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A Little Accelerator History

Van de Graaff

* DC Acceleration (1929)

1927: Lord Rutherford requested a N -

“copious supply” of projectiles more metacombat / Te 4N
energetic than natural alpha aEiEs o=y [l T
particles. At the opening of (S ~
High Tension Laboratory, R e il

went on to reiterate the goal ===
e

“What we require is an ap
give us a potential of the orc
million volts which can be s
accommodated in a reasonalil
room and operated by a few [
power. We require too an exji8
tube capable of withstanding
voltage... I see no reason wtl
requirement cannot be made practical.”
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Cockcroft and Walton

* Voltage Multiplier
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FIG. 2.11  Accelerating tube and target arrangement of the Cockecrofi-
Walton machine. The source is at D; C is a metallic ring joint between
the 1wo sections of the constantly pumped tube. The mica window closes
the evacuated space. Cockeroft and Walton, PRS, 4136 (1932), 626.

Converts
DC vol

Fermilab (recently decommissioned)

ﬁ
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The Route to Higher Energies

"The Need for . ;
AC Systems... ERETEY Zain = q- b

_ - DC systems limited

to a few MV
Circular Accelerator X 1ﬁ|~7>
-+ =

7
I:IEJ O_> I

j{(qﬁ) - ds = work = A(energy)

Linear Accelerator

i_ ﬁ—ﬁ > To gain energy, a time-varying field is required:

""""""""""" : f E.ds— _9 f B.-dA
— Ot
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Speed, Momentum vs

speed
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Oscillating Fields

=The linear accelerator (linac) -- 1928-29

-Wideroe (U. Aachen; grad student!)

- Dreamt up concept of “Ray Transformer” (later, called the
“Betatron”); thesis advisor said was “sure to fail,” and was rejected
as a PhD project. Not deterred, illustrated the principle with a
“linear” device, which he made to work -- got his PhD in engineering

-50 keV; accelerated heavy ions (K+, Na+)
- utilized oscillating voltage of 25 kV @ 1 MHz

=The Cyclotron -- 1930's, Lawrence (U. California)
-read Wideroe’s paper (actually, looked at the pictures!)

-an extended “linac” unappealing -- make it more
compact:

! /- . \ 11 inch diameter
W ; T 4.5 inch 7 ),
R ALF. diameter! @ ) N
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The Cyclotron

A charged particle in a magnetic field, B,
moves in a circular path of radius r at a
speed v. The time to orbit once is

T = 2nr/v.

The force due to the magnetic field is R EO. Lowrence.
F=evB = mvir K.E. = 80,000 eV'! 1931
thus, r/v = m/eB
andso, T=2mm/eB £

Oscillate the voltage with a frequency fo
and adjust the magnetic field until T =
1/fo.

As the particle passes the gap, it gets
accelerated, circulates on a slightly
larger orbit, but the time to go around
remains fixed.

Eventually, the orbit gets big enough
that the particle leaves the device.

1,800 V power supply

SPS Meeting 22 September 2014 MJS

Accelerator Physics Career 7



MICHIGAN STATE

e =l e e e

UNIYERSITY

60- mch Cyclotron, Berkeley 1930 S
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National Superconducting Cyclotron Lab

* First use of superconducting magnet (MSU)

technology in a major particle accelerator —
K500; next was K1200

- Accelerating “dees” of the K1200 c cIron

1

The K500 superconducting
cyclotron, early-1980’s;
Note the compact size
compared to earlier picture
of 184" cyclotron(!), which

was-of-comparableemergy et >
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Cyclotrons

*Relatively easy to operate electromagnet
and tune (only a few (north pole)
parts). acceleration

* Tend to be used for gapx - - particle’s

isotope production and hollow electrode path
places where reliable and chambers
reproducible operation are
Important charged particle
*Intensity iIs moderately |
high, acceleration rarget
efficiency is high, cost low —@
o . alternating
*Relativity Is an issue, so current
energy is limited to a few source electromagnet
hundred MeV/u. (south pole)
* RIKEN Superconducting FipeE e

Ring Cyclotron 350 MeV/u http://images.yourdictionary.com/cyclotron
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Meeting up with Relativity

* The Synchrocyclotron (FM cyclotron) -- 1940's

> beams became relativistic (esp. e) --> oscillation frequency no longer
iIndependent of momentum; cyclotron condition no longer held
throughout process; thus, modulate freq.

