B. Zwaska - Welcome

-PIP is at mid-point.
1st Goal: 2.3E17 p/hour (15 Hz)

Linac life through 2023

PIP II goal increase beam power to 1.2 MW
PIP III goal increase beam power to 2-5 MW

W. Pellico - High Intensity Booster Operations

Flux has gone up by factor 10
Uncontrolled losses reduced by 20%

The goal is to double the flux but not increase activation.

Right now 1.5E17 p/hour

Recent radiation survey: Largest fraction of loss is at injection/extraction, collimators and notch beam absorber.

Right now delivering 1.5E17 p/hour average.
RF cavity refurbishment will help us do better capturing and transition.

New software to control phases. Also working on an early injection scheme that simulations say will reduce longitudinal growth and some beam losses (less than 1% improvement on efficiency).

GMPS regulation to improve our injection bend field/orbit and reduce beam loss.

Move the notcher to the 750 keV injection line, will improve p/hour average from 1.5E17 up to 1.8E17.

2nd harmonic will improve efficiency up to 1-2%.

Moved away from radial cogging to magnetic cogging.
Booster/PIP goal is to deliver 4.3E12/pulse at 15 Hz or 2.3E17 p/hour. To achieve that and remain at our present activation levels booster needs to operate at around 94% efficiency.

We’re stuck with the rise times of the kickers at extraction.

Beam quality – Improved higher order beam dynamics (tunes, chromaticity, coupling and beta beating). Improved beam dampers (New digital transverse and longitudinal). Improved quad damping has helped reduce longitudinal emittance.

Maintain Linac/Booster availability >85%.

V. Kapin – Collimation system of FNAL booster

2001-2003 design with STRUCT & MARS codes by A. Drozhdin & N. Mokhov. Two-stage collimation is not used in operations. Phase advances not optimal. There are bending magnets in the collimator system and RF cavity apertures. In Booster we have variable beam parameters during acceleration cycle. Recommended position with collimators is 3.85 sigma(x,y). 
In 2014 started the task to study optimal thickness of primary collimator using MADX code. Dependence of collimation efficiency on thickness of Cu is quite smooth. Optimum thickness is around 50 microns.
New Al primary collimators. Beam tests for Dec 2015.
A new simulation model has been upgraded to include out-scattering in secondary collimators for a correct comparison of one-stage and two-stage collimators.
Coll. Efficiency depends on twiss alpha, higher beam halo width, beam sigma is not critical within 3-4 for booster.
Salah Chaurize – Absorbers and Loss Monitoring

Notching better than before.
R.J. Tesarek – Booster Fast Loss Monitoring

Current booster cycle has losses from different activities in cycle overlapping. Limited number of gates/333 modules.
Completing installation/commissioning of systems. Autopsy of counters exposed in booster in 2015. New very fast loss instruments installed.

Kiyomi Seiya – Magnetic Cogging and extraction lock

81 bunches + 3 empty buckets. Adiabatic capture with 37 MHz RF. Replaced VXI board with a new one. Corrector current: +/-1 A. Reduced beam energy loss at the Notch creation by 40% from 700 to 400 MeV.
New beam extraction synchronization system called magnetic cogging.

Craig Drennan – A New LLRF Frequency Reference for Booster

Four Channel DDS Booster LLRF Reference: More flexible in producing the bias curve. Possibility for different curves for different booster cycle types. Can produce smoother MI phase lock. Replaces difficulty to maintain broadband analog RF phase shifters (paraphrase, RPOS). Can provide more reproducible phase manipulations.
D. Johnson – Linac Laser Notcher

1.5-2 ns laser pulses. 21 interactions (laser hits the beam). 2 mJ laser pulse energy. Requirements: spectral bandwidth can’t be too narrow. FWHM a few nm. Stable output of 100 mW average power. Second seed source (OCLARO) Chip has to run at 9 C and 600 mA. 450 kHz Keep Alives implemented.
Challenges: Low seed power, too much pump current, and bandwidth of seed too small. 92% coupling efficiency with free-space w/end-cap. Several techniques developed: Beam Stacker and Optical BPM. Software required to integrate all the system is developed. Laser notcher is on wheels.
Chandra Bhat – Injection and Capture

Injection takes 40 microseconds. 0-40 microseconds H- beam from Linac is injected into Booster. Delta Energy=1.36+-0.11 MeV. Energy acceptance of Booster= 5.4 MeV +-0.4 MeV.
Beam capture is carried out in 30 turns (70 microseconds). 

