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First proposed collider cHOREOGRAPHY using slip stacking
Recombining muon bunches at high energy has two very important advantages: 1) the charge/bunch can be low for cooling and low energy acceleration for a collider and 2) the muon collider R & D can be a compatible continuation of neutrino factory efforts.  One way to recombine is using slip stacking in a special ring, where the transverse emittance of the cooled muons is preserved, and the beam is stacked in momentum space.  Since the momentum space is shared with the REMEX process in a very fundamental way, we will use the ideas described below as an important part of our Phase II REMEX proposal (due April 13).  Note that each of the steps or something like it will be a subject for analytical and simulation calculations that we can come to grips with at the LEMC Workshop.
Once you know how to recombine bunches, the problem is how to use that ability to get to a sensible choreography for collider operation.  Here is a first try.  The pictures on the next page may help.  One interesting point is that you cannot cool longitudinally until you have spread the charge into the buckets that you want to accelerate.  And if you want to capture in higher frequency buckets, you have to cool transversely first so the beam will fit inside the higher-frequency RF cavities. The frequencies shown are meant to be compatible with 1.3 GHz ILC cavities.
1. Inject 1.6x1013 protons into 8 GeV ring, form into 10 short bunches

2. Every 2 
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 extract 1 proton bunch onto the pi/mu production target

3. Rotate/capture 1.6x1011 muons with 40.625 MHz RF

4. Transverse cool with 40.625 MHz RF (HPRF double flip solenoids?)

5. Capture 4 bunches with 162.5 MHz RF

6. Transverse cool with 162.5MHz RF (double flip solenoids?)

7. Capture/cool at 650 MHz, get 16 bunches 1010/bunch

8. Cool in 6D MANX modules to equilibrium emittance, last may be 50 T

9. Do PIC and 1st stage of REMEX

10. Accelerate to 2.5 GeV, do 2nd stage of REMEX 
11. Inject into 1.3 GHz Linac, accelerate to 20 GeV, inject into 2 
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 storage ring

12. Slip stack the next 9 batches of 16 bunches on top of each other, extract

13. Use recirculating Linacs to get 2.5 TeV and inject into the collider

14. 1 ms later, do the same process for opposite sign muons

15. 50 ms later, dump muons from collider and refill

These parameters, a tune shift limit of 0.10, a 2 
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 transverse emittance, and beta star of 0.5 cm implies an average luminosity of 1.1x1035, peak is 2.5x1035.  The average power on the target is 2.6 MW if +muons and –muons are produced separately; one half that if we can capture both signs at once, and 1/3 that if we can get .3 
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At 20 GeV, the required momentum acceptance for 16 bunches having 2% momentum spread at 200 MeV/c is 32 /100=0.32 %, which indicates a pretty simple ring or that we could do the bunch slip stacking in a lower energy ring.

COMMENTS ON STEPS

1. Inject 1.6x1013 protons into 8 GeV ring, form into 10 short bunches


Assuming the proposed Linac Proton Driver, the H- injection, rebunching, and coalescing are similar to what is done in the Booster and MI.  We need to design the ring with the proper parameters to allow this to happen in the 300 
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needed to rephase the Linac cavities if we want to reuse the Linac for muons.

2. Every 2 
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extract 1 proton bunch of 1.6x1012 protons onto the 
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production target


The time delay is the period of the slip-stacking ring.  This is less shocking targetry.
3. Rotate/capture 1.6x1011 muons with 40.625 MHz RF

   This is a subharmonic of the ILC frequency to maintain compatibility.  Here we assume a mu to proton ratio of 0.10 to be conservative.  If it is better, it reduces the target power.  If the close-in phase rotation is not used, but a Neuffer scheme of bunching, it may be possible to capture both signs of muons at one time, though 6D cooling may have to be separate.
4. Transverse cool with 40.625 MHz RF (HPRF double flip solenoids?)

   Only transverse cooling is needed, since we want to keep the bunches uncooled     longitudinally until we recapture into several lower intensity bunches.

5. Capture 4 bunches with 162.5 MHz RF

6. Transverse cool with 162.5MHz RF (double flip solenoids?)

   Only transverse, again.

7. Capture/cool at 650 MHz, get 16 bunches 1010/bunch

This bunch intensity is low enough for most Linac people to accept and reduces space charge problems for PIC.
8. Cool in 6D MANX modules to equilibrium emittance, last may be 50 T

Although the 50 T SBIR is solenoid only, a real HCC with emittance exchange would have no longitudinal blow-up.

9. Do PIC and 1st stage of REMEX

10. Accelerate to 2.5 GeV, do 2nd stage of REMEX 

   Energy straggling prevents this emittance exchange in an absorber above this energy

11. Inject into 1.3 GHz Linac, accelerate to 20 GeV, inject into the 2 
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 storage ring

12. Slip stack the next 9 batches of 16 bunches on top of each other, extract

There is more than one way to do this.  Phase the RF so each batch has the right momentum for the momentum compaction of the ring when it is injected so that all batches coalesce at extraction time.  Have to make sure the time spread stays in the bucket.  Stack box-car, where separation is determined by a kicker rise-time (an ILC solicitation topic to respond to next year!)
13. Use recirculating Linacs to get 2.5 TeV and inject into the collider

14. 1 ms later, do the same process for opposite sign muons

15. 50 ms later, dump muons from collider and refill
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4. Cool transversely using 40 MHz RF until the beam fits into 162.5 MHz cavities and then capture the beam in 4 new bunches





40 MHz bunch





These bunches are cooled in HCC segments, followed by PIC and REMEX to achieve 2 microns transverse emittances, 2% momentum spread, and then accelerated in 1.3 GHz RF to ~20 GeV.





6. Cool transversely using 162.5 MHz RF until the beam fits into 650 MHz cavities and capture the beam in 16 new bunches at 650 MHz





Initial muon/pion distribution
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162.5MHz bunch
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