* The Betatron -- 1940, Kerst (U. lllinois)
> Induction accelerator

fE ds = B-dA

- used for electrons

- beam dynamics heavily studied ~ 2 MeV; later models --> 300 MeV
» “pbetatron oscillations”

* The Microtron --1944 Veksler (Russia)

...‘ \ .... ‘. -. . ._. ....-_ a
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The “Modern” Linear Accelerator

] . T .
. . - ) @ ) @ﬁ
* Alvarez -- 1946 (U. California) G T Y
> cylindrical cavity with drift tubes O P §
> particles “shielded” as fields change sign — . T
> most practical for protons, ions o T =
> Gl surplus equip. from WWII Radar technology O@ — Jfr Y
S e
* Traveling-Wave Electron Accelerator -- e —
T - - T = _
¢.1950 (Stanford, + Europe) O@ " ) & %
s, Aq S
> TMo1 Waveguide arrangement NS —INS = ANe—a ]”
D
> Iris-loaded cylindrical waveguide e TMo
- match phase velocity w/ particle velocity... N i1 2o I“
Abe bbb,
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Time varying: we
can use many
..&cavities in series!

__.-"'l' i

_—

« Resonant cavities reduce 1t power
consumption, increase gradient and
efficiency

w [ [ ong cavities (with many gaps) are
W u generally more efficient

Stored EM energy U «E}?
Quality Factor Q=U/P=I/R,

A. Facco —FRIB and INFN SRF Low-heta Accelerating Cavities for FRIB MaU 470/2017
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LALL ARk - Fermiian

Normal vs. Superconductlng CaV|t|es

Normal conducting
Cu cavity (@ 300K
R ~ 107 0
O~10¢
Superconducting
Nb Cavity @ 4.2K
Ra' ~10° 2 LNL PIAVE 80 MHz, /=0.047 QWR
o~10°

Superconductivity allows

« great reduction of rf power consumption even considering
cryogenics (1W at 4.2K ~ 300W at 300K)

« the use of short cavities with wide velocity acceptance

A. Facco —FRIB and INFN SRF Low-beta Accelerating Cavities for FRIB MSU 1052077

ﬁ
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Superconducting Cavities

* Can use regularly spaced cavities when partlcle velocity is not changing much --
l.e., whenv ~c¢ |

* For “slow” particles, in which velocity changes are dramatic between
accelerating gaps, various solutions/designs...

vr ! ’I,II-'-'I

“ZHn s
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Different Arrangements for Different Particles

* Accelerating system used will depend upon the evolution of the
particle velocity along the system

> electrons reach a constant velocity at relatively low energy
- thus, can use one type of resonator

> heavy particles reach a constant velocity only at very high energy
- thus, may need different types of resonators, optimized for different velocities

e 05IIMeV o of -
D OBMI § wr -
9 ~200000MeV oy o |
i | | | | —lUrarLium-

0l l 0 100 ke it e’

™ -1 1 R T ™
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Fixed Target Energy vs. Collider Energy

O ®Beam/target particles:  Ey = mc?

Fixed Taroget Collider
E:ﬁ EU:D E:ﬁ Er_.ﬁ
> @ r—> o ————s
R &
E*, § E*,0
E*Z — % 2ND p. o E E 2
(") + (e = [Eo+E] e

= E2+42EoE + (E2 + (pc)?)

m*c® = V2 Ey[1+qp7]'/? B o
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For Highest Elementary Particle Energies...

