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Abstract 
 Quadrupole magnets in the SNS Medium Energy 

Beam Transfer line (MEBT) are in close proximity to 
each other. The distance between iron cores of is 
comparable to the magnet aperture and therefore fringe 
fields of the magnets overlap. The magnetic field 
distribution of the SNS MEBT quadrupole magnets has 
been calculated using the 3-D MAFIA code. The effect 
of fringe field on beam dynamics is studied and 
corrections to quad settings are calculated. 

1 CALCULATION OF THE MAGNETIC 
FIELD DISTRIBUTION. 

The MEBT focusing system consists of 14 quadrupole 
magnets, 8 of 32 mm aperture and 6 of 42 mm aperture 
[1]. All quads have 45 mm long iron core. The distance 
between the edges of the iron cores of adjacent quads of 
the central triplet of 55 mm is comparable to their 
aperture of 42 mm, therefore fringe magnetic fields of 
adjacent magnets can overlap affecting focusing 
properties of the triplet. In order to investigate the 
magnitude of the effect, 3D distribution of the magnetic 
field of the quads was calculated using the static solver 
from the MAFIA package. 

1.1 Magnetic field of a single quad. 
The calculated distributions of magnetic field 

gradient for 42 mm aperture quads with different 
excitation currents are shown in Fig.1. Effective 
gradients were calculated assuming effective length of 
61mm for 32 mm aperture quad and 66 mm for 42 mm 
aperture quad. Results are shown in the Table 1. Design 
values [1] are shown in parentheses for comparison. 
Note good agreement between calculated and design 
values. Difference is larger for larger currents, which 
can be explained by difference between design iron 
properties and material properties table used in MAFIA 
calculations.  Dependence of quad focusing strength 
upon excitation current is shown in Fig.2. 

1.2 Effect of presence of the  adjacent quad on 
the magnetic field distribution.       

In the present MEBT configuration three 42 mm 
aperture quadrupole magnets are placed in close 
proximity to each other.   The presence of the iron core 
of the adjacent quad in the vicinity of the magnet gap 
can change distribution of the field.  In order to 

 

 
 

 
Table 1: Calculated effective gradient and deviation 

from the design value. 
][ AI  ∅  [mm] ]/[ mTG   [%]Gδ

 
166 42 11.492 (11.70) -1.8 
411 42 28.033 (28.82) -2.7 
500 42 33.627 ()  
100   32 12.075 (11.996) -0.9 
300  32 35.469 (36.479) -2.8 
500   32 51.559 ()  

 
 

Figure 1: Distribution of the gradient in 42mm quad 
 
 

 
Figure 2: Dependence of integrated focusing strength 

upon current 
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calculate the magnitude of the effect the second quad 
was added to the MAFIA model. Distribution of the 
magnetic field was calculated for different distances 
between quad centers with zero current in the coil of 
the second quad. Calculated gradient distributions are 
shown in Fig 3. Fig.4 shows the difference between the 
perturbed field and field of the single quad. Calculated 
perturbation of the integrated focusing strength is 
presented in Table2.  

 
 

 
Table 2.  Relative change in focusing strength due to 

effect of adjacent iron core. 
 

][mmz∆  60 80 100 

[%]GLδ  -7 -2.38 -0.7 

 
 

Figure 3: Distribution of gradient for different 
distances between adjacent quads 
 
 

 
Figure 4. Perturbation of gradient for different 
distances between adgacent quads 

