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The required RF power for Muon collider linac is determined by:

1. RF power needed for muon acceleration;

2. RF power necessary to fill RF cavities;

3. RF power for compensation of the RF losses in RF cavities;

4. RF losses caused by the power reflections from the cavity;

5. RF losses in the power distribution system;

6. Klystron efficiency;

7. Modulator efficiency;

8. Dynamic cryogenic losses;

9. Static cryogenic losses;
10. Magnetic system power consumption.

I. Simple estimations
All the estimations will be done for race track scheme, because dog-leg scheme has a problem with the compensation of the beam loading .

1. RF power needed for muon acceleration:
For one bunch operation the beam energy consumption Wb is equal to
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where q is the bunch charge, U is the bunch energy gain in the linac.

If the linac has an acceleration gradient G, and the number of turns in N, it’s length L is
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   for a race track (the length of the arcs is neglected).

The acceleration time ta is equal to 
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c is speed of light.

The RF system should provide the flat pulse width 
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or for N>>1 tp = ta.

The pulsed beam power Pb is equal to 
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Number of klystrons Nk is equal to 
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where  Pk is the pulse power of a klystron, and ηf is efficiency of the power transportation from the tube to the cavity. For ILC klystron Pk =10 MW, ηf = 94%, and q=320 nC the number of klystrons is equal to 510.
2.
RF power necessary to fill RF cavities:
In order to maintain the acceleration gradient G, the RF source should supply the energy W stored in the RF cavities:
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where ω is a cyclic RF frequency, r is a shunt impedance of the acceleration structure per unit length, and Q0 is it’s unloaded quality factor. 
For a race track scheme
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For a race track scheme the loaded Q is to be equal to 
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And filling time tf is equal to
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Total pulse length T is 
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Acceleration efficiency is equal to
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The entire RF power required for acceleration, thus, is equal to
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For ILC-like structure r/Q0 is about 1 kOhm/m at 1.3 GHz, and scales with the frequency as ω.   For q/e = 1.e12, total energy gain in the linac U = 750 GeV and acceleration gradient G of  25 MeV/m, repetition rate of 13 Hz the entire RF power is equal to
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Losses in the power distribution system are about   6%. 
The klystron efficiency is                                         65%. 
Modulator efficiency is                                             85%. 
Thus, the total efficiency is about                             50 %. 

RF power requirement versus N is show below:

Table I

	N
	PRF, MW

	10
	20.8

	20
	16.6

	30
	15.6


3. Dynamic cryogenic losses.

If unloaded Q is about 1
[image: image15.wmf]´

1010, the Ohmic losses in the RF system are equal to
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Refrigeration efficiency  ηref at 2K is about 10-3. 
The power required for refrigeration Pref  is
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and
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However, there are other sources of losses, static and dynamic. In the attached .xls file there is the loss balance for the TESLA cavity.
Supports (static);

Input coupler (static and dynamic);

HOM coupler (static and dynamic);
HOM absorber (static and dynamic);

Beam tube bellow (dynamic);

Current leads (static);

HOM to structure (dynamic);

Coax cables (static);

Instrumentation taps (dynamic);

Radiation (static);

Etc.

Note that the major part of the losses is caused not by RF load, but by losses in the HOM coupler, that are proportional to the beam current squared. Note, that in the HOM coupler the monopole modes with considerably low frequencies (lower than 3 GHz) will dissipate, and their relative current harmonic amplitude will be about the same both in ILC and MC. 
The entire losses are given in the Tabe II

Table II. 

	N
	Losses in the HOMs, MW
	All other losses, MW
	Total cryogenic losses, MW

	10
	4.5
	2.3
	6.8

	20
	8.5
	1.1
	9.6

	30
	12.2
	0.7
	12.9


The total power consumption is presented in Table III.

Table III

	N
	With HOMs, MW
	Without HOMs, MW

	10
	 27.6
	23.1

	20
	 26.2
	17.7

	30
	 28.5
	16.3


Cryogenic losses at 800 MHz will be smaller than at 1.3 GHz .  

II. Improved estimations.

In order to improve the estimation we’ll take into account:

1. Arcs;

2. Filling factor for the linac.

We take the maximal magnetic field B in the arcs 5 T and the filling factor F of 0.8. Thus, for the energy E of 0.75 TeV the arc radius R is 

[image: image19.wmf].

625

m

BFc

E

R

=

=


Linac filling factor Fl (or the ratio of the linac length to the total length of RF cavities) is taken the same as for ILC, i.e., Fl = 8/12=0.67. 

The beam pulse in this case for N>>1 is equal to
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The pulsed beam power Pb is equal to 
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The loaded Q is equal to 
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And filling time tf is equal to
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Total pulse length T is 
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and total required RF power is the same:
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Note that the average power does not depend on the arc radius!

Number of klystrons Nk is equal to 
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E0 is the muon initial energy. For ILC klystron Pk =10 MW, ηf = 94%, N=10 and q=320 nC the number of klystrons is equal to 182. 
Note, that for E0<<U the number of klystrons doesn’t depend on the final energy for fixed magnetic field in the arc dipole magnets. The number of klystrons does not depend on the RF frequency also (for fixed klystron pulsed power).
The results for power requirements for 1.3 GHz linac are summarized in Table IV:
Table IV. 

	N
	RF power, MW
	Total cryogenic losses, MW
	Losses in HOM couplers, MW
	Total losses, MW
	Number of

klystrons (10 MW)

	10
	20
	4.8
	1.5
	24.8
	180

	20
	16
	3.8
	2
	19.8
	122

	30
	14
	3.5
	2.2
	17.5
	92


Note, that the losses in the HOM coupler are about 10%.
For 800 MHz linac parameters a the following:
Table V
	N
	PRF, MW
	Number of

klystrons (10 MW)

	10
	32
	180

	20
	22
	121

	30
	18.5
	92


Note that muon current change is very small during acceleration: the number of the muons after acceleration is 94% of the initial number for the muon initial energy of 20 GeV and final energy of 750 GeV. 
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