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Name of submitting author J. Scott Berg 
Institution Brookhaven National Laboratory 
Email address jsberg@bnl.gov 
Abstract Title Accelerating High Energy Beams without Linacs or 

Synchrotrons 
Author/Affiliation listing Scott Berg, Brookhaven National Laboratory 
Abstract  Fixed field alternating gradient and hybrid synchrotron 

accelerators are both useful for extremely rapid 
acceleration of relativistic particles where one wishes to 
make multiple passes through RF cavities. I describe 
relationships between the design principles for these 
machines, and how they are used in muon acceleration. 

Summary  
Muons require extremely rapid acceleration to avoid decays. However, one would like to 
achieve efficiency and cost savings over a linac by using an accelerator with multiple 
passes through RF cavities. The large rest mass of muons make such acceleration 
practical whereas synchrotron radiation would make it impractical for electrons. Two 
solutions in particular are fixed field alternating gradient (FFAG) accelerators and hybrid 
synchrotrons (accelerators with both fixed field and ramped magnets). Both types 
accelerators have a design orbit which varies in horizontal position as a particle 
accelerates. While this is also a feature of cyclotrons and their relatives, the designs I 
describe work well with highly relativistic particles. I discuss the common design 
features of these accelerators when used for acceleration of high energy particles, and 
show how the design methods for a hybrid synchrotron are closely related to those of the 
FFAG, where the ramped magnets can simply be viewed as providing extra degrees of 
freedom for controlling machine parameters and improving performance. 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	  
Name of submitting author  David Bruhwiler 
Institution  Tech-X Corporation 
Email  bruhwile@txcorp.com 
Abstract Title Suppressing Transverse Beam Halo with 

Nonlinear Magnetic Fields 
Author/Affiliation listing  D. L. Bruhwiler / Tech-X Corp. 

S. D. Webb / Tech-X Corp. 
V. Danilov / Oak Ridge National Lab 
S. Nagaitsev / Fermi National Accelerator Lab 
A. Valishev / Fermi National Accelerator Lab 
A. Shishlo / Oak Ridge National Lab 
D. T. Abell / Tech-X Corp. 
J. R. Cary / Tech-X Corp. and Univ. of Colorado at 
Boulder 
K. Danilov / Tech-X Corp. and Univ. of Colorado at 
Boulder 

Abstract  Nonlinear magnetic lattices with large tune spreads 
and with integrable, nearly-integrable, and chaotic-
but-bounded dynamics have been proposed to 
maximize dynamic aperture and minimize particle 
loss. Recent simulations of proton dynamics in such 
lattices, including the effects of transverse space 
charge, show that transverse beam halo can be 
suppressed. 

Summary  
High intensity proton storage rings are central for the development of advanced neutron sources, 
drivers for the production of pions in neutrino factories or muon colliders, and transmutation of 
radioactive waste. Fractional proton loss from the beam must be very small to prevent radio-
activation of nearby structures, but many sources of beam loss are driven by collective effects that 
increase with intensity. Recent theoretical work has shown how to use nonlinear magnetic fields 
to design periodic accelerator lattices with integrable [1], nearly-integrable [2], or chaotic-but-
bounded [1] transverse dynamics. Using the parallel PyORBIT code [3], we show that these ideas 
remain valid in the presence of finite beam current. One such collective effect is the formation of 
beam halo, where particles are driven to large amplitude oscillations by coherent space charge 
forces. The strong variation of particle oscillation frequency with amplitude results in nonlinear 
de-coherence that is observed to suppress transverse halo development in the cases studied. We 
also present a necessary generalization of the Kapchinskij-Vladimirskij equilibrium distribution 
[4], which was introduced over 50 years ago for modeling linear dynamics in particle 
accelerators. 
[1] V. Danilov and S. Nagaitsev, PR ST-AB 13 084002 (2010) [2] K. Sonnad and J. Cary,Phys. 
Rev. E 69 056501 (2004) [3] A. Shishlo, J. Holmes and T. Gorlov, in Proc. of IPAC (2009), p. 
351. [4] I. M. Kapchinskij and V. V. Vladimirskij, in Proc. of Int'l. Conf. on High Energy 
Acc. (1959) p. 274. 
This work was supported in part by the US Department of Energy's Office of Science, Office of 
High Energy Physics, under grant No. DE-SC0006247. 
	  
