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[image: image11.jpg]PSB Injection Geometry for 400mm magnets, 370mm magnetic length, 66mrad, 340 mT, 126 mTm
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	H0/H- beam Dump for LINAC4 PS BOOSTER INJECTION

	Abstract

For the LINAC4 PSB injection scheme, the 160 MeV H- beam will be injected horizontally into the PSB by means of an H- charge-exchange injection system and an internal H0/H- beam dump will be installed downstream of the stripping foil to intercept the unstripped H0/H- and any H- which is missing the foil.
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INTRODUCTION
The 160 MeV H- beam from the LINAC4 linear accelerator [
], needs to be distributed to the 4 superimposed synchrotron rings of the PS Booster (PSB) [
]. In the PSB injection line a beam distribution system (BI.DIS), in combination with the BI.SMV septum unit, will deflect time resolved slices of the LINAC4 pulse sequentially into the 4 appropriate apertures of the PSB.

The LINAC4 beam will subsequently be injected horizontally into the PSB, as shown in Figure 1, by means of an H- charge-exchange injection system using for each PSB ring, a set of 4 pulsed dipole magnets (BS) creating the required injection bump, a series of 4 horizontal kicker magnets (KSW) outside the injection region to produce the painting bump and a stripping foil to convert the H- beam to H+.

Four internal H0/H- beam dumps [
], one per ring, will be installed downstream of the stripping foil to intercept the unstripped H0/H- and any H- which is missing the foil.

Figure 1: Possible configuration for the PSB injection region, showing injected and circulating (first turn) beam envelopes of ±4σ for ±0.4% δp/p variation (BS positions subject to change).
1. Position and dimensions

For space reasons the H0/H- beam dump will have to be located in the PSB ring. The injection geometry and the very limited space available in the region before the next main lattice dipole preclude extraction of the un-stripped or partially stripped ions, as shown in Figure 2.
The limited longitudinal space available forces the dump to be positioned inside the BS4 chicane magnet. A schematic cross section of the BS4 magnet is given in Figure 3, showing the overall available space for the H0/H- beam dump in case a ceramic vacuum chamber is used. 
The dump can be approximately 200 mm long, 90 mm wide and 60-80 mm high and the final dimensions can be determined once the BS4 magnet and vacuum design has been completed.
[image: image1.wmf]
Figure 2: Proposed layout (top view) of the injection straight section, showing available space [mm] of main elements.
[image: image2.wmf]
Figure 3: Available space for the H0/H- beam dump. 

The geometry of the dump must provide an unobstructed passage for the circulating beam during injection as well as the injected proton beam, whilst providing optimum protection of the downstream elements by absorbing the few percent of unstripped beam during regular operation, and also by absorbing the full beam in the event of a foil failure.

To use all available space yet to maximise the aperture allowed for the injected beam, the dump will need one curved face, as shown in Figure 4, to match the incoming beam trajectory.

[image: image3.wmf]
Figure 4: Schematic top view of H0/H- beam dump. 
2. Loading Assumption for H0/H- beam Dump
In the following worst-case loading assumptions are given.
2.1 BEAM PARAMETERS
The main machine parameters [
] to be used for the definition of the internal dumps of LINAC4 PSB Injection are shown in Table 1.
Table 1 - main machine parameters for H0/H- beam dump definition.

	Beam energy (kinetic) 
	MeV
	160

	Max. repetition rate 
	Hz
	1.11

	Number of particles per beam pulse 
	
	1.0 x 1014 


2.2 Nominal Operation

During nominal operation 25% of the LINAC4 pulse will hit each stripping foil and, assuming a stripping efficiency of 98% [
], the continuous load at 1.11Hz on each H0/H- beam dump will be:
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The annual load 
on the dump, for 200 days (1.73∙107 sec) of operation, can be estimated as:
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If the foil is degrading, a pessimistic stripping efficiency of 90% can be assumed for a limited period of ~8 hours. The injection efficiency will be monitored and if it is below 90% the operation must be stopped to solve the problem. This assumption results in a continuous power load requirement at 1.11Hz on the H0/H- beam dump of:
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This may happen about 10 times a year, resulting in a total load of:
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The total continuous load is therefore 
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2.3 Accidental Failure 

The occurrence of a foil failure or injection with no foil present, with the assumption that LINAC4 will be interlocked before the next injection, would result in the impact of a 100μs slice on the H0/H- beam dump: 2.5∙1013p+@ 160 MeV (~500J). 
Multiple pulse impact is not considered realistic, since this would only occur in case the interlock system should fail.
Another failure scenario could be distributor failure combined with foil failure resulting in an impact of a full LINAC4 pulse on the H0/H- beam dump. Since the simultaneous occurrence of these events is highly unlikely, and can be prevented by interlocking and careful design of the distributer triggering, this scenario will not be considered in the design of the H0/H- beam dump.
3. material restrictions

