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Join the APS and DPB!

• The American Physical Society (APS) and its
‣ Division of Physics of Beams (DPB)

- “strengthen the resume; show commitment to our 
profession; path to future leadership roles”

• NA-PAC and IPAC conferences — the DPB provides: 
• student support; childcare support; support for special 

conference (e.g., Women in Science and Engineering (WISE); 
support for International Travel

• Outstanding Doctoral Thesis Research in Beam Physics Award
• free first-year trial memberships for students and subsequent 

reduced rate student membership and early career membership
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https://www.aps.org/

https://www.aps.org/units/dpb/

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

https://www.aps.org/
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Other APS Membership Benefits
• Receive Physics Today magazine
• Reduced-rate conference fees at APS meetings
• Access to programs and benefits aimed to 

strengthen the physics community such as education 
and diversity programs 
‣ see https://www.aps.org/programs/index.cfm 

• Personal benefits such as group life and auto 
insurance

• Please consider!
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https://www.aps.org/units/dpb/

https://www.aps.org/programs/index.cfm
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Outlook for the Field
• Accelerator Magnets
• Accelerator Cavities
• Accelerator projects
• Future acceleration techniques
• Future accelerator applications

3
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Advancing Critical Currents in Superconductors

4

University	of	Wisconsin-Madison	
Applied	Superconductivity	Center

note:	“engineering”	
current	densities	will	
be	less	than	these	
“critical”	current	
densities
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Accelerator Magnets

5

carried out at the LBNL test facility, are shown in 
Figure 12 indicating low and incomplete training 
curves. Most quench origins were located at the end of 
the straight section just prior to the start up of the bend. 
A subsequent autopsy at that location showed an 
unintended step in the upper block (Fig. 13) created by 
the cable hard-way bend. In HD3 coils, under 
construction, the radius of the bend was increased to 
ease the bend and  a  supporting  “membrane”  was added 
between layers. Other test results including strain 
gauges measurements, training performance, quench 
locations, and ramp-rate studies are reported in [5]. 
Other improvements now include curing of coils (using 
a binder) to better position them prior to reaction. By 
reducing the reaction temperature of HD3 coils, a more 
conservative approach was taken by a corresponding 
reduction of the current density from 3300 A/mm2 

(12 T, 4.2 K) in HD2 to 3000 A/mm2 in HD3. The 
impact of all such changes reduced the short-sample 
bore field from 15.6 T in HD2 to 14.9 T in HD3. 
 

 
Figure 10: Magnet HD2 

 

 
Figure 11: Computed field magnitude of HD2 

 

 
Figure 12: Bore field (T) as a function of training 
quenches. The short sample limit of 15.6 T bore field 
corresponds to a coil peak field of 16.5 T. 

 

 
Figure 13: Cross-section cuts of HD2 coil #1 close to the 
beginning of the hard-way. 

Analysis 
LBNL has been developing 3D finite element models to 

predict the behaviour of high field Nb3Sn 
superconducting magnets [6]. The models track the coil 
response during assembly, cool-down and excitation with 
particular interest on displacements when frictional forces 
arise. As Lorentz forces can be cycled and irreversible 
displacements can be computed and compared with strain 
gauge measurements. Analysis on the release of local 
frictional energy during magnet excitation results in a 
temperature increase that can be calculated. Magnet 
quenching and training is then correlated to that level [7]. 
Figures 14-15 show the results of the analysis using the 
programs TOSCA and ANSYS. 

6

7

8

9

10

11

12

13

14

15

16

0 5 10 15 20 25 30 35 40 45 50

Bo
re

 fi
el

d 
(T

)

Training quench #

HD2a

HD2b

HD2c

HD2d

HD2e

Short sample limit 

P =
B2

2µ0

(4 T)2

8⇡10�7
= 6.4MN/m2 = 64 atm

(16 T)2

8⇡10�7
= 1000 atm

(20 T)2

8⇡10�7
= 1600 atm

(8 T)2

8⇡10�7
= 250 atm

(13 T)2

8⇡10�7
= 670 atm

magnetic	pressure:

quench	training:



Winter	Session	2018						MJS USPAS	Fundamentals

Advanced Magnet Design
• “stress management”
‣ “block” coils
‣ end designs are critical

