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1 Storage ring (GLB)

1.1 Introduction

A 700 MeV storage ring will be built to. The space constraints have led to a compact ring with two families of magnets, a combined horizontal quadrupole/sextupole and a gradient dipole with pole-face windings to control both the quadrupole and sextupole components of the magnetic field. This results in the straight sections being 54% of the total circumferance of the ring. There will be seven straight sections available for insertion devices, the remaining straight section will be occupied by the injection kicker and the rf-cavites.

1.2 Specifications

The main parameters of the ring are shown in table 5.1 below. 

Table 5‑1: Storage ring parameters

Horizontal tune
3.72

Vertical tune
2.74

Energy
700 MeV

Horizontal emittance
13 *10-9 m rad

Ring circumference
36 m

Momentum compaction factor
0.035

Dispersion in straight sections
0.47 m

Periodicity
8

Straight section length
2.445 m

RF
100 MHz

1.3 Lattice

The ring machine functions can be seen in Figure 5‑1. The tunes were selected after scanning tune space and analyzing the performance of the optics with regards to beam emmitance, beta functions, and dynamic aperture. The natural chromaticity is –4 in the horizontal plane, and –6 in the vertical plane. The sextupole components in the magnets are designed to correct the chromaticity to +1 in both planes. 
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Figure 5‑1: Machine functions

The input file for the ring is as follows.
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TITLE 

700 MeV 8 CELLS STORAGE RING

UTRANSPORT

NOECHO

D1: DRIFT, L= 1.225E+00

D1A: DRIFT, L= 1.025E+00

D1B: DRIFT, L= 2.0000000E-01

D2: DRIFT, L= 2.0000000E-01

D3: DRIFT, L= 2.00000000E-01

D4: DRIFT, L= 1.4125E+00

Q1: QUADSEXT, L=0.2, K1=.58897961487191E+01,&

                      .90147991918031E+01

BEND:     SBEND,   L=1.25,ANGLE=45.0,K1=.32300822475516E+01,&

          K2=-.23026261335255E+02,&

          FINT=0.7,HGAP=0.01,E1=0,E2=0, H1=1.4,H2=0

SEPTUM: MARKER

INJKICK: GKICK, L=0, DXP=0

CELL: LINE=(D1,Q1,D2,BEND,D2,Q1,D1)

RING: LINE=(D1A,SEPTUM,D1B,Q1,D2,BEND,D2,Q1,D1,&

            6*CELL,INJKICK,CELL)
1.3.1 Dynamic aperture

The dynamic aperture in the following is defined as the area in phsse-space where the orbits are stable for 1000 turns.  A collection of 1000 particles which fills up a large area in phase-space is created, the particles are tracked with the program DIMAD, and the particles that remain in stable orbits give the dynamic aperture. The dynamic aperture for the ideal ring is seen in Figure 5‑2.
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Figure 5‑2
1.3.2 Tolerances

1.4 Beam lifetime

The goal is to achieve a suffiently long beam life-time so one injection/day should suffice. The beam life-time limiting losses are essentially due to vacuum and Touschek losses.

1.4.1 Vacuum losses.

1.4.1.1 Pressure calculations

The same model as used for the MAX II ring is used. This model is slightly pessimistic, giving a factor of two higher pressure than we observe in a wellconditioned system.

The geometry of one cell is given as input to the programme, including the vacuum chamber sizes, pumping and gassing constants. The code then calcultes the position where the synchrotron radiation hits the vacuum chamber or absorbers and finally calculates the pressure along the chamber.

The following input parameter values have been used:

No-beam gasing constant
1*10-12 Torrl/s/cm2
No of  gas molecules/photon
2.5*10-7
The average pressure according to these calculations is 1.4 nTorr for Z=7 diatomic molecules.

The vacuum beam life-time was then calculated using the ZAP1) code yielding a total vacuum life-time of 

13 h@0.2 A or 2.6 Ah.

The vacuum losses are due to elestic scattering and Bremstrahlung losses. At the relatively low electron energy in the MIII storage ring, the elastic scattering losses dominate.

1.4.1.2 Touschek losses

Concerning the Touschek life-time, the most straightforward way is to use the well-proven 500 MHz system. However, we also plan to use a Landau passive cavity system to increase the Touschek life-time and to damp the longitudinal coupled bunch instabilities. When using a 500 MHz system in MAXIII, we find that the synchrotron frequencies will be close to the frequency shift of the Landau cavities, so we will then suffer from the Robinson instability. This has also been observed in the MAX I ring.

