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Abstract 
The Korea Multi-Purpose Accelerator Complex (KO-

MAC) operates a 100 MeV proton linear accelerator, 
providing a high flux proton beam at the TR103, a general-
purpose irradiation facility. Ensuring uniform irradiation of 
sample with protons is critical, necessitating confirmation 
of beam profile uniformity through the quality assurance 
(QA) process. To address this, a real-time and in-situ pro-
ton beam profile monitoring system was recently intro-
duced and tested at the TR103. This system includes a P43 
phosphor screen and TE-cooled CMOS camera, which cap-
tures images of the emitted light from protons with ener-
gies of 20, 50, and 100 MeV incident on the screen. Subse-
quent post-processing, such as background subtraction, im-
age smoothing, geometrical correction, was performed on 
the image data. The measured beam profiles using the 
phosphor screen and cooled camera were then compared to 
those obtained using Gafchromic filmTM, a widely used do-
simeter in radiation measurements. Additionally, the line-
arity between light output and beam flux was measured to 
establish a quantitative relationship. This study presents 
the test results of the proton beam profile measurement us-
ing the phosphor screen and TE-cooled CMOS camera, 
demonstrating its potential as an effective tool for quality 
assurance in proton beam irradiation experiments at the 
TR103 facility.  

INTRODUCTION 
Since 2013, KOMAC has operated a 100 MeV proton 

linear accelerator, facilitating various proton beam irradia-
tion experiments. To ensure optimal experimental condi-
tions and minimize irradiation errors, a rigorous quality as-
surance (QA) process for proton beam profiling is essential 
to achieve uniform proton irradiation within the sample. 
The uniformity criteria, defined as the difference between 
the maximum and minimum intensity divided by the mean 
intensity, must meet a threshold of 10% within the target 
diameter. 

The TR103, a general-purpose irradiation facility at KO-
MAC, has used film dosimetry for beam profile QA. How-
ever, film dosimetry lacks real-time and in-situ monitoring 
capabilities due to the need for scanning to acquire beam 
profile data and its susceptibility to saturation under con-
tinuous irradiation of high-flux proton. To address these 
limitations, a recent advancement introduced the use of a 
P43 phosphor screen and TE-cooled CMOS camera for 
real-time and in-situ proton beam profile monitoring. 

This study aimed to verify the accuracy of the P43 phos-
phor screen and CMOS camera system and integrated it 
into the quality assurance process. An experiment was con-
ducted to capture the light response of the phosphor screen.  

EXPERIMENTS AND DISCUSSTION 
Phosphor Screen and Cooled Camera 

Proton irradiation tests were performed at TR103 with a 
flux of approximately 1010 to 1011 particle/(cm2∙pulse). The 
pulsed proton beam was accelerated to energies of 20, 45, 
and 102 MeV, and its energy was attenuated by 15, 42, and 
100 MeV, respectively, as it passed through the beam win-
dow and air before reaching the target point. The beam pro-
file monitoring system primarily consisted of a phosphor 
screen, where light is emitted as protons deposit energy, 
and a real-time capturing camera. The phosphor screen was 
positioned 1.5 m away from the beam window, tilted at a 
45-degree angle relative to the beam path, while the camera 
was placed 1 m perpendicular to the screen for real-time 
imaging of the emitted light (Fig. 1).  

The phosphor screen used in this study consisted of a 
P43 (Gd2o2S :Tb) layer on an Al substrated, providing a 
detection area of 310 mm ×  310 mm and a peak wave-
length of 545 nm [1]. With a decay time of 1 ms to 10% 
and high light efficiency, the phosphor screen proved sui-
table for real-time light emission detection. The TE-cooled 
CMOS camera (ASI183MC Pro, ZWO) utilized in the se-
tup had a sensor size of 13.2 mm ×  8.8 mm and a ther-
moelectric cooler capable of cooling sensors down to  
-10℃ [2]. Figure 2 illustrates the arrangement of the P43 
phosphor screen and the camera. To minimize image noise 
and avoid saturation at high light outputs, the camera 

Figure 1: View of general-purpose irradiation facility,
TR103 (top) and configuration of device layout (bottom). 
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settings were optioptimzed, utilizing the lowest ISO and 
appropriate exposure time.  

 
Figure 2: Setup of the P43 phosphor screen. 

In general, the presence of hotspots in an image is directly 
related to the amount of radiation accumulated in the sensor. 
Cooled cameras demonstrated improved radiation re-
sistance due to the reduction of leakage current in defective 
sensors with decreasing temperature [3]. To validate the 
noise reduction effect in the high-radiation setting, an ex-
periment was conducted to measure the number of hot pix-
els while cooling the pixels decreased accordingly and 
eventually stabilized at -10 ℃, as depicted in Fig. 3. 

Image Post-Processing 
To enhance the accuracy of beam profile measurements, 

a series of post-processing steps were employed to approx-
imate the actual beam shape from the raw image data, as 
illustrated in Fig. 4. Initially, the raw image contained the 
white screen background and the grid, which are elimi-
nated by subtracting pre-captured background images. Ad-
ditionally, a Gaussian filter was applied to smooth the im-
age. Considering the 45-degree tilt of the phosphor screen 
from the beam path, the length ratio of the horizontal axis 
was adjusted to reconstruct the actual beam shape. To es-
tablish X-Y coordination by converting pixels to millime-
tres, a Region of Interest (ROI) was selected, and the actual 
length of the ROI was divided by the number of pixels cor-
responding to that length. 