• Canted Cosine Theta Design

6

LTSW2013, 4/11/2013  A. Ballarino 

The essential role of the superconductors  
in the search for higher energy  

Jeng a 400 A/mm2 

 
Nb-Ti up to  8 T 
Nb3Sn up to 13 T 
HTS up to  20 T  

Proceedings of MT-23 

HTS: more than 1500 tons 
procurement by 2030 

p 
Concept and models now  

34 

nested	arrangement	
of	canted	coils	can	
possibly	reach	fields	
up	to	16-20	T

Texas	A&M,	LBNL,	BNL,	CERN	…

LBNL
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Accelerator Cavities
• SRF (efficient, 30-50 MV/m)
•        vs. Cu (100-150 MV/m)

• development of production 
techniques
‣ surface treatments, 

doping of Nb to reduce 
Q-slope, etc.

• Nb-coated materials — 
lower cost SRF?

7

Grassellino,	et	al.
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Some Projects — Current and Envisioned
• FRIB (MSU)  200 MeV/u, 400 kW Facility for Rare Isotope Beams
• LCLS-II (SLAC)  4 GeV Linac Coherent Light Source upgrade
• FAIR (GSI) 34 GeV/u, 100 kW
• ESS (Lund)  5 MW European Spallation Source (2 GeV p linac)
• PIP-II (FNAL) 800 MeV p, MW-scale linac
• ILC (?? Japan ??)  500 GeV electron-positron collider
• CLIC (?? CERN?? ) 3 TeV electron-positron collider
• e- — ion collider (?? BNL?  JLab?) 5-20 GeV e- / 50-250 GeV ions
• FCC (?? CERN ??)  100 km Future Circular Collider 100 TeV pp
• China:  50-80 km ring(s), 240 GeV ee collider; 70-100 TeV pp
• DAEdALUS cyclotrons,  800 MeV
• NuSTORM / NuFactory / Muon Collider — neutrino, muon sources
• …

8
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Future Applications of Accelerators
• Energy — ADS
• Homeland Security
• Defense
• New Medical Techniques
• Isotope Production
• New industrial applications?

9
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Some Accelerator Research & Development
• Magnets and Cavities — efforts continue
• Energy Recovery Linacs (ERL) efforts

• Plasma Wake Field
• Photonic Band-Gap

• Laser/Plasma 
• Compact cyclotrons (3-D cyclotrons)
• …
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Figure 9: Band gap diagram of the 9.8-micron period fiber (defect R/a = 0.463, lattice hole r/a
= 0.363) fabricated by Incom Inc. showing location of TM accelerating mode as calculated with
BandSolve.

Figure 10: (a) Longitudinal and (b) radial electric field intensities calculated with the multipole
method for the TM defect mode of the 9.8-micron fiber.

16

Noble,	et	al.
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Extrapolating to the Future: Livingston Plot
• In 1954, M. Stanley Livingston 

produced a curve in his book 
High Energy Accelerators, 
indicating exponential growth in 
particle beam energies over 
“past” ~25 years;   

‣ the 33 “Bev” (GeV) AGS at Brookhaven 
and 28 GeV PS at CERN were 
underway, and kept up the trend

• The advent of Strong Focusing  
(A-G focusing) was key to 
keeping this trend going...

11
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The Past 40 Years

12
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Livingston Revisited

13
38 SPRING 1997

This relationship can be expressed
quantitatively. To examine matter at
the scale of an atom (about 10!8 cen-
timeter), the energies required are in
the range of a thousand electron
volts. (An electron volt is the energy
unit customarily used by particle
physicists; it is the energy a parti-
cle acquires when it is accelerated

across a potential difference of one
volt.) At the scale of the nucleus, en-
ergies in the million electron volt—
or MeV—range are needed. To ex-
amine the fine structure of the basic
constituents of matter requires en-
ergies generally exceeding a billion
electron volts, or 1 GeV.

But there is another reason for us-
ing high energy. Most of the objects
of interest to the elementary parti-
cle physicist today do not exist as free
particles in Nature; they have to be
created artificially in the laboratory.
The famous E = mc2 relationship gov-
erns the collision energy E required
to produce a particle of mass m.
Many of the most interesting parti-
cles are so heavy that collision
energies of many GeV are needed to
create them. In fact, the key to under-
standing the origins of many para-
meters, including the masses of the
known particles, required to make
today’s theories consistent is believed
to reside in the attainment of colli-
sion energies in the trillion electron
volt, or TeV, range.

