Calculations on determination of the influence of manufacturing unaccuracy and temperature effects on quality of the magnetic field for the TESLA spectrometer magnet
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(internal report)

    In this internal report the results of calculations are reflected on estimation of the  magnetic field influence for

·  the various types of the ideal spectrometer magnet geometry distortions;

·  the magnet temperature variation.

   For calculations the 2D POISSON model 1 [1] was used. In case of need of calculations of the influence some effects on the median magnetic field plane the model 3 was used, which looks like model 1 but it includes full cross-section of the spectrometer magnet. The view of this model is presented in the Fig.1. For this series of calculations the working magnetic field range for the spectrometer magnet was as 0.05 – 0.44 T (Ebeam=45 –400 GeV).
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Fig.1. The view of the model 3.

1.The influence of the ideal magnet geometry distortions.

   The scheme of the inserted distortions into the ideal geometry of the spectrometer magnet is presented in the Fig.2.

A). Symmetrical (up and down) variation of the magnet gap from the poles right side (1+1() and ones left side (2+2() with (y p t=(y p b=0.05 mm. This gap variation leads to two effects:

1. the decreasing the magnetic field uniformity region of the ideal magnet from 19 to 7 mm;

2. the shifting the transverse position of the optimal uniformity region on to 50 mm in case (1+1() and 22 mm in case (2+2().

   The results of the magnetic field calculations for ideal magnet pole, case (1+1() and (2+2() are presented in the Fig.3.
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Fig.2. The scheme of the magnet geometry distortions.

Fig.3. Normalized magnetic field of the spectrometer magnet (ideal geometry, case (1+1(), case (2+2()).

B).Gap variation for one pole (up), case (1),  (y p t=0.1 mm. This leads to the  same effect for vertical magnetic field component (A) and to the horizontal component generation in the middle magnet plane. The results of simulation of the horizontal magnetic field component are presented in the Fig.4.

C). The pole surfaces stay parallel but have incline to the middle magnet plane (case 3 + 3(), (y p t=(y p b=0.05 mm. For this case the vertical magnetic field component is unchanged. The horizontal field component generated in the middle plane is presented in the Fig.5. 
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Fig.4. Horizontal magnetic field component (case 1).

Fig.5. Horizontal magnetic field component (case 3+3().

D). The increasing of the top pole width (case 4),  (p =1 mm. For this case the uniformity distribution for the vertical magnetic field component is unchanged. The horizontal field component generated in the middle plane  is presented in the Fig.6. In the region of interest (X~250 mm) the horizontal component is close to zero.

E). The shifting of the poles in horizontal direction (case 4+4(),  (p =1 mm. For this case the uniformity distribution for the vertical magnetic field component is unchanged. The horizontal field component generated in the middle plane  is presented in the Fig.7. In the region of interest (X~250 mm) the horizontal component is close to zero too.
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Fig.6. Horizontal magnetic field component (case 4).
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Fig.7. Horizontal magnetic field component (case 4+4().

E). Vertical shift of the top coil (case 5),  (y c=1 mm. For this case the uniformity distribution for the vertical magnetic field component is unchanged and the horizontal field component generated in the middle plane is close to zero.

F). Horizontal shift of the top coil (case 6),  (x c=1 mm. For this case the uniformity distribution for the vertical magnetic field component is unchanged and the horizontal field component generated in the middle plane is close to zero.

2.Discussion of results.

    Summarizing results of calculations on the influence of the possible magnet manufacturing errors, one can draw the conclusion, that the most dangerous factor is the magnet poles parallelism. For the spectrometer magnet gap of 35 mm the poles parallelism tolerance should be estimated within the limit of 0.02 mm that will require the careful study of the design and manufacturing technology of the  magnet. The reference examples of such accuracy for the magnet manufacturing are the TJNAF dipole magnets, for which the magnet gap 50 mm was realized with the tolerance 0.005-0.01 mm [4].

   The critical value of the magnetic field horizontal component  may be estimated by help of formula for the beam deviation in vertical direction:

                           Bx (mT) = (x (mrad) * E (GeV) / (0.3 L (m))    where

(x – vertical angle of the beam deviation (0.01 mrad = 0.1mm/10m);

E – beam energy (400 – 45 GeV);

L - magnet length (3 m).

   Calculations by help of this formula give Bx  = 4.4 mT for 400 GeV and Bx  = 0.5 mT for 45 GeV. These values ten times more the calculated ones above for errors of the magnet geometry.

3.Temperature behavior of the spectrometer magnet.

   The temperature behavior of the magnet depends from:

· variation of the magnet transverse geometry (particularly magnet gap);

· variation of the magnet longitudinal geometry (particularly magnet pole length);

· variation of the iron permeability.

Variation of the magnet transverse geometry.

