in Fig. 1. It is shown that 

the µm values of glass systems are highest in photoelectric absorption region, reduces gradually and 

become lowest in Compton scattering region. After that, it again starts increasing and become 

nearly constant at around photon energy of 100 MeV. The graphs of µm value for glass systems was 

discontinuous in photoelectric absorption region because of absorption edge of elements as show 

in Table 2. These variations can be discussed by photon energy and Z dependency of interaction 

cross section of the elements.		
Table 2 The photon energies (in × 10–3 MeV) of absorption edges for elements. 

Element K L1 L2 L3 M1 M2 M3 M4 M5 
Gd 50.24 8.376 7.930 7.243 1.881 1.688 1.544 1.217 1.185 

Tb 52.00 8.708 8.252 7.514 1.968 1.768 1.611 1.275 1.241 

W 69.53 12.10 11.54 10.21 2.820 2.575 2.281 1.872 1.809 
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5Ie cIemical comQoTiUion oG UIe HlaTT TyTUemT iT liTUeE in 5able1. 5Ie WariaUion oG maTT 

aUUenuaUion coeGųcienU XiUI QIoUon enerHy Gor UIe HlaTT TyTUemT IaT been TIoXn in 'iH. 1. 5Ie 
WariaUion in UIe &nerHy abTorQUion builEuQ GacUor (&"#') anE eYQoTure builEuQ GacUor (&#') WalueT oG 
UIe HlaTT TyTUemT XiUI QIoUon enerHy are TIoXn in UIe 'iHT. 3 anE � (a–e) Gor EiGGerenU QeneUraUion 
EeQUIT (1
 5
 10
 15
 20
 25
 30
 35 anE �0 mGQ). 5Ie &"#' anE &#' WalueT Gor UIe HlaTT TyTUemT aT a 
GuncUion oG QeneUraUion EeQUIT aU QIoUon enerHieT 0.015
 0.15
 1.5 anE 15 .eV are TIoXn in 'iHT. 6 
anE 7 (a–E) anE UIe GaTU neuUron remoWal croTT TecUionT oG UIe HlaTT TyTUemT Gor neuUron are TIoXn 
in 'iH. 8. 

5BCMF���$Iemical comQoTiUionT oG HlaTT TyTUemT in mol�. 

Mass attenuation coefficient of glass systems 
5Ie maTT aUUenuaUion coeGųcienU
 w

m
 oG HlaTT TyTUemT iT TIoXn in 'iH. 1. IU iT TIoXn UIaU  

UIe w
m
 WalueT oG HlaTT TyTUemT are IiHIeTU in QIoUoelecUric abTorQUion reHion
 reEuceT HraEually  

anE become loXeTU in $omQUon TcaUUerinH reHion. "GUer UIaU
 iU aHain TUarUT increaTinH anE become 
nearly conTUanU aU arounE QIoUon enerHy oG 100 .eV. 5Ie HraQIT oG w

m
 Walue Gor HlaTT TyTUemT XaT 

EiTconUinuouT in QIoUoelecUric abTorQUion reHion becauTe oG abTorQUion eEHe oG elemenUT aT TIoX 
in 5able 2. 5IeTe WariaUionT can be EiTcuTTeE by QIoUon enerHy anE ; EeQenEency oG inUeracUion 
croTT TecUion oG UIe elemenUT. 

5BCMF���5Ie QIoUon enerHieT (in Ŕ 10–3 .eV) oG abTorQUion eEHeT Gor elemenUT.
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Table 2 The photon energies (in u 10–3 MeV) of absorption edges for elements. 

Element K L1 L2 L3 M1 M2 M3 M4 M5 

Gd 50.24 8.376 7.930 7.243 1.881 1.688 1.544 1.217 1.185 

Tb 52.00 8.708 8.252 7.514 1.968 1.768 1.611 1.275 1.241 

W 69.53 12.10 11.54 10.21 2.820 2.575 2.281 1.872 1.809 
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Fig. 1 The mass attenuation coefficients of              Fig. 2 The equivalent atomic numbers of  

        glass the glass systems for photon energy                 systems.  

        of 1 keV – 100 GeV. 

 

Variation of EABF and EBF with photon energy 

Fig. 2 gives equivalent atomic numbers (Zeq) of shielding radiation materials at energy range 

from 0.015–15 MeV. This figure is exhibit Zeq dependence of Tb2O3 content which Zeq increase with 

increasing Tb2O3 content.    