Our progress in attaining ever
higher collision energy has indeed
been impressive. The graph on the
left, originally produced by M. Stan-
ley Livingston in 1954, shows how
the laboratory energy of the parti-
cle beams produced by accelerators
has increased. This plot has been up-
dated by adding modern develop-
ments. One of the first things to no-
tice is that the energy of man-made
accelerators has been growing ex-
ponentially in time. Starting from
the 1930s, the energy has increased—
roughly speaking—by about a fac-
tor of 10 every six to eight years. A
second conclusion is that this spec-
tacular achievement has resulted

1000 TeV

100 TeV

10 TeV

1 TeV

100 GeV

10 GeV

1 GeV

100 MeV

10 MeV

1 MeV

1930 1950 1970

Year of Commissioning

1990

P
ar

ti
cl

e 
E

n
er

gy

Proton Storage Rings 
(equivalent energy)

Proton 
Synchrotrons

Electron Linacs

Synchrocyclotrons

Proton Linacs

Cyclotrons

Electron 
Synchrotrons

Sector-Focused 
Cyclotrons

Electrostatic 
Generators

Rectifier 
Generators

Betatrons

A “Livingston p lot” showing acce lera tor
energy versus time , upda ted to inc lude
machines tha t came on line during the
1980s. The filled c irc les ind ica te new or
upgraded acce lera tors of each type .

from W. Panofsky. Beam Line (SLAC) 1997



Winter	Session	2018						MJS USPAS	Fundamentals

Possible Next Steps for High Energy Particle Accelerators 
with standard RF technology

• Very Large Hadron Collider (VLHC) -- 20x20 to 100x100 TeV (pp)
• International Linear Collider -- 0.25 x 0.25 up to 0.5 x 0.5 TeV (e+e-)
• Muon Collider -- generate beams of muons, accelerate (quickly!) to 

few TeV and collide

• Snowmass 2001 -- VLHC (no) vs. ILC (yes);    [µ-µ: too far away...]
‣ ILC more “complementary” to LHC; natural next step
‣ physics events easier to “disentangle” -- leptons vs. hadrons 
‣ ILC more affordable (???)

• Look at Linear Collider ...

Some ideas, around 18 years ago...

14
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ILC Conceptual Layout
• Use (part of) Main Linac to accelerate beams for positron production
• Use Damping Rings to generate small beams at low energy (~10 GeV) via Synch. 

Radiation -- makes flat beams, longer bunches than desired
• Beams travel length of tunnel, turn around (bunch compression) and enter Main Linacs
• Exit Main Linacs with E~250 GeV; deliver to Experiments

15
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ILC Conceptual Layout
• Use (part of) Main Linac to accelerate beams for positron production
• Use Damping Rings to generate small beams at low energy (~10 GeV) via Synch. 

Radiation -- makes flat beams, longer bunches than desired
• Beams travel length of tunnel, turn around (bunch compression) and enter Main Linacs
• Exit Main Linacs with E~250 GeV; deliver to Experiments

30 km

15
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Same limiting factors ...
• superconducting technology -- accel. cavities this time, not 

magnets
• high accelerating gradient (>35 MeV/m)
• Synchrotron Radiation

‣ effects obvious in e+e-;  hence, the L in ILC
‣ real estate vs. electric field strength

• stored energy an issue in LHC;     beam power issue in linac
• energy deposition at Interaction Points; backgrounds
• small apertures --> alignment tolerances (micron scale)
• requires very small beam sizes at collision point -- nm scale

‣ damping rings -- S.R. put to good use
‣ emittance exchange -- eliminate need for damping rings?

16
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• In attempt to 
compare  e- & p, 
switch to C-of-M 
view of constituents

• seeing a new roll-off 
happening

• driven by budgets, if 
constrained to 
present technology

• thus, need new 
technologies to 
make affordable...

17

adopted from W. Panofsky. Beam Line (SLAC) 1997

?

