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If you canôt decide which new projects or ideas to bet on based on their

objective merits, pick those that will be developed by the most committed

and persuasive heretics

ñ
ñ

from ñThe weird rules of creativityò by Robert I. Sutton

Harvard Business Review, 2001
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Charge
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The Committee is asked to review the activities of the MCTF and

NFMCC activities at Fermilab, and offer comments on the strategic

approach, the appropriateness of program goals (including with

respect to timing), and the technical progress towards achieving

these goals. The committee should note that the national Muon

program will have been reviewed by the Muon Technical Advisory

Committee four weeks before the AAC meeting. As such the AAC is

specifically asked to concentrate on Fermilabôscontributions to

these programs. In formulating its comments and recommendations

the committee should consider, and offer advice as appropriate, on

the interaction between these activities and the broader national and

international muon programs.
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MCTF

Overview of MCTF activites

ÅCollider scenario

ÅCollider ring design

Å RF & power consumption

ÅCooling channels 

ïRFOFO snake

ï Helical Cooling Channel

ÅHigh Pressure RF test / MTA beamline

ÅHTS / High field solenoids
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MCTF

Collider Scenarios
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Low Emit. High Emit. MCTF07

s  (TeV) 1.5

Av. Luminosity (1034/cm2/s) * 2.7 1 1.33-2

Av. Bending field (T) 10 6 6

Mean radius (m) 361.4 500 500

No. of IPs 4 2 2

Proton Driver Rep Rate (Hz) 65 13 40-60

Beam-beam parameter/IP 0.052 0.087 0.1

* (cm) 0.5 1 1

Bunch length (cm) 0.5 1 1

No. bunches / beam 10 1 1

No. muons/bunch (1011) 1 20 11.3

Norm. Trans. Emit. ( m) 2.1 25 12.3

Energy spread (%) 1 0.1 0.2

Norm. long. Emit. (m) 0.35 0.07 0.14

Total RF voltage (GV) at 800MHz 407 103
c 0.21** 0.84**

Muon survival N /N 0 0.31 0.07 0.2

+ in collision / proton 0.047 0.01 0.03

8 GeV proton beam power 3.62*** 3.2 1.9-2.8

---------------------------------------------------------------------------

*) Luminosity calculated taking account of the hour-glass factor but ignoring the dynamic beta effect.

**) Momentum compaction in the present ring design c=1.5 10-4. Note that it would be better to assume 

f=1.3GHz to keep the RF voltage at a reasonable level (0.52GV for MCTF07 set)

***) Assumes /p ratio of 0.15 after capture and precooling, and only decay losses afterwards. Positive and 

negative muons are assumed to be produced independently (from different protons).
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MCTF

Proton driver

ÅAn upgraded Project X linac looks very 

attractive as MC proton driver

ï8GeV high rep rate or

ïAcceleration to ~50GeV in MI

ÅStarted looking into the specific upgrades 

that would be required

ïFeedback to Project X design team
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MCTF

Collider ring design issues
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E. Gianfelice-Wendt

(Small circumference, low beta*)



MCTF

ñDipole Firstò optics
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MCTF

Recent design studies results
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Work ongoingé.
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MCTF

RF issues
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Feature of the muon collider linac : 

high bunch population, 1 2 1012

ILC linac ï2 1010.

Problems:

1. Strong cavity loading by a single bunch;

2. Energy spread in the bunch;

3. Bunch timing;

4. Transverse kick and emittance dilution.

5. RF ïkick

6. Muon decay electrons (heat load)

For N=2e12, f=1.3 GHz 

(ILC-like structure) 

and ů=8 mm Wmax= 6.2 MV/m!
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MCTF

Bunch timing issues 
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Acceleration gradient 

along linac, 

Red -one direction, 

Blue-opposite direction
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Total power estimates



MCTF

First look at RLA power requirements
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HE2008, 1.5 TeV

N

Muon  

losses,

%

RF power, 

MW

Total 

cryogenic 

losses, MW

Losses in 

HOM 

couplers, MW

Total 

power

MW

Number of

klystrons 

(10 MW)

Number 

of cavities

Average 

klystron 

power, kW

10 6.4 20 4.8 1.5 24.8 180 2920 59

20 9.3 16 3.8 2 19.8 122 1460 70

30 11.1 14 3.5 2.2 17.5 92 973 81

LE2008, 1.5 TeV

N Muon  

losses,%

RF 

power, 

MW

Total 

cryogenic 

losses, 

MW

Losses in 

HOM 

couplers, 

MW

Total 

power, 

MW

Number 

of

klystrons 

(10 MW)

Number 

of 

cavities

Average 

klystron 

power

kW

10 6.4 68 13.9 1.8 81.9 90 2920 402*

20 9.3 48.6 8.7 2.5 57.3 61 1460 424*

30 11.1 42 7.4 2.8 49.4 46 973 486*

Available 10 MW klystrons have an average power of 150 kW.
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MCTF

New cooling channel idea: FOFO snake
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800MHz p=100MeV/c case :

Cooling by GH2 (19% of LH2) + LiH wedges

Bmax= 9.5T tunes >1  c > 0

Solenoid tilt  65mrad Dmax ~ 6cm

Emax= 50MV/m

QI,II,III =1.42+0.005i, 1.51+0.005i, 0.19+0.004i

- emittance damping length ~13m

Equilibrium ~0.8mm, ||~0.4mm

Could potentially cool both charges 

in same channel!

Things to do:

ÅCheck with ICOOL or G4BL 

Å 200MHz p=215MeV/c design for initial cooling.  

Estimated performance:

, || ~ 2cm 5mm in 140m (10% decay loss)

ÅTilt 2nd and 4th solenoids horizontally (and 

displace all solenoids from axis) to make a helix. 

Hopefully c will become large enough to 

discard LiH wedges smaller emittances 
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MCTF

HCC ñrules of thumbò

Independent investigation of HCC by Balbekov shows that:

ÅEquilibrium emittance is proportional to helix period (and 

is higher for HCC compared to e.g. Guggenheim lattice). 

ï1-2mmrad at 1m helix and 250MeV/c

ÅThere is an optimal ratio between RF frequency and  

helix period. The cavity size roughly scales with the helix 

period.

ï200MHz @ 1m, 400MHz @ 50cm, etc

ÅObtainable cooling factor (ratio of acceptance and 

equilibrium emittance) is ~4.5 in each plane, 6D cooling 

~90x. 

ïFurther cooling requires shorter helix (higher B field and RF 

frequency).
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MCTF

Frequency and energy dependance
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MCTF

HCC magnet design

ÅHCC requires superimposed 

solenoid, helical dipole and 

helical quadrupole fields

ÅHelical solenoid (HS) use 

smaller coils than a 

ñtraditionalò design

ïLower peak field

ïLess stored energy

ïLower cost

ÅField components in HS 

determined by geometry

ïOver constrained

ïCoil radius is not free 

parameter
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Vl.Kashikin
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MCTF
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Outer bandage 
rings

Inner 
bobbin

Superconducting coils (one layer, 
hard bend wound) 

4-coil Helical Demonstration Model
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