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RADIOTHERAPY

without BNCT BNCT

Modern trends:

IMRT (intensity modulated)

IGRT (image guided)

RESPIRATORY GATING

etc

Control beam shape and 
timing.

Once in the body, beam 
can’t discriminate 
what to hit (diseased 
tissues) from what to miss 
(healthy tissues)

Biochemical 

targetting

Inject 10B tumour-seeking 
compound as agent into the 
body:

IF 10B in tissue ���� HIT

IF 10B not there ���� MISS

BEYOND 

GEOMETRIC 

TARGETING
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WE ARE NOT THERE YET
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expect?

Q2. What neutron 

spectrum do we 
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Q3. How do each 

change with varying 
10B distributions?
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2.22 MeV

from 1H

Non-zero counts 

elsewhere (Spectra are 

always nicer & cleaner 

in the textbooks)





--------------------- MANY MORE-----------------------

HIGHER THEN 

PEAK IN 

RADIOTHERAPY 

SPECTRA

ONE OF THE 

MAJOR 

ELEMENTS 

IN THE BODY



2.22 MeV anterior

2.22 MeV posterior

478 keV anterior

478 keV posterior



The neutron spectra from 10 detectors, lined up 1 cm apart, placed perpendicular to the 

beam axis at the beam exit side of the head. The grayscale at each pixel denotes 

log10Ni,e where Ni,e is the flux per source particle detected in energy bin e by the ith

detector. A horizontal line profile drawn across the map would give the energy spectrum 

by the specific detector; a vertical line profile of the same map would give the detector-

to-detector variation for the specific energy bin. Two peaks at 0.006 and 0.018 MeV are 

visible. By moving 1 cm perpendicularly away from the central axis of the beam, N 

dropped by two orders of magnitude. Data shown is from the simulation with one voxel

of tumour containing 30 ppm 10B. 



Q1. What gamma 

spectrum do we 

expect?

Q2. What neutron 

spectrum do we 

expect?

Q3. How do each 

change with varying 
10B distributions?

0

15

15

15

15

15

15

15

15

15

15

blood
(ppm)

0

10

10

10

10

10

10

10

10

10

10

tissue
(ppm)

00

150

8830

8850

14930

14950

530

140

130

120

00

tumour 
(voxels)

tumour 
(ppm)

1 voxel = 4 mm x 4 mm x 4 mm

NO DETECTABLE DIFFERENCE

EVEN WITH A PERFECT 

DETECTOR

except this

MCNPX SIMULATION 

REPEATED WITH 11 

DIFFERENT 10B 

DISTRIBUTIONS:



0

15

15

15

15

15

15

15

15

15

15

blood
(ppm)

0

10

10

10

10

10

10

10

10

10

10

tissue
(ppm)

00

150

8830

8850

14930

14950

530

140

130

120

00

tumour 
(voxels)

tumour 
(ppm)

1 voxel = 4 mm x 4 mm x 4 mm

except this

NO DETECTABLE DIFFERENCE

EVEN WITH A PERFECT 

DETECTOR



478 keV PHOTON

0.E+00

2.E-06

4.E-06

6.E-06

0 - 0 20 - 1 30 - 1 40 - 1 30 - 5

2.22 MeV PHOTON

0.E+00

2.E-05

4.E-05

0 - 0 20 - 1 30 - 1 40 - 1 30 - 5

6 keV NEUTRON

0.E+00

1.E-04

2.E-04

3.E-04

0 - 0 20 - 1 30 - 1 40 - 1 30 - 5

478 keV PHOTON

0.E+00

2.E-06

4.E-06

6.E-06

8.E-06

50 - 149 30 - 149 50 - 88 30 - 88 50 - 1 30 - 5 0 - 0 - - -

2.22 MeV PHOTON

0.E+00

2.E-05

4.E-05

50 - 149 30 - 149 50 - 88 30 - 88 50 - 1 30 - 5 0 - 0 - - -

6 keV NEUTRON

0.0E+00

5.0E-07

1.0E-06

1.5E-06

50 - 149 30 - 149 50 - 88 30 - 88 50 - 1 30 - 5 0 - 0 - - -



BEHIND THE SCENES

DETERMINISTIC 
ESTIMATOR

USEFUL WHEN ANALOG 

SAMPLING IS INEFFICIENT

REQUIRES SPHERE OF 

EXCLUSION TO AVOID 
ZERO-RADIUS 

SINGULARITY

LESS EFFICIENT

INDEED FOM >103 LOWER

NO UNSAMPLED REGIONS 
IN LARGE SCORE TAIL OF 

EMPIRICAL HISTORY 

SCORE PDF

F5:P

POINT-DETECTOR FLUX

F4:P

CELL-AVERAGED FLUX

TFC CHANGED FROM DEFAULT TO 478 keV and 2.22 MeV BINS

FAILED

PDF SLOPE TEST

VOV TESTS
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