ILC

LHC

SSC
(÷ 8)

The Livingston Curve Again
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Lawrence Berkeley Lab Laser Wakefield Acceleration

• 30 GeV/m, compared to 30 MeV/m in present 
SRF cavity designs

• ... and, small momentum spread (2-5%) as well

01/30/2007 12:26 AMResearch News: From Zero to a Billion Electron Volts in 3.3 Centimeters - Highest Energies Yet From Laser Wakefield Acceleration

Page 1 of 5http://www.lbl.gov/Science-Articles/Archive/AFRD-GeV-beams.html

Billion-electron-volt, high-quality electron beams

have been produced with laser wakefield

acceleration in recent experiments by Berkeley

Lab's LOASIS group, in collaboration with

scientists from Oxford University.

lab a-z index | phone book

search:  

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

 

From Zero to a Billion Electron Volts in 3.3 Centimeters
Highest Energies Yet From Laser Wakefield Acceleration

Contact: Paul Preuss, (510) 486-6249, paul_preuss@lbl.gov

BERKELEY, CA — In a precedent-shattering demonstration of the potential of laser-wakefield acceleration,

scientists at the Department of Energy's Lawrence Berkeley National Laboratory, working with colleagues

at the University of Oxford, have accelerated electron beams to energies exceeding a billion electron volts

(1 GeV) in a distance of just 3.3 centimeters. The researchers report their results in the October issue of

Nature Physics.

By comparison, SLAC, the Stanford Linear Accelerator

Center, boosts electrons to 50 GeV over a distance of two

miles (3.2 kilometers) with radiofrequency cavities whose

accelerating electric fields are limited to about 20 million

volts per meter.

The electric field of a plasma wave driven by a laser pulse

can reach 100 billion volts per meter, however, which has

made it possible for the Berkeley Lab group and their

Oxford 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

accelerators open the way to very compact high-energy

experiments and superbright free-electron lasers."

Channeling a path to billion-volt beams

In the fall of 2004 the Leemans group, dubbed LOASIS (Laser Optics and Accelerator Systems Integrated

Studies), was one of three groups to report reaching peak energies of 70 to 200 MeV (million electron

volts) with laser wakefields, accelerating bunches of tightly focused electrons with nearly uniform

energies.

While the other groups employed large laser spot sizes and 30 TW laser pulses (TW stands for terawatts,

or 1012 watts), the LOASIS "igniter-heater" approach was quite different. LOASIS drove a plasma channel

18

Also, similar (but different) efforts at 
  U Texas, U Michigan, Stanford/SLAC,  
  elsewhere...



Winter	Session	2018						MJS USPAS	Fundamentals

• Staging Demo

19

Lawrence Berkeley Lab Laser Wakefield Acceleration
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In the Meantime, … FCC?
• Coming off of the successful first running of LHC, and the Nobel-

Prize-winning Higgs discovery, Europe is engaging the international 
community in studies of a Future Circular Collider

• China is also looking at large rings for its future

20

View	from	France	into	Switzerland,	showing	
existing	LHC	complex	(orange)	and	a	
possible	100	TeV	collider	ring	(yellow)	

photo	courtesy	J.	Wenninger	(CERN)

Parameters	are	a	50	TeV	x	50	TeV	
p-p	collider,	with	circumference	~100	km	
(about	same	size	as	the	Texas	SSC,	which	

was	a	20	TeV	x	20	TeV	collider)
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High- vs. Low-Field Magnets
• Possible that it’s 

more economic to 
build lower field 
magnets in a 
larger tunnel
‣ compare overall 

costs of the 
project

‣ upgrade paths

21

Large&circumference,.Low&field.
Op6miza6on.of.a.Future.Circular.Collider.

1.Michigan.State.Univ..

350.GeV.
e+e&.

100.TeV.
pp.

300.TeV.
pp.

!

Peter.McIntyre,.Saeed.Assadi,.Chase.Collins,.James.Gerity,..
Joshua.Kellams,.Tom.Mann,.Al.McInturff,.Chris.Mathewson,.Nate.Pogue,.

Akhdiyor.SaSarov,.Richard.York1.

Texas.A&M.University.
.

Can	world	organizations	get	behind	this	concept?
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Muon Colliders

22
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Looking Below the Curve
• Accelerator Facilities, and the 

need for scientists to develop, 
build, commission, operate, 
improve them have seen an 
enormous growth over the 
decades

• While peak accelerator energies 
continue to drive particle physics, 
much work to do and 
applications to develop at lower 
energies

• Many, many facilities and 
industrial uses are not shown 
here, but flood the area “below 
the curve”

23

38 SPRING 1997

This relationship can be expressed
quantitatively. To examine matter at
the scale of an atom (about 10!8 cen-
timeter), the energies required are in
the range of a thousand electron
volts. (An electron volt is the energy
unit customarily used by particle
physicists; it is the energy a parti-
cle acquires when it is accelerated

across a potential difference of one
volt.) At the scale of the nucleus, en-
ergies in the million electron volt—
or MeV—range are needed. To ex-
amine the fine structure of the basic
constituents of matter requires en-
ergies generally exceeding a billion
electron volts, or 1 GeV.

