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Alternative Design Concept for Project-X 8 GeV complex
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Fermilab

Power of CW linac
· What we have to deliver

· 2.3·1014 protons/s to 8 GeV for 60 GeV operation  (Iaverage=33 A)
· Corresponding power at 8 GeV is 300 kW

· Taking into account that 60 GeV hardly ever will be used for neutrino experiment we actually have half of these protons for 8 GeV 

· Limitations if synchrotron is used to accelerate to 8 GeV 

· E/E=2% during injection 
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(  total injection time = 32 ms/s
(  CW linac current 1 mA

· Limitations if pulsed linac is used to accelerate to 8 GeV 

· 33 A = 10 Hz  *  3.3 ms * 1 mA

· Pulse linac duration is already 3.3 times longer than present

· one 23 ms pulse would allow to exclude Recycler from operations

· Total minimum power ~1MW/GeV 

· Otherwise problems to feed MI 120 GeV program grow fast

· Total energy of CW part should be set by the physics program

Proof of Existence

· Present CEBAF 1 GeV, 1 mA, 1 MW electron beam (1 mA due to 5 pass recirculation

· CEBAF after upgrade 2 GeV, 0.5 mA, 1 MW
· Both Synchrotron and Pulsed linac can coexist with CW linac 

· Final choice will be compromise between

· Cost

· Political implications

· Long term plans

Beam distribution to the experiments

· 3 Halls (CEBAF like)
· 108 MHz, rms~1-2 ps pulses to each hall

· Chopping of a single micro-bunch looks possible

· Chopping with duty factor above ~10% does not affect total power delivered to a hall (~330 kW/GeV)

· Extinction

· Proton linac does not accelerate electrons or protons with other momentum. Therefore quality of the chopping is the only system which determines extinction of the beam

· Simultaneous operation of 3 halls requires a closer look how chopping has to be done if high degree of extinction is required
Technical details of CW linac

· Length and accelerating gradient

· 15 MV/m is what CEBAF uses for upgrade

· Length is increased by 1.7 times

· Very rough cost estimate of cost increase for 2 GeV case

· 500M$ * (2/8) * (1.7-1) = 90M$ (half of this for 1 GeV machine)
· For now it looks as a conservative estimate

· Subtract cost of pbar source conversion to slow extraction

· Transfer line price is the same and should be included
· We save antiproton source – it is quite expensive machine (certainly more than 90M$)

· RF power

· One 16 kW IOT per cavity

· CW RFQ is not a problem (was already demonstrated)

· Cryogenics
· 17 kW/cavity  power (from AC power line)

 Other physics programs
· If we build 3 halls we need experiments which would support such arrangement
· This proposal does not require Antiproton source decommissioning

· Experiments with internal target in 

· Accumulator (80 pbarn-1/week) 

· or Tevatron (300 pbarn-1/week)

· g-2 and antiproton source can coexist

· If care will be taken switching from one program to another can be under one week

Conclusions

· The proposal creates improvements allowing us to have a diverse physics program

· It should override some price increase 
· If money is the issue than 2-to-8 GeV  synchrotron will bring us to the price below present ICD 
· Potential improvements of -to-e sensitivity are well at least an order of magnitude – it makes it really competitive
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