Vv
* ... the Synchrotron -- late 1940’s @

> RF powered cavity(ies); Radar power sources | |
> keep R = const.; increase B ( = p/eR) R R

> 1t in U.S. was at G.E. research lab, 70 MeV L ~ $\ i
/| E N
i T t T
A o
* principal of phase stability L‘ \ \\\ B //

> McMillan (U. California) 3-‘ T
> ... and Veksler (again) l

Lazs

> arrive late, gain energy; arrive early, get less --
- restoring force -> energy oscillation

> as strength of B raised adiabatically, the oscillations will continue about
the “synchronous” momentum, defined by p/e = B.R for constantR:

Synchrotron Oscillations
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A Synchrotron

LS T T L= Magnets
{ o Weseerr™ | T Bt steer the
particles
In a
circle

- “Cavities” make|
% electric fields, =~
- acceleratethe =

- particles ooster Synchrotron,

“Fermilab (Batavia, IL)

IMSA’s Intersession 2015 MJS Particle Accelerators for Science



Synchrotron (cont’d)

> As the electromagnet fields are slowly increased, the particle @
will be accelerated by the cavity enough to keep its

momentum in step with the magnetic field and keep the orbit
radius constant:

E

B

mv?’R=evB ==>R = mv/eB

I—>
= pleB
The quantity “B - p” is called the magnetic rigidity. What frequencies do we
need?
Bp=p/q =~ Tm- pgey/qg Let’s say v ~ c,
and say R=1m
for a particle of charge e; divide by @ if charge is Qe. then,
f=v/2m

= (3 x 103 m/s) / (2mlm)
=5x107/s =50 MHz

FM Radio Stations: 88 - 108 MHz!
thus, we use RF cavities and power sources
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The Large Colliders

e T ; T PR
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Experiments want “collisions/events” -- rate?
>

0 Fixed Target Experiment:rR = (E) .p-A-£-Ny - Nyeam

PNABNbeam »>
=0 LaD

A /

eX.: £ = pNalNoeam = 10**/cm? - 100 cm - 10™° /sec :[1039(:11128603

o Bunched-Beam Collider: 5 _

N particles

61034611128661 for LHC)]
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0

Bunched beam iIs natural in collider that

“accelerates” (more later) BN2
=0

A fo = rev. frequency
B = no. bunches

In ideal case, particles are “lost” only due to
“collisions™:
BN = —ﬁ E n, (n = no. of detectors

receiving luminosity £)

So, Iin this ideal case, .@) =



o Since R=L-XY then, #events = /g(t )dt - %
0 S0, our integrated luminosity is

/ £(8)dt = oh e Gl

Ty BN

asymptotic limit:

=3
oBN

A
I

Luminaosity (fmicrobarn’sec)
Integrated Luminosity (/pb)

i




Large Hadron Collider (LHC)

- Lol i -
- - - .

Spallation Neutron Source (Sl

Winter Session 2015 MJS USPAS: Accelerator Fundamentals 32



The Linac -- Again

Electrons Detectors Electron source

Undula_mr

# ; g . .
- i 5 -:I:\'_- y
'.a oy |:_'- ' .
i -
AEREES F
o

Y Li naCS for e+/_ | N I ..... I. Beam delivery system |
> ILC, CLIC —e ey e

» avoid synchrotron radiation ~30 km
> damping rings produce very small beams at interaction

'Resgralennttsuse of Linacs for large p and ion accelerators...
*SNS; FRIB, ESS
*high current/intensity/power for use in high rate/statistical experiments

"For flexible program at FRIB --> Superconducting CW Linac

*very unique features -- low velocities, large range of particle species, high
current via multiple charge state acceleration, challenging charge stripping,...

P ———————————————————————————————
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MSU'’s Facility for Rare Isotope Beams (FRIB)

ECR lon Sources
Room Temperature RFQ Accelerator

B=0.041 Quarter Wave Resonators

3=0.085 Quarter Wave Resonators

Target Beam Delivery System

== Superconducting Bend

B=0.53 Half Wave Resonators

B=0.29 Half Wave Resonators

Cryogenic Distribution Line

Charge Stripper
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Modern Accelerators

> The High Energy Physics (HEP) era -- SLAC, CESR,

Tevatron, LEP, KEKDb, PEP II, SSC, LHC, ...

