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OSU FLASH Team



Timeline for Ohio State’s Flash Adventure

2020

IntraOp FLASH Mobetron

2021

Small Animal Research

2022

Varian FLASH 
Research Extension 

(FLEX) Toolkit

2023

Proton FLASH with 
Varian ProBeam



Contents

 Configuration, Hardware and Collimation
 Dosimetry Tools and Beam Data Acquisition
 UHDR Production and Pulse Parameters
 Stability across pulse parameters
 Summary and needs for standardization
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IntraOp Mobetron
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• X-band Mobile pulsed electron linear 
accelerator 

• IORT Configuration
• 9 MeV Conventional, 9 MeV and 11 MeV 

UHDR (> 40 Gy/s)
• Standard SSD = 50 cm, cones from 3 cm 

to 10cm 



eFLASH Mobetron
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Dpp > 8 Gy
Mean Dose Rate > 500 Gy/s

Dpp > 3 Gy
Mean Dose Rate > 200 Gy/s

Standard Collimators (2.5 – 6 cm)

Custom Collimators (2.5 – 6 cm)

ConfigA, SSD=18.3cm ConfigB, SSD=35cm

Presenter Notes
Presentation Notes
  



Dosimetry 
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EBT-XD Film Alanine Adv Markus ACCT



Alanine Dosimetry
 Electron paramagnetic resonance (EPR) dosimetry system

• Stable signal
• Wide dose range (1Gy – 100 kGy)
• Linear dose dependance
• Dose per pulse independent

Gondre et. al. (2020) Optimization of Alanine Measurements for Fast and Accurate Dosimetry in FLASH Radiation Therapy
https://www.nist.gov/programs-projects/basic-metrology-dosedose-rate-effects-alanine-dosimetry



9

ACCTs

• measure induced current of electrons passing through them. 
• can be used for characterization and verification of pulse 

parameters
• fast instantaneous response can be used for active dosimetry.



Dosimeter Cross Comparison
 Film and Alanine 
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 Film and Adv Markus @ Extended SSD



Daily output stability tests

 Extended SSD ~ 100 cm on the laser device 
 2000 MU warmup, 1us PW @ dmax for output, 3cm depth for energy
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Presenter Notes
Presentation Notes
. 
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UHDR Beam Data Acquisition with Film
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Dose distribution considerations

Clinical Configuration Max DPP Configuration



Mobetron UHDR delivery 
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Time 
(s)
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Total Delivery 
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Pulse Duration (s) x Dose Rate (Gy/s) = Dose-per-pulse 
(Gy)

Dose-per-pulse (Gy) x Number of Pulses = Total Dose (Gy) 

Total Dose (Gy) / Total Delivery Time = Mean Dose Rate 
(Gy/s) 

Temporal Coincidence of RF and Gun waveforms 

RF

Gun

ACCT A

ACCT B



Dose and Dose Rate Interdependence

 𝐷𝐷 𝐺𝐺𝐺𝐺 = 𝑁𝑁 ∗ 𝐷𝐷𝐷𝐷𝐷𝐷 60 𝐻𝐻𝐻𝐻, 4 𝜇𝜇𝜇𝜇 ∗ 𝑃𝑃𝑃𝑃𝑃𝑃 ∗ 𝑔𝑔 (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝑆𝑆𝑆𝑆𝑆𝑆)
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𝐷̇𝐷
𝐺𝐺𝐺𝐺
𝑠𝑠

=
𝐷𝐷 𝐺𝐺𝐺𝐺

𝑁𝑁 − 1
𝑃𝑃𝑃𝑃𝑃𝑃 𝐻𝐻𝐻𝐻 + 𝑃𝑃𝑃𝑃 𝜇𝜇𝜇𝜇



Optimizer Demo
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Characterizing PW 
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• Nominal PW (labels on the dial) does not necessarily correspond to 
Measured PW 

• Consequently, change in dose is not linear with change in nominal PW



Standardization in Pulse Parameters
 initially saw change in Dpp with PRF and drop in the last pulse for 90 Hz. Worked with vendor 

to achieve better stability across PRFs.   
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𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 @ 𝑃𝑃𝑃𝑃,𝑃𝑃𝑃𝑃𝑃𝑃
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 @ 4µ𝑠𝑠, 60 𝐻𝐻𝐻𝐻



Variable PW Adjuster
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• There is now also the ability to fine tune output by changing the pulse width. 
• We characterized the response of this device with ACCTs 
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Pulse-to-Pulse Stability 
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Changes in energy with PW, PRF 

Nominal PW (µs)
1 1.6 2 3 4

R80 (cm) 2.9 2.8 2.7 2.6 2.6
R50 (cm) 3.5 3.4 3.4 3.3 3.2
R30 (cm) 3.9 3.8 3.8 3.6 3.6
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 Every machine is tuned differently – comparison with 
Moeckli et al data 

 Ours even has different hardware (older SSM)
 Matching parameters is difficult due to discretized nature 

of parameters and different Dpp across machines
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Cross comparison between institutions 



 Standardization in characterization and reporting of pulse 
parameters 

 Efforts to homogenize machines 
 Inter-institutional comparisons are needed 
 Traceable primary standards for dosimetry 
 New QA standards need to be developed for when pulse 

parameters are changed 
 Additional QA requirements for ACCT, Alanine, Film etc

dosimetry
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Summary of Needs for Standardization



Thank You!
To learn more about Ohio State’s cancer 
program, please visit cancer.osu.edu or 

follow us in social media:

And please visit the Department of Radiation 
Oncology at radiationoncology.osu.edu
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