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Abstract 

 
Neutron spectrum and ambient dose equivalent has been measured 

around two 10 MV linear accelerators. Accelerators are Siemens, one is a 

Mevatron model while another is the Primus. Main differences between 

those models are the beam collimator and the vault room. Here, Bonner 

sphere spectrometer with a passive thermal neutron detector has been 

utilized to measure the neutron spectrum inside the vault. Using an active 

detector the neutron spectrum was measured by the vault’s door of both 

accelerators. With a neutron area monitor the dose equivalent was 

measured by the doors. Neutron strength, total fluence rate and ambient 

dose equivalent were compared, from this was found that shielding 

conditions are better in the Primus model. 
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INTRODUCTION 
 

Although there are several methods to treat cancer the use of radiation 

therapy beams produced in a linear accelerator (LINAC) is the most 

common technique applied worldwide. [1] Linacs operating above 6 MV 

produce photoneutrons which are by far the most significant secondary 

particles in the dosimetry of treatments; however some think that 

photoneutrons are only important above 15 MV. [2, 3] 

 

In the LINAC electrons are accelerated using 6, 8, 10, 15, 18, 20, 25 and 28 

MV, the electron beam is utilized to treat tumors, when tumor is deep 

seated electrons are switched by hard bremsstrahlung X-rays. During 

treatment the X-ray beam is shaped by using a collimator, in the case of 

Mevatron this is two pairs of jaws that can create a square or rectangular 

irradiation area, while Primus has a multi leaf collimator (MLC) which can 

create irregular irradiation areas; in Figure 1 both collimators are shown. 

 

 

 
Figure 1.- LINAC’s collimators 
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Neutrons are mainly produced in the LINAC’s head through (�, n) reactions 

occurring in different materials such as target, beam flattener, collimators 

and shielding. Outside the head, photoneutrons are also produced in the 

couch, patient body and vault walls. 

 

During interaction between photons and linac’s head nuclei fotons collide 

with a neutron inside nucleus and neutron is released, these are the knock 

on neutrons, in another reaction photon release its energy in the nucleus 

and is evenly distributed between all nucleons, when this energy is larger 

than binding energy the neutron is produced, this are named evaporation 

neutrons. In case of W targets the photoneutrons produced inside the head, 

in terms of maximum energy of electrons, are shown in Figure 2 for 8, 10, 

15, 18, and 25 MeV. 
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Figure 2.- Photoneutrons spectra produced in tungsten-made targets 
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Information about the dose due to neutrons in patients is important to 

estimate the risk of cancer due to radiotherapy procedures; also it is 

important to verify the air exchange system performance to eliminate 41Ar 

and to estimate activation products due to neutrons in the bunker walls 

during facility decommissioning. 

 

The aim of this work is to measure the neutron spectrum inside the 

treatment room, and behind the door as 600 monitor units are applied in a 

water phantom and to check the differences between Mevatron and Primus 

models. 

 
 

MATERIALS AND METHODS 
 

Inside a strong of pulsed radiation field the active neutron detectors present 

large dead times and pulse pileup, to avoid this researches normally used 

passive thermal neutron detectors [4, 5]. This neutrons deliver an 

undesirable dose in the patient [6]. In this work the neutron spectrum was 

measured with a Bonner sphere spectrometer (BSS) with two pairs of 

thermoluminiscent dosemeters, TLD 600 and TLD 700, as thermal neutron 

detector [7]. BSS was located as shown in Figure 3. 
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Figure 3.- Experimental setup. 

 

In the couch a 30x30x40 cm3 water phantom was located and the isocenter 

was fixed at 10 cm depth in the phantom. Outside the vault rooms, by the 

doors, the neutron spectrum was measured with the BSS, here a 6LiI(Eu) 

scintillator was used as thermal neutron detector. 

 

This work was done in two 10 MV linacs, one is a Siemens Primus while 

another is a Siemens Mevatron. Measurements were carried delivering 600 

monitor units (6 Gy) at the isocentre in a 10 x 10 cm2 irradiation field. 