	   	  



	  
Name of submitting author  Stepan Bulanov 
Institution  University of California, Berkeley 
Email  sbulanov@lbl.gov 
Abstract Title  On the design of experiments for the study of extreme field limits. 
Author/Affiliation listing  
 

S. S. Bulanov/University of California, Berkeley, CA 94720, USA  
W. P. Leemans/Lawrence Berkeley National Laboratory, Berkeley, 
California; University of California, Berkeley, CA  
Schroeder; Esarey /Lawrence Berkeley National Laboratory, Berkeley, 
California   
S. V. Bulanov; T. Zh. Esirkepov; Y. Hayashi;  M. Kando; H. Kiriyama;  J. 
K. Koga; K. Kondo; H. Kotaki; A. S. Pirozhkov / Kansai Photon Science 
Institute, JAEA, Kizugawa, Kyoto, 619-0215 Japan 
P. Chen/Leung Center for Cosmology and Particle Astrophysics of the 
National Taiwan University, Taiwan A. G. Zhidkov/Osaka University, 
PPC, Suita, Osaka 5650871, Japan  D. Neely/Central Laser Facility, STFC, 
Rutherford Appleton Laboratory, Didcot OX11 0QX, UK Y. Kato/The 
Graduate School for the Creation of New Photonics Industries, 
Kurematsucho 1955-1, Nishiku, Hamamatsu, Shizuoka 431-1202, Japan  
V. D. Mur; N. B. Narozhny/National Research Nuclear University MEPhI, 
115409 Moscow, Russia  
G. Korn/Max-Planck-Institut für Quantenoptik, Garching, Germany J. 
Nees/CUOS, University of Michigan, Ann Arbor, Michigan 48109, 
USA V.S. Popov/Institute of Theoretical and Experimental Physics, 
Moscow, 117218, Russia C. B.  

Abstract  We propose experiments on the collision of high intensity electromagnetic 
pulses with electron bunches and on the collision of multiple 
electromagnetic pulses for studying extreme field limits in the nonlinear 
interaction of electromagnetic waves. The effects of nonlinear QED will be 
revealed in the laser plasma experiments. 

Summary  
We propose table-top experiments on the collision of electromagnetic waves with an electron bunch in 
three configurations: (i) Electrons are produced by a compact microtron generating hundred MeV bunches 
with the duration of picosecond. (ii) Electrons are generated in plasma, where a high-intensity laser pulse 
excites wake waves that accelerate electrons. (iii) LFWA-generated electrons collide with an extremely 
intense electromagnetic pulse produced with the Relativistic Flying Mirror (RFM) technique. The RFM 
reflecting counter- propagating laser pulse upshifts its frequency and shortens its duration due to the double 
Doppler effect. In these three configurations electron bunches colliding with counter-propagating laser 
pulses produce gamma rays via nonlinear Thomson or inverse multiphoton Compton scattering. In these 
configurations the electron bunch collides with a petawatt power laser pulse. The third configuration is 
designed for the most intense interaction, i. e., for paving a way towards extreme field limits in the 
nonlinear interaction of electromagnetic waves.   We also propose experiments on e+e- pair creation in 
vacuum by several colliding coherent linearly polarized laser pulses. Such configurations are justified by 
the fact that the scheme of simultaneous multiple pulse focusing arises naturally from the structural features 
of projected new laser systems, such as ELI and HiPER, and as proposed at NIF. The superposition of four 
or more pulses essentially enhances the effect of pair production as compared with the case of a single or 
even two colliding pulses of the same total input energy. The total 4-volume of the resultant field decreases 
while the peak field grows. The number of created pairs depends on the peak field exponentially while the 
effective laser pulse 4-volume decreases as a power. 
We appreciate support from the NSF under Grant No. PHY-0935197, the FOCUS Center at the University 
of Michigan, the Office of Science of the US DOE under Contract No. DE-AC02-05CH11231, the MEXT 
of Japan, Grant-in-Aid for Scientific Research (A), 29244065, 2008, Russian Foundation for Basic 
Research and the Army Research office Grant No. DAAD 19-03-1-0316. 
	  
	  



	  
Name of submitting author  Bela Erdelyi 
Institution  Northern Illinois University 
Email  berdelyi@niu.edu 
Abstract Title  The Fast Multipole Method for N-Body Problems 
Author/Affiliation listing  Department of Physics, Northern Illinois University, 

DeKalb, IL, 60115 
Physics Division, Argonne National Laboratory, 
Argonne, IL, 604 

Abstract    Many collective beam effects can be formulated as 
N-body problems. Along with advances in computing 
technologies, algorithmic improvements allow 
accurate and efficient solutions for very large N. We 
will present the fast multipole method, one of the 
most important advances towards that end. 

