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    This report describes magnetic field calculations for the spectrometer magnet carried out to provide some additional information for it which includes:

· the magnetic field influence of the design elements for connecting the magnet parts;
· the influence of the cavity defects in the magnet core;
· the influence of the magnet girder;
· the influence of the variation of the magnet steel chemical composition;
· the influence of the stainless steel vacuum chamber;
· and the possible position and geometry of the end field screens.
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All effects mentioned above (except for the last) lead to the variation of the spectrometer magnet field in the longitudinal direction. The LEP experience shows this variation at the relative level 10 –3 (Fig.1). Certainly this variation may be measured by NMR probe and the data used for the magnetic field integral evaluation. But it is evident that the more magnetic field variation amplitude, the accuracy of the field integral less. So the aim of those calculations was to provide the information on the magnetic field influence from the various reasons and on this base estimation of the reasonable magnet design requirements.

Fig.1. The longitudinal magnetic field structure for the LEP spectrometer magnet

The magnet design elements
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   One of the possible decision for the magnet parts (pole, horizontal and vertical yoke) join may be the use of the long bolts (Fig.2). The bolt (diameter 12 mm) influence arises from it head (H), from small gap (G=0.1 mm)  and small cavity (C=(10(5 mm). The magnetic field disturbance from the bolt (Fig.3) depends from it position in the magnet core (Xb). 
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Fig.2. Magnet yoke with  connecting bolt

Fig.3. Magnetic field disturbance from the bolt

The relative bolts influence less then 10 –3 exists in case of its placement inside the regions marked in the Fig.2 as “suitable”.

At the magnet edges instead of bolts a special connecting elements (JE1 and JE2, Fig.2) may be used. The relative magnetic field calculation influence for the elements JE1 and JE2 is presented in the Fig.4.

[image: image4.wmf]0

100

200

300

400

500

0,0

1,0x10

-5

2,0x10

-5

3,0x10

-5

4,0x10

-5

5,0x10

-5

6,0x10

-5

7,0x10

-5

8,0x10

-5

 JE

2

 JE

1

 

D

B/B

E(GeV)


Fig.4. Magnetic field disturbance from the connecting elements JE1 and JE2

Cavity defects in the magnet core

During the magnet steel plates manufacturing the internal defects can appeared. It was studying the magnetic field influence for the magnet core defects like cavity with dimension 10(5 mm. The cavities are placed at two difference lines along the magnet core (LC1 and LC2  , Fig.2). The relative magnetic field disturbance depending from transverse cavity position is presented in the Fig.5 and 6.

Magnet girder

The girder may be used for the spectrometer magnet mechanical support. The girder possible design is presented in the Fig.7. The girder steel plates serve as the additional magnet yoke. The magnetic field lines in case of using of the girder are presented in the Fig.8. The influence of the girder on the magnetic fields depending from the beam energy is shown in the Fig.9. This influence is a few of 10 –4.
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Fig.5. Magnetic field disturbance due to the cavity at the line LC1
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Fig.6. Magnetic field disturbance due to the cavity at the line LC2
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Fig.7. Spectrometer magnet with girder
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Fig.8. Field lines in the spectrometer magnet with girder
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Fig.9. Relative magnetic field influence of the girder

Magnet steel chemical composition

A low carbon steel has normally to be used for building of the spectrometer magnets. The steel magnetic quality strongly depends from it chemical impurities composition. The effect is most serious for the carbon, cremnium and manganese. The average composition of the Russian low carbon steel type St-05 is in the Table 1.

Table 1. Chemical composition of steel St-05

Element
C
Si
Mn
P
S
Cr
Ni

Content %
0.06
0.03
0.4
0.035
0.04
0.1
0.25

For the spectrometer magnet the magnetic field variation depends from the variation of the chemical composition inside the single piece of the steel. For the calculation of magnetic field variation it was proposed that the value of chemical compound variation for the steel piece is equal to 10%. According to the publication  [1] it was possible to calculate the variation of the magnetization curve for the steel St-05. This change is presented in the Fig.10. The results of the relative magnet field change for three magnet parts (pole, horizontal and vertical yoke) due to this chemical composition variation are presented in the Fig.11. 
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Fig.10. Change of the magnetization curve for the steel St-05 for the 10% change of it chemical composition
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Fig.11. The spectrometer magnet magnetic field variation due to the 10% chemical composition variation for the steel St-05

Stainless steel vacuum chamber

According to the publication [2] the stainless steels have the usual value of the maximal relative permeability  close to 1.01. The magnetization curve for the stainless steel type 304L was taken from publication [3]. It is shown in the Fig.13. The stainless steel tube of the diameter (20 mm with wall thick 2 and 1.5 mm was inserted in to the computer model (SLT, Fig.2). The results of computer simulation for the relative magnetic field change inside the stainless steel tube vacuum chamber are presented in the Fig.14.
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Fig.13. Magnetization curve for the stainless steel 304L
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Fig.14. Magnetic field change inside stainless vacuum chamber

End field screens

The LEP spectrometer experience has shown that it is desirable to cut off the magnet field at the certain distance from the input/output pole edge. At the LEP spectrometer magnet the field cut off was achieved by using a shield of (-metal wrapped around the vacuum pipe. The screens were placed at the distance from the magnet pole were the edge magnetic field falls to the value of 0.1 mT. For the calculation of the TESLA spectrometer magnet edge magnetic field we were used two computer models:

· 2D model for the longitudinal magnet section on the base of POISSON SUPERFISH code (the view of this model is in the Fig.15);

· 3D model on the base of RADIA code [4] (the view of this model is in the Fig.16).
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Fig.15. 2D model for the calculation of longitudinal magnetic field (SUPERFISH)
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Fig.16. 3D model of the spectrometer magnet (RADIA)

The results of magnetic fields calculation by help of two models are shown in the Fig.17. The magnetic screen has to be placed at the distance from the pole edge equal to 280 – 330 mm.
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Fig.17. The spectrometer magnet edge magnetic field
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A 2D model was used to estimate the shielding attenuation factor. The model is presented in the Fig.18.

Fig.18. 2D model for the calculation of the field screen
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The magnetic field in this model was generated by the current coil and effective iron yoke. The maximal value of the magnetic field was equal to 0.1 mT. For the field screen the permalloy metal type 50HXC ((ini=3000, (max=28000) 0.5 mm thickness was used. The permalloy tape is wrapped around the vacuum pipe. The magnetization curve for the permalloy is presented in the Fig.19. The attenuation factor for the field screen is shown in the Fig.20.

Fig.19. Magnetization curve for the 50HCX alloy
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Fig.20. Attenuation factor for the field screen

Conclusions

1. The number of magnet yoke connecting elements has to be minimized. Their position has to be choose to provide relative magnetic field disturbance less then 10 –3.

2. The steel plates for the spectrometer magnet has to be tested by special defects detection methods for determination of the inside  caverns.

3. The magnet girder has to be designed with minimal magnetic field distortion. The magnetic field measurements has to be provided for the magnet with the girder.

4. For the magnet manufacturing the low carbon steel use is preferable. The special attention should be given to a variation of the steel chemical composition, it has to be less then 10 %. 
5. The wall thickness of  the vacuum pipe has to be as small as possible. The stainless steel of the vacuum pipe has to have the minimal value of (r (preferable less then 1.005). The magnet test for the vacuum pipe has to be started as early as possible.

6. The position of the magnetic field screen has to be choose during the spectrometer magnet test.
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