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you canot decide which new project
objective merits, pick those that will be developed by the most committed A,
and persuasive heretics n

from AnThe weird rules of creat.i.
Harvard Business Review, 2001
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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 Fe r mi |cabribgtions 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

he

A Collider scenario
A Collider ring design
A RF & power consumption

A Cooling channels
I RFOFO snake
I Helical Cooling Channel

A High Pressure RF test / MTA beamline
A HTS / High field solenoids
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MCTF
Collider Scenarios
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|
Low Emit. High Emit. IMCTFO7, -
Js (TeV) 1t : : Y. Alexahin
Av. Luminosity (1034/cm?/s) * 2.7 1  1.33-2 1
Av. Bending field (T) 10 6 16 I
Mean radius (m) 361.4 500 1500 '
No. of IPs 4 2 12 :
Proton Driver Rep Rate (Hz) 65 13 140-60
Beam-beam parameter/IP 0.052 0.087 :0.1 |
B* (cm) 0.5 1 1 I
Bunch length (cm) 0.5 1 11 '
No. bunches / beam 10 1 11 :
No. muons/bunch (1012) 1 20 111.3 :
Norm. Trans. Emit. (um) 2.1 25 :12.3 I
Energy spread (%) 1 0.1 0.2 I
Norm. long. Emit. (m) 0.35 0.07 10.14 |
Total RF voltage (GV) at 800MHz 407x10%qa, 0.21** 10.84** :
Muon survival Nu/NpO 0.31 0.07 10.2 I
u+ in collision / proton 0.047 0.01 :0.03 |
8 GeV proton beam power 3.62%** 3.2 11.9-2.8 |

*) Luminosity calculated taking account of the haglass factor but ignoring the dynamic beta effect.

**) Momentum compaction in the present ring design1.5<10“. Note that it would be better to assume
f=1.3GHz to keep the RF voltage at a reasonable level (0.52GV for MCTFO7 set)

***) Assumesy /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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A An upgraded Project X linac looks very
attractive as MC proton driver

I 8GeV high rep rate or
I Acceleration to ~50GeV Iin Ml

A Started looking into the specific upgrades
that would be required

| Feedback to Project X design team

C.Ankenbrandt et al
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4~ Collider ring design issues

Large 3 at strong quadrupoles (consequence of the extremely small 3*):
e large chromatic effects — strong sextupoles — reduced DA
e sensitivity to misalignments and field errors
“Advantage” (wrt. hadron machines): long term stability is not required !
Goal is an optics design fullfilling required
e luminosity (Small circumference, low beta*)
e energy acceptance

e DA

e very small o,

The design must be robust enough against
Y. Alexahin
e misalighnments and field errors E. Gianfelice-Wendt
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Introduce a dipole (B=7.5 T, £=4 m ) before the first quadrupole to increase
the dispersion at the IR sextupoles. Free space: + 2.5 m
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4 sextupoles located at 15, 29, 47 and 69 m correct the chromatic beta.
2 sextupoles at 158 and 185 m correct the 2" order dispersion.
Octupoles are located at 10, 21 and 26 m (detuning correction) and 154 m
(2t order chromaticity). Y. Alexahin
E. Gianfelice-Wendt
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MCTF

4 Recent design studies results
e
Energy (GeV) Dipole First Dynamic Aperture (with octupoles)
ot 2 140 o <@bie %
Baip (T) 9.6 120 [ lost [ ]
Tunes 42.11/4118 | o0 |
3* (mm) 10
) 80 -4 :
A (km) 33 a0
# of IPs 2 |
distance to first quad (m) | =46 (2.5) 40 [
DA (# of o) 2.8 20 |
momentum aperture + 0.6 % 0
o, 13x10-4 020 40 60 80 100120140
length of RF sections (m) i R
Y. Alexahin
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E. Gianfelice-Wendt |
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Feature of the muon collider linac :
high bunch population, 1 2-10%?

