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Fermilab Accelerator Complex
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Å15 Hz H
-
linac

ï-> 400 MeV

ÅBooster: 15Hz resonant

ï400 MeV -> 8 GeV

ÅRecycler

ï8 GeV fixed

ïStack beam for MI

ÅMain Injector

ï8 -> 120 GeV

ÅCurrent status

thanks to

ïNOvA project, PIP, 

ongoing upgrades

­NOvA

­ g-2

­MicroBooNE



ÅMove slip-stacking to 

Recycler

ï11 batch -> 12 batch

Å(faster kickers)

Å Increase MI ramp rate (204 

GeV/s -> 240 GeV/s)

ï1.33s cycle time

Å380 -> 700 kW with only 

~10% increase in per-

pulse intensity

ïDonôt expect new beam 

physics issues

ï~ double protons through 

Linac / Booster: need PIP

NOvA project: Scheme to increase beam power
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ÅRed: MI momentum

ÅGreen: beam intensity
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PIP: 15 Hz

Å Identify all systems not capable of 15 Hz

ïBooster RF System

ÅAnodes: Replace original anodes with modern dry transformer sys

ÅCavities : Refurbish all cavities - replacing/repairing/adding cooling

ÅDrive Systems (Bias Supplies) ïDeveloped a SS drive and 

updated Bias supply to handle power

ÅPower distribution to tuners (Bus Bar) ïimproved bus connections

ïControls/Data acquisitions

Å15 Hz clock with no gaps ïmany systems used null in processing

ÅBeam diagnostics ïcollecting BPM data at 15 Hz

ïBooster Kickers

ÅInadequate cooling of loads

ÅInadequate cooling of thyratron
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ÅBooster cavities were new in 1969

ÅRefurb began Jan 2012

ÅBooster had 19 cavities

ïRemove two at a time for upgrade

ï17 is minimum for 4.3E12 ppp

Å17th cavity installed July 2015

ïBegin 15 Hz commissioning

ÅNow 22 cavities

PIP: Booster Cavity Refubishment
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15 Hz Capable
17 cavities done
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ÅLinac Laser notch

ïNeutralize H
-
with laser at 750 keV to make space for Booster 

extraction kickers

ïNo notching loss in Booster

ÅBooster improvements

ïLattice correction

ïAperture improvements ïalign magnets

ïMagnetic cogging ïkeep beam in magnet centers (clean fields)

ïImproved transition control & lock to MI/RR

ÅMain Injector / Recycler

ïNew collimators to localize losses

ïTransverse dampers during slip-stacking

Beam Loss Matters ïsome highlights
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Recycler Collimators
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Å2-stage collimation

ïThin scatterer

ïTwo 20 ton steel 

absorbers

ÅMarble clad


