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1 Recirculator

The recirculator is to recycle the electron beam after the first transit of the linacs back to the first linac for the second linac transit under isochronous conditions. The system is thus designed to work at 250 MeV.

The recirculator consists of two 1800 bends and a straight section connecting them (Fig. 6‑1). Each 1800 bend should be close to a drift section matrix. They are also achromats to first and second order of energy.

The 1800 bend consists of three bending magnets and five quadrupole magnets. The quadrupoles between the bending magnets brings the dispersion function to negative values in the middle dipole and their strengths are adjusted to give first-order chromaticity. A sextupole component is introduced in these quadrupoles to adjust the second order chromaticity to zero. The remaining flanking quadrupole doublets gives a focus in the middle of the second dipole.

Fig. 6‑1. Injector layout.
Fig. 6‑2. 1800 bend.

1.1 Lattice parameters

Due to space limitations the recirculator is made very compact resulting in rather high gradients for the quadrupoles . 

The higher order aberrations are studied and some simple corrections are introduced.

 To create the high order map for the circulator the program “Cosy Infinity”
 was used.

The transfer matrix up to second order is given in Table 6‑1
Table 6‑1. The transfer matrix up to second

0.3757006
-1.021445
0.0000000
0.0000000
0.4404554E-04
100000

  0.8408178
0.3757006
0.0000000
0.0000000
0.2692030E-04 
010000

  0.0000000
0.0000000
 1.011742
-0.2253894
0.0000000
001000

  0.0000000
0.0000000
-0.1048078
 1.011742
0.0000000
000100

  0.0000000
0.0000000
0.0000000
0.0000000
 1.000000
000010

 -0.2692030E-04
-0.4404554E-04
0.0000000
0.0000000
0.1315417E-04
000001

  -14.95584
 2.694500
0.0000000
0.0000000
-34.31809
200000

   14.22646
 3.293715
0.0000000
0.0000000
 43.77288
110000

   4.347553
-15.24758
0.0000000
0.0000000
-44.34898
020000

  0.0000000
0.0000000
-27.57849
-20.72717
0.0000000
101000

  0.0000000
0.0000000
-9.631721
-12.66829
0.0000000
011000

  -8.613939
-12.76166
0.0000000
0.0000000
-24.27261
002000

  0.0000000
0.0000000
 224.1074
-20.19953
0.0000000
100100

  0.0000000
0.0000000
 136.9727
-19.56984
0.0000000
010100

   21.12737
 22.60909
0.0000000
0.0000000
 85.57328
001100

   74.15459
-18.92492
0.0000000
0.0000000
-1.361023
100001

  -70.12889
 74.15602
0.0000000
0.0000000
-0.8318468
010001

  0.0000000
0.0000000
 81.48987
 29.82795
0.0000000
001001

  -68.78581
-111.9242
0.0000000
0.0000000
-372.8392
000200

  0.0000000
0.0000000
-745.4657
 81.49019
0.0000000
000101

  0.4184660
0.6786236
0.0000000
0.0000000
0.1786194E-03
000002

The outline of the triple bend achromat is shown in Fig. 6‑3. below
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Element list up to 90deg. bend
DL 5.2;

MQ .1 -17.369601 1.0;

DL .2;

MQ .1 16.28410005  1.0;

DL .1;

DP  .58352568 45. .05;

DL .07;

M5 .2  -29.9635 -164.7 0. 0. 0. 1.0;

DL 0.15102324  ;

DI  .58352568 90. .05 22.5 0. 22.5 0.0;

Fig. 6‑3.  Part of recirculator

1.1.1 Calculations

The transfer matrix up to third order is seen below.

1.  The chromatic dependence of the longitudinal coordinate is calculated by pushing rays of different energy through the Cosy map. The result of the calculation is shown Fig. 6‑4.

2.  The radial amplitude dependence for the longitudinal coordinate is studied as above, and the result is shown in Fig. 6‑5.
3.  The chromatic dependence for the longitudinal coordinate is strongly reduced by introducing a sextupole component in quadrupole M5. The result of this correction is shown in Fig. 6‑5.
1.1.2 Conclusions
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The chromatic effect  is almost cancelled by the sextupole correction and the longitudinal effect on the radial distance is negligible for amplitudes less than 1 mm.

Fig. 6‑4.

[image: image3.wmf]Longitudinal coordinate dependence on X-amplitude
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Fig. 6‑5.

1.2 Modes of operation

The recirculators are used to get the 500 MeV beam from the injection into MAX II and III. At the injection of MAX I, the bending magnet prior the first 1800 bend is engaged to deflect the electron beam into MAX I.

