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PHOTON BEAM SOFTENING COEFFICIENT
DETERMINATION WITH SLAB THICKNESS IN SMALL

FIELD SIZE: MONTE CARLO STUDY
M.Bencheikh1, A. Maghnouj, J. Tajmouati

University of Sidi Mohamed Ben Abdellah, Fez, Morocco

Determination and understanding of photon beam softening using material soften photon beam for
clinical usage is important for material study for attenuation and for beam modiˇer enhancements and
linac improvements. Monte Carlo model was used to simulate 6 MeV photon beams produced by Varian
Clinac 2100 accelerator with 
attening ˇlter; thereafter the 
attening ˇlter was replaced by a slab of
aluminum and copper with different thicknesses of 0.5, 1, 1.5 and 2 mm. The Monte Carlo geometry
was validated by a gamma index acceptance rate of 99% in PDD and 98% in dose proˇles, the gamma
criteria were 3% for dose difference and 3 mm for distance to agreement.

The purpose was to investigate the beam softening for small size and beam attenuation as a function
of inserted slab thickness of copper and aluminum and also as a function of off-axis distance. For beam
softening evaluation, variation amplitude of beam softening coefˇcient a1 was very high near the beam
central axis and decreased with off-axis distance and also it was high for aluminum slab compared to
copper slab. For aluminum slab, variation amplitude of beam softening coefˇcient a1 has a minimum at
−0.5 cm−1 and a maximum at 0.5 cm−1 and for copper slab, variation amplitude of beam softening a1

has a minimum at −0.15 cm−1 and a maximum at 0.11 cm−1. Variation amplitude of beam softening
coefˇcient a2 was very high near the beam central axis and decreased with off-axis distance, and it
was very high for aluminum slab compared to copper slab. For aluminum slab, variation amplitude of
beam softening coefˇcient a2 has a minimum at −0.54 cm−2 and a maximum at 0.44 cm−2 and for
copper slab, variation amplitude of beam softening coefˇcient a2 has a minimum at −0.111 cm−2 and
a maximum at 0.0825 cm−2.

�¶·¥¤¥²¥´¨¥ ¨ ¶μ´¨³ ´¨¥ ¸£² ¦¨¢ ´¨Ö ËμÉμ´´μ£μ ¶ÊÎ±  ¸ ¶μ³μÐÓÕ ¸¶¥Í¨ ²Ó´ÒÌ ³ É¥·¨ -
²μ¢ ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ ³¥¤¨Í¨´¥ Ö¢²Ö¥É¸Ö ¢ ¦´Ò³ ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ¶·μÍ¥¸¸  μ¸² ¡²¥´¨Ö ¨
Ê²ÊÎÏ¥´¨¨ Ì · ±É¥·¨¸É¨± ³μ¤¨Ë¨± Éμ·  ¶ÊÎ±  ¨ Ê¸±μ·¨É¥²Ö linac. ‚ · ¡μÉ¥ ¨¸¶μ²Ó§Ê¥É¸Ö ³μ¤¥²Ó
Œμ´É¥-Š ·²μ ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ËμÉμ´´ÒÌ ¶ÊÎ±μ¢ ¸ Ô´¥·£¨¥° 6 ŒÔ‚, ¸μ§¤ ¢ ¥³ÒÌ ¢ Ê¸±μ·¨É¥²¥
Varian Clinac 2100 ¸ ¢Ò¶·Ö³²ÖÕÐ¨³ Ë¨²ÓÉ·μ³, ±μÉμ·Ò° ¢¶μ¸²¥¤¸É¢¨¨ ¡Ò² § ³¥´¥´ ¶² ¸É¨´μ° ¨§
 ²Õ³¨´¨Ö ¨ ³¥¤¨ · §²¨Î´μ° Éμ²Ð¨´Ò 0,5, 1, 1,5 ¨ 2 ³³. ƒ¥μ³¥É·¨Ö ³μ¤¥²¨ Œμ´É¥-Š ·²μ ¶·μ¢¥-
·Ö² ¸Ó Ê¸²μ¢¨¥³, ÎÉμ ¢¥²¨Î¨´  ¨´¤¥±¸  ¶·¨¥³  £ ³³ -¨§²ÊÎ¥´¨Ö ¸μ¸É ¢²Ö²  99% ¢ PDD ¨ 98% ¢
¶·μË¨²¥ ¤μ§Ò, ±·¨É¥·¨¥³ ¤²Ö £ ³³ -¨§²ÊÎ¥´¨Ö ¡Ò²  · §´¨Í  ¤μ§ 3% ¨ · ¸¸ÉμÖ´¨¥ ¤μ ¸μ¢¶ ¤¥´¨Ö
3 ³³.

