KINbBATEPHE NPUCKOPEHHA
~ YACTUHOK B INJ1A3MI ‘

- (PLASMA WAKEFIELD ACCELERATION)

400 GeV proton
from CERN SPS
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ObMeXeHHAa cTaHOapPTHUX METOAIB NPUCKOPEHHS
3apsgKeHNX YaCTUHOK

OCHOBM KinbBaTEPHOro MeToay Na3epHoro
MPUCKOPEHHS

BukopucTaHHA NOTY>KHUX Na3epiB Ta Ny4KiB
3apsaoXXeHUX YaCcTUHOK (eNEeKTPOHIB, NPOTOHIB) ANS
dopMmyBaHHS «Oyrib0aLLKOBMX» 30H Y MNr1a3mi.

OcTaHHI JocArHeHHa B 06nacTi Nna3mMoBOro
NPUCKOPEHHS | HANBINbLLI NPOEKTU AOCHIAKEHHS
METOAIB | IHCTPYMEHTIB 4N KinlbBaTEPHOIo
NPUCKOPEHHSA B Nnasmi
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BiamoBnsaoumch Big UMKITIYHUX NPUCKOPHOBAYiB — YHUKAeEMO Npobnemu
NOTY>XHUX MarHiTiB 4ns noBopoTy i BTPAT HA CUHXPOTPOHHE
BUMNPOMIHIOBaHHS

Ane obMexXeHHS no rpagieHTy nonst BumMaratoTb AOBXUH MPUCKOPOKYMX
CTPYKTYpP B 30 - 50 KM

Project Gradient

= e 20 MV/m Room-temperature 1988 — 1997
l1E 35 MV/m Super-conducting  design

XEEL 24 MV/m Super-conducting  |n construction

CUC 100 MV/m Room-temperature design
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Plasma acceleration

[1lna3moBI meToau
NPUCKOPEHHA




lMporpec B pO3BUTKY NOTYXXHUX Na3epiB — MyfbTUTepaBaTHi i
neTtaBaTHI flasepu

HanpyXeHOCTi nons - riraBonbLTH i TepaBOSiIbLTU HA M
Ane e HaNnpyxXeHoCTI B rnonepevyHomMmy HarnpAamMKy,

a NOTPiOHO — B NOB34O0BXHbOMY HanpsMKy




Transverse to Longitudinal

* loeq: BukopuctaTt nnasmy 4ng KOHBEpPTYyBaHHSA
nonepeYvyHoro enekTpUYHOro rnons fnasepHoro
BUNPOMIHIOBAHHA B NO340BXXHE Morse B nnasmi

Vorume 43, Numser 4 PHYSICAL REVIEW LETTERS 23 Jury 1979

Laser Electron Accelerator

T. Tajima and J. M. Dawson
Department of Phygics, Univewsity of California, Los Angeles, California 20024
(Recalved 8 Narch 1979

Ao Intease electromagnetic pulse can create a wesk of plasma oselllstions through the
action of the ponlinear ponderomotive force, Electrons trapped ln the wake can be ac-
celerated to high energy. Existing glass lasers of power density 10%%w/om? shove on plas-
mas of densitles 10" cm™ can yleld glgaelectronvolis of electron energy per centimeter
of acceleration distance. Thie acceleration mechanism is demonstrated through computer
simulation. Applications to accelerators and pulsers are examined,

Collective plasma accelerators have recently the wavelength of the plasma waves in the wake:
received considerable theoretical and experi-
mental investigation. Earlier Fermi' and McMil- by =No/B=wo Wy (2)
lan® considered cosmic-ray particle accelera- An alternative way of exciting the plasmon is to
tion by moving magnetic fields' or electromag- inject two laser beams with slightly different
netic waves.” In terms of the realizable labora- frequencies (with frequency difference Aw~w,)

tory technology for collective accelerators, s0 that the beat distance of the packet becomes



Concepts For Plasma-Based Accelerators
Pioneered by J.M. Dawson

Plasma Wake Field Accelerator(PWFA) PU—
A high energy electron/proton bunch W
Laser Wake Field Accelerator(LWFA)