Summary   
The Fast Multipole Method (FMM) [1] has been called one of the Top 10 algorithms of 
the 20th century [2] and many experts hold that regarding numerical methods generically 
“the future belongs to multipole methods” [3]. In general terms, from the simulation point 
of view, the system can be stated as follows: given N particles with strengths q_i, they are 
undergoing mutual interaction based on their relative positions mediated by a kernel K 
with particles of strength q_j for i, j=1,2,…,N, j≠i. Therefore, the problem can be thought 
of as being a generic N-body problem. Each particle in the beam interacts with every 
other particle, for example through long-range Coulomb forces. Therefore, if there are N 
particles in the beam, there are a total of N(N-1) total interactions. We say that the 
operation count to solve such a system scales with the square of the number of particles, 
O(N^2). For large N, this quickly becomes intractable even for today’s fastest and largest 
computers. Over the last couple of decades, new algorithms have been developed to 
reduce the O(N^2) scaling to O(NlogN), or even O(N). These new methods allowed the 
increase of the system sizes that one can study due to the improved scaling and reduced 
running times. One of the most important such method is the fast multipole method, 
deemed one of the Top 10 algorithms of the 20th century by SIAM.  Since the late 
eighties several groups have further modified, enhanced and adapted the method to 
different circumstances. Among other things, implementation on parallel architectures 
such as CPU, GPU and hybrid clusters have been reported, and became winners of the 
prestigious Gordon Bell prize. This talk will present work in progress towards application 
of the FMM in beam dynamics, including some algorithmic improvements. 
 
References: 
1. L. Greengard and V. Rokhlin, A Fast Algorithm for Particle Simulations, J. Comp. 
Phys. 73 (1987) 325-348. 
2. J. Dongarra and F. Sullivan, The Top 10 Algorithms, Computing Science & Eng., 2(1) 
(2000) 22-23. 
3. V. Rokhlin, Response to 2001 Steele Prize Seminal Contribution to Research; L.N. 
Trefethen, Prediction for Scientific Computing Fifty Years From Now, Math. Today 
(2000). 



	  
Name of submitting author  Bela Erdelyi 
Institution  Northern Illinois University 
Email  berdelyi@niu.edu 
Abstract Title  Symplectic Dynamics: Limits of Particle Beams' 

Rigidity and Flexibility 
Author/Affiliation listing  Department of Physics, Northern Illinois University, 

DeKalb, IL, 60115 
Physics Division, Argonne National Laboratory, 
Argonne, IL, 60439 

Abstract  One of the most important questions one can ask 
about particle beam dynamics is what are the limits of 
possible motions, i.e. what constraints and freedom 
one has to manipulate beams. This talk will introduce 
some concepts of symplectic geometry/topology that 
allow a deeper insight towards that end. 

Summary  
Symplectic symmetry restricts the evolution possibilities of a system. Therefore, it plays 
a fundamental role in the nonlinear dynamics of Hamiltonian systems, hence motion of 
charged particle beams in electromagnetic fields. It is a very strong condition: every 
Hamiltonian system’s flow consists of symplectic maps. Conversely, if a dynamical 
system has a flow consisting of symplectic maps, then it must be Hamiltonian. While it is 
still not fully known what the various constraints entail for practical systems, it seems 
prudent to try preserving them during numerical explorations of beam dynamical 
systems. For example, we would like to know the limits of beam formation, transport, 
manipulation, etc. during the beam’s evolution in time. There are at least two important 
questions that arise: are there quantities that are invariant with respect to arbitrary 
(nonlinear) symplectic transformations? If the answer is yes, then what kind of shapes 
correspond to these invariants, and how can one achieve prescribed shapes in practice? 
Answering these questions will go a long way towards establishing limits of beam 
formations, transport and manipulation required by many practical applications. The 
answer to the first question is a resounding yes. The corresponding quantities are called 
symplectic capacities, and will be discussed in this talk. The answer to the second 
question is not fully known yet. We will describe why it is a very difficult question to 
answer. Also, we will indicate where and how these results can be used to deepen 
insights, improve design optimization, and make modeling and simulations more accurate 
and efficient in beam physics [1]. 
 
[1] Bela Erdelyi, SYMMETRIES AND THEIR APPLICATIONS IN BEAM PHYSICS, 
International Journal of Pure and Applied Mathematics, Volume 68 No. 3 2011, 301-332 
	  
	  
	  
	  
	  
	  



	  
Name of submitting author  Richard Fernow 
Institution  Brookhaven National Laboratory 
Email  fernow@bnl.gov 
Abstract Title  Charge recombination in the muon collider 

cooling channel 
Author/Affiliation listing  R.C. Fernow & R.B. Palmer 

Brookhaven National Laboratory 
Abstract  The final stage of the cooling channel for the muon 

collider must recombine the positively and negatively 
charged bunches into a single beam before the muons 
can be accelerated. We describe a system that can 
accomplish this with high transmission, minimal 
emittance growth, and little dispersion in the 
recombined beam. 

