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Muon Collaboration

Fermilab: Protons and Muons

e Present Proton source: Booster

e Future Source : Proton Driver

e Possible configurations, intensities
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¥  Present Proton Source: 8 GeV Booster T

NOW: 400 MeV Linac—>8 GeV Booster (C=454m)
produces 80 bunches (53 MHz)

e Currently Limited by losses in Booster

e 5Hz,~3 x 10'% pulse: ~1.5%1020 p/year (0.02MW)
e 15Hz, 5 x 10'?/pulse possible (0.1MW) (6x10'3 protons/s)

e NUMI, MiniIBOONE, Tevatron p-source
e Tevatron, MiniBOONE will be completed...

Main Injector,

e (apacity for other experiments ... MiniBOONE
e But...
e Not suitable for neutrino factory

e 80 bunches Booster — 8 GeV

e Not enough intensity

Linac — 400MeV
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e Are there muon beam experiments

that could use this intensity ?? o e e e
. Linac Electrons: 8 GeV, 4.67 Hz Cycle, 0.93 MW Beam Power
o Tertlary muon beams : %o 8 GeV Linac Cycles 1.5E14 per Pulse at 10Hz
[ ) P + X —_— Tc 120 Main Injector Energy
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PRIMARY PARAMETERS 8 GeV Initial 0.5 MW {Ultimate 2MW in Brackets}

Linac beam kinetic energy 8 GeV
Linac Particle Types H -ions Baseline Mission
Protons via foil stripping in transfer line
Electrons Possible w/upgrade of Phase Shifters & Injector
Linac Stand-Alone Beam power 0.5 {2.0} MW 8 GeV beam power available directly from linac
Linac Pulse repetition rate 2.5 {10} Hz
Linac macropulse width 3.0 {1.0} ms
Linac current (avg. in macropulse) 8.7 {26} mA
Linac current (peak in macropulse) 9.3 {28} mA
Linac Beam Chopping factor in macropulse 94 % For adiabatic capture with 700ns abort gap.
Linac Particles per macropulse 1.56E+14
Linac Charge per macropulse 26 uC
Linac Energy per macropulse 208 kJ

Linac average beam current
Linac beam macropulse duty factor
Linac RF duty factor

0.07 {0.26} mA
0.75 {1.0} %
1.00 {1.3} %

Linac Active Length including Front End 614 m Excludes possible expansion length
Linac Beam-floor distance 0.69 m =27in. same as Fermilab Main Injector

Linac Depth Below Grade 9 m same as Fermilab Main Injector
Transfer Line Length to Ring 972 m for MI-10 Injection point

Transfer Line Total Bend 40 deg two 20-degree collimation arcs

Ring circumference 33194 m Fermilab Main Injector

Ring Beam Energy 8-120 GeV MI cycle time varies with energy

Ring Beam Power on Target 2 MW ~ independent of Ml Beam Energy
Ring Circulating Current 2.3 A

Ring cycle time 0.2-1.5 sec depends on M|l beam energy & flat-top
Ring Protons per Pulse on Target 1.50E+14 protons

Ring Charge per pulse on target 25 uC

Ring Energy per pulse on target 200-3000 kJ at 8-120 GeV

Ring Proton pulse length on target 10 us 1 turn, or longer with resonant extraction

Linac Wall Power

5.5 {12.5} MW

approx 3 MW Standby + 1MW / Hz
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Proton Driver Parameters (short list)

\!
&y

Muon Collaboration

8 GeV Superconducting LINAC

Energy
Particle Type
Rep. Rate Hz
Active Length m 6
Beam Current mA
Pulse Length msec
Beam Intensity P / pulse
Pls 1.5E+
MW avg.

GeV

Linac Beam Power

8

H- lons, Protons, or Electrons
2.5t010

14

25

3to1

15
0.5to 2

MW peak 200

"Super Beams"
for Main Injector
Neutrino Program

Anti-Proton
Production

Low Emittance
Proton Beams to
Tevatron Collider

2 and VLHC

Meson 120
(CKM +) Future Muon
H- Ions Target
8 Gel 7 X Spallation
Protonsk 8 GeV . . Fast Spill (/ )I/‘ Target
Superconducting Linac BooNE) N
H- =
_____ __ = 8 GeV
P F. T

~ 1.5% Linear Collider Systems Test

photoinjector

e+ Damping Ring
(TESLA@FNAL)

et target
(TESLA@FNAL)

X -
Free Electron Laser
(XFEL) User Facility

Ray

1.5E+14 (can also be H-, P, or e-)
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L. J Proton Driver bunch structure

e Proton Linac produces 1ms string of bunches (1300Mz
SRF, 325MHz spacing (350000 bunches ....)

