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Klaus Halbach

1924 to 2000

Halbach made his reputation with his work on

magneticsystemsfor particle accelerators. He and

Ron Holsinger a Berkley engineer created the

famous POISSON computer codes for magnetic

systemdesign,still in use after 30 years. Halbach

went on to become one of the worldôspremier

designersanddevelopersof permanentmagnetsfor

useasinsertiondevices- wigglersandundulatorsin

synchrotronlight sourcesand free electron lasers.

He also designedthe magnets for the Berkeley

AdvancedLight Sourcestoragering.

Klaus Halbach 
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Fermilab Contributors
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There were a large number of people at Fermilab that 

worked on permanent magnets and the Recycler. 

There were many other including;

KJ Bertsche, BC Brown, CN Brown, J DiMarco, WB Fowler, 

HD Glass, DJ Harding, V Kashikin, MP May, TH Nicol, J-F 

Ostiguy, S Pruss P Schlabach plus many others

Bill Foster and Gerry Jackson 

were the first to conceive of the Recyler and push it to a successful conclusion



Layout of Talk

ÅFundamental definitions

ÅTypes of permanent magnets

ÅTemperature compensation

ÅRadiation damage

ÅTime dependence

ÅThe 8 GeV transfer line at Fermilab

ÅThe Recycler at Fermilab

ÅAdjustable Permanent Magnet Quadrupoles for the NLC

ÅOther permanent magnets
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Sources of Information

Å If you Google permanent magnets get 1,560,000 results -some of the better 

ones are:

Å For theoryFerromagnetism by Richard Bozorth IEEE press

Å For a how to guide International Magnetics Association

ïhttp://www.intl-magnetics.org/

Å Papers on the Fermilab Recycler can be found in PAC 95, 97, 99, 2000 and 2003 

also Magnet Technology conference MT15 1997 and MT16 1999 

Å Dexter Magnetics

ïhttp://www.dextermag.com/

Å Ugimag

ïhttp://www.ugimag.com/

Å Hitachi 

ïhttp://www.hitachimetals.com/product/permanentmagnets/
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Important Definitions

Å B residual Br The magnetic induction after saturation in a  closed circuit

Å Remnant induction Bd The magnetic induction that remains after the removal of an applied 

field

Å Hd is the value of H corresponding to Bd on the demagnetization curve

Å Intrinsic Coercive Force Hci indicates its resistance to demagnetization

Å On a hysteresis curve of B vs H the Br is where Hci is 0 and the Hci is where Br is 0

Å Load line has a slope equal to - Bd / Hd  and is drawn in the 2nd quadrant

Å The product of Bd and Hd is the measure of how much energy can be supplied to the circuit 

and is measured in Mega Gauss Oersteds (MGO)

Å The Curie temperature Tc is the temperature that the material demagnetizes

Å Easy axis this is the direction of the field in the material

Å A Fermilab Unit is Measured Field / Ideal Field * 104
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Types of Magnetic Material
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Strontium Ferrite

Hard ceramic

Inexpensive

Br 3800 Gauss

Energy density 3.5 MegaGauss Oersteds 

Samarium Cobalt

Rare earth

Expensive

Br 9000 to 10,000 gauss

Energy density 26 MegaGauss Oersteds 

Neodymium Iron Boron

Rare earth

Expensive

Br 11,000 to 12,000 gauss

Energy Density 35 to 50 MegaGauss Oersteds 

Alnico

Metal

Inexpensive

Br 3,000 to 5,000 Gauss

Energy density 7 MegaGauss Oersteds 



Load Line for a Simple Dipole
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ǎgǎm

ǎm *Hdïǎg*Hg = 0   Am*Bd = Ag*Bg

ǎm is the length of magnet

ǎg is the length of air gap

Hd magnetic potential of the magnet

Hg magnetic potential of the air gap 

Am is the area of magnet

Ag is the area of gap

Bd is the flux density of magnet

Bg is the flux density of gap

Magneto Motive Force

Reluctance
ū= = Bd * Am =

We can write two flux conservation equations about this dipole

Hd* ǎm

ǎg * Ag

Bd = 
ǎm * Ag

Am*ǎg
Hd



Load Line
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Bd /Hd = 
ǎm * A g

Am* ǎg
This is the slope

It is important to stay away from

the knee of the curve.

