
Peak E0 [keV](2) Γ [eV](2) Emission 
probability(4)

Lα1 13.946 11.8 14.9
Lβ1 17.751 13.4 8.37
Lγ1 20.784 15.9 1.92

Conclusion

Es#ma#on of deposi#on posi#ons of α-emi0ers in the body by L X-ray analysis

Hokazono Koki1 , Shigyo Nobuhiro1, Maehata Keisuke2：1Kyushu University, 2Teikyo University

L X-ray source  (Three L X-rays emi2ed from 237Np)

Introduction

Evalua&on of transuranium (TRU) nuclides quan&&es such as 239Pu and 241Am

Simulation

Lorenz distribution

E ：Energy E0：Peak Energy
Γ  ：natural width

Result
Ⅰ Movement of the source in the lung depth (y) direc>on

Ⅱ Movement of the source in the lung height (z) direc&on

In a accident involving radiation

α-emi@ers stops immediately
↪ difficult to measure
from outside the body

L X-ray
●Mul>ple peaks 

between 10~30keV
↓

TES* can measure them.
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The daughter nuclide emits L X-ray.

deposi>on 
posi>on+Energy spectrum

The amount of deposition
in the body will be determined.

Thickness of body /ssue 
through which L X-ray passes

↓
A3enua/on of L X-ray intensity

by body :ssues 

*TES : Transi>on Edge Sensor -type 
microcalorimeter 

PHITS ver.3.27(2) EGS5

Calcula:on condi:ons
● L X-ray point source
● Cubic Sn absorber 

( 0.5×0.5×0.5 mm3)
● narrow beam 

covering the absorber

● Histories = 106* 93
● Cut-off energy 

for electrons   1.0 [keV]
for positrons  1.0 [keV]
for photons    1.0 [keV]
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241Am's daughter nuclide

Possibility to use for posi>ons es>ma>on

TRU emits γ-ray
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Energy spectrum assigned to Sn absorber 
when the source coordinate is y=0
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calculated by PHITS 3.29 plotted by ANGEL 4.5

0.010 0.015 0.020 0.025

10<8

10<7

10<6

10<5

10<4

Deposit Energy [MeV]

N
um

be
r [

1/
so

ur
ce

]

no. =  1,  reg  =   2001

all     
electron

   vol  =   1.0000E+00 [cm3]

File = Deposit_0_Sx5y0_e6*93.out emin(12)(13) 1e-3   Ebin 100eV Date = 11:29 15-Nov-202

calculated by PHITS 3.29 plotted by ANGEL 4.5

0.010 0.015 0.020 0.025

10<8

10<7

10<6

10<5

10<4

Deposit Energy [MeV]

N
um

be
r [

1/
so

ur
ce

]

no. =  1,  reg  =   2001

all     
electron

   vol  =   1.0000E+00 [cm3]

0.010 0.015 0.020 0.025
Deposit Energy [MeV]

10-4

10-5

10-6

10-7

10-8Nu
m

be
r [

1/
so

ur
ce

] 

all
electron

-4 -2 0
y-coordinate of absorber [cm]

10-2

10-3

10-4

10-5

10-7

Nu
m

be
r [

1/
so

ur
ce

]

10-6

2 4 6 8

Lα
Lβ
Lγ

Rela:ve intensi:es of the three L X-rays

-4 -2 0
y-coordinate of absorber [cm]

100

10-1

10-2

Ra
Wo

2 4 6 8

Lα/Lβ

Lα/Lγ

Lβ/Lγ

Ra>o of the rela>ve intensi>es

44 46 48
z-coordinate of absorber [cm]

10-3

10-4

10-6

Nu
m

be
r [

1/
so

ur
ce

]

10-5

50 52 54

Lα
Lβ
Lγ

absorber

bone
bone

Relative intensities of the three L X-rays

44 46 48

100

10-2

Pe
ak

 co
un

t

10-1

50 52 54

Lα/Lβ
Lα/Lγ
Lβ/Lγ

z-coordinate of absorber [cm]

absorber
bone

bone

Ra>o of the rela>ve intensi>es

-10

45 50 55 60

-5

0

5

10

y 
[c

m
]

z [cm]legs head

front

back
102

100

10-2

10-4

10-8

10-10

Fl
ux

 [1
/c

m
2 /M

eV
/s

ou
rc

e]

10-6

Lung  0.415 g/cm3

Hypodermis 0.939 g/cm3

Cor/cal bone  1.904 g/cm3

Cancellous bone  1.17 g/cm3

Skin  1.089 g/cm3

Muscle 1.05 g/cm3

Density of body tissue

Ⅲ Comparison of γ-ray from 241Am and L X-rays from 237Np  (z=50)
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241Am  γ-ray       Energy : 59.54 keV         Emission probability : 35.9 %  

・If the deposition position is y≤0(Body depth approx. 10 cm), the ratio of Lα 
to the other L X rays can be used to estimate the deposition position.
・When the measurement volume is extremely low, it indicates the presence 
of dense body tissue such as cortical bone between the source and absorber, 
which can be used to estimate the deposition position.
・Using γ-ray emitted from the parent nuclide, it is possible to estimate the 
location of even deeper deposition.

ICRP Pub. 145(5)

Adult Mesh-Type Reference Computa:onal Phantom 

(1) K. Maehata et al., Response of a superconducGng transiGon-edge sensor microcalorimeter with a mushroom-shaped absorber to L X rays 
emiOed by transuranium elements, IEICE Trans. Electron., E98.C, (2015)

(2) T. Sato, et al., Features of ParGcle and Heavy Ion Transport code System (PHITS) version 3.02, J. Nucl. Sci. Technol. 55, 684-690 (2018).
(3) K. Maehata et al., J. Nucl. Sci. Tech., 47 (2010) 308-310.
(4) BNM-LNHB/CEA Table de Ra- dioneucléides, (hOp://www.nu- cleide.org/DDEP_WG/DDEPdata.html). 
(5) C.H. Kim, et al., ICRP, 2020. Adult mesh-type reference computaGonal phantoms. ICRP PublicaGon 145. Ann. ICRP 49(3). 

References

Spectrum of L X-ray measured by TES(1)

400

300

200

100

Co
un

ts
/2

0e
V 

bi
n

12 14 12 12 12 12
Energy [keV]

U Lα1

Np Lα1

U Lβ2
Np Lβ2

U Lβ1

Np Lβ1

Np Lβ3
U Lγ1

Np Lγ1