Summary  
The final stage of the ionization cooling channel for the muon collider must recombine 
the positively and negatively charged bunches into a single beam before the muons can 
be accelerated. It is particularly important to minimize any emittance growth in this 
system since no further cooling takes place before the bunches are collided. Previous 
studies [1] of charge separation for the muon collider showed that emittance growth 
could be minimized by using symmetric pairs of bent solenoids, careful matching, and 
acceleration of the beams to ~400 MeV/c. We apply the same principles here to the 
problem of recombining the bunches and show that a practical design can be found that 
has transmission ~99%, emittance growth less than 1%, and minimal dispersion in the 
recombined bunches. 
[1] R.B. Palmer & R.C. Fernow, Proc. PAC 2011, p. 103. 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	  
Name of submitting author Jay L. Hirshfield 
Institution Yale University, New Haven, CT; USA 
Email address jay.hirshfield@yale.edu 
Abstract Title A High Gradient THz Coaxial Dielectric Wakefield 

Accelerator 
Author/Affiliation listing J.L. Hirshfielda,b , S.V. Shchelkunovb, G.V Sotnikova,c, 

and T.C. Marshalla,d 
aOmega-P, Inc., New Haven CT, USA, 
bYale University, New Haven, CT, USA, 
cNSC Kharkov Institute of Physics and Technology, 
Kharkov, Ukraine, 
dColumbia University, NY, USA 

Abstract  We have designed a mm-scale THz Coaxial Dielectric 
Wakefield Accelerator structure to produce acceleration 
gradients approaching 0.35 GeV/m per each nC of drive 
charge when excited by an annular-like bunch, which we 
plan to build and test at FACET/SLAC (USA).  The 
details of design and experimental plans are presented 

Summary  
A new scheme [1] for a dielectric wakefield accelerator has been proposed that uses two 
hollow concentric dielectric tubes with vacuum channels for drive and accelerated 
bunches. Such a two-channel coaxial dielectric accelerator (CDWA) could be a 
promising candidate for a future TeV [2] collider. The scheme of the CDWA structure 
consists of two coaxial dielectric tubes, enclosed one inside the other, with two vacuum 
channels for the annular drive bunch and an accelerated on-axis witness bunch.  In 
addition to providing a high acceleration gradient ~ 1GeV/m for mm-scale structures, the 
two-channel structure has a larger transformer ratio than the single-channel DWA, the 
transverse forces acting upon the bunch to be accelerated are focusing, and the annular 
drive bunch has been shown to move appreciable distance without undergoing distortion 
or deflection [2].  An experiment is now underway at FACET (SLAC) to test a mm-scale 
THz CDWA using their “point-like” drive bunch.  We can show that the point drive 
bunch will establish the fields we wish to study; furthermore, we shall show how we may 
obtain information from this study whereby the data can be compared with theoretical 
simulations obtained with the CST STUDIO code.  Experience with this THz structure, 
together with information obtained from a larger GHz module now under study at the 
Argonne Wakefield Accelerator facility (ANL), will provide the necessary stimulus for 
further development of this type of DWA structure in a collider-type accelerator. 
Support by US Department of Energy. 
[1] G.V. Sotnikov, T.C. Marshall, and J.L. Hirshfield,  Phys. Rev. ST--AB, 12, 061302, 
(2009) 
[2] T.C. Marshall, G.V. Sotnikov, and J.L. Hirshfield, AAC: Fourteenth Workshop, edited 
by S. Gold and G. Nusinovich, AIP Conf. Proc. 1299, 336 (2010) 
	  
	  
	  



	  
Name of submitting author  Harold Kirk 
Institution  Brookhaven National Laboratory 
Email  hkirk@bnl.gov 
Abstract Title  The Muon Collider Target System 
Author/Affiliation listing  H. G. Kirk, BNL 
Abstract  The Muon Collider target system calls for a 4-MW 

primary proton beam intercepting a heavy-metal 
liquid jet target. The target core is surrounded by 
superconducting coils, which generate a strong 
magnetic field. The protection of these 
superconducting coils from radiation damage as well 
as potential quenches presents formidable challenges.  

Summary  
The baseline for a Muon Collider target system calls for a 4-MW primary proton beam 
intercepting a heavy-metal liquid jet target. The target core is surrounded by 
superconducting coils, which generate a strong 15T to 20T magnetic field. The protection 
of these superconducting coils from radiation damage as well as potential quenches 
presents formidable challenges. Possible solutions to these challenges are discussed. 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	  
Name of submitting author  Zenghai Li 
Institution  SLAC 
Email  lizh@slac.stanford.edu 
Abstract Title  RF Optimization and Analysis of the 805-MHz 

Cavity for the US MuCool Program Using ACE3P 
Author/Affiliation listing  Zenghai Li, Lixin Ge, Chris Adolphsen, SLAC, 

Menlo Park, CA 94025, USA 
Derun Li, Daniel Bowring, LBNL, 1 Cyclotron Road, 
Berkeley, CA 94720 

Abstract  We used the advanced simulation tools ACE3P 
developed at SLAC to study the dark current and 
multipacting dependences on cavity RF and geometry 
parameters for the 805-MHz cavity for the US 
MuCool Program. An improved 805 MHz cavity 
design with significantly lower surface fields will be 
presented. 