Early injection at 175 microseconds before Bmin. 

31% power reduction with this scheme.
C. Y. Tan – 2nd Harmonic Perpendicular Biased Cavity for Booster

Goal is to improve capture efficiency in the Booster at injection (1.5-2%) and to improve efficiency of transition crossing. Will try to use as much as possible existing RF infrastructure and compatible equipment.
Using perpendicular bias the ferrite is saturated, higher Q than parallel bias. Q can be a factor of 2 to 4 times higher. Higher Q means higher gap voltage. Higher Q means lower average power loss in garnet.

The choice was made of doing a perpendicular biased cavity to get 100 kV in a cavity <1 m long.

Heating is the major cause of prior failures.

SF6 or dry nitrogen to be used to reduce multipacting.

Better nose cone is required.
V. Lebedev – Transition Crossing

F magnet impedance 30% lower than that of D magnet instead of being 10% higher. 
Point raised- The RF cavity tuners pick up DC beam loading, and it should be taken into account, because this can change the cavity phase. The impedance of the cavities is shifting because of this effect.
C. Y. Tan – Booster Lattice measurements and corrections with LOCO

The idea of LOCO is to measure the closed orbit with all the BPMs when a 1 bump is introduced. It looks at slopes.
Need to improve the MADX file. Right now it’s wrong.
Further discussion of the analysis is required.
A. Macridin – Booster Simulations with Synergia
Collective effects in Booster are very strong.
S. Cousineau - A Fifteen Year Perspective on the Design and Performance of the SNS Accumulator Ring

Very low loss level 2E-4 at full intensity.
K. Seiya – Booster alignment and aperture

Point raised- the path length is changed in RPOS detector and therefore the frequency must be adjusted to compensate.

K. Gollwitzer – Booster losses, TLMs and limits

TUESDAY

Paul Derwent – PIP-II Requirements

Requirements: Deliver 1.2 MW beam power at 120 GeV, approaching 1 MW down to 60 GeV at the start of LBNF operations.
PIP-II Construction complete in 2025. PIP-III possible booster replacement? 8 GeV Linac? New RCS?

Booster 20 Hz and 6.5e12 per pulse.

T. Kroc & M. Hassan – Booster RF Cavity Replacement

Ferrite material is Ni-Zn. Parallel biased cavities for Booster has a wide Frequency range (37.7-53.3 MHz). Perpendicular biased cavities can achieve higher voltage gradient.
Maybe use another gas in the tuner instead of air to overcome 30 kV/cm breakdown limit.
D. Johnson – Booster Injection (foils & girders)

Future PIP-II injection will be factor 7 higher in beam power. Booster was originally designed for 200 MeV proton injection (3.5E12 p/pulse). Standard foil thickness 380 micrograms/cm2 (1.15 microns thickness). 99.9% stripping efficiency at 400 MeV and 99.1% efficiency at 800 MeV. Foil thickness needs to increase to 545 micrograms/cm2 to match 400 MeV efficiency. 

No copper in the gradient magnet.
K. Michikazu – RCS
Foil material used at JPARC is tri-boron doped carbon foils.

N. Eddy – Digital Damper systems in Booster
System is semi-operational
A. Valishev – Space charge limits and its mitigation
S.Y. Lee – Booster at high intensity proposals/solutions
E. Prebys – Increasing Beam Power to High Energy neutrino program PIP-(I,II,III)
Current plan is RCS keeping 8 GeV Linac as an alternative.
