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  The University of Illinois is a member of the Illinois Consortium  

for Accelerator Research.  We have several programs which we are pushing  

forward.  The employees who participate in our work are the following: 

Zachary Conway − graduate student, thesis program in accelerator physics 

Deborah Errede     − PI, accelerator physics, beam dynamics, adviser 

David Lesny  − system manager for mucool cluster 

Michael Haney − electrical engineer, accelerator physics 

Kyoko Makino − Visiting Associate Professor of Physics, beam dynamics  

(ended@UIUC February 2004) 

Larry Nelson − assistant system manager for mucool cluster 

Kevin Paul  − postdoctorate, beam physics 

Gefei Qian  − graduate student, condensed matter theory 

Igor Rakhno − Visiting Assistant Professor, nuclear theorist 

Ed Black  − engineering consultant (summer 2004 only) 

 

Most of the work done by the UIUC group was directed at the  

development of large emittance muon accelerators and the means to  

reduce the 6 dimensional phase space.  Work contributed by our Ph.D.  

graduate student, Zachary Conway, will not only be employed at the  

ATLAS accelerator at Argonne, but will prove useful for a proton driver 

upgrade (superconducting linac) at Fermilab and solving some of the  

de−tuning issues associated with a future superconducting linear  

accelerator for TeV energy colliding electrons.    A new high intensity  

test beam area (400 MeV protons) at Fermilab has been built with liquid 

 hydrogen and helium capability as a result of the efforts of our and 

 the rest of the mucool section of the ICAR consortium.   

 



 

 

Superconducting RF Cavity R&D  (Conway) 

This research is supervised by Ken Shepard at Argonne National  

Laboratory.  I am his UIUC adviser.  Zack is a UIUC student, part of our group,  

that is working at Argonne to obtain a thesis in SCRF research.   

  Zack has chosen a thesis topic, the development of TEM resonators in  

pulsed mode operation, and his preliminary exam is being scheduled later  

this fall.   

 

  At Argonne, the projects that Zack has worked on are as follows: 

Designed and constructed a manostat for high flow pressure regulation. 

Performed niobium residual resistance ratio measurements, important for  

determining the purity of niobium, linked to the thermal conductivity and  

hence quench properties of the material. 

 

Slow and fast tuners for superconducting quarter−wave and half−wave  

rf cavities (which have a narrow Q, hence tight resonance requirements) 

are under development for RIA and an upgrade to  

ATLAS (Argonne accelerator).   The slow tuner is a set of wire ropes  

and guides tensioned by welded metal bellows that squeeze along the beam axis.  

Two types of fast tuners, a ceramic piezo actuator and a magnetostrictive  

actuator, are being tested for use on a double spoke cavity.   

The later was designed and built by Energen Incorporated.   

 

Epoxy bonding of niobium to the exterior of a niobium resonator was investigated  

as an alternative to welding which can cause deformation of the structure hence 

move the cavity off resonance.   

 

Muon Cooling Absorber R&D (Errede, Haney, Qian, Conway, Black) 

UIUC is a collaborator on the muon ionization−cooling project, MuCool.   

The purpose of MuCool is to demonstrate the operation of the three  

major components of a solenoid−focused cooling channel: high−field  



solenoid magnets, 200 MHz RF cavities, and energy absorbers.  The UIUC group  

participates predominantly in the absorber project.  Included in  

the Mucool experiment is the construction of a hall in which to perform the  

necessary tests for all of these components.  UIUC  provided a  

major portion of the engineering expertise to bring the absorber window  

pressure tests.  This included designing and commissioning the data  

acquisition system.   