–¥²Ó · ¡μÉÒ Å ¨¸¸²¥¤μ¢ ´¨¥ ¸£² ¦¨¢ ´¨Ö ¶ÊÎ±  ³ ²ÒÌ · §³¥·μ¢ ¨ ¥£μ μ¸² ¡²¥´¨Ö ± ± ËÊ´±Í¨¨
§ ¤ ¢ ¥³μ° Éμ²Ð¨´Ò ¶² ¸É¨´Ò ¨§ ³¥¤¨ ¨  ²Õ³¨´¨Ö,   É ±¦¥ ± ± ËÊ´±Í¨¨ · ¸¸ÉμÖ´¨Ö μÉ μ¸¨. �·¨
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¢ÒÎ¨¸²¥´¨¨ ¶ · ³¥É·μ¢ ¸£² ¦¨¢ ´¨Ö ¶ÊÎ±   ³¶²¨ÉÊ¤  ¢ ·¨ Í¨¨ ±μÔËË¨Í¨¥´É  ¸£² ¦¨¢ ´¨Ö ¶ÊÎ± 
a1 μ± §Ò¢ ¥É¸Ö μÎ¥´Ó ¡μ²ÓÏμ° ¢¡²¨§¨ Í¥´É· ²Ó´μ° μ¸¨ ¶ÊÎ±  ¨ Ê¡Ò¢ ¥É ¶μ ³¥·¥ Ê¤ ²¥´¨Ö μÉ μ¸¨.
’ ±¦¥ ¶μ± § ´μ, ÎÉμ  ³¶²¨ÉÊ¤  μ± §Ò¢ ¥É¸Ö ¡μ²ÓÏ¥° ¤²Ö  ²Õ³¨´¨¥¢μ° ¶² ¸É¨´Ò ¶μ ¸· ¢´¥´¨Õ ¸
³¥¤´μ°. „²Ö  ²Õ³¨´¨¥¢μ° ¶² ¸É¨´Ò a1 ¨³¥¥É ³¨´¨³Ê³ ¶·¨ −0,5 ¸³−1 ¨ ³ ±¸¨³Ê³ ¶·¨ 0,5 ¸³−1,
  ¤²Ö ³¥¤´μ° ¶² ¸É¨´Ò a1 ³¨´¨³ ²Ó´  ¶·¨ −0,15 ¸³−1 ¨ ³ ±¸¨³ ²Ó´  ¶·¨ 0,11 ¸³−1. �³¶²¨ÉÊ¤ 
¢ ·¨ Í¨¨ ±μÔËË¨Í¨¥´É  ¸£² ¦¨¢ ´¨Ö ¶ÊÎ±  a2 μ± §Ò¢ ¥É¸Ö μÎ¥´Ó ¡μ²ÓÏμ° μ±μ²μ μ¸¨ ¶ÊÎ±  ¨
Ê³¥´ÓÏ ¥É¸Ö ¶·¨ Ê¤ ²¥´¨¨ μÉ ´¥¥. „²Ö  ²Õ³¨´¨¥¢μ° ¶² ¸É¨´Ò  ³¶²¨ÉÊ¤  ¨³¥¥É ´ ³´μ£μ ¡μ²ÓÏÊÕ
¢¥²¨Î¨´Ê ¶μ ¸· ¢´¥´¨Õ ¸ ³¥¤´μ° ¶² ¸É¨´μ°. ‚ ¸²ÊÎ ¥  ²Õ³¨´¨¥¢μ° ¶² ¸É¨´Ò a2 ¨³¥¥É ³¨´¨³Ê³
¶·¨ −0,54 ¸³−2 ¨ ³ ±¸¨³Ê³ ¶·¨ 0,44 ¸³−2. „²Ö ³¥¤´μ° ¶² ¸É¨´Ò a2 ³¨´¨³ ²Ó´  ¶·¨ −0,111 ¸³−2

¨ ³ ±¸¨³ ²Ó´  ¶·¨ 0,0825 ¸³−2.
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