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Simulation study

Quadrupoles used
to guide head of
driving bunch
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Simulation

Table 1: Table of parameters for the simulation.

Parameter | Symbol Value Units
Protons in Drive Bunch Np 1011
Proton energy Ep 1 TeV
Initial Proton momentum spread | o, /p 0.1
Initial Proton longitudinal spread oz 100 (m
Initial Proton bunch angular spread o’ 0.03 mrad
Initial Proton bunch transverse size OXY 0.4 mm
Electrons injected in witness bunch Ne 1.5- 10"
Energy of electrons in witness bunch Ee 10 GeV
free electron density Tp 6-10'* | cm™?
Plasma wavelength Ap 1.35 mm
Magnetic field gradient 1000 T/m
Magnet length 0.7 m
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Magnetic bunch compression (BC)

L Beam compression can be achieved:
(1) by introducing an energy-position correlation along the bunch with
an RF section at zero-crossing of voltage
(2) and passing beam through a region where path length is energy dependent:
this is generated by bending magnets to create dispersive regions.
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U To compress a bunch longitudinally, trajectory in dispersive region must be

shorter for tail of the bunch than it is for the head.
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Phase space of beam
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See A. Caldwell, G. Xia et al., Preliminary study of proton driven plasma wakefield acceleration, Proceedings of
PACO09, May 3-8, 2009, Vancouver, Canada
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Simulation studies will continue

Also, concept for proton bunch compression
needs to be worked out — this is the key for
the long term success.




Accelerator chain of CERN (operating or approved projects)
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TT61 tunnel
5 | Status today - after partial dismantiing of the old fine
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Demonstration experiment — possible sequence

1. Plasma cell + diagnostics: expect to see modulation of proton bunch
by plasma

2. Plasma cell + seeded modulation to add reproducibility and stronger
fields

ell + bunch compression: generation of GeV/m fie
aling principles with proto




Plasma modulation of SPS beam
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Possible Experimental Layout

Foils for coherent transition

EIectrQ-opuCaI radiation (CTR)
sampling system l

Dipole magnet
10T m
Proton bunch

R —

Modulated
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Because of large bunch-bunch time jitter and the very long acquisition times (low rep-
rate) -> Single-shot sampling

 Using a (linear) chirped femtosecond laser pulse as sampling signal
* The pulse is stretched (up to 10ps?) in a dispersive medium
* Strong relation between time and wavelength

T
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Possible Timeline

2010 2011 2012 2013 2014

Approval process CERN q

Technical Design

Beamline assembly
Plasma cell R&D

Construct plasma cell
Optical sampling R&D
Optical sampling assembly
Spectrometer R&D
Spectrometer construction

Measure beam modulation
Seeded modulations

design bunch compression
Prepare bunch compression

Compressed bunch
expts

Design, build electron
injection

Accelerate electrons




The path to approval at CERN goes through the SPSC
e Submit ca 10 page Letter of Intent. Contents:

* motivation

* sketch of experiment

* beam needs

 estimated cost

 estimate of manpower

e collaboration & task assignment

|ld be submitted 2-4 weeks prior to an SPSC meeting
tings: April 13,14  June 29,30




This meeting:
e agree on what we want to accomplish with a first round of
experiments

e list the subprojects involved and allocation of people to subprojects

e get some idea of the timeline

te for the Lol submission




A first set of questions:

1.

i

e

10.

11.

12.

How long can the plasma cell be ?

What density range is possible for the plasma ?

Interesting length for modulation studies ?

Long plasma cell may require quadrupole focusing — compatible
with beamline ?

Most promising plasma cell concept — follow more than one ?
What are the possibilities to shape the proton beam ? (hard edge)
Can the proton bunch be pre-modulated ? How ?

ldeas on proton bunch compression — can we vary SPS parameters
(compaction factor, RF) during down times of LHC ?

What diagnostics should be there at the beginning ?

Which locations are available for equipment — what are the space/
power/... restrictions ?

What types of beam requirements do we anticipate (# bunches/min
at maximum), total number/day, number/year

What are the limits set by radiation protection ?



PPAO9 Workshop @ CERN

Thursday December 17

9:00-9:15 Introduction & goal of meeting A. Caldwell
9:15-10:00 Overview of Plasma Wakefield Generation C. Joshi
10:00-10:45 Experiments in beam driven PWA P. Muggli
10:45-11:15 Coftee

11:15-11:45 Experimental techniques at FLASH B. Schmidt
11:45-12:15 PS & SPS beamlines at CERN [. Efthymiopoulos
12:15-12:45 Possible Layout of Experiment at the SPS R. Assmann
12:45-14:15 Lunch

:15-14:45 Accelerator physics, optics F. Zimmermann
and instrumentation challenges
Comments on transfer line work
isi S beamline