 

We have since focused our efforts more heavily towards the Mucool Test Area, a  

beam test facility using the redirected proton linac 400 MeV  

beam.  Here our responsibilities include instrumentation of the absorber  

itself but also coordinating all signals from the Mucool Test Area and   

implementing proper environmental conditions to meet the stringent  

safety requirements mandated by the  Fermilab Safety Group.  Fermilab has full  

responsibility for safety in this test facility.  Currently we  

(Qian, Errede, Haney) are testing a data acquisition system for readout of slow  

temperature and pressure monitors.  The system includes  

Gateway E−4000 PC (1.8 GHz, 1 Gbyte RAM, 0.5 Gbyte cache, 120 Gbyte  

disk), Lakeshore 218s monitors (8−channel readout), CX−1030−SD and  

1050−SD RTD sensors and a Labview software interface written by  

Conway for the collection of data.  The system also has the fast rate capacity  

(PCI−MIO−16E−1 16 channel ADC at 1.25 Msamples/sec, 12 bits).   

We are also responsible for the connection of our signals to the rest of the  

laboratory through their standard system, ACNET, using an IRM  

(Internet Rack Monitor).  The IRM includes a 64 channel multiplexed ADC (16 bit,  

100 Ksamples/sec).  Intrinsically safe MTL7055ac and  

MTL7060ac barriers are inserted between the electronics and hazardous region in 

the MuCool Test Area.  Testing of the system is delayed  

according to the mucool test area schedule.   

 

In Urbana, the UIUC group is performing frontier R&D on relatively new  

fiber optic temperature and strain gauges using the white light spectrum (FISO  

FOS−N strain sensors and FOT−L temperature sensors). These have been shown to 



work in high radiation environments (as necessary for a  

muon beam of 1013 particles per pulse) by H. Kirk et al. of the Brookhaven  

contingent of our Muon Collaboration.  Operation at cryogenic temperatures (10K 

to 20K) has not yet been demonstrated; we are undertaking  

exactly that task.  This effort has been delayed in order to get the  

standard resistive thermal devices operational. We achieved beneficial  

occupancy of the MTA in the fall of 2003.    

 

Summer 2004 Ed Black and myself had the forced flow type absorber  

constructed with a 1/16˜ thick aluminum window on one side and a ¼˜  

Plexiglass  window on the other.  The inside curvature of the window was designed  

in accordance with the actual window design to be implemented.  A plumbing syst  

was constructed to deliver hot then cold water to  

the absorber.  The intention is to study the heat flow of the water with an  

infrared camera.  Due to delays in the delivery of the correct  

combination of working camera and lens from our source the actual  

experiment is rescheduled for later in the fall of 2004.   

 

Accelerator Beam Dynamics (Errede, Makino, Paul) 

A major emphasis of the UIUC group is work on beam dynamics by Makino, Errede,  

and Paul, in collaboration with Martin Berz at Michigan State  

University and Carol Johnstone at Fermilab.  Significant work has been  

done on simulations and improvements in design of muon storage rings,  

muon cooling rings, and notably the present effort towards providing a  

working option to the existing solenoid linear cooling channel design, the linear  

quadrupole cooling channel.  The Study 2 solenoid focusing  

cooling channel has been simulated and compared with the alternative  

quadrupole cooler.  This quadrupole channel has a 4m cell consisting  

of three 205 Mhz RF cavities, and two pairs of alternating focusing  

and defocusing quadrupole magnets with a pole tip field of 1 Tesla and  

a 35 cm length liquid hydrogen absorber.  The channel has a momentum  

acceptance of 155−400 MeV/c and initial tests show 65% transmission.   

 



Makino has also contributed her simulation work toward the Tetra Muon Ring  

Cooler designed by Valeri Balbekov.  The ring includes emittance  

exchange capability through the use of wedge absorbers, solenoid and  

bending magnets and 205 Mhz RF cavities.  Liquid hydrogen absorbers  

provide transverse emittance cooling capability  

 

Paul has designed a decay channel for the upstream end of a cooling  

channel with 50% improvement in transmission.  The channel includes a  

20T solenoid and a matching section that adiabatically increases the  

radius and decreases the field keeping BR2 constant transferring the  

charged pions into a 1.5T solenoid decay channel.  Paul, when he started  

working for UIUC, did a multiple scattering calculation for the proton  

beam transfers between the Main Injector and the Recycler.  His  

calculation has shown that the titanium windows increased the emittance of  

the proton beam by a factor of two, which has since been observed in the  

transfer lines.  He also contributed to the COSY Infinity code  

development by producing an efficient random number generator for a  

Gaussian probability distribution.  Paul also contributed to an American Physical  

Society�s Neutrino Study for the future of neutrino physics.  Included are  

calculations of neutrino fluxes from a particular U.S.  

neutrino factory design, (e.g. 2 MW proton driver and a carbon target), and the  

event rates in a detector from the study.  The group also  

studied fluxes from a neutron spallation−like target.  Paul intends to  

develop a quadrupole phase rotation scheme to be implemented upstream  

of a quadrupole cooling channel, described previously.   