But there is another reason for us-
ing high energy. Most of the objects
of interest to the elementary parti-
cle physicist today do not exist as free
particles in Nature; they have to be
created artificially in the laboratory.
The famous E = mc2 relationship gov-
erns the collision energy E required
to produce a particle of mass m.
Many of the most interesting parti-
cles are so heavy that collision
energies of many GeV are needed to
create them. In fact, the key to under-
standing the origins of many para-
meters, including the masses of the
known particles, required to make
today’s theories consistent is believed
to reside in the attainment of colli-
sion energies in the trillion electron
volt, or TeV, range.

Our progress in attaining ever
higher collision energy has indeed
been impressive. The graph on the
left, originally produced by M. Stan-
ley Livingston in 1954, shows how
the laboratory energy of the parti-
cle beams produced by accelerators
has increased. This plot has been up-
dated by adding modern develop-
ments. One of the first things to no-
tice is that the energy of man-made
accelerators has been growing ex-
ponentially in time. Starting from
the 1930s, the energy has increased—
roughly speaking—by about a fac-
tor of 10 every six to eight years. A
second conclusion is that this spec-
tacular achievement has resulted
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   Particle Accelerators Around the
World
Please note that this list does not include accelerators which are used for medical or industrial
purposes only.

Please visit also the WWW Virtual library of Beam Physics and Accelerator
Technology, the Division of Physics of Beams of the American Physical Society,
and the Los Alamos Accelerator Code Group.

Sorted by Location

Europe

AGOR Accelerateur Groningen-ORsay, KVI Groningen, Netherlands
ALBA Synchrotron Light Facility (under construction), Barcelona, Spain
ANKA Ångströmquelle Karlsruhe, Karlsruhe, Germany (Forschungsgruppe

Synchrotronstrahlung (FGS))
BESSY Berliner Elektronenspeicherring-Gesellschaft für Synchrotronstrahlung, Germany
CEMHTI Conditions Extrêmes et Matériaux : Haute Température et Irradiation, Orléans,

France
CERN Centre Europeen de Recherche Nucleaire, Geneva, Suisse (LHC, PS-Division,

SL-Division)
CMAM Centro de Microanálisis de Materiales, Universidad Autonoma de Madrid, Spain
COSY Cooler Synchrotron, IKP, FZ Jülich, Germany (COSY Status)
CYCLONE Cyclotron of Louvain la Neuve, Louvain-la-Neuve, Belgium
DELTA Dortmunder ELekTronenspeicherring-Anlage, Zentrum für Synchrotronstrahlung

der Technischen Universität Dortmund, Germany
DESY Deutsches Elektronen Synchrotron, Hamburg, Germany (XFEL, PETRA III,

FLASH, ILC, PITZ)
ELBE ELectron source with high Brilliance and low Emittance, Forschungszentrum

Dresden - Rossendorf e.V. (FZD), Germany
ELETTRA AREA Science Park, Trieste, Italy
ELSA Electron Stretcher Accelerator, Bonn University, Germany (ELSA status)
ESRF European Synchrotron Radiation Facility, Grenoble, France
GANIL Grand Accélérateur National d'Ions Lourds, Caen, France (GANIL, SPIRAL2)
GSI Gesellschaft für Schwerionenforschung, Darmstadt, Germany

ELSA - Particle Accelerators Around the World http://www-elsa.physik.uni-bonn.de/accelerator_list.html

1 of 6 10/20/11 9:59 PM

Some Present Major Facilities

24

http://www-elsa.physik.uni-bonn.de/accelerator_list.html

CAMD Center for Advanced Microstructures and Devices, Louisiana State University
CENPA Center for Experimental Nuclear Physics and Astrophysics, University of

Washington, USA
CESR Cornell Electron-positron Storage Ring, Cornell University, Ithaca, NY
CHESS Cornell High Energy Synchrotron Source, Cornell University, Ithaca, NY
CLS Canadian Light Source, U of Saskatchewan, Saskatoon, Canada
CNL Crocker Nuclear Laboratory, University of California Davis, CA
FNAL Fermi National Accelerator Laboratory , Batavia, IL (Tevatron)
FSU John D. Fox Superconducting Accelerator Laboratory, Florida State University,

