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Learning Objectives

Basic understanding of Neutron Physics as it is affected by
1 Energy, Incident Angle, Target and Shielding Material
How to use Workload data effectively and conservatively

Regulatory Overview
1 Regulatory Limits vs Design Criteria
1 Understand why Shielding Calculations are Facility Specific

Available Calculation Methods and Benchmarking, with some
how-to guidelines

Effects of FLASH and Proton Arc on shielding
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Big Picture Goals
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Future Proofing and Margins

7 Quality Assurance
1 Daily, weekly, quarterly checks
1 Treatment plan verifications
1 Change of patient capacity
1 More efficient treatment
1 Operating hour extension
1 Robustness

1 change in patient population on E vs proton loss, and
then on annual dose

1 Service processes
7 New treatment methods or R&D
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ldeal Shielding Design Process PAEISSINER

Input: Shield Optimization Output:
RevitE 3D model RevitE 3D n
Source Terms s . 22 con Safe Shield

Clinical Use Case

Fast
No Misunderstandings about Shield-Geometry
Validate Shield Penetrations (Ventilation etc)
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Some Physics Background
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Radiation Production Processes

Protons i1 nteract with materi al
1 inside the accelerator,
1 Energy selection system and beamline,
1 Beam shaping at the patient: range shifters, collimators, modulators
1 PBS nozzles typically do not use these devices
1 patient, phantom

éand create secondary radiatio
1 Neutrons, charged particles, protons, gamma - only if the machine is on,
1 Activation remains when the machine is off (gamma and beta)

Radiation shielding is concentrating on neutrons
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Total Neutron Yield per Proton (n/p)
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Radiation Production Processes MEISSNER

CONSULTING

Proton hits target Nucleus
1 Intra-Nuclear Cascade (INC)

1  Cascade of reactions within nucleus
1 Large fraction of E transferred to few nucleons
1 Forward peaked nucleon emissions, new INC
1 Evaporation of Nucleons and
2o Fragments
' Spalyion side 1 Isotropic emissions (n, U, d, 2)

W "1 Activation and decay

Excited nucleus
Evapomtlon

Charged particles are quickly stopped
C neutrons, gamma

Source: modified from irfu.cea.fr
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Attenuation Processes In the shield AEIEShIR
Shielding Wall >
Relativistic and Inelastic Scattering Elastic Scattering  Neutron Capture
Fast Neutrons Dominant Dominant < 1 MeV 0.025 eV to ~ keV
>> 20 MeV / 1NO va A kE < 5;0 MeV ];?é anlcorel\ale S/nfd Thermal absorption
eutron kinetic ; eV for
(S:aslcl:a;jes P energy is lost in other materials 5&5 grrg)%gtn
paliation (n. n) collision to excite Neutron kinetic Emission of
Evaporatiaf: - nucleus energy lost is Amma ra
activation Gamma ray transferred to J V. _
A High Z materials nucleus Good materials:
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Neutron Field

Direct neutrons, cascade neutrons
1 Typ > 20 MeV, up to incident p-Energy

1 lower energy neutrons continuously generated in
shield

¢ Forward focused

Evaporated neutrons:
17 1-10 MeV, peak 1-2 MeV, isotropic
1 Elastic and inelastic scattering

Few thermal Neutrons in unshielded field

After shielding, dominantly
thermal, 2 MeV and 100 MeV peaks
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Effect of Shielding

Shielding of neutrons Rattenual
Exponential attenuation curve

Half-value (HVL) or
tenth-value layer (TVL)
1 Each TVL of shielding material reduces the dose by /10 . .. . | .
1 TVL depend on neutron energy, and therefore on E, and d Wll thickness d (e
1 TVL for neutrons from@or 150 MeQ protons in concrete ranges from*
ﬂor9lcm akd:0° . ..

dose / dose

- 4
9 83 cm or66em atd~45°-90° K /
9 56 cm or45cm at d ~ 90° - 135° : . // ==
7 43cm or[35cm at d > 135ﬂ . s

* Source: DIN 6875-20
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Summary of Physics AEISSINER
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Source: NCRP 144 Pariopans @ per’ ey Y(Ep, d,material); TVL(Ep, d)
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Regulatory Overview
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Regulated: Effective Dose E

tissue-weighted sum of the equivalent
doses in all specified tissues and
organs of the human body

Effective Dose E cannot be measured,
cannot be used as quantity for
radiation monitoring

Operational Quantity H*(10) is used for
assessing E

Ambient dose H*(10) vs Effective
Person dose

1 Occupancy factors T

PTCOG 58 - © 2019 Meissner Consulting GmbH


https://en.wikipedia.org/wiki/Equivalent_dose
https://en.wikipedia.org/wiki/Equivalent_dose