 

The beam dynamics group has produced many papers in the last two years, but most 

recently has presented eight talks at the ICAP02 and the  

CPO−6 conferences.  Papers on these talks are pending, soon to be merged into the 

full paper describing the design and viability of this  

quadrupole channel.  Makino and Berz also are engaged in development  

of basic beam dynamics theory applications and have presented talks and written  

papers on these topics, including the relative performance of  



their own and other dynamic integrator schemes. 

 

MuCool Computing Farm (Lesny, Nelson) 

Our group (D. Lesny, L. Nelson) has also designed, commissioned and  

implemented a Muon Cooling Cluster consisting of 15 ˘ 20 dual Pentium  

3− and 4−processer machines to provide the necessary muscle for long  

range computing efforts for not only our group but also the greater  

Muon Collaboration.  For example, presently field design calculations by  

University of Mississippi, LHC magnet simulations by Michigan State  

University, and UIUC decay channel simulations are being done on our  

cluster.  The cluster has 99.5% system availability.   

 

MuCool Test Area Shielding and the MICE Experiment (Rakhno) 

Igor Rakhno has calculated radiation levels and shielding requirements  

for the MuCool Test Area.  This is done with 3D Monte Carlo modeling of  

high−energy radiation transport in matter with MARS code.   

These calculations are necessary for the shielding to be properly   

configured before the area is safety−certified to receive beam from the  

Linac.  He investigated the following problems: a) proper classification  

of all the areas around the Mucool test area at normal operation  

according to radiation safety regulations; b) an alternative shielding  

option in the target hall to avoid extra shielding in the service building; c) the  

hypothetical worst case experimental setup in the test area  

(according to radiation safety regulations, it is a mandatory study).   

Enhancements to the MARS code were added, including the capability to  

model heavy ion stopping power.  It was shown that the Bethe−Bloche formula with 

corrections by Barkas and Lindhard−Sorenson provides the best agreement between 

theory and experiment in the energy range 1 MeV/nucleon up to 1 TeV/nucleon  

for projectiles ranging from helium up to the uranium nuclei. 

        He has also simulated how sensitive the MICE emittance measurement  

is to changes 

in liquid hydrogen density to guide the MICE design.  These studies are  

required to ascertain whether MICE can meet its proposed performance of  



a 1−per−mil emittance measurement, and what constraints are necessary to assure  

this performance.  He has the following paper in progress:   

Radiation shielding issues for MuCool Test Area at Fermilab. Rakhno,  

C. Johnstone. A sensitivity study for a MuCool liquid hydrogen absorber.   

D. Errede, I. Rakhno.  Physics models in the MARS15 code for accelerator and  

space applications. N.V. Mokhov, K.K. Gudima, S.G. Mashnik, I.L. Rakhno, A.J. Sierk, 

  S.I. Striganov. 

Modeling of heavy ion ionization loss in the MARS15 code. I.L. Rakhno, N.V. Mokhov 

 S.I. Striganov. 

 

Beamline and Magnet Design  (Black) 

Black helped design two beam pulse magnets to be installed in the  

mucool test area and incurred change in existing beam transport 

 equipment.  (Black was employed summer 2004 only.) 

 

Undergraduate Participation (Crnkovic) 

The UIUC group has taken on several summer students. Most recently  

(summer 2003), Jason Crnkovic, through the REU program, produced results form  

the temperature device experiment, finding the source of several 

 systematic errors.  Stephanie Majewski worked during summer 2001  

analyzing absorber−window pressure tests.  Lauren Ducas measured field emission  

from an accelerating cavity in Fermilab�s Lab G.  Majewski went on to Stanford  

University for graduate study in physics.  Ducas  

continues in her study of physics as an undergraduate at the University of  

Illinois.   