Since the dump will be installed inside the pulsed BS4 magnet, the effect of the dump on the BS4 dipole field should be negligible. The material to be used must be completely non-magnetic, and by design very little eddy currents should be induced in the dump block (for example with highly resistive material, or by segmentation, or by its location outside the magnetic field
). 
The presence of the dump should not perturb the magnetic field of BS4 by more than about 1% (exact figure to be confirmed) - this is clearly more difficult to achieve in the case of the fast (0.5 ms) fall time version of the BS chicane than for fall times of around 5 ms.
The proposed dump material, support structure and any electrical or other connections must be modelled in a time-varying field simulation to ensure that this condition is respected. Simulations should be launched with both variants to investigate the effect on the field.
4. aperture and tolerances

The dump is close to the horizontal aperture limit in the injection region and therefore must be built and installed with good mechanical tolerances. Otherwise the dump risks becoming an aperture limit for the circulating beam, or risks not absorbing some of the unstripped beam. 
The total uncertainty on the installed position of the dump edge must be less than ±1 mm, including all mechanical, alignment and thermal tolerances. 

5. mechanical and thermal constraints

The installation of the dump inside the BS4 magnets poses some mechanical constraints on the design. 
The dump element must be supported in the yoke or vacuum chamber without recourse to internal fixings to the inner part of the yoke or chamber, although supporting the dump by a system on the exit face of the magnet or vacuum chamber is conceivable. 

The dump must withstand the pulsed magnetic field of 0.34 T and any residual vibration induced by the magnet pulsing.
It must also withstand repeated bakeout cycles of the magnet or of the ceramic chamber, which can be assumed to be to a plateau of 200°C for 24 hours, with a maximum increase/decrease rate of 20°C / h.

6. dump material electrical charging 

A completely insulating dump material will risk electrical charging on the material surface and in the bulk, which could pose issues with the resulting mechanical stresses. The material should therefore be at least electrically slightly conductive; this should of course be compatible with the maximum distortion allowed of the BS4 magnetic field during the field decay. One possible material, Carbon, has a bulk resistivity in the range 1-5(10-5 m which is sufficiently conducting. Another discussed alternative h-BN has a resistivity of 106– 1011 m, which is certainly too good an insulator. 
7. vacuum requirements 

The dump shall allow a dynamic vacuum of 10‑8 mbar to be achieved. This means that any thermal effects need to be considered, and also that a static pressure of 10-9 mbar without beam would seem reasonable. For graphite or h-BN dump materials, adequate pumping and possibly provision for bakeout must be provided. 

The maximum steady state operating temperature of the dump must be calculated to allow this vacuum pressure.

If the dump required water cooling, this shall be done by an outside vacuum heat sink. Water connections inside the vacuum will not be allowed.

8. activation and residual dose

The dump and surrounding magnet will become activated and the residual dose is important for the planning of maintenance and repair work. 
The residual dose should be minimised in the design, by the choice of materials and geometry.

The expected activation levels as a function of cooling time should be calculated for the final dump configuration, to allow intervention planning.
9. Integrated instrumentation

The main instrumentation for the setting-up and operation of the injection system will be the BTV screen at the stripping foil location and the Beam Loss Monitors in the injection region and around the ring. However, the beam current impacting the H0/H- beam dump is also an important parameter, and should be monitored if this proves feasible within the constraints listed above. In this case, electrical insulation and segmentation of the dump could be envisaged, in order to separately measure the H0/H- beam current. The impact of the ‘slit’ between the segments on the dump performance and beam absorption should be studied in detail.
If the dump has to be connected directly to earth for thermal reasons, as seems likely, a current measuring system based on thick foils or screens at the entrance of the dump need also to be studied. The requirements for this instrument are detailed in a separate specification [
].
10. References
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�(BM)


- Spares: do you want to mention that? As many spare dumps as BS4 magnets should be produced.





- Vacuum sectorisation: How is the situation there? Do you know where sector valves will be installed? (I am not up to date on this)





- I believe that especially for this dump it would be important to have a temperature measurement installed and connected to the control system AND to the SIS.


�Assuming that all units are in mm and that we can consider the dump as part of the circumference of R=5578.8mm: the distance between the outer and inner point of the curved surface of the dump would be of ~0.8mm. To my understanding, this is not coherent with the alingment tolerance of +/-1mm specified in page 7





�(BM) you assume an annual running of 200 days. I think this number should be increased due to the change with LHC running of ~2 years with only short breaks.


�The total continuos load would be 9.61e18p/y in case there is not degradation on the foil and 1.023e19p/y if during a year there are 10x8h with a degrading foil (extracted from the 200 days)


�I thought this possibility was not realistic due to geometry constraints


�See comment on the curvature of the dump inner surface. Besides, I understand this tolerance as a total value. It means that it will have to be shared between the straightness of the dump and the perpendicularity of the reference surface of the flange (included most probably in the magnet chamber).


�From experience, graphite bake out is requested to 300C.


�After taking into account the geometric constraints plus those resulting from the combined effect on the magnetic field and on the beam measurement there is no degree of freedom for dose minimization by geometry or materials.
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