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MI Injection Energy 
Valeri Lebedev

 There are a few effects limiting an injection energy decrease for the MI. The most prominent effect is the Coulomb tune shift due to beam space charge
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where Np is the total number of particles in the ring, rp is the proton classical radius,  and  are the relativistic factors,  is the beam emittance (round beam is assumed) and Lb/C is the bunching factor (total length of all bunches over ring circumference). The beam emittance is determined by the ring acceptance. Removing our present acceptance limitations (septum magnets kickers etc.) and leaving 5 mm for orbit distortions one obtains that the acceptance is determined by the vacuum chamber size and is equal to equal to 6.3 mm mrad. At the 8 GeV injection energy it corresponds to 60 mm mrad normalized acceptance. The present Project X scenario implies 25 mm mrad normalized emittance. This number could be increased to 50 mm mrad. That would decrease the tune shift by factor of 2. It is difficult to predict how large tune shift we can accept. Present Project X value of 0.046 is quite conservative and is not far away from present MI tune shift of 0.04.  The tune shift achieves value about 0.06 during beam extraction from Recycler and I believe that this value is close to the maximum which can be achieved with small beam loss. Assuming that the maximum Coulomb tune shift can be 0.06 and the 95% beam emittance of 50 mm mrad we obtain that the injection momentum can be decreased from 8.9 GeV/c to 6.4 GeV/c and the beam energy from 8 GeV to 5.6 GeV. Further decrease of injection energy will results fast decrease of beam power, ~3. Thus we do not want to sacrifice the Project X beam power there is comparatively little injection energy reduction which can be utilized.
   Although 8 GeV linac perfectly suits the neutrino program and our present infrastructure, there are two closely coupled problems. First, this choice is significantly more expensive than a circular booster and  it does not fit good the beam parameters required for the muon collider. If we believe that the muon collider is the Fermilab future it would be better to build a combination of fast cycling booster and SC linac. The price of such upgrade would be close to the price of 8 GeV linac but it would suggest much more functionality and the beam power. Possible parameters of such booster are shown in the table below. The injection energy is set by the Coulomb tune shift. The extraction energy is determined by a possibility to compress the beam total charge to a single bunch without SC forces being too destructive and s desire to inject to MI above critical energy. Beam current was chosen to match Project X beam power at 120 GeV. Four pulses are required to fill MI. The time required for injection is about time required to accelerate from 8 to 21 GeV. Therefore MI injector cycle of 1.4 s will not be changed. Parameters of the injection linac are close to the parameters of the initial Project-X, with the only major difference 3 times larger repetition rate.
Possible Parameters of Fast Cycling Booster

	Injection energy
	2 GeV

	Extraction energy
	21 GeV

	Circumference
	830 m

	Number of particles 
	4.3∙1013

	Acceptance (set by aperture)
	15 mm mrad

	95% normalized emittance (KV-like distribution)
	25 mm mrad

	Ramp frequency
	15 Hz

	Beam power
	2.1 MW

	Linac current
	9 mA

	Linac pulse duration
	0.75 ms

	Linac current
	9 mA

	Linac beam power
	200 kW
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