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Accelerator Systems Division (ASD) Control of Beam Power Density
Given that the accelerator facility of the Spallation Neutron Source (SNS) will be capable of delivering a 1.0 – 1.3 GeV proton beam of 2 MW to the Mercury (Hg) target, there must be a high-reliability system in place to both monitor the beam power per unit area on the Hg target and also provide a rapid inhibit of the SNS beam if defined limits are exceeded. Additionally, the ASD will provide specific monitoring and beam inhibit functions for the two passive and one actively cooled beam dumps.

Hg Target monitoring and protection
In order to accomplish this requisite protection of the Hg target, ASD has defined a layered approach (defense-in-depth) that relies upon the action of the Machine Protection System (MPS) to remove the “Beam Permit” whenever necessary.

The present baseline for protection of the Hg target relies upon a pulse-by-pulse measurement of the transverse beam profiles in the Ring to Target Beam Transport (RTBT) beamline. These measurements will be done using two in-beam HARP’s (multiwire devices with 32 to as many as 64 wires/channels per plane); one of which will be located near the end of the RTBT beamline and after the last beam controlling device (magnet, collimator, etc.). Each HARP will consist of sufficient wire numbers and spacings to acquire a complete beam profile measurement in the horizontal, vertical and ~ 60 degrees from vertical orientations. In some detail, wires of these HARP’s will be individually monitored and if the incident beam on that wire exceeds a pre-defined threshold, a beam inhibit is initiated (in actuality, the “beam permit link” is removed). All of the actions taken by the processed HARP wire signals are somewhat dependent upon the average beam current in that ~ 650ns pulse; therefore, a Beam Current Monitor (BCM) in the RTBT beamline will also be used for normalization. The precise location of the second RTBT HARP has yet to be decided, but its functionality will be identical to that of the downstream unit. Now, it is known that a wire/response function deteriorates as a function of the integrated beam incident upon the wire. In the worst case scenario (with no applied compensation), after a long period of high dose exposure from the beam, the un-corrected output of the HARP may appear to be as required (a semi-flattop with only a few percent of beam in the tails) when in fact, the beam may be gaussian in shape. However, the response of each wire within the HARP can (and will) be compensated for, simply by tracking the integral dose as a function of wire and the corresponding correction applied. In addition, the downstream HARP will be routinely replaced on a “yet to be determined” schedule. In summary for the HARP’s, they will provide the necessary monitoring function of the beam power per unit area delivered to the Hg target; and with two of these devices in the RTBT beamline, there will be inherent redundancy.

For an issue of this importance, ASD also proposes a “belt and suspenders” to ensure that the beam power per unit area is not exceeded on the Hg target. The proposed means of achieving this is to guarantee (to the best of our ability and without great expenditure of manpower and funds) that the set-points of all the major RTBT magnetic elements (quadrupole and dipole magnets) does not change. By doing this, one “fixes” the cumulative beam transfer matrix in the RTBT beamline. This is accomplished by placing high-reliability current monitors on the power supplies for each of these major RTBT magnetic elements; each monitor with a narrow “allowed set-point”. If a monitored power supply exceeds either the high current or low current limit defined for that element (as with the HARP’s system), the “beam permit” will be immediately (~ 20us) removed via the MPS. A method similar to this has been used at other accelerator facilities for many years and has been found to be both failsafe and quite effective.

Holding the RTBT cumulative transfer matrix constant assumes that the input emittance to the beamline also remains nominally constant. In order to ensure that this is so, yet another “auxiliary system” may be used (3rd layer of protection) to monitor the Ring injection “painting” process, since this essentially defines the output emittance of the Ring to the RTBT beamline. To accomplish this task, the MPS system would monitor the state of all eight of the Ring injection kicker power supplies (four horizontal and four vertical), and also confirm that the appropriate functions (four per plane also) used to program each of these fast (~1ms duration) kicker magnets is properly loaded and ready to be executed. Again, to first order, if the injection kicker functions known to produce the required beam power per unit area on the Hg target are monitored by the MPS, along with their associated power supplies, this helps to ensure that the RTBT input (transverse) emittance and Twiss parameters remain within the allowed range.

Beam Dump monitoring and protection
Passive beam dumps exist at the end of the Linac (zero degree beamline) and also in the RTBT beamline (Ring extraction beam dump). The Ring injection beam dump must be capable of rejecting as much as 10% of the SNS beam power (up to 200kW) and is therefore actively cooled. Some of the same protection mechanisms defined for use in the Hg target protection system can be used in all three of these beam dump locations. These include monitoring the state and setpoint of optical (magnetic) beamline elements, measuring and therefore knowing the divergence of the beam going into these dumps and monitoring the average, peak and differential beam current. A combination of these methods can be made use of at each beam dump location, with their outputs monitored by the MPS; and if the accepted limits are exceeded from these sub-systems, the MPS will remove the “beam permit” and therefore inhibit the beam. Specific details of which sub-systems provide the best level of knowledge of the parameters of the beam going into these dumps have yet to be determined, but the beam dumps will be sufficiently instrumented and intimately connected to the MPS such that damage to the dumps (due to beam outside the accepted boundary conditions) will be extremely unlikely. As an additional layer of monitoring and protection, each of the beam dumps will be instrumented with a number of thermocouples; each of which can serve as an additional input to the Machine Protection System.

