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INDUSTRIAL INFORMATION

economy economy

The Adaptive
Enterprise

New media

IT services
Portals

Chips nology
Operating systems 4 e science
______ WWW aterials

SCIENCE Solid state physics | O
Materials science facilities are keys to the new economy

(gestation)

1750s 1850s 1950s 2050s Year

It's Alive - The Coming Convergence of Information, Biology, and Business Christopher Meyer 2003



\O TYPE OF PARTICLE ACCELERATORS /

Each generation built on the accomplishments of the
previous ones raising the level of technology ever higher

-

106 eV

107 eV

100 Tev = 1980 -Tevatron @ Fermilab

10 TeV Synchrotrons 980 GeV
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Swiss Light Source | e

X-ray scanning

* Medical Applications: e.g. Photon, Neutron and Proton

Y Therapies, MRI and NMR

%


https://www.aps.org/units/dpb/news/edition4th.cfm

Nuclear research Medical Isotopes

Non nuclear research [} RS \

Radiotherapy

~ 60 Photon
sources

Industry

+3 Proton LINAC
for Neutron
Sources

Colliders

"Medical Applications” by C.Biscari
0’ gt ; and L. Falbo CERN-2014-009
EPP 4M ter

VEPP 2000

@
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More than 35,000 Accelerators in the world 20000
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Fig. 8: Growth of hadrontherapy centres and treated patients in the last 60 years



Research
Laboratories

Universities

Particle
Accelerators

Industries

All 3 Pillars are needed to design, build, commission a particle accelerator
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5- Cooling systems to remove
use of superfluidity for superconducting magnets and cavities

(vic)r2

electrons

protons
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eat dissipated in accelerator components;

“Newton” “Einstein”
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Particle

— ’ beam Courtesy Caterina Biscari
ASP2018

6- Beam diagnostics to provide information about the beam intensity (current),
position, beam profile and beam loss

/77- Control system to record and control each equipment



ENGINEERING DESIGN

ESS Materials Handbook

ESS Document Number: ESS-0028465

Engineering process approach:

Requirements and Specifications

* This i)

provides safe, cost-effective and Engineering H‘E“ﬂmme”‘
reliable desig ns. Requirements and Specifications Review

: : . Je
* The implementation flexible to loop System Design

within the given sequences. N

Engineering Design Review

®

Editor Yong Joong Lee Target Division

s
Authors Yong Joong Lee Target Division

Monika Hart] Scientific Activitis Division “Damage Types  Deseription Procurement and Implementation

Neutron induced displacement damage Change in material properties correlated with dis- "-L‘
placement damage caused by high neutron fluence Testin g and Validation
Proton induced displacement damage Change in material properties correlated with dis- o l, )
lacement damage c d by high intensity prot ,
Last Update on July 9, 2020 ffﬁmen anage catised By TSk IIEHSy proton Rel 00 ti
elegse TO Lperaticns
Thermal neutron capture Change in material properties correlated with solid Flease to Lperations
transmutations by thermal (E < 0.625 V) neutron -.lz
capture - N T
Fast neutron induced functional degradation  Degradation of material functionality correlated with Final Documentation
high fast (£ = 0.1 MeV) neutron fluence
Helium embrittlement and swelling Brittle behaviour and swelling of material due to high
helinm production rate caused by hadron irradiation
Radiation dose and dose rate Change in material properties correlated with
hadron and gamma induced dose and dose rate

Reviewers Giinter Muhrer Group Leader, Spallation Physics Group

Approver Rikard Linander Head of Target Division

towards Revision 6

Table 2.2: Radiation Damage Types



https://news.fnal.gov/2019/08/know-your-fermilab-engineering-manual/




Epcam 7 TeV

Luminosity 2 10%* cm2.s!
Circumference 26.7 km =

Bending field S 83T - ilggggt-ss

Superconductor Nb-Ti @ 1.9K
1232 SC dipoles, 400 SC quadrgﬂgles
120 tons helium (of which 80 superfluid)

il

Tunnel was built in 1985 for the LEP

CERN

“T =" ATLAS
- Point 1

Luminosity vs. energy of colliders
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Inner Outer
Cable Cable

28
1.065 mm

Number of strands

7,600 km of cable made of 270,000 km of strand

(6 earth circumferences)
- filaments : 6 times back and forth to the Sun + 150 trips.
to the moon

Strand diameter
Filament diameter 7 Mm 6 Im
Number of filaments ~ 8900
= ' : O3 TR Cable width 15.1 mm
?" ey - \ B - - _ & Mid-thickness 1.900 mm
‘ - s Keystone angle 1.25° 0.90°

s
)
\
\

Transposition length 115 mm 100 mm

Ratio Cu/Sc
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* Critical system for LHC performance. The system operation and maintenance should

K\D CRYOMAGNET SYSTEM SAFETY SPECIFICATION /‘

O remain and e.g. escape path, absorbed radiation dose, embrittlement,

polymer prop. decay.

