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Taking into account that the magnetic field requirements for the TESLA spectrometer ancillary magnets are not so extremely high as for main one, the calculations and it’s design were assumed for  three possible versions:

· the same magnet design in the transverse section as for the spectrometer magnet, but in two times shorter in the length (1.5 m);

· more compact design in the transverse section and with the length equal 1.5 m;

· more compact design in the transverse section and the longitudinal direction.

Version 1 (unchanged transverse design from the spectrometer magnet)
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Using the same as for the spectrometer magnet design in the transverse section it is possible to achieve less expenses for the ancillary magnet design and manufacturing. The cross-section for the magnet geometry is presented in the Fig.1 and it working line is in the Fig.2. The normalized magnetic field distribution for three reference beam energies is presented in the Fig.3.

Fig.1. Cross-sectional view of of the TESLA spectrometer ancillary magnet (V.1)
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Fig.2. Working line of the TESLA spectrometer ancillary magnet (V.1, V.2)
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Fig.3. Normalized magnetic field of the spectrometer ancillary magnet (V.1)

Version 2 (compact transverse design)
For this version of the ancillary magnet the same length (1.5 m) as for V.1 was used but the transverse design was provided at the essentially more compact shape. The cross-sectional design for this version of the ancillary magnet is presented in the Fig.4. The version 2 of the magnet has the same working line as previous one (see Fig.2). The magnet excitation curve is presented in the Fig.5 and the normalized magnetic field for the main reference beam energy is in the Fig.6. The (1(10 -5 magnetic field uniformity exists for the transverse region equal to 9 mm.
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Fig.4. Cross-sectional view of of the TESLA spectrometer ancillary magnet (V.2)

Fig.5.Excitation curve for the spectrometer ancillary magnet (V.2)
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Fig.6. Normalized magnetic field of the spectrometer ancillary magnet (V.2)

Version 3 (compact transverse and longitudinal design)
For this version of the ancillary magnet the compact design in the transverse and longitudinal direction was approached. Because of the magnet length decreasing the SR energy loss increases more then twice. The SR energy loss for the two ancillary magnets is equal to the one for the spectrometer magnet (Fig.7). The cross-sectional design for this magnet version is presented in the Fig.8. The working line is in the Fig.9. The magnet excitation curve is  shown in the Fig.10. For this magnet the nonlinear effects are essential. The normalized magnetic field  (Fig.11) has common uniformity region for the limit  (1(10 -5 equal to 9 mm.

[image: image7.wmf]0

10

20

30

40

0

10

20

30

Y(cm)

X(cm)


Fig.7. Energy loss due to synchrotron radiation in the two TESLA spectrometer ancillary magnets for the beam energy E=250 and 400 GeV
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Fig.8. Cross-sectional view of of the TESLA spectrometer ancillary magnet (V.3)
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Fig.9. Working line of the TESLA spectrometer ancillary magnet (V.3)
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Fig.10.Excitation curve for the spectrometer ancillary magnet (V.3)
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Fig.11. Normalized magnetic field of the spectrometer ancillary magnet (V.3)

Conclusions

The various versions for the ancillary magnet can be compared using the information on the magnets basic technical parameters from the Tab.1. The V.2 of the ancillary magnet has the minimal value for the magnet design optimization parameter (yoke weight)((energy loss due to synchrotron radiation). So the preference should be given to this design version of the ancillary magnet.

Table 1. Basic technical parameters of the TESLA spectrometer magnet and for  the assumed versions of the ancillary magnet
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Spectrometer magnet
Ancillary magnet (V.1)
Ancillary magnet (V.2)

(preferable)
Ancillary magnet (V.3)

Bending angle (mrad)
1
0.5
0.5
0.5

Magnetic field (min/max) (Т)
0.05/0.44
0.05/0.44
0.05/0.44
0.107/0.95

Pole gap (mm)
35
35
20
20

Pole length (mm)
3000
1500
1500
700

Magnetic field integral (T(m)
0.15/1.33
0.075/0.665
0.075/0.665
0.075/0.665

Magnetic measurement error of the field integral (relative)
(1-3)(10 –5
(2-5)(10 –4
(2-5)(10 -4
(2-5)(10 -4

Energy loss due to synchrotron radiation (max) (MeV)
120
60
60
130.5

Yoke type
C
C
C
C

Yoke dimensions (mm)
395(560(3000
395(560(1500
240(320(1500
230(380(700

Yoke weight (t)
4.51
2.25
0.73
0.43

А*turns (1 coil) (max)
6335
6335
3600
9300

Number of turns (1 coil)
6*4=24
6*4=24
6*5=30
10*6=24

Conductor type
Сu, 12.5(12.5, (7.5
Сu, 12.5(12.5, (7.5
Сu, 8.5(8.5, (5.3
Сu, 8.5(8.5, (5.3

Conductor weight (t)
0.34
0.19
0.09
0.11

Coil current (max) (А)
264
264
120
155

Current density (max) (A/mm 2)
2.4
2.4
2.4
3.1

Coil voltage (max)  (V)
13.3
8
8.5
12.3

Coils power dissipation (max) (kW)
3.5
2.1
1.0
1.9

Number of water cooling loops
6
6
6
10

Length of cooling loop (m)
56
32
33
23

Water input pressure (Bar)
6
6
6
6

Water input temperature (deg C)
30
30
30
30

Temperature rise (deg C)
1.4
0.6
0.7
0.7
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