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Introduction

@ In the last few years, and through LARP support, we have developed expertise in
studying longitudinal dynamics, modeling the RF station, creating algorithms for
RF operation and optimization

@ This is a unique toolset not replicated in another US lab
A strong collaboration with CERN’s BE-RF is already established

@ We want to build on this knowledge base to expand the DOE contributions to
LHC and HiLumi LHC.
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Previous work

Long collaboration history with CERN on LLRF systems (LARP)

@ There is a long history of collaborations between CERN-SLAC on LLRF and RF
systems

@ Study LHC RF/LLRF - beam dynamics interaction

@ Multi-bunch Beam: Estimates of coupled-bunch instabilities
@ Single-bunch Beam: RF noise effect on emittance growth
@ RF/LLRF: Commissioning and optimization tools
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Previous work: Examples

LHC commissioning and optimization tools

@ Model based design tools to set the parameters of the LLRF system.

@ Remote measurement and operation of the RF station, critical after the 2008
safety rules for access to tunnel.

@ One of the first deliverables from LARP.

GAINPHASE ~ Moduialor Gan =7 Modutor Phse = 100 GAINPHASE  Moduizlor Gain =7 Moduialor Phese =85 GAINPHASE ~ Moduizlor Gain =7 Moduialor Phese =80

L Mo ul " "

Gain (@B)
Gain (@B)

iy

Gain (dB)
T
s
=
E
Ed
L=
=
3
=
|

5 05 35 05 35 05
Frequency (M) Frequency (MHz) Frequency (M)

A

410

Phase (degrees)
Phase (degrees)
Phase (degrees)

05 05 05 05 05 05
Frequency (MHz) Frequency (MHz) Frequency (MHz)

C. Rivetta HiLumi meeting, May 2016 5



Previous work

Previous work: Examples

Single and multi-bunch dynamics

@ Model the complete RF system to quantify the impact of LLRF noise and
technical imperfections in the beam stability and bunch length

@ Studied RF noise effects on LHC longitudinal beam emittance.
@ Estimated coupled-bunch instability growth rates due to the cavity fundamental as a
function of RF/LLRF parameters and beam intensity.
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Present work:

SPS LLRF - RF system modeling for the 200-800 MHz double RF system upgrade

@ The principal 200 MHz RF system and the auxiliary 800MHz RF system at SPS
are being upgraded

@ Modeling (RF station) and simulation (RF station+beam) tools were created to
study the impact of the hardware limitations in the beam stability and RF system
performance.

@ The goal was to answer these fundamental questions

@ How much is the beam affected by the LLRF technical choices?

@ What is the effect of the High Level imperfections? Importance of LLRF
imperfections on the overall performance?

@ Impact of misalignment between 200-800 MHz RF systems caused by
uncompensated transient beam loading?
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Present work:

Initial results

@ Simulation results and studies have helped with the early commissioning of the
800 MHz upgraded system
@ The RF system models have been validated with SPS measurements

@ Beam loading effects on bunch phase along a bunch train have been compared
between measurements and simulations with good agreement

@ Now that we trust the models and simulations, we can proceed with the
proposed studies
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Proposed work: Crab cavity

@ The crab-cavity project is part of LARP and includes the design, construction
and commissioning of the system

@ For the NEW LARP proposal, it is important to include the following studies:

@ Model the crab-cavity (CC) LLRF and develop algorithms to optimize the LLRF
parameters

@ Estimate the resulting CC impedance

@ Study the field regulation following a quench

@ Study the necessary “coupled feedback" of the crabbing and de-crabbing cavities.
Simulate its behavior following a klystron trip. Then, with particle tracking code,
estimate the beam loss.
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Future: HL-LHC

Double Harmonic RF Systems
@ Experience gained with the modeling, design and operation of the SPS RF
harmonic system can be translated to the proposed new LHC RF system.

@ Models and simulations of the new LHC harmonic system can be developed
using the expertise and knowledge base from the SPS and LHC work

@ Similarly to the earlier LHC effort, the longitudinal beam dynamics will be
included in the modeling and studies of the RF system.

@ Assess beam stability. Quantify the impact of the LLRF hardware and noise in
the beam performance
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Schedule - Budget

@ Themis’ NSF grant can leverage the LARP contributions. For example, there is
support for students and Themis during the academic year, but LARP can
extend the support during the summer and provide CERN travel opportunities.

@ Case $100K - 150K : 0.4-0.5 FTE/year + MS + trips to CERN
@ Case $ 200K - 250K : 0.6-0.7 FTE/year + MS + trips to CERN - More active

participation in MDs and system commissioning at CERN. More support for
summer students.

e The topics for the proposed research are very appropriate for
Toohig fellows. Salary is not included in those budgets

@ Case $ 500K : 0.6-0.7 FTE/year + MS + trips to CERN. Post-doc or Toohig fellow
working jointly at SLAC and CERN.
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Conclusions

@ We want to rely on our strong collaboration with CERN, the successful past
work, the developed skills on simulation/model development, and the expertise
on LLRF/RF system studies

@ A small DOE contribution can sustain a diverse array of accelerator physics
efforts on HL-LHC (crab cavities, double harmonic RF system) and finish work
on the SPS upgrade that will help achieve the bunch intensity and stability
necessary for HL-LHC

Thank you for your attention!
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