arXiv:physics/0008085 v2 18 Aug 2000

Energy Stability in High Intensity Pulsed SC Proton LinacSpallation to neutron experiments, as well as multi-purpose facilities applications call of ahigh intensity proton linac. There is general onthe technology the part,which some like higher capabilities or operational costs as structures. This spoil the stability of thus to be transient arising from the slippage along a multi-cell cavity with the finite RF propagation, significant with a too coupling or a too number of to slippage along exhibits a sensitivity to fluctuations than relativistic particles. A initially beams has to proton beams. It solves the 6xN to cavity of an of N by one single Simulation on a typical proton linac given with sources, like or detuning, input energy offsets, intensity jitters, etc...With the aim of studying the energy stability in a intensity proton linac, be by transient slippage the two PSTAB. The on aanalysis, the systematic to latter, relativistic has low beams all major microphonics, input offsets, jitter, multiple cavities by asingle system calculation. to of this of a longer afew results of simulation for the of a typical spallation source, like ESS[3]. The the SC High Linac, which this study are shown in Table 1.The bunch time is funnelling of two beams of 352.2 RFQs, to be to the 704.4 MHz of SC cavities. cavity types from input to exit of the linac their gains as a function of the incoming Table 1: Typical SC High Energy Linac for ESS85 MeV1.333 GeV107 mA60 %600 ns2000704.4 MHz

02468

Energy gain (MeV)Energy (MeV)Figure 1: Energy gain for the 3 cavity types.aof constant to the to of about 27MV/m 50 mT. The main of the 3shown in 2. matching is by the synchronous phases of the two The resulting unit lengthfrom about to 4¡. The from 130 kW at the beginning to 680 kW at end of the linac for the mean beam current of 64.2 mA.bbbG (MV/m)b# cells555# cavities /cryom234161423- 30- 27- 2585 - 195195 - 450450 - 13482˚˚TRANSIENT BEAM-LOADINGFig.2 shows for example the energy gain the slippage with to a constant velocity

which would stay on-crest of the RF wave, along the cavity of the linac. With an of MV/m, the net gain is 2 MeV the

0120

Energy gain (MeV)

Bunch Phase (deg)Figure 2: Energy gain and phase slippage along the=0.50 cavity (G = 8.5 MV/m, E = 85 MeV, b = -30¡).then voltages the cells of cavity. As a result, fluctuations of from multi-bunch Fortunately, thanks to coupling (about 1% RF from cell to cell will the cell excitations. Some still to the finite velocity of the RF In with a pulse, gaps cut in the train. Modelling the cavity as a single results a sawtooth-like voltage to the refilling of the cavity. With the analysis, the fluctuation is follows by the closest to the of the The gain

0120

D

b(bottom: single resonator model; top: multi-mode model).3˚˚CAVITY FIELD FLUCTUATIONSto slippage of proton the cavities, exhibits amuch sensitivity to cavity fluctuations relativistic beams. Furthermore, in multiple cavities by one single control of the vector sum of the cavity voltages is not more as as relativistic beams since from one cavity to With N cavities by one single klystron, a total - 3 equations per cavity for beam-cavity interactionthe RF-gap approximation like at the cavity by transit time to the in cavity in to the interaction. the has types, number through the linac order to set the nominal phase of the with - 3N equations per klystron for cavity fieldThe of is by two plus one the [4]. is by a cavity voltage bunch with a varying from cavity the Qex is set near the optimal coupling (about 5 105)the 3.4˚One cavity per klystronThe cavity voltages by of the via an The gains set to 100 50, Examples Input energy offsetinjection will upset cavity voltage via the unstable soon, with cavity voltages

0205 10

D

time (s)w/o feedbackwith feedback Lorentz forcesof the rigidity of the structure, as the cavity Simulations with values of 16, 8 4 2 three = 0.5, 0.65 and 0.86 cavity types. In to

must be such that the the pulse. The detuning must then be set to the sum of the compensations. all of the train at the linac exit. The extra power is at the low energy part of the linac

00phase error (deg)

00w/o microphonics with microphonics

D

Energy (MeV)Figure 6: Energy deviation of last bunch along the linac3.5˚Multiple cavities per klystronWith relativistic beams, multiple be easily by the sum of the cavity voltages [4,5]. proton beams, since the of bcavities as the sum is kept constant, the cavity voltages to the cavities at low part of the SC linac to groups cavities by single klystrons at the high energy part, properties. Assuming groups of 8 cavities from the beginning of only 200 MeV), Fig.˚7 shows the 8cavity voltages of the last klystron the with The total 00