 

A list of UIUC publications follows: 

 
 
Radiation shielding calculations for MuCool Test Area at Fermilab. 

Rakhno, C. Johnstone.  Fermilab−TM−2248 (2004). 

 

Towards a heavy−ion transport capability in the MARS15 code*).  N.V.  



Mokhov, K.K. Gudima, S.G. Mashnik, I.L. Rakhno, S.I. Striganov.  

Fermilab−Conf−04/052−AD. 

 

Recent enhancements to the MARS15 code*). N.V. Mokhov, K.K. Gudima,  

C.C. James, M.A. Kostin, S.G. Mashnik, E. Ng, J.−F. Ostiguy, I.L. Rakhno,  

A.J. Sierk, S.I. Striganov. Fermilab−Conf−04/053−AD. 

 

Modeling radiation loads to detectors in a SNAP mission*). N.V. Mokhov,   

I.L. Rakhno, S.I. Striganov, T.J. Peterson. 
*)Presented papers at the 10th International Conference on Radiation  

Shielding, Funchal (Madeira), Portugal, May 9−14, 2004.  The papers are accepted  

for publication in the journal Radiation Protection Dosimetry (UK) in 2005. 

 
 
K. Makino, M. Berz, D. Errede, and C. J. Johnstone. 
High order map treatment of superimposed cavities, absorbers, and 
magnetic multipole and solenoid fields. 
Nuclear Instruments and Methods, submitted. 
 
D. Errede, M Berz, C. J. Johnstone, K. Makino, and A. van Ginneken. 
Stochastic processes in muon ionization cooling. 
Nuclear Instruments and Methods, submitted. 
 
C. J. Johnstone, M. Berz, D. Errede, and K. Makino. 
Muon beam ionization cooling in a linear quadrupole channel. 
Nuclear Instruments and Methods, submitted. 
 
M. Berz and K. Makino. 
New approaches for the validation of transfer maps using 
remainder−enhanced differential algebra. 
Nuclear Instruments and Methods, submitted. 
 
K. Makino and M. Berz. 
Solenoid elements in COSY INFINITY. 
In 7th International Computational Accelerator Physics Conference, 
submitted. 
 
C. O. Maidana, M. Berz, and K. Makino. 
Muon beam ring cooler simulations using COSY INFINITY. 
In 7th International Computational Accelerator Physics Conference, 
submitted. 
 
N. Revol, K. Makino, and M. Berz. 



Taylor models and floating−point arithmetic: Proof that arithmetic 
operations are validated in COSY. submitted. 
 
M. M. Alsharo’a et al. 
Recent progress in neutrino factory and muon collider research 
within the muon collaboration. 
Physical Review ST−AB, in print, 2003. 
 
 
 
 
 
K. Makino and M. Berz. 
Verified global optimization with Taylor model methods. 
International Journal of Computer Research, 
in print, 2003, submitted, 2000. 
 
M. Berz and K. Makino. 
Constructive generation and verification of Lyapunov functions 
around fixed points of nonlinear dynamical systems. 
International Journal of Computer Research, 
in print, 2003, submitted, 2000. 
 
K. Makino and M. Berz. 
Taylor models and other validated functional inclusion methods. 
International Journal of Pure and Applied Mathematics, 
4,4:379−−456, 2003. 
 
K. Makino. 
The COSY 8th Order Runge Kutta Integrator. 
Neutrino Factory Muon Collider Note 238, 2002. 
 
K. Makino, D. Errede and M. Berz. 
Cooling Channel Simulations based on Map Methods. 
In Proceedings of 
the Future of Particle Physics, Snowmass 2001. 2002. 
 
K. Makino and M. Berz. 
Recent Applications of COSY to Nonlinear Beam Dynamics Problems. 
In Proceedings of 
the Future of Particle Physics, Snowmass 2001. 2002. 
 
