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Table 1. Summary of photonuclear reaction data for photons in tungsten and lead.

Threshold energy En o(En) * (14 MeV) photon
Tungsten (W-184) 7412 MeV 13.712 MeV 0.3771 barn 16.1 barn
Lead (Pb-207) 6.736 MeV 13.788 MeV 0.6467 barn 19.0 barn

*: photon cross section obtained from ref. 15
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Table 2. Comparison of this results with others for contaminated neutron dose and dose equivalent.

Workers and linac parameters -

Estimated neutron dose

Gur et al.” (Philips 18 MV, 20x20 cm’ )
Swanson” (25 MV, 30x30 em?)

Nath et al.” (25 MV, 30x30 cm?)

Chibani and Ma® (Siemens 18 MV, 10x10 cm?)

*0.43 mGy/photon Gy
43 mGy/photon Gy
70.65 mGy/ photon Gy
70.0503 mGy/photon Gy

This work (24 MV, 40 cm dia.)
calculation (Eq. 2)

Monte Carlo (d=0~5 cm)

10.66~0.35 mGy/photon Gy
10.52 mGy/photon Gy

*

: measured value, T: calculated value

- 101 —



012 2 201 :24 MV QI & HEII=I0 SHA 240 28 37

A Brksk] SeliAe el FuE EPske W 719
A Fzol dgk Aol Basty FFof ALY B o]
ok A, ofell °Hi Hep g ez AgrpE7] 8l
24 o vﬂoﬂfﬂ TE st A5 vl F7t

sk Zlo] Br} -g&*h:}
£ Ao NUARET}F FolAE Aol S8 &
Aol A FAAe Frdds $3AE Aoz AN
T AEE Her, o] WS FAo ofH T oXFAHA
T gkl 24}

o FrAES S ZelIR Akl slA
Aoz Astetedl €28 4 Yot AAdeh 2yAR
A4 A RET} FolAof stz AAEZAE 4§
Aol Zajch whetA] iyt A¥rtE719] Fiel %
EEZE AE Fotol FAR ovAel B3 AEE
3l dHete o] a7

£ AFelA] d¥rtE7] 7ty F25 desteto]
Zst AR AUA L E(Fg. 3, 99} ZoldZEFig. 5=
dgledl, o] A#ES AGAE Hrlstrle oARAT
AN EH% k°i/‘1 Neyepn Fzol
& e e} wEhA] £ ATl
I FaE 2 AMETdE 2 dFE

Hoju, ukef Wj&3} wlojid $)A ol "H
7

¢

O

o ol !

b

o &7
N
-

oﬂE
12

o
v N
o ok
N =
O
-

Ao 2
o
fo

>

>

bieA

lo

ot
o

g

of
2
ot
&
P o

o o
o
fru
—r
S
M
il
o
o
a2
>,
ok
e
oM
o
E
i
E

o
L
o
a2
+4r Lo
B o

fru
ot
e
L
gt
P
o 0
I
oo i

Aol A Al FAA OMX]T
d F¥ BEAM =" A2 me A
&3 ZAANe v & ol golvh 2FATL,
TR WA ZESG} FrAFe AT WA AT
& A4E Agv 277 g7] wiEel P olol] A3 3
7k o] qd=lojok & Aotk

I

-

A
ro

1. Gur D, Rosen JC, Bukovitz AG, Gill AW: Fast and slow
neutrons in an 18-MV photon beam from a Philips SL/ 75-20
linear accelerator. Med Phys 5:221-222 (1978)

2. Levinger JS, Bethe HA: Neutron yield from the nuclear
photo effect. Phys Rev 85:577-581 (1952)

3. Chibani O, Ma C-MC: Photonuclear dose calculations for

10.

11.

12.

13.
14.
15.

16.

17.

18.
19.

20.

- 102 -

. Difilippo F, Papiez L, Moskvin V, et al:

high-energy photon beams from Siemens and Varian linacs.
Med Phys 30:1990-2000 (2003)

. Swanson WP: Estimate of the risk in radiation therapy due

to unwanted neutrons. Med Phys 7:141-144 (1980)

. Khan FM: The Physics of Radiation Therapy. 3rd ed. Wil-

liams & Wilkins, Baltimore (2003) pp. 412-413

. Palta JR, Hogstrom KR, Tannanonta C: Neutron lea-

kage measurements from a medical linear accelerator. Med
Phys 11:498-501 (1984}

. Nath R, Epp ER. Laughlin JS, Swanson WP, Bond

VP: Neutrons from high-energy x-ray medical accelerators:
An estimate of risk to the radiotherapy patient. Med Phys 11
231-241 (1984)

. d’Errico F, Nath R, Tena L, Curzio G, Alberts W:

In-phantom dosimetry and spectrometry of photoneutrons from
18 MV linear accelerator. Med Phys 25:1717-1724 (1998)
Contamination
dose from photoneutron processes in bodily tissues during
therapeutic radiation delivery. Med Phys 30:2849-2854 (2003)
Followill DS, Stovall MS, Kry SF. Ibbott GS: Neutron
source strength measurements for Varian, Siemens, Elekta,
and General Electric linear accelerators. J App Clin Med Phys
4:189-194 (2003)
Roig M, Panettieri V, Ginjaume M, Sanchez-Reyes A:
Photonuclear isotope characterization of a Siemens KDS 18
MV linac head. Phys Med Biol 49:N243-N246 (2004)
Los Alamos National Laboratory: MCNPX (Monte Carlo N-
Particle Code System) user's Manual V2.4.0. LANL (2002)
Facure A, Falcao RC, Silva AX, Crispim VR, Vitorelli
JC: A study of neutron spectra from medical linear accele-
rators. Appl Radiat Isotop 62:69-72 (2005)
Rauscher T, Thielemann FK: Predicted cross—sections for
photon-induces particle emission. Atomic Data Nuclear Data
Tables 88:1-81 (2004)
web site hitp://physics.nist.gov/PhysRefData/contents.htm
Attix FH: Introduction to Radiological Physics and Radiation
Dosimetry. John Wiley & Sons, New York (1986) pp. 266-466
Chadwick MB, Barschall HH, Caswell RS, et al: A con-
sistent set of neutron kerma coefficients from thermal to 150
MeV biologically important materials. Med Phys 26:974-991
(1999)
Johns HE, Cunningham JR: The Physics of Radiology. 4th
ed, Springfield, US:723 (1983)
AAPM Report-19: Neutron Measurements around High E-
nergy X-ray Radiotherapy Machines. AAPM Task Group 27
(1986)
Rogers DWO, Faddegon BA, Ding GX, Ma C-M, Wei
J: BEAM: A Monte Carlo code to simulate radiotherapy treat—
ment units. Med Phys 22:503-524 (1995)



o2 M16A K23 2005
Neutron Generation from a 24 MV Medical Linac
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The energy spectra and dose calculations were performed for secondary neutrons from a 24 MV LINAC
using MCNPX code (V2, 4, 0). The energy spectra for neutrons and photons emitted from the LINAC head,
and absorbed dose to water were calculated in water phantom. The absorbed doses calculated with Monte
Carlo were 0.66~0.35 mGy/photon Gy at the surface to d=5 cm, and calculated with interaction data was
0.52 mGy/photon Gy at the depth of electron equilibrium in water, We have shown that this work can be

applied to dose estimation of neutrons from high energy LINAC through the comparison of our results with
other resuits.
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