USA
IAC Idaho accelerator center, Pocatello, Idaho
ININ National Institute for Nuclear Research, Mexico
ISNAP Institute for Structure and Nuclear Astrophysics, Notre Dame University, USA
IUCF Indiana University Cyclotron Facility, Bloomington, Indiana
JLab aka TJNAF, Thomas Jefferson National Accelerator Facility (formerly known as

CEBAF), Newport News, VA
LAC Louisiana Accelerator Center, U of Louisiana at Lafayette, Louisiana
LANL Los Alamos National Laboratory
MIBL Michigan Ion Beam Laboratory, University of Michigan
NSCL National Superconducting Cyclotron Laboratory, Michigan State University
ORNL Oak Ridge National Laboratory Oak Ridge, Tennessee
OUAL John E. Edwards Accelerator Laboratory, Ohio University, USA
PBPL Particle Beam Physics Lab (Neptune-Laboratory, PEGASUS - Photoelectron

Generated Amplified Spontaneous Radition Source)
SLAC Stanford Linear Accelerator Center, (SLC - SLAC Linear electron positron

Collider, SSRL - Stanford Synchrotron Radiation Laboratory)
SNS Spallation Neutron Source, Oak Ridge, Tennessee
SRC Synchrotron Radiation Center, U of Wisconsin - Madison
SURF III Synchrotron Ultraviolet Radiation Facility, National Institute of Standards and

Technology (NIST), Gaithersburg, Maryland
TAMU Cyclotron Institute, Texas A&M University, USA
TRIUMF Canada's National Laboratory for Particle and Nuclear Physics, Vancouver, BC

(Canada)
TUNL Triangle Universities Nuclear Laboratory, USA
UMASS University of Massachusetts Lowell Radiation Laboratory, USA
UNAM Universidad Nacional Autónoma de México, Mexico
WMU Van de Graaff Accelerator at the Physics Department of the Western Michigan

University, Kalamazoo, Michigan
WNSL Wright Nuclear Structure Laboratory, Yale University, USA
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HISKP Helmholtz-Institut für Strahlen- und Kernphysik, Bonn, Germany (Isochron

Cyclotron)

IHEP Institute for High Energy Physics, Protvino, Moscow region, Russian Federation

INFN Istituto Nazionale di Fisica Nucleare, Italy,

LNF - Laboratori Nazionali di Frascati (DAFNE, DAFNE beam test facility)

LNL - Laboratori Nazionali di Legnaro (Tandem, CN Van de Graaff, AN 2000 Van

de Graaff),
LNS - Laboratori Nazionali del Sud, Catania, (Superconducting Cyclotron)

ISA Institute for Storage Ring Facilities (ASTRID, ASTRID2, ELISA), Aarhus,

Denmark

ISIS Rutherford Appleton Laboratory, Oxford, U.K.

JINR Joint Institute for Nuclear Research, Dubna, Russian Federation (U-400, U-400M,

LHE Synchrophasotron / Nuclotron)

JYFL Jyväskylän Yliopiston Fysiikan Laitos, Jyväskylä, Finland

MLL Maier-Leibnitz-Laboratorium: Accelerator of LMU and TU Muenchen, Munich,

Germany

MAMI Mainzer Microtron, Universität Mainz, Germany

MAX-Lab Lund University, Sweden

MPI-HD Max Planck Institut für Kernphysik, Heidelberg, Germany

MIC Microanalytical center at JSI, Ljubljana, Slovenia

MSL Manne Siegbahn Laboratory, Stockholm, Sweden (CRYRING)

PITZ Photo Injector Test facility at DESY in Zeuthen, Germany

RUBION Zentrale Einrichtung für Ionenstrahlen und Radionuklide, Universität Bochum,

Germany

S-DALINAC Superconducting Darmstadt linear accelerator, Technische Universität Darmstadt,

Germany

SLS Paul Scherrer Institut PSI, Villigen, Switzerland

SRS Synchrotron Radiation Source, Daresbury Laboratory, Daresbury, U.K. (Closed

since Aug. 18th, 2008)

TSL The Svedberg Laboratory, Uppsala University, Sweden

North America

88" Cycl. 88-Inch Cyclotron, Lawrence Berkeley Laboratory (LBL), Berkeley, CA

ALS Advanced Light Source, Lawrence Berkeley Laboratory (LBL), Berkeley, CA (ALS

Status)