M. Berz and K. Makino. 
Normal Form Methods and Optimization for Nonlinear Properties 
of Cooling Channels − Part I. 
In Proceedings of 
the Future of Particle Physics, Snowmass 2001. 2002. 
 
M. Berz and K. Makino. 



Normal Form Methods and Optimization for Nonlinear Properties 
of Cooling Channels − Part II. 
In Proceedings of 
the Future of Particle Physics, Snowmass 2001. 2002. 
 
 
 
 
 
M. Berz and K. Makino. 
Recent Advances in Differential Algebraic Methods. 
In Proceedings of 
the Future of Particle Physics, Snowmass 2001. 2002. 
 
K. Makino and M. Berz. 
High−Order Flows around Fixed Points and Verification of 
Stability of Local Dynamics with Applications to Particle Accelerators. 
Complexity. Accepted, 2002. 
 
K. Makino, B. Erdelyi and M. Berz. 
Magnet Fringe Fields, Nonlinear Effects, 
          and Compensation in Large Acceptance Rings. 
In Proceedings of 
2001 Particle Accelerator Conference. 2001. 
 
K. Makino, C.J. Johnstone, M. Berz, B. Erdelyi, D. Errede. 
Contribution to the Chapter on the Storage Ring, in 
Feasibility Study−II of a Muon−Based Neutrino Source, 
ed., S. Ozaki, R. Palmer, M. Zisman, and J. Gallardo, BNL−52623. 2001. 
 
K. Makino and M. Berz. 
Map−based Muon Cooling Channel Simulations with COSY INFINITY. 
In Proceedings of 
6−Month Feasibility Study on High Energy Muon Colliders (Ed. B. King), 
http://pubweb.bnl.gov/people/bking/mucoll/index.html , 2001. 
 
 
 
Talks (Makino only) 
 
 
October 23, 2002. 
‘‘COSY INFINITY’’, 
CPO−6, 2002 International Charged Particle Optics Conference, 
%Unversity of Maryland, 
Greenbelt, Maryland, October 22 − 25, 2002. Code demonstration presented. 
 
 
October 23, 2002. 



‘‘High Order Map Treatment of Cavities and Absorbers 
with Superimposed Solenoidal Fields’’, 
CPO−6, 2002 International Charged Particle Optics Conference, 
%Unversity of Maryland, 
Greenbelt, Maryland, October 22 − 25, 2002. 
 
October 17, 2002. 
‘‘New Solenoid Elements in COSY INFINITY’’, 
7th International Computational Accelerator Physics Conference, 
Michigan State University, East Lansing, Michigan, October 15 − 18, 2002. 
 
May 31, 2002. 
‘‘Taylor Models − Hand Calculation for a Linear ODE System’’, 
Fields Institute, Thematic Programs, 
Numerical and Computational Challenges in Science and Engineering, 
Validated Methods for Optimization, 
Toronto, Canada, May 27 − June 1, 2002. 
 
May 29, 2002. 
‘‘Taylor Models − Order of Convergence, the Linear Dominated Bounder’’, 
Fields Institute, Thematic Programs, 
Numerical and Computational Challenges in Science and Engineering, 
Validated Methods for Optimization, 
Toronto, Canada, May 27 − June 1, 2002. 
 
May 28, 2002. 
‘‘Taylor Models − Roundoff’’, 
Fields Institute, Thematic Programs, 
Numerical and Computational Challenges in Science and Engineering, 
Validated Methods for Optimization, 
Toronto, Canada, May 27 − June 1, 2002. 
 
May 23, 2002. 
‘‘Taylor Model Based Verified Integration for 
the Volterra Equations and the Lorenz System’’, 
SIAM Workshop on Validated Computing, 
Toronto, Canada, May 23−25, 2002. Highlighted talk. 
(Presented by M. Berz.) 
 
May 21, 2002. 
‘‘Tight Range Enclosures with Taylor Model Methods’’, 
SIAM Conference on Optimization, 
Toronto, Canada, May 20−22, 2002. 
(Presented by M. Berz.) 
 
May 13, 2002. 
‘‘Nonlinear Effects in Quadrupole Cooling Channels’’, 
Neutrino Factory and Muon Collider Collaboration Meeting, 
Shelter Island, New York, May 9−15, 2002. 