A single short-pulse of photons

Plasma Beat \Wave Accelerator(PBWA)

Two-frequencies, i.e., a train of laser pulses

Self Modulated Laser
Wake Field Accelerator
(SMLWFA)

Raman forward scattering
Instability

evolves to

-
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3BUYannHuUu NiHinHU NMnasmMeHHUN

NMPUCKOpPpOBa4 NMPUCKOPHOBA4
Copper Structure with irises lonized Gas
Lifetime, few picoseconds
Powered by microwaves Powered by a Laser or
electron beam pulse
Energy Gain 20 MV/m Energy Gain 20 GV/m
Structure Diameter 10cm Diameter 0.1- mm
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ExcnepumeHTn y ®paHuy3bKOMY MONITEXHIMHOMY

State oF Art of Laser-Plasma Accelerators

Victor Malka

LOA, ENSTA - CNRS - Ecole Polytechnique,
91761 Palaiseau cedex, France
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TutaH-cancdmpoBas TepaBaTTHas
cucrtema AVET

Pacnonaraercsd Ha o4HOM ONTUYECKOM
ctone *

KoMMepueckunit npoaykT *
AnnTenbHOCTb UMNYybCca MeHee 45 ¢dc *
Bbicokoe KayecTBo nyyka *

Bbicokas ctabunbHoCTb *

NpuMmeHeHue:

- JlazepHoe ycKOpeHue 4acTul,
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Nonlinear QED
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World-Wide Interest in Plasma Acc.

2010 Advanced Accelerator Conference

Electron Energy (GeV)
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Podtical Map of the World

Plasma Acceleration on the Globe, T. Katsuoleas
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HanolabuIl NPOEKTH (suopanc)

http://www.eli-laser.eu/

EXTREME LIGHT Europe: ELI

glw‘we'rle-r H,,H

i tirme. Ed Gerstner is

European Project
for development of
extreme light

Beam acceleration
is one work package

Budget for 4 Euro-
pean sites:

1 billion €
. hundreds of GeV ...

Projection from the actual experimental and theoretical data achieved with 100 TW laser to
ELI indicates that hundreds of GeV electron bunch could be generated. Indeed, the central



BELLA  zum

doJsiapie
http://www.lbl.gov/community/bella/

To use laser light to accelerate an electron beam to 10 GeV (10 billion electron
volts) or more in the comparatively short distance of approximately one meter

A-ZINDEX | DIRECTORY

ceecer BERKELEY LAB :

Bringing Science Solutions to the World

BELLA: The Berkeley Lab Laser Accelerator

Project Description

» Computational Research and Theory
(CRT) Facility
» Solar Energy Research Center (SERC)

BELLA, the Berkeley Laboratory Laser
Accelerator will create an experimental

facility for further advancing the & ifte Cafety Maodernization.

development of laser-driven plasma
acceleration.

BELLA’s unique attribute is the ability to use
laser light to accelerate an electron beam to
10 GeV (10 billion electron volts) or more in
the comparatively short distance of approximately one meter.

This technology holds great promise for dramatically reducing the size, cost, energy usage, and
environmental impact of future accelerators, particularly high-energy electron-positron
colliders. BELLA's development could pave the way for future accelerators to be hundreds of

R L] | LR P 4 S A

- | | S PR - Fa. .
=0CBwQFjAA&wrl=http%3A%2F%2Fwww.lbl.gov%2Fcommunity %2Fbella%.

PR [, - =
https://www.google.com.ua/u =j&q=&esrc=s8&source=web&cd=1




FACET  oum

doJsiapie
https://portal.slac.stanford.edu/sites/ard_public/facet/Pages/default.aspx

FACET provides high energy density electron and positron beams with peak currents of approximately
20 kA that are focused down to below 30x30 micron transverse spot size at an energy of 20 GeV.