B in Tesla

H in Kilo Oersteds

Load Line The different curves are 

for different grades of 

material

Energy Density



Magnet Modeling Software
Å There are many different magnet modeling programs available

ï ANSYS

ï Ansoft MAXWELL

ï Vector Fields OPERA and TOSCA

ï POISSON and PANDRIA
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ÅI use POISSON and PANDRIA

ïThey are simple and free available from Los Alamos code group

ïhttp://laacg1.lanl.gov/laacg/services/download_sf.phtml

ïJim Billen and the Los Alamos code group has made a WINDOWS version

ïThey do 2 dimensional models very quickly and accurately

ïCreates triangular mesh that can be densified in areas of interest

ïAllow for different material steel and permanent magnets

ïGraphical output helps to visualize program

ïCan calculate harmonics

-Can be installed and working in less than 1 hour

- It is a 2 dimensional program absolute strength is not always calculated properly

http://laacg1.lanl.gov/laacg/services/download_sf.phtml
http://laacg1.lanl.gov/laacg/services/download_sf.phtml


Free Magnet and a HallbachArray of 

the same size
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The Halbach array 

concentrates the field by 

pushing the flux into the 

center magnet. 

The free magnet is 

symmetric and disperses 

flux evenly.



Halbach Array
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This is a simple 

array of three 

magnets. 

The black arrows 

indicate the 

direction of the 

easy axis. 

The two outside 

magnets are 

pushing flux 

into the center 

magnet.



Sample POISSON Input for Halbach 

Array
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Hallbacharray 

Original version from the 1987 User's Guide, Chapter 10.5

First pass simple 3 ferrite magnet Halbach array

; Copyright 1998, by the University of California. 

; Unauthorized commercial use is prohibited. 

&regkprob=0,      ; Defines a POISSON or PANDIRA problem

conv= 2.54, ; inches

dx = 0.05 ; mesh size

dy = 0.05 ; mesh size

nbslo= 0, ; Dirchelt boundary condtionat bottom

ktype= 1, ; symmetry midplanefor this

nterm= 11, ; number of harmonics terms

nptc = 1440, ; number of arc points 

rint = 0.4, ; radius to calculate harmonics

angle = 360.0, ; angle to calculate harmonics

mode=0   &          ; Materials have variable permeability

&pox=  -5.0, y = -5.0 &      ;entire universe

&pox=  5.0, y = -5.0 &

&pox=  5.0, y =  5.0 &

&pox= -5.0, y =  5.0 &

&pox= -5.0,        y = -5.0 &

&regmat=6,mshape=1,mtid=6  &    ; RHS magnet

&pox =  1.000, y =  -0.500 &

&pox =  2.000, y =  -0.500 &

&pox =  2.000, y =   0.500 &

&pox =  1.000, y =   0.500 &

&pox =  1.000, y =  -0.500 &

&reg mat=8,mshape=1,mtid=4  &    ;Center magnet

&po x = -1.000, y =  -0.500 &

&po x =  1.000, y =  -0.500 &

&po x =  1.000, y =   0.500 &

&po x = -1.000, y =   0.500 &

&po x = -1.000, y =  -0.500 &

&reg mat=7,mshape=1,mtid=2   &       ; LHS magnet

&po x =  -1.000, y =  -0.500 &

&po x =  -2.000, y =  -0.500 &

&po x =  -2.000, y =   0.500 &

&po x =  -1.000, y =   0.500 &

&po x =  -1.000, y =  -0.500 &

&mt mtid=2,aeasy=   0,gamper=1,hcept=-3500,bcept=3800. & ; Sr Ferrite   

&mt mtid=4,aeasy=  90,gamper=1,hcept=-3500,bcept=3800. & ; Sr Ferrite   

&mt mtid=6,aeasy= 180,gamper=1,hcept=-3500,bcept=3800. & ; Sr Ferrite 



Halbach Array Dipole
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Two Halbach arrays used to make  

a simple dipole. 

Note the change in the easy axis 

for the side magnets.

The addition of steel on the top 

and sides increases the field in 

the gap by 32%. Again the 

black arrows are the easy axis.