* Equipment, instrumentation and design shall comply with the CERN requirements

Radiological - Use materials resistant to the radiation rate permitting an estimated
machine lifetime, even in the hottest spots, exceeding 7 years of operation at the baseline
luminosity of 1034cm-2s-1

Personnel safety: Keep residual dose rates on the component outer surfaces of the
cryostats below 0.1 mSv/hr

Apply the ALARA principle (As Low As Reasonably Achievable)

Risk Analysis - Failure Mode and Effect Analysis (FMEA), Use the Maximum Credible
Incident (MCI) = Worst case scenario




\) Engineering process approach:
\ RADIOLOGICAL RISK e s st

Jr
Engineering Risk Aszessment
J
/ I d e ntlfy & Assess Requirements and tjfemfn::atn:unz Review
System Design
O 0} = ‘ . = . . ..l’ . E‘ .
Simulations: Geometry, material (e.g. density) Franeeme Desgn e
‘ Procurement and Implementation
Jr
Power density estimation fesrg e
Release to Operations
¢
Final Documentation

Mitigation
b

Component design optimization

b

Operation parameters optimization

|

Maintenance Modes

“Protecting LHC IP1/IP5 Components Against Radiation Resulting
from Colliding Beam Interactions”, by N.V. Mokhov et. al


https://news.fnal.gov/2019/08/know-your-fermilab-engineering-manual/

25

20 -

3

1500 2000 2500 3000 3500 4000 Element & -I'Egiﬂll IfIl]:l P {“-r] D ﬂ{{:ﬁ ‘E,T)

_— Pipe 0.841
Bore 1.994
Helium 54 45-58.83 0.108 523.2
Jack 0936 310.6
Ins+vessel 0.488
=9 cm 1.014 74.18
r=15cm 54 485-58.795 | 0.470 20.85
r=30 cm 0272 6.074

=» Maximum of 12.5 mW /g (or 100 MGy/yr) at 15 cm (z=1960 cm)
is determined by photons and electrons coming to the absorber

Radial distribution Of CIZimehQ”y 9 For Compqrison . Arc mdgnet ~ ] Gy/yr
averaged dose (Gy/yr)



Dose rate (mSv/hr)

107 1 day
. E —— 30 days
Averaged over surface residual dose rate O 100 days
. L ---- 1year
(mSv/hr) on the Q1 side (z=2125 cm, bottom) T o ears %
of the TAS vs irradiation and cooling times. ST \
10 E -",.:
; 1hr #hr 1day 1wk 1mo 1yr 10yr \\;
o Ll WIS N '
7 3 r' 5 5 7 B
10 10 10 10 10 10 10 10 10

Cooling time T_ (sec)

additional radiation shielding -1;¢
» Material choice: e.g. PEEK ature gas seal
The c radHard né (neutron irradiation
experiment pe ‘values close to 101> neutrons/cm?,
corresponding to 2.10 _
- Operating Modes: Process control w/ and for each operating mode

written based on lessons learned
systematical performed
were defined, e.g. control and restricted modes




software and hardware interlocks

Courses

« Awareness and preventive







Te . 4,&?:1! TATiont @
Moo N P s ﬁ?wwww"u
LA LR . [oi—ﬂ,—a&‘ﬁ»}a"

P fé.k flux”éso-l 00 brigﬁier
than the ILL

Total cost: 1843 MEuros 20,'32 ¥



Access to water
cooled
shielding blocks

LINEAR ACCELERATOR (SRF)

(SEE ALSO OCTOBER 21, 2020)

oating on
target (<200 C)

Specification:

00t

/".

| V SRF Linac ‘2 K) - Radiation-hard

~allesssmm—— 352 21 MHz ~allsm— 704 42 MHz
€24m> €46m> €38m> €39m> | €56mM> €« 77Tm > < 179m =5 5 Components
Source TEBT) FQ MEBT, “ Spokes Medlum B ngh 3 ]
36N - 216 MeV s 2000 MeV _

‘_"n_ materials,
Instrumentation,)
- Risk Analysis
- Preventive
maintenance and
monitoring

6835 1&1835 16835 21835 26835 31835 35835

'SUITE AU PROCHAIN EPISODE ...