 
 
March 8, 2002. 
‘‘COSY Simulation Code’’, 
Ring Cooler Workshop, 
UCLA, Los Angeles, California, March 7−8, 2002. 
 
March 7, 2002. 
‘‘Linear/Nonlinear Cooling Theory’’, 
(Presented for M. Berz), 
Ring Cooler Workshop, 
UCLA, Los Angeles, California, March 7−8, 2002. 
 
October 10, 2001. 
‘‘Cooling Channel Simulation by COSY Infinity’’, 
Emittance Exchnage Workshop, 
Lawrence Berkeley National Laboratory, Berkeley, California, October 3−16, 2001. 
 
October 9, 2001. 
‘‘Quad Cooling Channel Simulation’’, 
Emittance Exchnage Workshop, 
Lawrence Berkeley National Laboratory, Berkeley, California, October 3−16, 2001. 
 
September 14, 2001. 
‘‘Dependency Free Range Bounding’’, 
Fields Institute, Thematic Programs, 
Numerical and Computational Challenges in Science and Engineering, 
Validated Methods for ODEs and DAEs, 
Toronto, Canada, September 10−14, 2001. 
 
September 13, 2001. 
‘‘Verified Integration with Taylor Models − Nonlinear Examples’’, 
Fields Institute, Thematic Programs, 
Numerical and Computational Challenges in Science and Engineering, 
Validated Methods for ODEs and DAEs, 
Toronto, Canada, September 10−14, 2001. 
 
September 11, 2001. 
‘‘Validated ODE Integration of Taylor Models and Examples’’, 
Fields Institute, Thematic Programs, 
Numerical and Computational Challenges in Science and Engineering, 
Validated Methods for ODEs and DAEs, 
Toronto, Canada, September 10−14, 2001. 
 
 
 
 
 
August 8, 2001. 



‘‘Optimal Control of the Wrapping Effect in Taylor Model based Verified Integrati
on’’, 
Fields Institute, Thematic Programs, 
Numerical and Computational Challenges in Science and Engineering, 
Dynamics of Numerics, 
Toronto, Canada, August 7−10, 2001. 
 
July 16, 2001. 
‘‘Recent Application of COSY to Nonlinear Beam Dynamics Problems’’, 
Snowmass 2001, the Future of Particle Physics, 
Snowmass, Colorado, June 30 − July 21, 2001. 
 
July 14, 2001. 
‘‘Cooling Channel Simulation based on Map Methods’’, 
Snowmass 2001, the Future of Particle Physics, 
Snowmass, Colorado, June 30 − July 21, 2001. 
 
July 3, 2001. 
‘‘Verified Solutions of ODEs over Large Domains without Wrapping’’, 
The Second Combinatorial and Computational Mathematics Conference (Com$^2$Ma
C), 
Pohang, Korea, July 2−5, 2001. Invited talk. (Presented by J.~Hoefkens.) 
 
June 20, 2001. 
‘‘Magnet Fringe Fields, Nonlinear Effects, and Compensation in Large Acceptance 
Rings’’, 
2001 Particle Accelerator Conference, 
Chicago, June 18−22, 2001. Invited talk. 
 
 
 
 
 
May 15, 2001. 
‘‘High−order Transfer Maps and Verification of Stability in Particle Accelerators’
’, 
Understanding Complex Systems Symposium, 
University of Illinois at Urbana−Champaign, May 15, 2001. 
 
May 3, 2001. 
‘‘Tracking Study on Nonlinear Effects in the 20−GeV Feasibility II Muon Storage Ri
ng’’, 
Nu−mu Collaboration Meeting, Fermilab, May 2−3, 2001. 
 
 
 
March 20, 2001. 
‘‘Nonlinear Dynamics in Muon Accelerators’’, 
HEP Lunch Talk, University of Illinois at Urbana−Champaign. 



 
March 12, 2001. 
‘‘Report on BNL Storage Ring Study’’, 
Muon Collaboration Video Conference. 
 

  

 

 

 

 

 
 