A third mode of operation is when the linacs are used for IR FEL operation. The magnet field strengths of the  recirculating system is then decreased to match the electron energy and the beam will then be extracted via the 500 MeV channel.

1.3 Extraction

After the second transit of the linacs, the beam will enter the first 1800 bend again but now at 500 MeV. It will then be deflected by the first dipole magnet by 15 degrees. Another magnet deflects the beam back to horizontal and sends it to the 500 MeV extraction channel.

1.4 Magnets

All magnet elements of each 180o bend are built integrated into a double steel plate, where the poles and grooves for the coils are machined into the plates. The quadrupole poles are also mounted onto these plates. The bends have hinges for opening one side plate like a door without extra lifting devices. The hinges are made such that they allow the doors to be closed tightly to the other yoke member without restriction by the hinges. 

Table 6‑2. Dipole magnets

Dipole magnets

Gap
10 mm

Coils
5 x 5 hole 3 mm conductor

4 x 6 turns each coil

Current
275 A

Voltage
138 V

Cooling
36 water circuits à 1.7 l/min

pressure drop 0.2 bar.

Table 6‑3. Quadrupole magnets

Quadrupole magnets

Aperture
14 mm dia.

Max gradient
30 T/m

Length
10 and 20 cm

Coils
3 mm2 conductor 

125 turns each coil 

0.2 and 0.4 ohms each coil

Current
5 A

Cooling
The coils are wound directly on the poles and are cooled by thermal contact with the yoke.

The aperture is made larger than needed in order to eliminate the need for tight tolerances on the pole shape. The position of the centre and the quadrupole symmetry are still critical.

1.4.1 Chicane

For fine-tuning of the path length of the recirculator, a three-magnet chicane is used at the lower transfer line. The magnets are separated by one meter and a maximum deflection of 1 cm in the middle magnet will then give a path length difference of 0.1 mm. These magnets are quite simple. They can be made 10, 20 and 10 cm long for a field of 0.083 T. The coils may have each 80 turns of 2 mm diameter conductor. Current 5 A; total voltage 5 V.

1.5 Powersupplies

Bending magnets: Data as per above.

Table 6‑4
Quadrupoles
three groups of magnets

QF short
15.0 T/m
2.5 A
8 V

QD
15 T/m
2.5 A
8 V

QF long
30 T/m
5 A
32 V

1.6 Diagnostics

1.6.1 Beam-viewers

Beam-viewers of the MAX II transfer line type will be used at the following positions:

1. The RF-gun exit

2. The entrance of the first linac.

3. The entrance of the first 1800 bend.

4. The exit of the first 1800 bend.

5. The entrance of the second 1800 bend.

1.6.2 Synchrotron light monitors.

Two synchrotron light monitors will be used to tune the dispersion of the 1800 bends, one in the middle of each middle dipole magnet of the 1800 bends. A third synchrotron light monitor will be installed at the extraction magnet of the first 1800 bend to measure the beam emittance.

1.6.3 Current monitors

Current pulse transformers will be placed at the following positions:

1. The exit of the Rf gun

2. The entrance of the first linac.

3. The exit of the first linac.

4. The exit of the second linac.

5. The exit of the first 1800 bend.

6. The entrance of the second 1800 bend.

1.7 Vacuum system

A mean vacuum of 10-8 is quite sufficient in the injector. A gassing constant of 5*10-12 Torr l/s is assumed. Due to the limited conductance of the thin beam tubes, 10 l/s pumps will be sufficient except for the linacs where 40 l/s pumps will be used.

The linac will be pumped at both ends. One 10 l/s pump is put at each 1800 bend entrance and exit and one 40 l/s pump is put in the middle of the 3.2 cm diameter tube joining the two 1800 bends.

The electron gun is pumped by a separate 40 l/s pump.

For baking of the 1800 bends the sides of the bends are swung open. Then the vacuum pipe can be moved out from the yoke and wrapped with heating tape.

The waveguide system is also under vacuum. A 40 l/s pump is put at each SLED cavity and 40 l/s pumps are put at 10 m distances along the wave-guide.

Rubber gasket valves are used throughout the system. The valves are pu at the following positions:

1. After the electron gun.

2. At each linac entrance.

3. At each end of the 1800 bends.

The system is bakeable throughout. 

1.8 Alignment & support

The bends will be supported from the floor with adjustment screws to allow alignment. They will also have a sideways adjustable support at the top from the ceiling which allows levelling to vertical position. This support must also be able to carry the load of a fully opened side yoke plate.
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