Figure 5 - Absorbed dose maps for 50, 110 and 190 cm from the beam centre [Gy,

Position z [cm]




dico.cern.ch/event/926503/

ew DC

RF Linear Accelerato

RF Superconductivity for Accelerator, H. Pa W

An introduction to particle accelerators, E.J.N. Wilson, Oxford Univ. Press, 2001

An introduction to the physics of high-energy accelerators, D.A. Edwards & M.J. Syphers, Wiley, 1993

The principles of circular accelerators and storage rings, P.J. Bryant & K. Johnsen, Cambridge Univ. Press, 1993



http://www.npap.eu/
http://uspas.fnal.gov/materials/materials-table.shtml
http://cas.web.cern.ch/cas
https://indico.cern.ch/event/656460/contributions/2680773/attachments/1683510/2705982/Caterina_Introduction_to_Accelerators_2018.pptx
https://indico.cern.ch/event/926495
https://indico.cern.ch/event/926500/
https://indico.cern.ch/event/926502/
https://indico.cern.ch/event/926503/
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—> Launched in August 19
- 2272 learners enrolled

NORDIC PARTICULE ACCELERATOR PROJECT
(NPAP.EU)

MOOC?2: Fundamentals of

accelerator technology

- Launched in March ’19
- 2000 learners enrolled

Erasmus Plus Project of
Excellence & Best Practice

MOOC3: Medical Applications

of Particle Accelerators
- Launched in Nov. ’18
- 3067 learners enrolled

@ 6 October 2020

Accelerators for Synchrotron Light
Light and Light Sources

Accelerator to make light

The development of accelerators for
synchrotron light

Photon light sources and MAXIV
Synchrotron radiation

Bending magnets, wigglers and undulators
Free Electron Lasers

Spallation source and ESS
Introduction and neutron science
European Spallation Source
Particles Colliders

Introduction to Particles Colliders
The LHC and its experiments

Linear Colliders

Future Circular Colliders

Plasma Wakefield (to be completed)

RF-System
Introduction to RF-systems

RF cavities

Waveguides

RF Amplifiers

More about cavities

Magnets technology for accelerators

Magnets partl/2/3

Beam Diagnostics

An overview

Beam intensity and position
Transverse Beam Profile
Longitudinal Beam Profile
Beam Loss Monitoring

Basics of Vacuum techniques
An overview and motivation

Residual gases and vacuum regions
Vacuum equipment
Other vacuum components

Introduction to the course and radiotherapy
Introduction

Biological rational for radiotherapy

Intro. to the electron linac for radiation
therapy

Electron Linacs for radiation therapy

The multi-energy electron Linac structure
Dose delivery to the patient

Proton therapy 1

Rationale of proton therapy

Accelerators for proton therapy

Treatment delivery of proton therapy
Proton therapy Il and production of medical
radionuclides

Heavy ion therapy

Challenges in pr. th. and heavy ion th.
Introduction to medical radionuclides
Production of medical radionuclides



https://www.coursera.org/learn/fundamentals-particle-accelerator-technology/?utm_medium=email&utm_source=other&utm_campaign=opencourse.qpc6hYZNEeaG-BL9miwwYw.launch
https://www.coursera.org/learn/medical-applications-particle-accelerators
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EXAMPLE

MOOC2: FUNDAMENTALS OF ACCELERATOR

TECHNOLOGY

https:/ /www.coursera.org/learn /fundamentals-particle-accelerator-technology

About this Course

5,694 recent views

Did you know that particle accelerators play an important role in many functions of todays society and that there
are over 30 000 accelerators in operation worldwide? A few examples are accelerators for radiotherapy which
are the largest application of accelerators, altogether with more than 11000 accelerators worldwide. These
accelerators range from very compact electron linear accelerators with a length of only about 1 m to large

SHOW ALL

WHAT YOU WILL LEARN

« Youwill learn the basic technology of You will understand the basic principles for
particle accelerators. how particles are accelerated, and how
they can be guided.

" Youwill learn about different ways to You will learn about vacuum: Why we need
monitor the beam. vacuum in accelerators; Where particles
that give rise to pressure comes from; How
one create vacuum

100% online
Start instantly and learn at your own
schedule.

Flexible deadlines
Reset deadlines in accordance to your
schedule.

Intermediate Level

lasic physics at undergraduate level

Approx. 17 hours to

complete
Suggested: 4 weeks of study with 5-8
hoursfweek

English

Subtitles: English




Fundamentals of
particle accelerator
technology (NPAP
MOOC)

Content

@ Edit Content
Course Resources
Discussion Forums
Learning Objectives
Asset Library
Plugin Manager
Versions

Feedback
Grading
Scheduling

Messages

Courses Specializations Institution

Introduction to RF-systems

Reading: Introduction
Published © 10m

® Video: General introduction
] ( Published ) @ 2m
Reading: Basic concepts 1
] ( Published ) © 10m
Quiz: Quiz Introduction
9 ( Published ) & 6m
@ Video: Outline of the RF-system