@ Also, modern-day Nuclear Physics -- NSCL,

RIKEN, ATLAS, CEBAF, RHIC, FRIB, ... ... ...

Emergence of other interests -- medicine,
defense, industry -- light sources, neutron
spallation sources, medical cyclotrons (proton
therapy, etc), ... ... ... ...

» Someone did a better job ...

> where do those 1 Joule cosmic rays come
from?



(ves, ~ every 100 years!)

Visible Baryons < 1%
Dark Baryons < 10%

From page 257 of

"The Extravagant T _
Universe” Contents of the Universe
by Robert Kirshner

Measurements suggest equivalent density of universe is about 6 protons/m?

However, baryonic matter can only account for about 1 proton per 4 m?
Note: inter-stellar space, within local galaxy, is about 1 million protons per m?



Why go through all this?

> Accelerators are used to probe the
universe, with obvious spin-offs for other
applications

s Future large-scale accelerators may/will
be used to probe deeper into space and
time

> Energy, mass, (gravity?,) other
fundamental properties are somehow
intimately related



The Livingston Plot (1954)

152 HIGH-ENERGY ACCELERATORS
time. Further extrapolation of this exponentially rising curve
would predict truly gigantic sceelerators which would excesd

wwernment laboratories,
ALTERNATE GRADIENT FOCUSING itil the prezent machines

10,000,

Id are frequently asked,
r-and-higher-energy ac-

ized that it is not the
iz growth, but the pres-
horizons of selence. As
Nature which might be
1 as long as the seientific
ere will be a steady and
bz and instruments re-

T rrimmm T

o -
- =
—
S

~0 T TTTT

L | T
°' 5 940 B0 60

FiG. 7-8. Exponential rise in energy attained with
accelerators during the past 25 years.

of the plot is the approximately linear slope of this envelope,
which means that energy has in fact increased exponentially
with time. The rate of rise is such that the energy has increased
by a factor of 10 every six years, from a start at 100 kv in 1929
to 3 billion volts in 1952,

It is interesting to extrapolate this curve into the future,
to predict the energy of accelerators after another six years.
We have reason to hope that either the Brookhaven orthe CERN
A-G proton synchrotrons will have reached 25 Bev by that

FTTRTH

TP




Livingston Plot

Evolution of (human-
controlled) Particle
energies (per nucleon):

@ pre-electricity -- 103
m/s --> W =5 meV

circa 1900 --
100 keV

circa 2000 --
W = 10,000 GeV

circa 2100 --
W --> 1012 GeV ?

2200 --
(101° GeV)

E ion

Planck " "

need BREAKTHROUGH!

Particle Encrgy

1000 TeV

100 TeV

10 TeY

1 TeV

100 GeV

10 GeV

0 MeV

1D MeV

I MeV |

Proton S$torage Rin
lequivalent energy

Protoxn

Synchrotrons
| /

Electran
Synchrotrons
N

El-z-lal.n:mx

Cyclotrons

1930 1950

Year of Commissioning
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What are the Next Step

Example: Lawrence Berkeley Lab —
Laser Wakefield Acceleration

RESEARCH|NEWS —

ab a-z index | phone book

search: Ly

September 25, 2006 newis releases | receive our news releases by email | science@berkeley lab

a Billion Electron Volts in 3.3 Centimeters
Highest Energies sam [ aser Wakefield Acceleratios

Contact: Paul Preuss, (510) 4B6-6248, paul_preussimibl.gow

BERKELEY, CA = In a precedent-shattering demonstration of the potental of laser-wakefield acceleration,

scientists at the Department of Energy's Lawrence Berkeley Mational Laboratory, working with colleagues . .
at the University of Oedford, have accelerated electron beams to energies exceeding a billion electron volts 30 GeV/m, Compared to 30 MeV/m in present SRF CaVIty

(1 ZeV) in a distance of just 3.3 centimeters. The researchers report their results in the October issue of dGSIgnS
Nature: Plysice. e ... and, small momentum spread (2-5%) as well

By comparison, SLAC, the Stanford Linear Accelerator
Center, boosts electrons to 50 GeV over a distance of two

miles (3.2 kilomebters) with radiofreguency cavities whose

accelerating electric fields are limited to about 20 million 3 .: heafer pulfse

volts per meber.

