A Proton Driver for the Muon Collider Source with a Tunable Momentum Compaction Lattice^∗

D. Trbojevic, J.M.Brennan, E.D. Courant, T. Roser, and S. Peggs Brookhaven National Laboratory, Upton, NY, 11973, USA, K.Y. Ng, C. Johnstone, and M. Popovic at FNAL, J. Norem at ANL

Abstract

The future Muon Collider will have a luminosity of the order of 10^{35} cm�^2�^1 during 1000 turns when the muons decay. This requires 10^{12} muons per bunch. The muon source is a 30 GeV proton driver with 2.5 10^{13} protons per pulse. The proton bunch length should be of the order of 1 ns. Short bunches could be created by a tunable momentum compaction lattice which would bring the momentum compaction to zero in a short time. This isochronous condition would allow bunches to shear and become very short in time. We present a lattice where the momentum compaction is a tunable parameter at ^xed horizontal and vertical betatron tunes. The values of the maxima of the dispersion function are kept small. We examine two kinds of lattices, with combined function as well as normal dipole and quadrupole magnets.

1 INTRODUCTION

The muon collider progress report and its components are described in other reports at these proceedings [2], [3], [4], [5] etc. Muons will be created through pion decay. The proton driver, a high intensity ∼30 GeV synchrotron, delivers compressed and focused bunches to a heavy metal target, generating pions which are captured and transfered to a linac. The proton bunches need to be very short (of the order of 1 ns) to minimize the ^nal muon longitudinal phase space and reduce the cost of the muon phase rotation section. It is very desirable to have a proton synchrotron without transition crossing and with tunable momentum compaction α. RF manipulations could be performed very easily if the momentum compaction is adjustable, but this requires unchanged betatron tunes. A ^nite synchrotron frequency is preferable for stability. There have been many previous reports on harmonic modulation of the lattice [6] [7], a missing dipole approach by U. Wienands [8] and the a recent report by B. Autin [9]. We reported earlier a �exible momentum compaction (FMC) approach [10] which represents a possible solution for the design of such a lattice. Because the Proton Driver would require fast acceleration and a lot of cavities, the missing dipole solution for momentum compaction control looks very preferable. The drawback is dispersion in the cavities. We report a lattice design method which uses the FMC modules with missing dipolesin a standard FODO cell lattice, to make the momentum compaction tunable. With small adjustments of the quadrupoles on both sides of the missing dipoles in the FMC module the transition energy γ_t may be changed to

�_{Work performed under the auspices of the U.S. Department of Energy}

any desired value without changing the betatron tunes.

2 THE MISSING DIPOLE CELL

Three standard FODO cells are used to produce an imaginary γ_t lattice by having two dipoles missing within the central cell, as previously reported [8]. The length of the

Figure 1: Imaginary γ_t lattice with missing dipole FODO cells lattice.

cell is selected by setting the limit on a dipole magnetic ^eld strength to B∼1 T [11]. The betatron functions have maxima of β_x=27.1 m and β_y =27.8 m, with an imaginary transition energy of γ_t=i 2032. The ŞFMC-methodŤ of lattice design, described earlier [12], uses the normalized dispersion function. The Missing Dipole FODO lattice, tuned to be an imaginary γ_t lattice, is presented in normalized dispersion space in Figure 1. The middle FODO cell without dipoles is shown in the upper part of the ξ and χ diagram where the dispersion is positive. The oscillations of the dispersion function are within a range from D_{max}=1.42 m to D_{min}=-1.00 m. The dispersion values in the regular

90^o FODO cell, made of the same elements, oscillates be-

tween from D_{max}=1.39 m to D_{min}=0.68 m. The betatron functions of the missing dipole FODO cells are presented in Figure 2. There are many synchrotrons still in operation today (AGS at Brookhaven National Laboratory, Fermilab Booster, PS at CERN, etc.) which were built with combined function magnets. The same method of lattice design is applied with combined function dipole FODO cells in Figure 3. The betatron functions have little different maxima β_x=22.2 m and β_y=41.9 m and the dispersion function

Figure 2: Imaginary γ_t lattice with missing dipole FODO cells.

oscillates from D_{max}=1.49 m to D_{min}=-0.85 m.

Figure 3: The missing dipole FODO cell lattice with combined function dipoles.

3 TUNABLE MOMENTUM COMPACTION WITH MISSING DIPOLE FODO CELLS LATTICE

The horizontal and vertical betatron tunes have to remain unchanged if the momentum compaction of the accelerator is required to change during the operation. This was an additional constraint to the design. We have demonstrated [10] that the momentum compaction of a Flexible Momentum Compaction module can be adjusted to almost any value by choosing the value of the minimum dispersion function at the beginning of the module and adjusting the gradients of the quadrupoles. The length of the FMC module was kept constant. The momentum compaction dependence on the value of the minimum dispersion function in a different FMC module is presented in Figure 4. A very similar quad and the minimum of the dispersion function adjustments in these missing dipole FODO cells are

Figure 4: The momentum compaction α dependence on the initial negative value of the dispersion function in a different FMC module.

performed (see Table 2). First, positions of the focusing quadrupoles QF1 in the central FODO cell were allowed to be a variable parameter, keeping a constant length of the FODO cell as well as the horizontal and vertical betatron tunes. The quadrupoles length was selected [11] to be L=0.85 m. A distance of the focusing quad with respect to the end of the dipole is labeled D1, while the other side towards the RF cavity is D2.

