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Fermilab Accelerator Complex

A 15 Hz H' linac Fermilab Accelerator Complex
I ->400 MeV —

A Booster: 15Hz resonant "
i 400 MeV -> 8 GeV Recyele i

Main Injector

A Recycler

i 8 GeV fixed . MicioBooNE

I Stack beam for Ml
A Main Injector 1. _—

i 8->120Gev 4V P NOVA
A Current status == 77 ‘" Q
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I NOVA project, PIP, i

ongoing upgrades
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NOVA project: Scheme to increase beam power

A Move slip-stacking to
Recycler

I 11 batch -> 12 batch
A (faster kickers)
A Increase MI ramp rate (204
GeV/s -> 240 GeV/s)
I 1.33s cycle time
A 380 -> 700 kW with only

~10% increase In per-
pulse intensity

i Donot expect
physics issues

I~ double protons through
Linac / Booster: need PIP
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PIP: 15 Hz

A ldentify all systems not capable of 15 Hz

I Booster RF System
A Anodes: Replace original anodes with modern dry transformer sys
A Cavities : Refurbish all cavities - replacing/repairing/adding cooling

A Drive Systems (Bias Supplies) i Developed a SS drive and
updated Bias supply to handle power

A Power distribution to tuners (Bus Bar) i improved bus connections
I Controls/Data acquisitions
A 15 Hz clock with no gaps i many systems used null in processing
A Beam diagnostics i collecting BPM data at 15 Hz
I Booster Kickers
A Inadequate cooling of loads
A Inadequate cooling of thyratron
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PIP: Booster Cavity Refubishment

A Booster cavities were new in 1969
A Refurb began Jan 2012

A Booster had 19 cavities
I Remove two at a time for upgrade
i 17 is minimum for 4.3E12 ppp |
A 17t cavity installed July 2015
I Begin 15 Hz commissioning
A Now 22 cavities

2% Fermilab
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Number of Certified Refurbished Cavities
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Beam Loss Matters 1T some highlights

A Linac Laser notch

I Neutralize H with laser at 750 keV to make space for Booster
extraction kickers

I No notching loss in Booster
A Booster improvements
I Lattice correction B
I Aperture improvements 1 align magnets
I Magnetic cogging I keep beam in magnet centers (clean fields)
I Improved transition control & lock to MI/RR
A Main Injector / Recycler
I New collimators to localize losses
I Transverse dampers during slip-stacking
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Recycler Collimators

A 2-stage collimation |
I Thin scatterer

I Two 20 ton steel
absorbers

A Marble clad

2% Fermilab
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