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RFQ proton accelerator (5 MeV, 30 mA) + Beryllium target

AB-BNCT

+ Beam Shaping Assembly

epithermal neutron beam
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Neutron flux ~ 109 cm-2 s-1                       issue of neutron activation

OUTLINE
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- BSA activation 

- Activation of air (Ar-40) 

- Activation of walls  

- Activation of patient (urine, soft tissue)

Neutron flux ~ 109 cm-2 s-1                       issue of neutron activation

OUTLINE
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peak @ 1-10 keV                  main constituent:  AlF3

BSA
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residual activity after irradiation   

BSA

peak @ 1-10 keV                  main constituent:  AlF3

composition with 
NAA @ research nuclear  
reactor “TRIGA Mark II” 
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BSA

Ongoing studies:
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TREATMENT ROOM
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TREATMENT ROOM
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MIRD phantom

- concrete 
- borated concrete 
- polyethylene 
- lithiated polyethylene

TREATMENT ROOM

Argon-41

3.3x4x6 m3
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AIR ACTIVATION

dA

dt
= R�phys � (�phys + �air)A

<latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit><latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit><latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit><latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit>

a =
R�phys

m�air
<latexit sha1_base64="XF81PQjNtVfmpajaGL1rpc5ycvc="></latexit><latexit sha1_base64="XF81PQjNtVfmpajaGL1rpc5ycvc="></latexit><latexit sha1_base64="XF81PQjNtVfmpajaGL1rpc5ycvc="></latexit><latexit sha1_base64="XF81PQjNtVfmpajaGL1rpc5ycvc="></latexit>

- concrete 
- borated concrete 
- polyethylene 
- lithiated polyethylene

NEU_BEAT Workshop - December 6-7, 2018 - Rome



AIR ACTIVATION

dA

dt
= R�phys � (�phys + �air)A

<latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit><latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit><latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit><latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit>

a =
R�phys

m�air
<latexit sha1_base64="XF81PQjNtVfmpajaGL1rpc5ycvc="></latexit><latexit sha1_base64="XF81PQjNtVfmpajaGL1rpc5ycvc="></latexit><latexit sha1_base64="XF81PQjNtVfmpajaGL1rpc5ycvc="></latexit><latexit sha1_base64="XF81PQjNtVfmpajaGL1rpc5ycvc="></latexit>

- concrete 
- borated concrete 
- polyethylene 
- lithiated polyethylene

NEU_BEAT Workshop - December 6-7, 2018 - Rome



AIR ACTIVATION

dA

dt
= R�phys � (�phys + �air)A

<latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit><latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit><latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit><latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit>

a =
R�phys

m�air
<latexit sha1_base64="XF81PQjNtVfmpajaGL1rpc5ycvc="></latexit><latexit sha1_base64="XF81PQjNtVfmpajaGL1rpc5ycvc="></latexit><latexit sha1_base64="XF81PQjNtVfmpajaGL1rpc5ycvc="></latexit><latexit sha1_base64="XF81PQjNtVfmpajaGL1rpc5ycvc="></latexit>

- concrete 
- borated concrete 
- polyethylene 
- lithiated polyethylene

NEU_BEAT Workshop - December 6-7, 2018 - Rome



AIR ACTIVATION

dA

dt
= R�phys � (�phys + �air)A

<latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit><latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit><latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit><latexit sha1_base64="XRqPpCgmGez+o+bYeftLzkq7Ks8="></latexit>

γ shielding, 

easy to produce
- concrete 
- borated concrete 
- polyethylene 
- lithiated polyethylene
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MESH

ROOM DOSIMETRY
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En < 0.4 eV

from thermal n

ordinary

borated

 Absorbed dose 
 Equivalent dose 
 Ambient dose equivalent

ROOM DOSIMETRY

~10-3mSv/s

~10-2mSv/s
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Total absorbed dose rate by main organs [μGy/s] :