7 ( Published ) & 2m

Quiz: Qutline of RF-system
a 7 ( Published ) @ 6m

©® Video @ Reading @ Quiz @& More -~

RF-cavities

® Video: Pill-box cavities
- Published ) & 5m

@ Reading: A mathematical description of the pillbax cavity
— e —

Groups

e christine.da

Expand all
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Particles
/

Standing elec agnetic wavg

(;) h'r'rps //drlve google.com /open2id=160EDKsTJiZruNpGNoDuuOhvxLYfOfafW




RF Quadrupole Drift Tube Linac

Tuning
plunger

If f >10 MHz, the DTL acts like an
antenna and radiates energy
instead of using it for the
acceleration

K (HOM only) = 0.34¥/pc Ll e

" R/Q (fundamental) = 265 Q/cell B89 Qicell 5
Qext(fund )= 3x 10

R83mm

Bl j\i
F zann | ?«m‘ \\yj.m.._,ls' e

EM fields enclosed in a cavity with

e i
( d) ‘\f resonant frequency matching that

of RF generator

Post coupler

Cavity shell

Copper Storage Superconducting
Ring Cell B-Factory Cell
Shape Shape
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Detector

- Synchrotrc
Space charge effect bec ¥\ Quadrupole

* Cover range where particle velocity is nearly cst. " RF cavity
e.g. LHC, Tevatron '

Dipole

%



article.
1ds and
S, that are

)
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ons, having zero electrical charge,
with electrons,
and so they cannot directly cause ionization by
this mechanism.




ACCELERATOR

Radioactive inventory from activated air from prompt radiation with beam losses of 1 W/m

./

55 resenss monmomg

15 DAC max (14 GBq) in the tunnel during operation and beam on (1 W/m loss) with renewal HVAC = 0 (with rHVAC = 0.5, 10 GBq corresponding to 9 DAC)

Prompt radiation

Beam on - full beam loss

400 mSv/h max on berm Closest area off site — max 4 mSv/h

T

.....

()

2 uSv/h max on berm

Beamon -1 W/m loss

Closest area off site — max 2 nSv/h

Shielding
(concrete + earth)




TARGET

Radioactive inventory
Monolith area

prompt and residual dose rate

Designed to attenuate with a
criterion of 3 pSv/h

.

Dose map of the target wheel

{irradiated 5 years + 14 days of

cooling time) in the active cell.
(2000 Sv/h contact)




SS

() radioactive inventory and prompt radiation

i Total activity of all samples used in

: neutron scattering experiments

neutrons HHH *

Detectors /

c!n

7 ¢ Designed to attenuate with a
: criterion of 3 uSv/h




Polyimide

PEEK

Polyurethane rubber (PUR)
Ethylene=propylene rubber (EPR/EPDM)
Styrene ~butodiene rubber (SBR)
Polyethylene lerephtholate copolymers
Cross=linked polyolefins
Polychloroprene rubber

Ethylene vinyl acetate (EVA)
Polyvinylchloride (PVC)
Chiorosulfonoted polyethylene
Acrylominile rubber

Polyethylene /Polyolefin (e g PE/PP.PO)
Acrylic rubber (EAR.EEA)

Silicone rubber (SIR)

Butyle rubber

Perfluoroethylene -propylene (FEP)
Polytetrofluoroethylene (PTFE)
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Basic concepts in radiation protection

e Person occupationally exposed to radiation (> 1 mSv/y)
— Category A workers: > 6 mSv/y
— Category B workers: < 6 mSv/y

e Supervised area: area with dose > 1 mSv/y
(accessible to categories A and B workers)
e Controlled area: area with dose > 6 mSv/y

(accessible to categories A workers, and with limited stay
to category B workers)

* Exposure situations:

— risk of external exposure only (sealed radioactive
sources, radiation generators, for example X-ray tube)

— risk of internal and external exposure (use of
unsealed radioactive sources)

M. Silari — Radiation Measurements and Dosimetry — ASP 2020



Classification of radiological areas at CERN i

Ambient dose equivalent
rate . m[:c:nou “‘

Area
Work Low

place occupancy

d”;’;;n .

o Supervised | 6m3v | 3 pSv/h UDL | -

L Dosmétre obligatow T

<

s Simple 20 mSv | 10 uSv/h | 50 ySv/h

:‘S LIMITED STAY 8

5 Limited Stay | 20 mSv 2ANS VIR s¢0ur e <

st e WS =1 P

High | B
Radiation i 1 mavh 3:::;::::::::*“ S F=| é
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Legal dose limits and dose constraints @; )
established at ESS

RADIATION PROTECTION LEGISLATION

ESS Supervised Area

As Low As Reasonable

Achievable, and in any case
less than:

Individual dose £ 2 mSv(?)

1 New dose limits in accordance with European directive 2013/59, new Swedish regulations from February 2018.
2 ESS objective is 10% of dose limit