The electric field of a plasma wawve driven by a laser pulse
can reach 100 billfon volts per meter, however, which has
made it possible for the Berkeley Lab group and their
Cxford collaborators to achieve a 50th of SLAC's beam
energy in just one-100,000th of SLAC's length.

This is only the first step, says Wim Leemans of Berkeley

Lab's Accelerator and Fusion Research Division {AFRD]).
"Billion=electron=volt beams from laser-wakefield

Bilkon-glaciron-volt, high-guality elaciron beams
heve bean produced with laser wakefiald
acoeleration in recent expeniments by Barkeley accelerators open the way to very compact high-energy
Lab's LOASIS group, in collaboration with experiments and superbright free-electron lasers.”

scientists from Ciford Univarsity.
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Future High Energy Facilities

* Groups around the world are looking into the
next steps toward even larger accelerators for
fundamental physics research

* Next-generation
Hadron collider

* Next-generation
Lepton collider

view from France into
Switzerland, showing existing
LHC complex (orange) and a =
possible 100 TeV collider ring >
(yellow) e | |
photo courtesy J. Wenninger , S .
(CERN) ' - =
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Higher Energy iIs not the Only
Game Iin Town

2 Many processes that wish to be studied or utilized are not
necessarily at the highest energies, but rather are rare
events thus requiring high beam intensity/current/power

@ Many modern large-scale accelerators are moving toward
intense beams rather than just pushing the energy
envelope

® LHC: 7 TeV x 3x1014 = 340 M] stored energy
@ put power in the collisions is “only” ~1.3 kW
@ SNS: 1 GeV proton beam @ 1 mA beam current = 1 MW

@ FRIB: 200 MeV/u uranium beam @ 0.65 mA beam
current, but 238 u and Q=78/particle --> 0.40 MW



Beams & Rings for Precision

Measurements

 Magnetic Dipole Moment of Muon E98%9fermilab)
> creation of highly-polarized high-purity muon beam

> inject into precision storage ring, monitor
precession of spin direction (as muons decay)

> past MDM measurement theory disagree at ~30

sigma level

Ring arrives at

3-D design of 3.1 GeV
muon beam transport

Fermilab from ‘ “g-2"” storage
NY ring as
assembled at
Brookhaven
National Lab
(NY)
8 '.';:?:.
* Electric Dipole Moments Lo TN
> investigating designs of all-electric storage rings for i\ ?jl
storing elementary particles or ions for detection of o A
weak EDM signals (non-zero value would imply new Nl o2
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Wait, There’'s More!

And, of course, not all applications are in high energy or
nuclear physics!

Basic energy sciences as well as industrial applications
make up the bulk of our field, in terms of number of
accelerators and arguably their direct impact on society

@ ~26,000 accelerators worldwide*

@ ~1% are research machines with energies above 1
GeV; of the rest, about 44% are for radiotherapy,
41% for ion implantation, 9% for industrial processing
and research, and 4% for biomedical and other low-
energy research*

*Feder, T. (2010). "Accelerator school travels university circuit". Physics Today

63 (2): 20. Bibcode 2010PhT....63b..20F. doi:10.1063/1.3326981


http://controls.als.lbl.gov/als_physics/Fernando/FSannibaleWebSite/Teaching/USPAS/USPASHighLights/PhysiscsTodayUSPAS_Feb2010.pdf
http://en.wikipedia.org/wiki/Physics_Today
http://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2010PhT....63b..20F
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1063/1.3326981
http://controls.als.lbl.gov/als_physics/Fernando/FSannibaleWebSite/Teaching/USPAS/USPASHighLights/PhysiscsTodayUSPAS_Feb2010.pdf
http://en.wikipedia.org/wiki/Physics_Today
http://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2010PhT....63b..20F
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1063/1.3326981