(n,p) on N   +   (n,n’) & (n,γ) on H   +   (n,α) on B   

PATIENT DOSIMETRY
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ordinary borated

Total absorbed dose rate by main organs [μGy/s] :

PATIENT DOSIMETRY

(n,p) on N   +   (n,n’) & (n,γ) on H   +   (n,α) on B   
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WALLS ACTIVATION
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Thermal neutron flux in walls made of ordinary concrete:
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Thermal neutron flux in walls made of borated concrete:
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Urine

Soft  
tissue

PATIENT ACTIVATION
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Ongoing studies: 

PATIENT ACTIVATION
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Ongoing studies: 

PATIENT ACTIVATION
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with FLUKA: simplified phantom (soft tissue, urine & bone)

coronal section

40x15x170 cm3

sagittal section



H*(10) from activations as a function of cooling time:

H*(10): TIME EVOLUTION 
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H*(10) from activations as a function of cooling time:

- in the irradiation room:

H*(10): TIME EVOLUTION 
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ICNCT18
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ICNCT18
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H*(10) from activations as a function of cooling time:

- in the irradiation room:

H*(10): TIME EVOLUTION 
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H*(10) from activations as a function of cooling time:

- in the irradiation room:

- in the BSA:
USRBIN attivaz-BSA-1e7-fascioaperto-C 52

 20  40  60  80  100  120  140
-60

-40

-20

 0

 20

 40

 60

 0.001

 0.01

 0.1

 1

 10

 100

 1000

μSv/h

H*(10): TIME EVOLUTION 

USRBIN tot-1e7-fascioaperto-C 51

-200 -100  0  100  200  300  400  500  600
-500

-400

-300

-200

-100

 0

 100

 200

 0.001

 0.01

 0.1

 1

 10

 100

 1000

 10000

 10000

 1x106

 1x1071e7

1e5

1e3

10

1e-1

1e-3

       

       

       

       

       

μSv/h

NEU_BEAT Workshop - December 6-7, 2018 - Rome



H*(10) from activations as a function of cooling time:

- in the irradiation room:

- in the BSA:
USRBIN attivaz-BSA-1e7-fascioaperto-C 52

 20  40  60  80  100  120  140
-60

-40

-20

 0

 20

 40

 60

 0.001

 0.01

 0.1

 1

 10

 100

 1000

μSv/h

H*(10): TIME EVOLUTION 

USRBIN tot-1e7-fascioaperto-C 51

-200 -100  0  100  200  300  400  500  600
-500

-400

-300

-200

-100

 0

 100

 200

 0.001

 0.01

 0.1

 1

 10

 100

 1000

 10000

 10000

 1x106

 1x1071e7

1e5

1e3

10

1e-1

1e-3

       

       

       

       

       

& around the patient…

μSv/h

NEU_BEAT Workshop - December 6-7, 2018 - Rome



H*(10) from activations as a function of cooling time:

- in the irradiation room:

- in the BSA:
USRBIN attivaz-BSA-1e7-fascioaperto-C 52

 20  40  60  80  100  120  140
-60

-40

-20

 0

 20

 40

 60

 0.001

 0.01

 0.1

 1

 10

 100

 1000

μSv/h

H*(10): TIME EVOLUTION 

USRBIN tot-1e7-fascioaperto-C 51

-200 -100  0  100  200  300  400  500  600
-500

-400

-300

-200

-100

 0

 100

 200

 0.001

 0.01

 0.1

 1

 10

 100

 1000

 10000

 10000

 1x106

 1x1071e7

1e5

1e3

10

1e-1

1e-3

       

       

       

       

       

& around the patient…

μSv/h

NEU_BEAT Workshop - December 6-7, 2018 - Rome



- AlF3 characterisation & BSA activation 

CONCLUSIONS
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feasibility of the BNCT clinical facility confirmed

- AlF3 characterisation & BSA activation 

- activation of air in treatment room 

- optimal composition of walls 

- walls activation 

- patient activation

CONCLUSIONS
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Composition of AlF3 

ICNCT18