The variations of EABF and EBF, with photon energy, for the glass systems and at different 

penetration depths, have been shown in Figs. 3 and 4 (a–e), respectively. Form the figures, it is seen 

that with increasing the photon energy, the EABF and EBF values, for glass systems, increase up to a 

maximum value at intermediate energies range. This can be discussed in the fundamental of 

dominance of different partial photon interaction processes in different energy ranges. However, in 

the low energy range, photoelectric absorption is the main photon interaction process, so maximum 

number of photons will be absorbed and consequently, EABF and EBF values are reduced. Same as, 

in the high energy range, another photon absorption process, that is pair production, is the main one. 

In the intermediate energy range, Compton scattering is the main process of photon interaction that 

only help in degradation of photon energy because of scattering and fails to completely remove the 

'JH��� 5Ie maTT aUUenuaUion coeGųcienUT oG HlaTT  
 UIe HlaTT TyTUemT Gor QIoUon enerHy oG 1  
 LeV – 100 (eV.

'JH���� 5Ie eRuiWalenU aUomic numberT oG  
 TyTUemT. 
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Variation of EABF and EBF with photon energy
'iH. 2 HiWeT eRuiWalenU aUomic numberT (;

eR
) oG TIielEinH raEiaUion maUerialT aU enerHy ranHe 

Grom 0.015–15 .eV. 5IiT ųHure iT eYIibiU ;
eR

 EeQenEence oG 5b
2
O

3
 conUenU XIicI ;

eR
 increaTe XiUI 

increaTinH 5b
2
O

3
 conUenU. 

5Ie WariaUionT oG &"#' anE &#'
 XiUI QIoUon enerHy
 Gor UIe HlaTT TyTUemT anE aU EiGGerenU 
QeneUraUion EeQUIT
 IaWe been TIoXn in 'iHT. 3 anE � (a–e)
 reTQecUiWely. 'orm UIe ųHureT
 iU iT Teen 
UIaU XiUI increaTinH UIe QIoUon enerHy
 UIe &"#' anE &#' WalueT
 Gor HlaTT TyTUemT
 increaTe uQ Uo 
a maYimum Walue aU inUermeEiaUe enerHieT ranHe. 5IiT can be EiTcuTTeE in UIe GunEamenUal oG 
Eominance oG EiGGerenU QarUial QIoUon inUeracUion QroceTTeT in EiGGerenU enerHy ranHeT. )oXeWer
 in 
UIe loX enerHy ranHe
 QIoUoelecUric abTorQUion iT UIe main QIoUon inUeracUion QroceTT
 To maYimum 
number oG QIoUonT Xill be abTorbeE anE conTeRuenUly
 &"#' anE &#' WalueT are reEuceE. Same 
aT
 in UIe IiHI enerHy ranHe
 anoUIer QIoUon abTorQUion QroceTT
 UIaU iT Qair QroEucUion
 iT UIe main 
one. In UIe inUermeEiaUe enerHy ranHe
 $omQUon TcaUUerinH iT UIe main QroceTT oG QIoUon inUeracUion 
UIaU only IelQ in EeHraEaUion oG QIoUon enerHy becauTe oG TcaUUerinH anE GailT Uo comQleUely remoWe 
UIe QIoUon. So
 more UIe liGe Uime oG UIe QIoUon iT lonH
 more UIe QrobabiliUy oG QIoUon Uo HeU 
aXay UIe maUerial iT imQorUanU. 5IiT QroceTT reTulUT in UIe &"#' anE &#' WalueT increaTe. 

"U IiHI enerHy anE larHe QeneUraUion EeQUI
 HraQI can obTerWe a TIarQ QeaL in &"#' anE 
&#'. 5IiT iT becauTe oG builEuQ oG TeconEary Hamma QIoUonT builE by elecUron–QoTiUron anniIilaUion 
in maUerial becauTe oG Uo mulUiQle TcaUUerinH inciEenceT. 5ruly
 UIe increaTe in QeneUraUion EeQUI oG 
UIe meEiumT leaEinH Uo increaTe UIe UIicLneTT oG UIe inUeracUinH meEium XIicI in Uurn reTulUT in 
increaTinH UIe TcaUUerinH eWenUT in UIe inUeracUinH meEium
 in QarUicular Gor UIe meEium XiUI UIe 

(amma ray builEuQ GacUorT anE GaTU neuUron remoWal oG 
5b

2
O

3
 EoQeE 8O

3
� (E

2
O

3
� #

2
O

3
 HlaTT TyTUemT 



1(1) January - June 2019

6 

 

  

photon. So, more the life time of the photon is long, more the probability of photon to get away the 

material is important. This process results in the EABF and EBF values increase.  