Light Sources

“Brilliance” is the figure of merit

Very similar to luminosity: | :




Accelerators
ﬁor /_\mer\Ca S
Future

Winter Session 2015 MJS

7 CHAPTER1

Accelerators for Energy and the Environment

CHAPTER 2
Accelerators for Medicine

CHAPTER 3
\ccelerators for Industry

ENTERFOLD

iventures in Accelerator Mass Spectrometry

IAPTER &
:elerators for Security and Defense

\PTER &

http.//www.acceleratorsamerica.org/

e Symposium and

workshop held in
Washington, D.C.,
October 2009

100-page Report
available at web
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http://www.acceleratorsamerica.org/

Accelerators: Essential Tools in Industry

lon Implantation

Accelerators can precisely deposit ions modifying materials
and electrical properties

Semi Conductors i —
CMOS transistor fabrication of essentially all 1C's
CCD & CMOS imagers for digital cameras
Cleaving silicon for photovoltaic solar cells

- Typical IC may have 25 implant steps KA -
Metals W aE

Harden cutting tools 85

Reducing friction N2 ions reduce wear

Bi als for impl and corrosion in this
iomaterials for implants i

Ceramics and Glasses N( ¥4 ’

Harden surfaces

Applied Materials, Inc.

Modify optics “u. N
Color in Gem stones! \ L x’ _
"“':-w a e
5 APT seminar, ADK, Maov 2014 - 1 .. FEI'ITIIlﬂh (courtesy R. Kephart)
o :"!:r
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MICHIGAN STATE

UNIYERSITY

Accelerators: Essential Tools in Industry

A wide-range of industrial applications makes use of low-energy
beams of electrons to drive chemistry

+ 0.1-10 MeV up to MW beam power
electrostatic, linac, betatron accelerators

Electron Beam Irradiation

Improved heat resistance of coatings, wire and cable,
crosslinking polymers, radial tires, etc)

1500 dedicated facilities worldwide

2= Fermilab

AFT saminar. ADKE, Moy 2014
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Accelerators: Food Preservation

Low-energy beams of electrons can help beat food-borne lliness

~6000 people/week are sickened,
and ~100/week die from food-borne
iliness in the U.S.

Food poisoning is estimated to cost
the US $152 billion a year.

Electron beams and/or X-rays
can kill bacteria like E. coli,
Salmonella, and Listeria.

Currently in use for: Spices,
fruit, lettuce, ground beef, milk,
juice, military rations...

Many more opportunities exist

Barriers = cost & public acceptance\

s <2 3¢ Fermilab
8 APT samingr, RDK, Moy 2014 1~ - -# i;.q_.g

W O6 OME WEEW O 5
NOT IRRADIATED HLRALIATLD
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Accelerators for Industrial Processes

Electron Beam Welding and Machining

Deep welds, low weld shrinkage

Dissimilar or refractory metals, etc

Widely used in automotive and aerospace industry
Drill 3000 holes/sec!

Weld gear
boxes
Harden
gears Jet engines &
10 APT seminar. ROK, Nov 2014 Gas turbines
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Accelerators for Defense

b

Dual Axis Radiographic Hydrodynamic
Test Facility, Stockpile stewardship
Los Alamos Nat. Lab

* Proton Radiography LANL: Imaging
materials in motion using x-ray and
particle beams

2= Fermilab

11 SPRT serminar, ROK. Moy 2014
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ladvcal Syshems

* More than two billion tons of cargo pass through U.S. ports
and waterways annually.

