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ABSTRACT

This note lays out the specifications for the beam line which transports protons from the Debuncher to the Mu2e experimental production target.  The central feature is an “extinction” system, designed to suppressed out of bucket beam at the 10-9 level.  The system is based on a pair of matched AC dipoles, which sweep out of time beam into a collimation system.
Introduction

The extinction channel is illustrated in Figure 1.  The concept is discussed in section 3.5 of the Mu2e Letter of Intent (1). The system consists of a pair of dipoles and a collimator, such that beam is transported through the collimator when the current in the dipoles is zero.  The dipoles are powered by a common AC sine wave at half the bunch frequency, such that the nodes are phase locked with the in time beam and out of time beam is stopped by the collimator.  The dipoles are separated by 180( of phase advance, so that beam deflections cancel out in a window around the node.
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Although the beam line will get a few orders of magnitude in extinction from bunching in the Debuncher ring, our preliminary specification for this beam line is that an out of time beam particle striking the collimator has at most a 10-9 probability of being transported to the Mu2e production target.

Optimization
Optimization of the AC Dipoles is discussed in detail elsewhere (2), assuming the parameters of the beam which is slow extracted from the Debuncher (3)  The primary consideration was the stored energy in the magnet.  This motivated a large  function in the bend plane (assume to be x), to minimize the amount of angular deflection required. The non-bend plane has a  waist to make the cross sectional area of aperture as small as possible.  Ultimately, practical consideration of magnet and beam line design limited these values, and our base line specifications are shown in Table 1.
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The collimation section should also be at a parallel beam section with relatively high  in the bend plane. This beta should be chosen such that the angular spread of the beam is small relative to the typical deflection of beam particles striking the upstream face of the collimators.  The  function in the non-bend plane is irrelevant to first order.
Beam Line Design

As discussed in the previous section, the design of the extinction channel is constrained by the required phase advances and by the  function specification in the dipoles.  There is also an implicit assumption that all  functions are zero at the center of the dipoles. The most straightforward design involves six quadrupoles, arranged in mirror symmetric fashion about the collimator. Figure 2 shows such a design, corresponding to approximately the shortest layout which can satisfy both the  and phase advance constraints.  The parameters of this design are shown in Table 2. As can be seen, this leads to a somewhat small x value at the collimator.  If studies show that a larger value (i.e. more parallel beam) is needed for extinction efficiency, a longer channel and/or more quadrupoles will be required.
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Figure � SEQ Figure \* ARABIC �1�: Conceptual layout of extinction channel








Parameter�
Value�
Comment�
�
x�
50 m�
Typical beam line beta max�
�
y, min�
1m�
Waist (=L/2)�
�
Effective length (L)�
2 m�
�
�
Full width (w)�
5 cm�
�
�
Vertical gap (g)�
1 cm�
Scaled up for practicality�
�
Peak field (B0)�
600 Gauss�
�
�
Peak stored energy (U)�
1.43 J�
A little over twice the minimum�
�
Table � SEQ Table \* ARABIC �1�: Specifications for AC dipole magnets
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Figure � SEQ Figure \* ARABIC �2�: Lattice design of extinction channel.  The upstream and downstream ends correspond to the centers of the two AC dipoles.








Element�
Length�
Strength�
Bx/by�
Comment�
�
Half dipole�
1.0 m�
0.�
50.0 m/1.0 m�
Half of 1st AC dipole�
�
Drift�
0.5 m�
�
�
From end of first AC dipole to 1st quad�
�
Quad A�
1.0 m�
.113 m-2�
44.7 m/7.9 m�
�
�
Drift�
5.0 m�
�
�
From 1st  to 2nd  quad�
�
Quad B�
1.0 m�
-.206 m-2�
6.2 m/84.4 m�
�
�
Drift�
5.0 m�
�
�
From 2nd  to 3rd quad�
�
Quad C�
1.0 m�
.113 m-2�
8.2 m/30.8 m�
�
�
Drift�
0.5 m�
�
�
From 3rd quad to u/s collimator face�
�
Collimator�
2.0 m�
�
7.9 m/30.8 m�
Full (X x Y) aperture = 1.29 cm x 2.54 cm�
�
Drift�
0.5 m�
�
�
From d/s collimator face to 4th quad�
�
Quad C�
1.0 m�
.113 m-2�
8.2 m/30.8 m�
�
�
Drift�
5.0 m�
�
�
From 4th to 5th quad�
�
Quad B�
1.0 m�
-.206 m-2�
6.2 m/84.4 m�
�
�
Drift�
5.0 m�
�
�
From 5th to 6th quad�
�
Quad A�
1.0 m�
.113 m-2�
44.7 m/7.9 m�
�
�
Drift�
0.5 m�
�
50. m/1.0 m�
6th quad to center of AC dipole�
�
Half dipole�
1.0 m�
0.�
50.0 m/1.0 m�
Half of 2nd AC dipole�
�
Table � SEQ Table \* ARABIC �2�: Layout of beam line. Total length 32 m from center of upstream dipole to center of downstream dipole.  The aperture of the collimator is determined by the 50beam admittance requirement.
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