Summary  
Experimental studies using an 805 MHz pillbox cavity at MTA of Fermilab has shown 
significant degradation in gradient performance and damage in the regions that are 
correlated with high RF fields in magnetic field up to 4 Tesla. These effects are believed 
to be related to the dark current and/or multipacting activities in the presence of external 
magnetic field. To gain more insight understanding of the gradient issues under strong 
external magnetic field, we used the advanced simulation tools Track3P/ACE3P 
developed at SLAC to study the dark current and multipacting dependences on cavity RF 
and geometry parameters. Multipacting simulations using Track3P/ACE3P were 
performed to identify resonant conditions of the electron trajectories. Multipac may exist 
when the impact energy of the resonant particle is in the range around the peak SEY, 
normally 200-500 eV for niobium material. The entire cavity surface was scanned at 
different field levels to search for potential MP resonances. MP zones were identified as a 
function of location and field gradient. Strong MP zones were minimized via modifying 
cavity geometry locally. High peak surface electric field induces field emission current 
which may be accelerated to an energy as high as MeV when it impacts on the cavity 
surface. These electrons will not multipac because of the high impact energy but may 
produce excessive local heating thus damage or alter the local surface. Using the 
simulations tools, we analyzed the characteristics of the dark current energy deposition at 
various cavity geometric parameters. An improved 805 MHz cavity design was obtained 
with significantly lower surface fields based on such studies. 
	  
	  
	  
	  
	  
	  
	  
	  



	  
Name of submitting author  Dr. Vasiliy Morozov 
Institution  Thomas Jefferson National Accelerator Facility 
Email  morozov@jlab.org 
Abstract Title  Parametric-Resonance Ionization Cooling of 

Muon Beams 
Author/Affiliation listing  V.S. Morozov, Ya.S. Derbenev, Jefferson Lab, 

Newport News, VA 
A. Afanasev, George Washington University, 
Washington, D.C. 
K.B. Beard, R.P. Johnson, Muons, Inc., Batavia, IL 
B. Erdelyi, J.A. Maloney, Northern Illinois 
University, DeKalb, IL 

Abstract  Combining muon ionization cooling with parametric 
resonant dynamics should allow much smaller final 
transverse muon beam sizes than ionization cooling 
alone. This resonant cooling scheme should provide 
equilibrium transverse emittances that are at least an 
order of magnitude smaller than those achievable 
with conventional ionization cooling. 

Summary  
Proposed next-generation muon collider will require major technical advances to achieve 
the rapid beam cooling requirements. Parametric-resonance Ionization Cooling (PIC) is 
proposed as the final 6D cooling stage of a high-luminosity muon collider. Combining 
muon ionization cooling with parametric resonant dynamics should allow much smaller 
final transverse muon beam sizes than conventional ionization cooling alone . Thus, high 
luminosity would be achieved in a collider with fewer muons.   Parametric-resonance 
Ionization Cooling (PIC) is accomplished by inducing a half-integer parametric 
resonance in a muon-cooling channel. The beam is then naturally focused with a period 
of the channel’s free oscillations. The channel is designed with correlated values of the 
horizontal and vertical betatron periods so that focusing occurs in both planes 
simultaneously. Absorber plates for ionization cooling followed by energy-restoring RF 
cavities are placed at the beam focal points. At the absorbers, ionization cooling limits the 
angular spread while the parametric resonance causes a strong reduction of the beam spot 
size. This resonant cooling scheme should provide equilibrium transverse emittances that 
are at least an order of magnitude smaller than those achievable with conventional 
ionization cooling.   A twin-helix cooling channel design has been proposed for the 
implementation of PIC. This channel utilizes pairs of helical magnetic fields with 
matching field strengths and periodicities but opposite helicities. Continuous multipole 
fields are also superimposed on the channel. This channel can be adjusted to meet the 
correlated optics requirements when the horizontal and vertical betatron tunes are integer 
multiples of each other and of the dispersion function of the beam. Parametric resonances 
are introduced in both planes inside the channel using additional pairs of helical magnets. 
Initial cooling simulation results are presented. The problem of aberration compensation 
is discussed. Possible practical implementations of a twin-helix channel are suggested. 
	  



	  
Name of submitting author  Sergei Nagaitsev 
Institution  FNAL 
Email  nsergei@fnal.gov 
Abstract Title  High intensity accelerators with nonlinear 

focusing optics 
Author/Affiliation listing  S. Nagaitsev / Fermi National Accelerator Lab 

V. Danilov / Oak Ridge National Lab 
Abstract  In all present machines the maximum attainable 

intensity is usually limited by machine resonances, 
various tune shifts (and spreads), and instabilities. In 
this talk I will propose a path toward alleviating these 
phenomena by making accelerators optics nonlinear.  