ANL Argonne National Laboratory, Chicago, IL (Advanced Photon Source APS,

Argonne Tandem Linac Accelerator System ATLAS)

BATES Bates Linear Accelerator Center, Massachusetts Institute of Technology, USA

BNL Brookhaven National Laboratory, Upton, NY (AGS, ATF, NSLS, RHIC)
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Industry and Others
• Besides basic physics research, accelerator science has reached out into 

medicine, food industry, national security, materials, ...
‣ ~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*

• Many Concepts for the Future

25

Linac

Reactor core

Concept of an inertial-fusion power plant based on a heavy-ion induction linear accelerator 
Image courtesy of Lawrence Berkeley National Laboratory

120 beams

Induction cores

Induction module 
electric focusing

Ion injector Generators
Reactor chamber Target factory

Induction module 
magnetic focusing

Multibeam  
accelerator

Assembly of a superconducting accelerator 
section for production of ion beams 
Photo courtesy of J. Nolen, Argonne National 
Laboratory

*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%2F1.3326981
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Accelerators for America’s Future
• Symposium and 

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

• 100-page Report 
available at web site
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�� :]Ye�[gfljgd�Yf\�Z]Ye�dgkk�j]\m[lagf&�L`]�`a_`%[mjj]fl�Y[[]d]jYlgjk
envisioned for novel uses in several areas require new levels of control  
of beam losses and instabilities, including advanced beam diagnostics and 
analysis methods, reliable computer models and verification tools, and novel 
beam distribution control and feedback systems.

�� Kmh]j[gf\m[laf_�eY_f]lk�Yf\�Y\nYf[]\�eYl]jaYdk&�9\nYf[]\�kmh]j%
conducting magnet design promises novel, cost-effective, high-field magnet 
configurations. The use of high-temperature superconductors could sharply 
reduce cryogenic requirements if mechanical and engineering require-
ments in accelerators can be met. More broadly, new or modified materials 
could provide major advances that reach from higher accelerating fields  
in chemically treated superconducting cavities to photo cathodes for electron 
beams optimized for brightness and lifetime.

Areas of R&D identified by each working group. All areas are of importance to each working 
group. Color coding indicates areas with greatest impact.
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Professional Organizations and Journals
• American Physical Society (APS)
‣ Division of Physics of Beams (DPB)

• Institute of Electrical and Electronics Engineers (IEEE)
• Physical Review Accelerators and Beams (PRAB)
‣ previously called  PR Special Topics —AB
‣ prominent peer-reviewed journal for the field

• Nuclear Instruments and Methods - A (NIM-A)
‣ many peer-reviewed accelerator articles 

• Joint Accelerator Conferences Website (JACoW)
‣ on-line proceedings of major accelerator conferences

27

https://www.aps.org
https://www.aps.org/units/dpb/
ttps://www.ieee.org
https://journals.aps.org/prab/
https://www.journals.elsevier.com/nuclear-instruments-and-methods-in-physics-research-section-a-accelerators-spectrometers-detectors-and-associated-equipment
http://www.jacow.org/
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The Future
• If USPAS is a guide, attendance has held steadily at ~300 students per 

year over the past many years, even while projects such as the SSC were 
cancelled, or while “ILC’s” were put off into the distant future.
‣ again -- the big accelerators are only <1%!!

• Accelerators for America’s Future symposium and workshop indicated 
major interests from industry, medical field, etc., in addition to pure research

• Major labs are investing (as funding allows...) in future programs 
‣  LHC upgrades; Fermilab neutrino program + Proton Improvement Plan 
‣  Light sources and XFEL’s
‣  FRIB at MSU

• New generations of High Energy?  Much R&D going on in...
‣  International Linear Collider (ILC),  Compact Linear Collider (CLIC)
‣  Future Circular Colliders (FCC)
‣  Muon Collider (on hold for now)
‣  Plasmas, wake fields

28
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A “Final” word...
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A “Final” word...
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M. Stanley Livingston, 1954
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The Team wants to
Thank You!

Thanks for all your hard work during the past two 
weeks, and good luck on your future endeavors!

(and, on tomorrow’s FINAL EXAM!)

Mike,	Elvin,		
Karie,	Kent,	
David

A	REVIEW	will	be	held	here	at	1:00	p.m.	this	afternoon.

exam:		in	this	room,	tomorrow	9:30	a.m.	sharp!