ILC linac i 2-1019,

Problems:

1. Strong cavity loading by a single bunch;

2. Energy spread in the bunch;

3. Bunch timing;

4. Transverse kick and emittance dilution. For N=2e12, f=1.3 GHz

5. RF1T kick (ILC-like structure)

6. Muon decay electrons (heat load) and 4=8 mm W,,,.,= 6.2 MvV/m!
N.Solyak
V.Yakovlev
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—4— Bunch timing issues

Current pulses (u+and I are shifted by A/2)
At

Preferred
by RF

a)
Preferred , -
machine REE f"ﬁwr =77 Facc Joad
design  _ . o T J\ LT T
1} .

b) 1y
Acceleration gradient
.) along linac,
c) e Red -one direction,
(Separate drcs for, BFand ) Blue-opposite direction  N.Solyak

V.Yakovlev
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MCTF

Jt Total power estimates
3
MC1999 HE2008  LE2008

Collider cm Energy (TeV) 3 1.5 1.5
Luminosity (1e34) 7 1 3
Emittance (pi mm mmrad) 50 25 2:1
Rep rate (Hz) 15 13 65
Muons/beam (1e12) 8 2 1
PD beam power (MW) 4 4 3.6
Muon beam power (MW) 57.6 6.24 15.6
TOTAL wall plug power (MW): 204 65 145
PD (MW) 16 68
Bunching Ring(s) (MW) 4 4
Target station (MW) 1 1
Collection system (MW) 4 4
Cooling system (MW) 4 2
Acceleration (MW) 130 30 60
Beamlines 2 2

APS0000



MCTF

# First look at RLA power requirements
N.Solyak
HE2008, 1.5 TeV \ Yakouley
Muon | RF power,| Total Losses in | Total [Number of Number | Average
N losses, MW cryogenic HOM power| klystrons | of cavitieg Kklystron
% losses, MW couplers, MW| MW | (10 MW) 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 RF Total Losses in Total Number | Number| Average
losses,% | power, | cryogenic HOM power, of of Klystron
MW losses, couplers, MW klystrons | cavities | power
MW MW (10 MW) 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*

™\ »
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[ i1

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

Andreas Jansson

AAC Review May 6-8, 2008

13



MCTF

o
.3

New cooling channel idea: FOFO snake

solenoids

RF cavities
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LiH absorbers
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800MHz p=100MeV/c case :

Cooling by GH, (19% of LH,) + LiH wedges
Bmax=9.5T - tunes>1 —» a,>0
Solenoid tilt £+65mrad - Dmax ~ 6¢cm
Emax=50MV/m

Q, . =1.42+0.005i, 1.51+0.005i, 0.19+0.004i
- emittance damping length ~13m
Equilibrium g,~0.8mm, g,~0.4mm

Could potentially cool both charges
in same channel!

Things to do:

A Check with ICOOL or G4BL

A 200MHz p=215MeV/c design for initial cooling.
Estimated performance:

€, g~ 2cm — 5mm in 140m (10% decay loss)

A Tilt 2nd and 4t solenoids horizontally (and

displace all solenoids from axis) to make a helix.

Hopefully a, will become large enough to

discard LiH wedges — smaller emittances Y. Alexahin

Andreas Jansson
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Independent investigation of HCC by Balbekov shows that:

A Equilibrium emittance is proportional to helix period (and
IS higher for HCC compared to e.g. Guggenheim lattice).
I 1-2mmrad at 1m helix and 250MeV/c
A There is an optimal ratio between RF frequency and
helix period. The cavity size roughly scales with the helix
period.
I 200MHz @ 1m, 400MHz @ 50cm, etc

A Obtainable cooling factor (ratio of acceptance and
equilibrium emittance) is ~4.5 in each plane, 6D cooling

~90x.
I Further cooling requires shorter helix (higher B field and RF
frequency). V. Balbekov
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# Frequency and energy dependance
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A HCC requires superimposed
solenoid, helical dipole and
helical quadrupole fields

A Helical solenoid (HS) use
smaller coils than a
nNntraditional

I Lower peak field
I Less stored energy
I Lower cost

A Field components in HS
determined by geometry
I Over constrained
I Coill radius is not free

Earameter VI.Kashikin
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MCTF

# 4-coil Helical Demonstration Model

VI.Kashikin
S.Makarov

Outer bandage
rig?gs

Inner
\ bobbin
Superconducting coils (one layer,
hard bend wound)
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