2 EFFECT OF FRINGE FIELD 
SUPERPOSITION ON THE FOCUSING 

PROPERTIES OF THE TRIPLET  
As can be seen from Fig.1. the magnetic  field of 42 

mm aperture quadrupole magnet stretches well beyond 
the physical edge of its core. When adjacent quads are 
placed close enough to each other their fringe fields 
overlap changing the focusing properties of the 
magnetic system. It was shown above that fringe field 
perturbation due to adjacent iron core is negligible for 
the actual separation of the MEBT quads. Therefore 
superposition of normalized gradient distributions of 

individual quad )(0 zg  shifted in accordance with 

quad position iz  and weighted in accordance with 

design effective gradient iG  can be used to represent 

combined gradient distribution of several adjacent 
quads: 
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The calculated gradient distribution for one of a pair 

of triplet of quads used in the center section of the SNS 
MEBT is shown in Fig 5 together with the gradient 
distribution for individual non-interfering quads. One 
can see that overlapping of fringe fields of adjacent 
quads with opposite sign of the magnetic field leads to 
cancellation of the field in the overlap region thus 
reducing integrated effective focusing strength of each 
quad and shifting center of gravity of the distributions 
of individual quads.  

 

 
Figure 5. Gradient distribution in the triplet    
 

The effect of fringe overlapping on the focusing 
properties was calculated in the following way. 

Transfer matrixes yx MM ,  were calculated for actual 

gradient distribution )(0 zg  as ∏=
j

jdMM  , 

where jdM  is transfer matrix of thick hard edge quad 
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of longitudinal length dz and strength )(0 jzg . 

Transfer matrixes of equivalent hard edge model 

yx MM 00 ,  were calculated as 

4332211 dQdQdQd MMMMMMMM ⋅⋅⋅⋅⋅⋅= , 

where dM  is matrix of drift space, QM  is matrix of 

thick hard edge quad with gradient Q . Design values 

of 32132 ,,,, QQQdd  were taken from a PARMILA 

input file. Drift lengths 41, dd  were chosen to provide 

equal physical length of M  and 0M . Then effective 

gradients 321 ,, GGG  were adjusted to minimize 

relative difference Mδ of transfer matrixes calculated 
as  
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The results are summarized in Table 3.  The residual 

difference Mδ is small but not negligible. To 
understand the magnitude of the effect, note that 
deviation of gradient of one quad by .2% gives 
approximate matrix error Mδ =2.5%.  For further 
decreasing of the difference between real triplet and 
hard edge quads model, asymmetry of field distribution 

can be taken into account by shifting centers of hard 
edge model quads. The result is shown in Table 4. The 
shifts of ideal quad centers from the centers of the real 
quad cores by -5mm for the first quad in the triplet and 
+6mm for the third quad and subsequent adjustment of 
effective gradients reduces the error to a negligible 
value of .3%.  
 

3 CONCLUSION 
 
 

Analysis of the magnetic field distribution of the 
MEBT quads using 3D calculation shows that the 
presence of the iron core of the adjacent quad close to 
the magnetic gap doesn’t significantly affect gradient, 
while overlap of fringe fields of the quads in the triplet 
change the transfer matrix of the focusing system 
considerably.  Adjusting quad strengths and slightly 
changing positions of hard edge quads in the model can 
correct the effect. Correction coefficients are 
calculated. The required correction to quad strength of 
about 10% is significant and has to be taken into 
account for initial quad setting during commissioning.  
Effect of quads proximity on higher multipoles of the 
field distribution was investigated as well but it is 
negligible and not discussed here. 

    

 
 

Table 3. Calculated gradients minimizing deviation of real transfer matrix from hard edge model. 
 ]/[1 mTG  ]/[2 mTG  ]/[3 mTG  Mδ  

Calculated gradient 
(design value) 

-18.1442  
(-17.0) 

28.3765  
(26.2) 

-12.7880  
(-11.7) 

2.36% 

Gradient deviation  +6.73%  +8.31% +9.30%  
     

 
Table 4. Calculated gradients minimizing deviation of real transfer matrix from hard edge model with shifted model 

quads. mmzmmz 62,51 +=−= δδ  

 ]/[1 mTG  ]/[2 mTG  ]/[3 mTG  Mδ  

Calculated gradient 
(design value) 

-18.8303  
(-17.0) 

29.5482  
(26.2) 

-13.2605  
(-11.7) 

0.33% 

Deviation  +10.61% +12.78% +13.34%  
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