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Introduction
Following the P5 recommendations the US DOE set the committee  (MAP Review) to evaluate the MICE experiment at RAL and in particular its schedule for completing the proof of principle demonstration of  ionization cooling of muons. One of the committee 's key finding is the need to accelerate the schedule of the experiment to achieve the demonstration of sustainable cooling (with muon re-acceleration using RF cavities) in 2017 in order to fit in the current financial constraints of both main funding bodies: STFC in the UK and DOE in the US. During  the Review a possible scenario called "Step 3/2" was identified, which may allow to achieve the necessary schedule acceleration by reducing the complexity of Step V by  elimination of the RFCC module, in particular by dropping construction of the Coupling Coil (CC) magnet. This will allow to simultaneously preserve essential measurements at Step IV scheduled in 2015. 
This report investigates the consequences of removing the RFCC module and seeks for geometries and lattices, which will allow to make the essential ionization cooling demonstration at Step 3/2.
Optics in MICE Channel with and without RFCC
In the original design of the Step V, four RF cavities are placed together between two Focus Coil modules each hosting absorbers made of either liquid Hydrogen (LH2) or Lithium Hydride (LiH). The cavities are immersed in magnetic field created by the CC magnet, which is surrounding the cavities forming the so called RFCC module, as is shown in Fig. 1. 
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	Figure1: The layout of MICE at Step V consisting in particular of upstream and downstream Spectrometer Solenoids, two FCs hosting absorbers and RFCC in the middle with four RF cavities inside the CC magnet.


The role of the CC magnet is to allow the transverse betatron function in the solenoidal channel to be matched between the two waists with small beta function (42 cm in the baseline Step V solution) located in upstream and downstream absorbers inside FC modules, simultaneously limiting the maximum value of betatron function inside the cavities to the acceptable limits set by the cavity aperture. This effectively means that there exists a maximum of the beta  around the centre of the CC magnet, as is visible in Fig. 2. 
If the CC magnet is not present, it is no longer possible to have a maximum of the beta function between the two FC magnets, which also means that assuming the symmetry of the betatron function in the MICE Channel, the maximum beta is now located in the FC coils. As the ionization cooling requires the beta function to be as small as possible at the position of the absorber, the absorbers are not ideally positioned in the FC coils and should be placed at another locations with sufficiently small beta values.
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	Figure 2: The optics in the MICE Step V Channel.


As the starting point for developing a suitable lattice solutions for Step 3/2 a preliminary geometry has been considered consisting of two Spectrometer Solenoids at the upstream and downstream end of the MICE Channel and two FC magnets in between with additional three drift regions as shown in Fig. 3, where absorbers and RF cavities could be placed assuming a satisfactory solution is found. 
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	Figure 3: The preliminary geometry illustrating the focusing system of the potential Step 3/2 consisting of  SSs and FCs, and  summarising  the available space for absorbers and RF cavities (dashed ovals).


Two preliminary solution has been identified, which should allow the MICE at Step 3/2 to successfully accomplish the proof of principle demonstration of ionization cooling with RF re-acceleration. These solutions are briefly described in the following sections.
Reference lattice for Step 3/2
The possible lattice solution for the Step 3/2 can be realised by placing one main absorber in the middle of the drift space between two FC magnets at the centre of the MICE Channel, where a natural small beta region can be created and placing two single RF cavity modules in two other left drift regions in between the FCs and the SSs. The distance between the FCs in the middle of the Channel was set such that it could potentially host the LH absorber. It should be noted that two additional short absorbers  may be necessary to shield the two Trackers from the dark current induced radiation. This absorbers would ideally be made out of LiH, however plastic can also be considered. The layout of the reference lattice is shown in Fig. 4.
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	Figure 4: The layout of the reference lattice design for Step 3/2: SSs are shown in blue, RF cavities in red and LiH absorber in dark blue between the FC modules (each consisting of two coils).


The optics in reference lattice solution allows to match betatron function  to relatively low values in the main absorber (42 cm at 140 MeV, 55 cm at 200 MeV and 70 cm at 240 MeV) keeping the large acceptance through the Channel. The mostly investigated magnetic field  polarity in the FCs is         (+,-,-,+) at present, which allows to obtain smaller values of the betatron function. The (+,+,-,-) polarity was also studied, however values of the betaron function obtained are larger both at the absorber and at the FC. The betatron functions for different momentum and polarity settings are shown in Fig. 5 and their magnetic fields are presented in Fig. 6.
The reference lattice requires only one main absorber  and two single cavity modules, which one of them is being operated at MTA (Fermilab) during writing this report. It seems to have a sufficient flexibility in the choice of optical settings to allow for the required demonstration of the ionization cooling to be successful, however confirmation in detailed tracking studies is still required.
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	Figure 5: The betatron fuctions in the reference lattice for (+,-,-,+) polarity and settings for 140, 200 and 240 MeV/c (represented by black lines with increasing dashing). The betaron fuction in the reference lattice for (+,+,-,-) polarity for 200 MeV/v (red dashed line).
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	Figure 6: The solenoidal magnetic field on axis in the reference lattice for (+,-,-,+) polarity and settings for 140, 200 and 200 MeV/c (represented by black lines with increasing dashing). Solenoidal magnetic field on axis in the reference lattice for (+,+,-,-) polarity for 200 MeV/v (red dashed line).


Alternative lattice for Step 3/2
The alternative lattice solution for the Step 3/2 can be realised by placing a module containing two RF cavities and a short LiH absorber inserted between cavities in the middle of the drift space between two FC magnets at the centre of the MICE Channel. This again allows to place the absorber in a natural small beta region. However it requires the central drift between the FC coils to be longer, than in the reference lattice, which increases the values of beta both in the FC coil and at the absorber. It should be noted that two additional absorbers  may still be necessary to shield the two Trackers from the dark current induced radiation. In the alternative lattice they can be put in two left drift spaces or even inside the FCs. In particular two LH absorbers in their nominal positions inside the FCs could be used for this purpose, however the value of the betatron function at this location is not optimal. The layout of the alternative lattice is shown in Fig. 7.
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	Figure 7: The layout of the alternative lattice design for Step 3/2: SSs and FCs are shown in blue, RF cavities in red and LiH absorber in green in between the RF cavities.


The betatron function in the alternative lattice for (+.+,-,-) polarity and 200 MeV/c momentum is shown in Fig. 8 and its magnetic field is shown in Fig.9.
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	Figure 5: The betatron fuction in the alternative lattice for (+,+,-,-) polarity and  momentum of             200  MeV/c.
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	Figure 6: The solenoidal magnetic field on axis the alternative lattice for (+,+,-,-) polarity and  momentum of  200  MeV/c
The alternative lattice shares certain similarity with IDS-NF reference design in particular with respect to placing LiH absorber in a close proximity of the RF cavity. Although it seems to have less flexibility in a choice of betatron functions at the absorber and  smaller acceptance than the reference lattice, preliminary tracking studies shows that it still cools down muon beam making it a suitable potential choice for the Step 3/2.
Conclusions
Two lattice candidates for Step 3/2 have been found. Although the reference solution seems to have more flexibility in the choice for beta function at the absorber position simultaneously offering simplifications in the engineering design (use of single RF cavity modules, no potential need for second LH absorber module), both solutions seems to be suitable for the use at Step 3/ for the first demonstration of sustainable ionization cooling of muon beams. The final recommendation will be made based on further assessment of the performance and engineering constraints.
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