e v-Factory wants single bunches,( ~15Hz)

e Add Buncher ring to accumulate protons
e H-injection, stripped to protons
e Transverse emittance increases
e Ims inject, ~50 ms to bunch into small number of short bunches

e Strawman scenario
e 454m storage ring (booster size), bunch into 4 bunches
e Extract bunch by bunch onto target (up to 20 Hz cycle)
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Lt
¥  Proton Beam Scenario for v-Factory

e Proton Driver Linac

e | ms pulses of 8 GeV H-1ons, up to 10 Hz

e Upto 1.5x10"* H-/pulse (1.5x10'%/s) —2MW

e Go to 20 Hz for 4MW (22.5MW wall-plug power)
e Accumulator/Buncher Ring (454m)

e (Charge-exchange multiturn injection H—p (1ms, 700 turns)

e Bunch into ng = 4 bunches over ~50ms

e Extraction of short bunches (c,<5ns) over ~50ms
e Up to 40 bunches/s onto n-production target (Hg-jet) (80/s at AMW)

e Neutrino Factory

e 1.5x10%p/s, 1.5x10?2 p/year
e 1.5x10%! p/year at 0.1u/p

e 2-bunch (or 4) half-size ring also possible (227m)

e -better for v-Factory

e 20 bunches/s on target (40/s at 4AMW)
10
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MW New 8 GeV Accumulator/buncher/stretcher Mfd(b(
Type: FODO racetrack, Circumference |C=2nR,, |~454m
e Superferric arcs
e nonscaling Momentum P 8.89 GeVic
H- injection intfo NewRing rf frequency, h= 2.6 MHz
(10Hz) Vol v <MV
e 700 turns c?tage 0 —
e Transverse emittance can be | Slhip factor n=1/y*1ly? | -0.022
enlarged (g,=120nr mm-mrad or
more ZOmm[-\]mrad rms) Tunes Vo Vy 6.9, 8.9
aperture a, b ~8,5¢cm

Harmonic 4 buncher for v-
Factory, single bunch
extraction (400ns spacing)

single bunch extraction mode

Also useful for PRISM/PRIME,
muon collider, ...

Linac injection

11
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Space Charge Difficulty T"«((
S ift:
pace Charge tune shift 3t Ny,
oV = 5
2By Brey
e Parameters: N,,=1.5x10!4 ¢\, =120n mm-mrad Sy = 0.01
e Emittance was increased to reduce dv B

Booster-size Ring: 4 bunches, 4*10ns/1.5us : B.= 0.027
—ov = ~ 0.375 : not too large

e G,=~4ns, up to 40 Hz bunches on target
e Shorter bunch possible with extraction compressor
- (0,<4ns ?)

Smaller circumference proton ring could be better
e C=227m, 2 bunches; would obtain 20Hz on target

12



Bunching example (454m ring)
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Bunch to short bunches with
barrier-bucket rf within ~0.05s

e V_.=400kV, 5° pulse width
e Compresses to ~5ns rms

e Add h=24 rfto get <4ns

e Compression not optimized

Eave= -0.00GeV /-16000 particles 100.0
dErms = 35.432 MeV Rz
dphi = 0.822° " i v

4
Emiftance = 0.1323eV-s

Eave= -0.00GeV
dErms = 0.830 MeV
dphi = 23.196°
Emittance = 0.082eV-s

16000 particles
0.0000 s

60.0

-60.0
-45° 45°
Eave= 0.00GeV ' 16000 particles 60.0
dErms = 21.056 MeV i
dphi = 1.253° e
Emittance = 0.112eV-s
-60.0
-45° 45°

-100.0

45° |
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e Proton driver with new storage ring could provide
intense 8GeV bunches for v factory or uy*—u- Collider

e PRISM/PRIME, other expts., etc. ... could be hosted

e More Detailed design needed
e Proton Collection
- New Stretcher/Buncher ring
e Beam line(s)
e v-Factory layout
e Experimental area(s)

14
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Proton Driver Cost Elements - Total Project Cost: $497M

Cryomodules $156.1M

Civil Construction $126.4M

Cryogenics

Project Management

RF Distribution

Modulators & Pulse Transformers
PROTON DRIVER COST ELEMENTS

Instrumentation, Controls & Power Supplies B Cost Incl. G&A and 30% Contingency

[ Cost Including G&A Overhead
8 GeV Transfer Line, Injection & Absorbers

E Direct Cost (Components + Labor)

Front End (without RF)

Infrastructure & Integration

Klystrons

Utilities

$om $20M $40M $60M $80M $100M $120M $140M $160M $180M
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