When decreasing the RF to 100 MHz, the Landau cavity will be tuned safely above the synchrotron frequency. The parameter values of this system with 10 % coupling are given below:

Main RF system @ 200 mA and 10% coupling

RF
100 MHz

Shunt impedance
3.2 M(

Q value
16000

Coupling
3

Voltage
200 kV

Cupper losses 
12.5 kW

Synchrotron frequency
36 kHz

Half bucket height
2 %

Touschek lifetime
1.5 Ah

Bunch length
2.26 cm

Landau system @ 200 mA and 10% coupling

RF
500 MHz

Shunt impedance
7 M(

Q value
40 000

Power dissipation
200 W

Tuning range
250 KHz

Landau damping
30 (s

Bunch length (rms)
7 cm

Touschek life-time
4.5 Ah

1.4.1.3 Conclusions

The vacuum losses are dominant for the MAX III ring, at least prior a thorrough conditioning. We thus predict a total beam life-time of  1.6 Ah (8h @ 200mA)  After some year of operation the beam life-time could increase to 2.4 Ah or 12h @ 200 mA.

Including the vacuum losses we then end up with a beam life-time of 1.6 Ah (8h @ 200mA) with the proposed vacuum system.

If the beam losses, Touschek and vacuumlosses, are proportional to the stored cussent as in MAX II, the current decays as

With Iinj=0.25 A and (inj=6.4 h, the current will decrease to 90 mA in 12 h .

The dominating losses are the vacuum ones. Could the pressure, as in a well-conditioned system in MAX II, be reduced a factor of two, we should get a total beam life-time of  2.44 Ah. The current should then decay to 110 mA in 12 h.

1.5 Injection

A beam of 500 MeV electrons will come from the recirculator. Current will be  accumulated and then the magnets will be ramped to the final settings for 700 MeV. A single injection kicker will be used. A phase-space plot of the injected and stored beams at the septum is shown in figure 1.5.1.


1.6 Magnets

1.6.1 Dipole magnets

The dipole magnets of MAX III shall be used at electron energies from 500 MeV at injection to 700 MeV at storage. 

The specified data are the following:
Bending radius:
1.59 m

Field at central radius
1.4675 T

Gradient
-3.52 T/m

Sextupole
-20.0 T/m2

Shim angles
0 degrees

Bending angle
45 degrees

Magnet gap
30 mm

Good field region
+/-25 mm horizontally

Aperture inside vacuum
20 mm vertically


50 mm horizontally

For precision and ease of machining, a pole profile with 10 mm wide horizontal steps has been chosen. The resulting field follows the specified values within about 1/1000. The magnet ends have field clamps to control the shape of the end fields. There are pole face windings to generate corrections to the quadrupole and the sextupole fields. The quadrupole winding consists of four strips of flat copper distributed evenly over each pole face. The sextupole windings are similar to the quadrupole windings, but have varying widths to generate the proper field shape. 

Data:



Dipole coils
Number of turns
2 x 4 x 8; total 64


Conductor
10 x 10 hole dia 6 mm


Current
602 A


Voltage
31.7 V/magnet; total 254 V


Power
19.1 kW/magnet; total 153 kW


Cooling water at 20C rise
13.7 l/min/magnet; total 110 l/min


Pressure drop
5.2 athm





Quadrupole corr coils
Gradient
-0.35 T/m (10% of nominal Q)


Current
73 A


Number of turns
8


Conductor
1 x 16 mm


Voltage
17 V total


Power
160 W/magnet; total 1260 W





Sextupole corr coils
Sextupole
-4T/m2  (20% of nominal)


Current
31 A


Number of turns
8


Conductor
1 x 23 and 1x 9 mm


Voltage
9 V total


Power
34 W/magnet; 275 W total

1.6.2 Quadrupole magnets

The quadrupole magnets will have a sextupole component machined into the poles. The poles will be mounted onto machined notches in the plates. Each pole will have two coils, one for the main field and one which can be used to create the horizontal and vertical corrector fields.

1.6.3 Septum magnets

A horizontal septem coming from the outside of the ring will be used. The septum magnet will be positioned as close as possible to the downstream quadrupole in the injection straight section to allow maximum space for an insertion device.  

1.6.4 Injection kicker

The injection kicker will be placed in the straight section upstream of the injection straight. A pulsed window-frame type magnet will be used. The magnet will deliver a 5 mrad kick and the pulse will be a half sine wave kick lasting 720 nsec or six revolutions of the beam.

1.7 RF-system

1.7.1 Cavity

A 100 MHz capacity loaded cavity will be used in combination with a 500 MHz Landau cavity.

1.7.2 Klystron

A klystron will be bought.

1.7.3 Waveguide

There will be waveguides

1.8 Powersupplies

Power supplies will be bought

1.9 Diagnostics

1.9.1 BPM-system

There will be two BPM heads per cell.

1.10 Vacuum system

Special care will be taken with the vacuum system in order to assure the vacuum quality needed to obtain the long lifetime.

1.11 Support structure

The cells will be supported on three pylons as seen in figure 5.11.1. A cross-board for alignment will be placed between each of the support pylons and the cell block.


1.12 Alignment

The alignment procedure will be simple. The cells will have machined holes for the distinvar wire directly above the two inner supports. There will be a central pillar which will be used to adjust the cells to the proper radius. Distinvar wires will also be used to adjust the distances between the individual cell. The water leveling system which was developed for the MAX-II ring will be used to level the cells.

� EMBED Equation.3  ���
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