Summary  
What prevents us from building super-high intensity accelerators? The answer is case-
specific, but it often points to one of the following phenomena: machine resonances, 
various tune shifts (and spreads), and instabilities. These three phenomena are 
interdependent in all present machines. In this seminar I will propose a path toward 
alleviating these phenomena by making accelerators nonlinear. This idea is not new: E. 
McMillan (1967) and later V. Danilov and J. Cary have proposed initial ideas on 
nonlinear focusing systems for accelerators. The use of nonlinear lattices with large 
betatron tune spreads can increase instability and space charge thresholds due to 
improved Landau damping. Unfortunately, the majority of nonlinear accelerator lattices 
turn out to be non-integrable, producing chaotic motion and a complex network of stable 
and unstable resonances. This presentation will outline the main challenges and 
theoretical design solutions for accelerators with strong nonlinear focusing, which avoids 
resonances and chaotic particle motion. 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	  
Name of submitting author  David Neuffer 
Institution  Fermilab 
Email  neuffer@fnal.gov 
Abstract Title  A 125 GeV Muon Higgs Collider 
Author/Affiliation listing  David Neuffer 

Fermilab 
Abstract  Because muons connect directly to a standard-model 

Higgs particle in s-channel production, a muon 
collider would be an ideal device for precision 
measurement of the mass and width of a Higgs 
particle. Parameters of a high-precision muon 
collider are presented and the necessary components 
and performance are described. 

Summary  
Because muons connect directly to a standard-model Higgs particle in s-channel 
production, a muon collider would be an ideal device for precision measurement of the 
mass and width of a Higgs particle. The LHC has seen evidence for a 125 GeV Higgs 
particle, and a muon collider at that energy could be constructed. Parameters of a high-
precision muon collider are presented and the necessary components and performance are 
described. Extension to a higher-energy higher-luminosity device is also discussed. 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	  
Name of submitting author  Dr. Mark Palmer 
Institution  Fermi National Accelerator Laboratory 
Email  mapalmer@fnal.gov 
Abstract Title  Goals and Challenges for the U.S. Muon 

Accelerator Program 
Author/Affiliation listing  Mark A. Palmer, Fermi National Accelerator 

Laboratory 
Abstract  The Muon Accelerator Program (MAP) is conducting 

an R&D program to demonstrate the feasibility of a 
future neutrino factory and/or muon collider. This 
contribution summarizes the key technical challenges 
and the approaches being pursued within the MAP 
collaboration to address them. 

Summary  
The principal goal of the Muon Accelerator Program (MAP) is to demonstrate the 
feasibility of a future neutrino factory and/or muon collider. If we focus on the 
requirements for a multi-TeV collider, which is our ultimate objective, technical 
challenges exist within each stage of the muon accelerator complex. This presentation 
reviews the major R&D issues that will determine our ability to design and build such a 
machine. This includes the challenges found in the multi-MW proton driver, the high 
power target and associated muon capture solenoids, the cooling channels, the 
acceleration stages, the collider ring, and the machine-detector interface. The presentation 
also provides an overview of the ongoing MAP R&D program and the approach MAP is 
taking to assess the feasibility of intensity frontier and energy frontier machines based on 
muon beams. The program aims to deliver key elements of this feasibility assessment 
over the course of the next 5 to 7 years.       
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	  
Name of submitting author  Vladimir Shiltsev 
Institution  Fermilab 
Email  shiltseV@fnal.gov 
Abstract Title  Colliders for Tomorrow and After Tomorrow. 
Author/Affiliation listing  Fermilab 
Abstract  Future colliders beyond 2030 will need to cost 

<10B$, within footprint of some 10 km, and with 
total electric power consumption of 10’s to 100MW. 
What are the options? What do we need to study in 
meantime? 