   For the calculation of the  magnet geometry temperature effects there were used the thermal expansion coefficient for coils material (Cu) KCu=1.68(10 –5 1/oC and for yoke material (steel)  KSt=1.24(10 –5 1/oC. For the better sensitivity of the magnetic field calculation the magnet geometry changes were introduced into the calculation model for the temperature variation - (T=10 oC. The scheme of the magnet transverse  geometry change is presented in the Fig.8 and the values for ( - in the Tab.1.

Table 1. Magnet geometry changes (mm) for the temperature variation (T=10 oC.

(xc1
-0.015

(xc2
-0.025

(yc1
-0.0075

(yc2
0.0075

(xm1
-0.01

(xm2
0.01

(xm3
0.02

(xm4
0.04

(ym1
0.002

(ym2
0.02
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Fig.8. The scheme of the magnet transverse geometry change due its temperature variation.

   The calculations of the magnetic field change were done separately for the coils and magnet yoke geometry changes. The results of calculations are presented in the Tab.2. The data shows, that the factor of the magnetic field variation is close to the temperature factor of the magnet pole gap variation. 

Table 2. The magnetic field temperature coefficient (CT t) due to the magnet transverse geometry change.


Coil
Yoke

Material thermal coeff. 1(10 –5 1/oC
1.68
1.24

Magnetic field  temp. coeff. 1(10 –5 1/oC (B=0.05 T)
-0.001
-1.36

Magnetic field temp. coeff. 1(10 –5 1/oC (B=0.44 T)
-0.005
-1.3

Variation of the magnet longitudinal geometry.

   Change of the magnet pole length due to the temperature variation is carried out with thermal expansion coefficient for steel (KSt=1.24(10 –5 1/oC). The change of (BL) occurs with the same factor (CT l=1.24(10 –5 1/oC).  

Variation of the iron permeability.

   The temperature of magnet core essentially influences on the magnet permeability. According to the data from [2] in the temperature range 0 – 200 oC the (max for iron is changing with the factor 10-20  1/oC. For the calculation of the magnetic field temperature coefficient the computer model was used with initial dependence (=f(H) and with changed one for (T=10 oC. The curve of the steel permeability temperature change is presented in the Fig.9. The results of calculations of the magnetic field temperature coefficients are in the Tab.3. The experimental measurements [3] of such coefficients for some LEP magnets gave the values (0.7 – 3.7)( 10 –5 1/oC.

[image: image8.wmf]0

10

20

30

40

50

60

0

10

20

30

40

 

D

ym3

 

D

ym2

 

D

ym1

 

D

xm4

 

D

xm3

 

D

xm2

 

D

xm1

 

D

yc2

 

D

yc1

 

D

xc2

 

D

xc1

Y(cm)

X(cm)


Fig.9. The iron permeability change for (T=1 oC.

Table 3. The magnetic field temperature coefficient (CT () due to the magnetic permeability change.

Magnetic field  temp. coeff. 1(10 –5 1/oC (B=0.05 T)
5.7

Magnetic field temp. coeff. 1(10 –5 1/oC (B=0.44 T)
5.0

4.Discussion of results.

   Summarizing all temperature factors, we get:

           CT ( (B=0.05) = 5.6(10 –5 1/oC,

           CT ( (B=0.44) = 5.0(10 –5 1/oC.

   For correction of the spectrometer magnets magnetic field change due to the temperature effects the  operational measurement technique is used. For the measurement of the point magnetic field – the NMR probes used. At SLC spectrometer 3 NMR probes used for 1.5 magnet pole length, at LEP one – 2 probes for 5.75 pole length. For the measurement of (B(dl the “flip coil” technique is used (SLC). The magnetic measurement technique is used together   with registration of the magnet yoke temperature. At the LEP spectrometer magnet for the temperature measurement some tens probes are in use. For the TESLA spectrometer magnet in case of magnetic field temperature factor CT (  = 5.0(10 –5 1/oC, the magnet length 3 m, two operational NMR probes located near pole edges, for the error ((B(dl = 1.0(10 –5  the allowable temperature gradient in the yoke along  beam direction is 0.13 oC/m. This estimates the requirements for the temperature registration accuracy ~0.05 oC. 

5.Conclusions.

· The required tolerance for the magnet pole parallelism is 0.02 mm. 
· The temperature of inlet cooling water has to be stabilized with accuracy 1 oC.
· The magnetic field monitoring under operational conditions has to be realized by means of  NMR probes, the final decision on their quantity (preliminary 2 ones)  and placement are estimating during carefully studying of the magnet field behavior due its temperature history.
· Under operational conditions the magnetic field integral monitoring may be realized by means of “moving wire” or “flip coil” technique (if it’s required).
· For measurement of the temperature distribution  in the magnet yoke the temperature monitoring  of the magnet has to be realized under laboratory and operational conditions.
· Additional monitoring of the magnet pole length may be introduced (if it’s required).
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