* Accelerators are used for cargo scanning and "active
iInterrogation” to detect special materials

2= Fermilab

*—*
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Accelerators in Medicine

Electron accelerator
Based X-Ray facility
For cancer treatment
(Varian Medical systems)

Rhodotron, commercial
electron beam accelerator used
For sterilization of medical devices

2= Fermilab

13 &FT seminar, HDK, Moy 2014
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. j’ i J
#1 % -
"3 .
53F Healthcore )
!_ ‘h

« “Turn key" cyclotrons produced by industry
are routinely used to produce short lived
radio-pharmacy isotopes for molecular
imaging ('8F, ""CO, ""CH4, 3N, 150, etc)

 PET =Positron Emission Tomography

14 AFT samimer, RO MNow 2014

2t Fermilab
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Accelerators In Medicine
Proton Cancer Therapy

Loma Linda Proton Therapy
and Treatment Center

World's 15t proton accelerator
built specifically for proton therapy

Designed and built at Fermilab

Technology | .
Demonstration > Industry

New compact SC
magnets {another
HEP
technology!)=»
smaller size/ costs

2= Fermilab

15  APT saminar, ADE, Ko 2014
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which brings us to ...

US Particle Accelerator School

Held twice yearly at venues across the country; offers graduate credit

at major universities for courses in accelerator physics and technology

Ui

Current Program

USPAS sponsored by

University of New Mexico

June 16-27, 2014

held in Albuguergue, New Mexico

View Defails >>

International School

Joint International Accelerator School
Beam Loss & Accelerator Protection
November 5-14, 2014

held in Newport Beach, California

View Defails >>

APPLY NOW

Next Program

USPAS sponsored by
Old Dominion University
January 19-30, 2015
held in Hampton, Virginia

Cross section of a Large Hadron Collider twin dipole.

U.S. Particle Accelerator School

Education in Beam Physics and Accelerator Technology

Accelerator Tutorials

How a Linear Accelerator Works - HD

AT =W

Winter Session 2015 MJS

< 0

How a Linear Accelerator Works - HD

http://uspas.fnal.

A complete history of USPAS university credit programs.

Date

Sponsoring University

| January 20-31, 2014

June 10-21, 2013
January 14-25, 2013
June 18-29, 2012
January 16-27, 2012
June 13-24, 2011
January 17-28, 2011
June 14-25, 2010
January 18-29, 2010
June 15-26, 2008
January 12-23, 2009
June 16-27, 2008
January 14-25, 2008
June 4-15, 2007
January 15-26, 2007
June 12-23, 2006
January 16-27, 2006
June 20 - July 1, 2005
January 10-21, 2005
June 21 - July 2, 2004
January 19-30, 2004
June 16-27, 2003
January 6-17, 2003
June 10-21, 2002

University of Tennessee

Colorado State University

Duke University

Michigan State University

University of Texas at Austin

Stony Brook University

Old Dominion University
Massachusetts Institute of Technology
University of California, Santa Cruz
University of New Mexico

Vanderbilt University

University of Maryland

University of California, Santa Cruz
Michigan State University

Texas A&M University

Boston University

Arizona State University

Cornell University

University of California, Berkeley
University of Wisconsin - Madison
College of William and Mary
University of California, Santa Barbara
Indiana University (held in Baton Rouge, LA)
Yale Universi
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The US Particle Accelerator School (USPAS)
trains specialist in Accelerator Science and Technology

"USPAS is recognized as world leading
Formed out of necessity
Present format since 1987 (60 Sessions, ~570 Courses)

"Holds two, two-week intensive school sessions per year:
Winter (January) Summer (June)

"Sessions move around country linked to hosting universities that provide
graduate credit

Fas U.S. DEPARTMENT OF OfﬁCE Df

EN E RG ' Science SM Lund, January 2018 Slide 57




Most USA specialists in Accelerator Science and Engineering pass
through USPAS several times

"Topics covered from basic to advanced specialized courses that cannot be
regularly taught at Universities

Superconducting Magnets Project Management

RF Cavities lon Sources

Software Controls Cryogenic Engineering
Space-Charge Effects ... and so much more ...

"A “critical mass” of selected and highly motivated students gather to learn

o

-f,"*"" i

-—" U.S. DEPARTMENT OF OfﬁCE Df

B\ EN E RG ' Science SM Lund, USPASm June 2018 Slide 58
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