 

With a neutron area monitor Berthold LB6411, the ambient dose 

equivalente, H*(10), was measured outside the doors. A drawback of 

Bonner sphere spectrometer is the need of using a code to unfold the 

spectrum from the detector’s signal rate; nowadays there are several 

options to unfold the spectrum like FRUIT code [8]. Here, the neutron 

spectra were unfolded using the BUNKIUT code and the UAZTLD [9] and 

UAZLII [10] response matrices. 
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RESULTS AND DISCUSSION 
 

In Figure 4 the neutron spectra at 100 cm from isocenter of Primus and 

Mevatron linacs are shown. Both have two peaks, one for thermal neutrons 

and another between 0.1 and 1 MeV, this peak is the “signature” of 

evaporation neutrons, while thermal and epithermal neutrons are due to 

neutrons leaking-out the linacs’ heads, scattered by water phantom, couch, 

and room-return [10-12].  
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Figure 4.- Neutron spectra at 100 cm of isocentre. 

 

In Figure 5 the neutron spectra outside the doors are shown. Leaking-out 

neutrons through the doors are mainly thermal due to maze in each room 

and the shielding features of the doors. Both spectra look alike due to 

neutron moderation and thermalization occurring in the maze and the door. 

In this figure can be noticed that total fluence rate leaking out from 
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Mevatron vault is larger than Primus, this is mainly due to source strength 

and vault design. 

 

Door
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Figure 5.- Neutron spectra at the doors sites. 

 

In Table I, the neutron source strength, the total fluence rate, at 100 cm 

from isocenter and behind the doors, are shown. Here is also included the 

H*(10) measured with the neutron monitor area in the doors. 

 

Table I.- Neutron features in Primus and Mevatron LINACs 

 

Feature Primus Mevatron 
Q 

[n/Gyx] 
1.10E(10) ± 8% 4.33E(10) ± 8% 

φ (1 m) 
[cm-2-s-1-Gyx

-1] 1.03E(5) ± 7% 4.21E(5) ± 8% 

φ (door) 
[cm-2-s-1-Gyx

-1] 6.1 ± 0.6 14.4 ± 1.4 

Η∗(10) door 
[μSv-h-1] 3.76 ± 0.23 9.31 ± 0.27 
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Although both 10 MV linacs are from Siemens the designs are different. 

Differences are in the head and in the room dimensions. Mevatron vault 

size is smaller than the size of Primus linac treatment room. 

 

Comparing the source strength, Q, and the total neutron fluence a 100 cm it 

can be noticed that Mevatron values are almost 4 times larger than values 

measured in the Primus. Comparing the total neutron fluence measured in 

the doors and the H*(10) Mevatron values are roughly 2.4 times larger than 

values measured in the Primus. 

 

 

CONCLUSIONS 
 

In literature the warning due to the presence of photoneutrons in linacs is 

mainly focused when the energy is larger than 10 MV, however due to Giant 

dipole resonance and materials commonly found in linacs, patients and 

treatment rooms, photoneutrons are produced even in linacs operating at 6 

MV. 

 

Two 10 MV linacs operating at the same conditions produce a neutron field 

that show evaporation neutrons peaked between 0.1 to 1 MeV, also there 

are epithermal and thermal neutrons due to neutrons leaking out from head 

and transporting inside the vault.  

 

The presence of thermal neutrons is mainly due to room return that produce 

the same amount on neutrons regardless the location inside the vault. 

 

Inside the vault the neutron fluence rate is larger in the Mevatron model due 

to head design. 
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Outside the room neutron spectra are mainly epithermal and thermal, and 

the total fluence is small due to shielding effect of vault maze and door. 

These are leaking neutrons that should be reviewed in order to avoid 

unnecessary dose to hospital staff. 

 

By comparing the total neutron fluence rate, the H*(10) by the doors the 

Primus linac have better shielding conditions that Mevatron linac, this is 

mainly due to vault design.  
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