Table 1 D1(m) D2(m) α D_{min} D_{max} 0.567 1.041 0.0004110 -0.88 1.442 0.654 0.955 0.0001770 -0.81 1.428 0.679 0.929 0.0001100 -0.97 1.425 0.692 0.916 0.0007659 -0.98 1.423 0.706 0.902 0.0000408 -0.99 1.420 0.721 0.888 0.0000048 -1.00 1.418 0.723 0.886 0.0000000 -1.00 1.417 0.734 0.874 -0.0000297 -1.01 1.416 0.761 0.848 -0.0000978 -1.03 1.411 0.808 0.800 -0.0002106 -1.06 1.402 0.839 0.769 -0.0002884 -1.08 1.397

A positions of the focusing quadrupole QF1 is selected at the isochronous condition (or when α=0). A solution, for the tunable momentum compaction for the missing dipoles FODO cells, was found by splitting the focusing QF1 quadrupoles into two new QFS and QF2 quadrupoles, at the beginning and the end of the central FODO cell with missing dipoles. The betatron functions within the momentum compaction tunable lattice are presented in Figure 5. The momentum compaction was tunable by adjusting gradient values in the two new quadrupoles as presented in Table 2. The dispersion values presented in table 1 are in meters. It is important to note, The betatron tunes values at all quadrupole settings for the corresponding γ_t values were kept within an error of ≤ 10�^4.

Figure 5: The missing dipole FODO cell lattice with tunable momentum compaction.

Table 2 GFS(T/m) GF2(T/m) α D_{min} D_{max} 12.89 38.60 0.000424 -0.88 1.43 17.23 35.36 0.000191 -0.81 1.41 19.52 33.56 0.000021 -0.86 1.41 20.49 32.77 0.000001 -0.88 1.40 27.23 27.08 0.000000 -1.01 1.39 27.28 27.04 0.000003 -1.01 1.39 27.50 26.85 0.000015 -1.01 1.39 32.93 21.93 0.000335 -1.10 1.37

Table 2 shows the dependence of the transition energy γ_t on the gradients in the two quads. More details of this is shown in Figure 6.

Figure 6: Transition energy, γ_t, dependence on the quad gradients.

4 CONCLUSIONS

The proton driver for the muon collider requires very short bunches of the order of 1 ns. The proton driver is a fast cycling machine which requires a lot of RF cavities distributed around the ring. This is why the missing dipole FODO lattice design was combined with the Flexible Momentum Compaction method. The drawback of this design is not having zero dispersion at the cavities. An abrupt change of the momentum compaction at the end of the accelerating cycle, would shear the bunches and make them very narrow in time but wide in momentum. A lattice with a tunable momentum compaction, ful^lling this condition, keeps the dispersion function within small values in the range of D≈ ±1m to allow a large momentum aperture. This lattice might be also suitable for RF manipulations, where instead of the RF frequency change one can use the tunable momentum compaction. An experiment at the AGS to examine the creation of short bunches by a sudden change in momentum compaction has been proposed and accepted. This experiment will be performed at the transition energy by using the γ_t quadrupoles to produce a required difference in the momentum compaction.

5 REFERENCES

[1] R.B. Palmer, ŞProgress on ¯+¯� CollidersŤ, these proceedings.

[2] J. Norem, C. Ankenbrandt, J. Grif^n, C. Johnstone, F. Mills, A. Moretti, R. Noble, M Popovic, Z. Qian, M. Brennan, T. Roser D. Trbojevic, J. Wei, ŞThe Proton Driver for the

¯+¯� ColliderŤ, these proceedings.

[3] D. Neuffer and A.Van Ginneken, Ş¯-Ionization Cooling Simulation ResultsŤ, these proceedings.

[4] R.C. Fernow, J.C. Gallardo, R.B. Palmer, ŞIonization Cooling using a FOFO latticeŤ, these proceedings.

[5] D. Summers, D. Neuffer, Q.S. Shu, and E. Willen, ŞAcceleration for the ¯�¯+- ColliderŤ, these proceedings.

[6] A.I. Iliev, Analytic Approach to Design of High Transition Energy Lattice with Modulated fi Function, Proc. of 1991 IEEE Part. Accel. Conf., 1991, San Francisco, California, pp 1907-1909.

[7] G. Guignard, A Lattice with no Transition and Largest Aperture, Proc. of 1989 IEEE Part. Accel. Conf., March 20-23, 1989, Chicago, IL, pp 915-917.

[8] E.D. Courant, A.A. Garren, and U. Wienands, ŞLow Momentum Compaction Lattice Study for the SSC Low Energy BoosterŤ, Proc. of 1991 IEEE Part. Accel. Conf., 1991, San Francisco, California, pp 2829-2831.

[9] B. Autin, R. Cappi, R. Garoby, J. Gruber, J. P. Riunaud, and K.H. Schindl, ŞPS-XXI, a new 32 GeV proton synchrotron in the LHC injector chainŤ, private comunication.

[10] S. Y. Lee, K.Y. Ng, D. Trbojevic, Minimizing dispersion in ~exible-momentum compaction lattices, Physical Review E, Vol. 48, Number 4, October 1993, pp. 3040-3048.

[11] T. Roser, private communications.

[12] D. Trbojevic, D. Finley, R. Gerig, and S. Holmes, Design Method for High Energy Accelerator without Transition Energy, Proc. of Second European Particle Accelerator Conference, Nice, France, June 1990, pp 1536-1538.