Summary  
The colliding beam method was a smashing success so far - almost 3 dozens colliders 
have been built over the past half-century and c.m. energies of about 10 TeV have been 
achieved. At the same time, the pace of the energy progress has greatly slowed down due 
to increasing size, complexity and cost of the facilities, and as the result, the number of 
colliders currently in operation is about half of what we had 20 years ago. The prospects 
of facilities for the next 20 years are not very clear today, they will be dependent on the 
discoveries at the current machines, foremost, at the LHC. It seems that economic 
realities will impose severe constrains for any far-future collider beyond 2030 to be built 
under about 10B$ at current price, within footprint of some 10 km, and with total electric 
power consumption of 10’s to 100MW. I argue that even currently conceivable methods 
can offer to reach ultra high energies on the order of 100-1000 TeV within the 
abovementioned limits. The quest for the energy will come at the price of the expected 
luminosities and will require at least three paradigm shifts: 1) development of the new 
technology based on ultrahigh acceleration gradients ~0.1-10 TeV/m in crystals; 2) 
acceleration of heavier particles, preferably, muons; and 3) new approaches to physics 
research with luminosity limited to ~10^30-32 cm-2s-1.  The required switch to 
acceleration of muons in linear crystal structures will take a decade or two for an R&D 
program to address several key issues: a) development of economical high-intensity 
coherent X-ray sources, e.g., based on table-top ~GeV scale electron accelerators; b) 
understanding the most effective mechanisms of coupling the X-ray power to the 
excitation of the lattice - that can probably be studied even at the existing high power 
coherent X-ray sources, like LCLS in the US or Spring-8 in Japan; c) efficient 
production, injection and manipulation of nm-size muon beams (this program can 
effectively gain momentum out of the current research toward a muon collider); d) 
methods of combination of multiple crystal channeling beams into one. 
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Abstract    The autoresonant phase space manipulation of antiprotons 
and positrons in a nested Penning-Malmberg trap in 
ALPHA is simulated with a one-dimensional Vlasov-
Poisson solver that employs the Piecewise Parabolic 
Method for reconstruction. The simulation results are 
compared with experimental measurements and 
benchmarked against other numerical schemes and theory. 

Summary    
In the ALPHA antihydrogen experiment, antiprotons are prepared axially next to a cold positron 
plasma in a nested Penning-Malmberg trap. A superimposed magnetic minimum trap with well 
depth of O(1e-4) eV is energised before the antiprotons are mixed with positrons to form 
antihydrogen. Since the species have a self-field of O(0.1) V and a shot-to-shot fluctunation of 
~5%, and the external confining potential has O(1) V of potential, a straight-forward injection by 
morphing the nested wells will produce antihydrogen way beyond the magnetic minimum trap 
energy. ALPHA overcomes the problem by autoresonantly exciting the axial oscillation of the 
antiproton plasma though a weak perturbation until it crosses into the positrons. Once injection 
occurs, phase lock between the antiproton and the perturbation is lost and antiproton energy will 
no longer increase[1][2].  We developed a numerical model to understand the phase space 
excitation and mixing dynamics, and to optimise antiproton injection efficiency and temperature. 
The model assumes a strong axial magnetic field which suppresses transverse dynamics. The 
bunch is regarded as collection of concentric radial tubes, in each of which antiprotons are 
constrained to move in only the axial direction, and is described by a distribution in 1D phase 
space. These distributions evolve according to the 1D Vlasov equation, which is discretised using 
the Piecewise Parabolic reconstruction Method[3]. These tubes couple with each other 
electrostatically through the Poisson equation, which is solved with a numerical Greens function. 
The neighboring positrons are modeled as a zero-temperature water bag plasma and react to the 
perturbation quasi-statically. The simulation results are compared with (i) the analytic expressions 
for autoresonant excitation of a non-linear oscillator, (ii) a single-partic le solver that ignores 
collective effect of the antiprotons, (iii) a spectral 1D Vlasov solver used in [4], and (iv) 
experimental data.  [1] G. Andresen et al. (ALPHA Collaboration), Nature 468, 673 (2010) [2] G. 
Andresen et al. (ALPHA Collaboration), Nature Phys. 7, 558 (2011) [3] P. Colella and P. 
Woodward, J. Compu. Phys. 54, 174-201 (1984) [4] I. Barth et al, Phys. Rev. Lett 103, 155001 
(2009) 
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Abstract  A facility that can produce intense muon beams 
presents opportunities to explore new physics. Since 
the initial muon beam occupies a phase-space that 
vastly exceeds the acceptance of the downstream 
accelerators we describe alternative methods to cool a 
muon beam. The sensitivity in performance against 
key lattice parameters is analyzed 

Summary  
An accelerator facility that can produce ultra-intense beams of muons presents numerous 
opportunities to explore new physics. Such a facility typically employs muons, which are 
produced, collected, and accelerated to the desired energy before they are injected into a 
collider or a decay ring. A key challenge is that the initial muon beam occupies a region 
in phase space that vastly exceeds the acceptance of the downstream accelerators. Here, 
we describe alternative methods for manipulating the longitudinal and transverse phase-
space with the purpose to cool a muon beam. The sensitivity in performance of our 
proposed channels against key parameters such the number of cavities, accelerating 
gradient and magnetic field is analyzed numerically. 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



Name of submitting author  Prof. Don Summers 
Institution  University of Mississippi 
Email  summers@phy.olemiss.edu 
Abstract Title  A 233 km tunnel for lepton and hadron colliders 
Author/Affiliation listing  Don Summers 

University of Mississippi 
Abstract  Use of a 233 km circumference tunnel for 240 GeV 

e+e-, 500 GeV e+e-, 40 TeV proton anti-proton, and 
35 TeV mu+ mu- colliders is outlined. 