At high energy and large penetration depth, graph can observe a sharp peak in EABF and EBF. 

This is because of buildup of secondary gamma photons build by electron–positron annihilation in 

material because of to multiple scattering incidences. Truly, the increase in penetration depth of the 

mediums leading to increase the thickness of the interacting medium which in turn results in 

increasing the scattering events in the interacting medium, in particular for the medium with the 

highest equivalent atomic number. Hence it results in large EABF and EBF values.  

Clearly from Fig. 3 (a–e) there is a sharp peak at 0.08 MeV energy that may be because of 

edge absorption of Tb.   

It can observe that with increasing Tb2O3 content, the variation of EABF and EBF is same and 

the only difference is in the scale of EABF and EBF. Also, it’s obvious differences between EABF and 

EBF values were observed as the Tb2O3 content changes. It is observed that these differences 

decreased the Tb2O3 content increases.  
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IiHIeTU eRuiWalenU aUomic number. )ence iU reTulUT in larHe &"#' anE &#' WalueT. 
$learly Grom 'iH. 3 (a–e) UIere iT a TIarQ QeaL aU 0.08 .eV enerHy UIaU may be becauTe oG 

eEHe abTorQUion oG 5b. 
IU can obTerWe UIaU XiUI increaTinH 5b
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Fig. 3 (a–e) The EABF of glass systems with photon energy for different Tb2O3 content. 
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Fig. 3 (a–e) The EABF of glass systems with photon energy for different Tb2O3 content. 
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Fig. 4 (a–e) The EBF of glass systems with photon energy for different Tb2O3 content. 

 

Variation of EABF and EBF with penetration depths 

Figs. 5 and 6 show an increase of EABF and EBF values with penetration depths for the glass 

systems, at specific the photon energies (0.015, 0.15, 1.5 and 15 MeV). At the lowest energy (Figs. 5 

and 6 a), the EABF and EBF values are roughly constant above 5 mfp. The EABF and EBF values 

according to the chemical composition except at photon energy 0.15 and 1.5 MeV, as shown in Figs. 

5 and 6 (c). 

It found that for the glass systems with low equivalent atomic numbers (Zeq) (Tb0), the EABF 

and EBF values are small in the photon energy 0.015 and 15 MeV. However, for the glass systems 

with higher equivalent atomic numbers (Tb4), the EABF and EBF values are relatively small.  
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Fig. 5 (a–d) The EABF of glass systems with penetration depths at photon energies (0.015, 0.15,                    

        1.5 and 15 MeV). 
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Fig. 5 (a–d) The EABF of glass systems with penetration depths at photon energies (0.015, 0.15,                    

        1.5 and 15 MeV). 
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Fig. 6 (a–d) The EABF of glass systems with penetration depths at photon energies (0.015, 0.15,                    

        1.5 and 15 MeV). 

Fast neutron removal cross section 

The fast neutron removal cross section 6R (cm–1) of the glass systems with 0, 0.1, 0.5, 1.0 

and 2.0 mol% Tb2O3 is shown in Fig. 6. It found that 6R of glass systems for Tb2O3 at 2.0 mol% had 

the highest value. Highest value of removal cross section of 2.0 mol% of Tb2O3 was observed because 

of highest elemental composition of low–Z, B2O3. Therefore, it is concluded that low–Z elemental 

composition contributes a vital role in neutron shielding properties. 

 

Tb0 Tb1 Tb2 Tb3 Tb4

Re
m

ov
al

 c
ro

ss
 se

ct
io

n 
fo

r f
as

t n
eu

tro
n

Code

0.1512

0.1515
0.1516

0.1518
0.1520

 
 

 

Fig. 7  The fast neutron removal cross section for glass systems. 
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Fig. 6 (a–d) The EABF of glass systems with penetration depths at photon energies (0.015, 0.15,                    

        1.5 and 15 MeV). 
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Fig. 7  The fast neutron removal cross section for glass systems. 
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