An algorithm was developed to calculate the intensity 
uniformity within the diameter and identify the position at 
which the uniformity of a given diameter is minimized. A 
dedicated software tool was designed to facilitate the se-
lection of beam profile image and streamline the post-pro-
cessing of image data, as depicted in Fig. 5. These 
measures collectively contributed to increasing the accu-
racy and reliability of the beam profile measurements. 

Figure 4: Post-processing of image data using Python. 

Figure 3: The number of hot pixels as a function of camera
temperature. 

Figure 2: Setup of the P43 phosphor screen. 
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Table 1: Minimum Uniformity, FWHM and Sigma of the 
Beam Profile Measured by Phosphor Screen and Film for 
Each Incident Proton Energy 

Proton Beam Profile Measurement 
 To compare the beam profiles obtained from the phos-

phor screen and film, both were subjected to 5 pulses of 
proton beam and subsequently normalized based on the 
maximum intensity value. Figure 6 presents the horizontal 
and vertical beam profile plots as measured by the phos-
phor screen. Gaussian function fitting was employed to 
evaluate the value of sigma and full width at half-maxi-
mum (FWHM) for the beam profile data. The minimum 

uniformity values within the Region of Interest (ROI) for 
diameters of 30 mm and 50 mm were calculated. Table 1 
displays the minimum uniformity, FWHM, and sigma val-
ues of the beam profiles measured by the phosphor screen 
and film for each incident proton energy.  

At incident energies of 42 MeV and 100 MeV, both the 
1D profiles obtained from the phosphor screen and film 
display differences of less than 2 mm in both directions, 
while the uniformity of the 2D profile show differences 
within 10% for both diameters. In the case of the incident 
energy of 15 MeV, the 1D profile demonstrates differences 
of less than 3mm in both directions, and the 2D profiles 
exhibits differences within 20% for both diameters. These 
results indicate a good level of agreement and consistency 
between the beam profile measured using the phosphor 
screen and film method across various incident proton en-
ergies. 

A test was conducted to verify the linearity between light 
output and beam flux. The faraday cup and phosphor 
screen were utilized simultaneously to measure beam flux 
and light output as the beam pulse width was increased. 
The beam fluxes were obtained as a function of light output 
for each proton energy and then normalized by the maxi-
mum value. Figure 7 illustrates the linearity between beam 
flux and light output for each proton energy. The corre-
sponding R-square values for 100 MeV, 42 MeV, and 
15 MeV were found to be 0.995, 0.991 and 0.961, respec-
tively. The results demonstrated a satisfactory linearity be-
tween beam flux and light output across the entire range 
without any signs of saturation. However, it was observed 
that as the proton energy decreases, the linearity of beam 
flux and light output diminishes due to the influence of 

  15 MeV 42 MeV 100 MeV 
  HD

-V2 
Scree

n 
HD
-V2 

Scree
n 

HD
-V2 

Scree
n 

Uni-
formity 
in 30 
mm-∅ 
(%) 

 11.9 9.8 7.5 7.3 6.2 6.5 

Uni-
formity 
in 50 
mm-∅ 
(%) 

 31.1 25.6 20.2 19.8 16.1 17.1 

FWHM
-her 
(mm) 

 25.3 28.4 34.5 34.8 36.1 37.1 

FWHM
-ver 
(mm) 

 33.7 34.5 33.6 34.5 38.7 37.1 

𝜎-hor 
(mm) 

 21.5 24.2 29.3 29.5 30.4 31.9 

𝜎-ver 
(mm) 

 33.7 34.5 34.5 34.5 38.7 37.1 

Figure 6: The horizontal and vertical beam profile plots
measured by phosphor screen. 

Figure 5: Uniformity calculation result window of beam
profile analysis software. Software calculates the uni-
formity of intensity and find the position at which the uni-
formity of a given diameter is minimized. 
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high linear energy transfer (LET), resulting from the low 
proton energy, which causes a quenching effect on light in-
tensity [4]. 

CONCLUSION 
For real-time and in-situ proton beam profile monitoring, 

the integration of a P43 phosphor screen and a TE-cooled 
CMOS camera was implemented. To validate the accuracy 
of this monitoring system and incorporate it into the quality 
assurance process, an experiment was conducted to capture 
the light response of the phosphor screen using the CMOS 
camera. The acquired beam profile data from the phosphor 
screen were compared with those obtained using 
gafchromic film. Post-processing of the image data 
involved background subtraction, image smoothing, 
geometrical correction, and the selection of Region of 
Interest (ROI) and X-Y coordination. 

Comparison of beam uniformity measured using the 
phosphor screen and film revealed that incidents with en-
ergies of 42 MeV and 100 MeV displayed differences 
within 10% in both diameters, while the incident energy of 
15 MeV exhibited a difference of approximately 20% in 
both diameters. The linearity between light output and 
beam flux was found to be excellent, demonstrating a con-
sistent relationship throughout the entire range without any 
indication of saturation. 

Overall, the introduction of this novel beam profile mon-
itoring system is expected to facilitate in-situ quality assur-
ance processes, providing real-time monitoring capabilities 
and improving the accuracy and reliability of proton beam 
profiling at the facility. 
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Figure 7: Beam flux as a function of light output for proton
energy of 100, 42, 15 MeV. 
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