Summary  
In 2001, a cost analysis was conducted to build a 233 km circumference  tunnel in 
northern Illinois for a Very Large Hadron Collider (VLHC).  Here we outline the 
implementations of e+e-, proton anti-proton, and mu+  mu- collider rings in such a tunnel 
using recent technological  innovations. The e+e- colliders employs a Crab Waist 
Crossing, ultra low  emittance damped bunches, a short vertical IP focal length, 
 superconducting RF, and low coercivity, grain oriented silicon  steel/concrete dipoles. 
Details are also provided for a high luminosity  240 GeV e+ e- collider and 1.75 TeV 
muon accelerator in a Fermilab site  filler tunnel. The proton anti-proton collider uses the 
high intensity  Fermilab anti-proton source, exploits high cross sections for proton  anti-
proton production of high mass states, and uses 2 Tesla 0.005%  ultra low carbon 
steel/YBCO superconductor magnets run with liquid neon.  The 35 TeV muon ring ramps 
the 2 Tesla superconducting magnets at 8 Hz  every 0.4 seconds, uses 250 GV of 
superconducting RF to accelerate muons  from 1.75 to 17.5 TeV in 64 orbits with 70% 
survival, and mitigates  neutrino radiation with a phase shifting, roller coaster FODO 
lattice [1]. [1] G. T. Lyons, arXiv:1112.1105 
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Abstract  Fermilab's Integrable Optics Test Accelerator is an 
electron storage ring designed for testing advanced 
accelerator physics concepts, including nonlinear 
integrable beam optics and experiments on optical 
stochastic cooling. In this report we present the goals 
and the current status of the project, and discuss the 
beam physics at IOTA. 

Summary  
The IOTA ring is a machine with flexible optics, allowing to study various options of 
nonlinear  integrable beam optics. We plan to implement the integrable lattice with 
elliptic type elements [1] using one, two and four elements of periodicity. In addition, the 
machine will allow experiments with integrable optics realized through the space charge 
of an electron lens. We present the results of numerical simulations of these options using 
single-particle tracking simulations. In particular, we concentrate on the effects of various 
imperfections on the particle stability. 
 
[1] V. Danilov and S. Nagaitsev, PR ST-AB 13 084002 (2010) 
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Abstract  ALPHA is rebuilding its antihydrogen apparatus for 
CPT experiments. An increase (>x10) in the 
antihydrogen trapping rate is envisioned. 
Significantly more antiprotons can be captured from 
the AD using the future ELENA ring or the recently 
proposed frictional cooling. Beam physics challenges 
with intense low energy antiproton bunches are 
discussed. 

Summary  
Increasing the rate at which antihydrogen can be trapped requires improved antiproton 
capture, cooling and handling techniques. CERN provides the antiprotons for 
antihydrogen trapping [1,2] and hyperfine resonance experiments [3] and future atomic 
structure and gravity experiments. The antiprotons are created and subsequently slowed 
by the antiproton decelerator (AD), which slows antiprotons down to about 5 MeV. This 
energy is too high for direct trapping. Degrading foils are used to slow down some 
antiprotons to 3keV or less, so that they can be trapped by the ALPHA apparatus. Only 
about .001 of the incident antiprotons end up with a trappable energy. CERN is initiating 
the construction of ELENA, an ring that will follow the AD and which will combine rf 
deceleration and electron cooling capabilities to decelerate the antiproton bunch to 
∼100��keV. Another possibility, which could be quickly implemented, is frictional coo 
ling[4]. This scheme significantly improves current antiproton capture efficiency, used 
either directly from the AD or first using a standard deceleration mechanism (induction 
linac or rf quadrupole). Simple theory and simulations are presented along with an 
assessment of its strengths and limitations. The increase in trapped antiprotons leads to 
enhanced bunch self-fields and new challenges in the cooling, stacking, transport and 
mixing of the antiproton bunches will be briefly discussed.   References:  1. G. B. 
Andresen, et al. [ALPHA Collaboration] Trapped antihydrogen Nature 468, 673-676 
doi:10.1038/nature09610 (2010). 2. G. B. Andresen et al. [ALPHA Collaboration] 
Confinement of antihydrogen for 1000 seconds. Nature Physics 7, 558-564 
doi:10.1038/nphys2025 (2011). 3. G. B. Andresen et al. [ALPHA Collaboration] 
Resonant quantum transitions in trapped antihydrogen atoms. Nature 483, 439–443 
(2012).  4. Zolotorev et al., Enhancing trappable antiproton populations through 
deceleration and frictional cooling, Phys. Rev. ST Accel. Beams 15, 033502 (2012). 
	  