1 AR

(5]
O B ™V 11170001 nccELERATOR LABORATORY DOE | Stanford | SLAC | SSRL | LCLS | AD | PPA | Photon Science | PULSE | SIMES

FACET

An Office of Science User Facility

F‘\\CET + SLAC Detailed Index | SLAC Web | Peopl

About FACET & Test | AD SLACPortal > Accelerator Research Division > FACET User Facility

Facilities
FACET & Test Facilities
User Portal

User Registration
and Resources

Proposal Process 4
FACET Facility 4 =
NLCTA Facility 8 Portal
ESTB Facility >
ASTA Facility . ~ ' ?
X-band RF photo injector in the ASTA test stand 10TW Ti-Sapphire laser in FACET Anaouncements

FACET Division e . FACET & TF User Meeting
(Password Required) FACET and Test Beam Facilities September 2014
FACET&TF News SLAC National Accelerator Laboratory’s accelerator test facilities - FACET, NLCTA, ESTB & ASTA -, Fifth SAREC Review

are powerful tools for accomplishing great science. These four facilities span a range of beam (September 2014)
Old FACET Users energies and capabilities, providing a unique opportunity for researchers to find a beam perfectly
Portal matched to their experimental needs. For more information contact: Vitaly Yakimenko, FACET & TF Contacts
Old ESTB Users Portal Rivistes Ritectar Carsten Hast, Test Facilitie:

* Department Head
FACET (Facility for Advanced Accelerator Experimental Tests): = FACETSdence - Maric Hogg



FACET

plasma electrons
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FACET-II

New concept for a PWFA-LC
Ecm =1TeV, L=1.3x10*

- e e+
source source
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Interaction region

Main e- beam Main e+ beam

et

Multi-stage PWFA linac, AE=25 GeV per25m s

Magnetic chicanes

7 Accu-
mulator
ring

SCREF recirculating linac

Drive beam




Record Acceleration: 42 GeV
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Doubling energy in a plasma wake
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SLAC, UCLA, USC

|. Blumenfeld et al. Nature 445,
p. 741 (2007)



CERN:
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CERN:
[ ]
http:/AWtArKE ke/
Electron Gun Multi GeV electron
Laser to ionize 20 MeV electrons spectrometer
plasma
Y :

Proton bunch modulation  glectron trapping and acceleration

/ \ Diagnostic
400 GeV proton

from CERN SPS




LAOLA e
€epo
DESY & Uni Hamburg

http://laola.desy.de/

ACCELERATORS | PHOTON SCIENCE | PARTICLE PHYSICS

Deutsches Elektronen-Synchrotron
A Research Centre of the Helmholtz Association

Custom Search

DESY HOME | RESEARCH:| NEWS3| ABOUT DESY | CONTACT ° (S =

LAOLA MPIERE

Laboratory for Laser- and beam-driven plasma Acceleration

HOME Home /
PROJECTS Laboratory for Laser- and beam-driven Links
CONTACT plasma Acceleration , PITZ
OPEN POSITIONS LAOLA, the Laboratory for Laser- and beam-driven plasma -
Acceleration is a collaboration between groups from DESY and :
PUBLSICNS the University of Hamburg. Its mission is to complement basic » FLA
INTERNAL & research in the relatively new field of plasma wakefield » ARD
acceleration (PWA) by an explicit combination with DESY's » PIER
conventional, modern accelerators.
» Contact

Plasma Wakefield Accelerators attract great interest from
accelerator and applied physics due to their unprecedented
ultra-high field gradients on the order of TV/m as well as their




Central LC Parameters (Selected)

Parameter Conventional LC Plasma LC
Beam energy 1.5TeV 1.5 TeV
Acc. gradient 100 MV/m >1GV/Im
Linac RF length 15 km < 1.5 km
Luminosity 10%° cm?2 st 10%° cm?2 s
Beam sizes at IP ~nm ~Nm
Beam power 15 MW 15 MW
Site power 200 MW 200 MW

A plasma linear collider helps achieving high energy by reducing the linac length!

Other parameters remain challenging (consequence of required luminosity).




Conceptual LPA Collider

Slide C.B. Schroeder

=

* Based on 10 GeV modules (n~10'7 cm™3)

= Quasi-linear wake: e- and e+, wake control
= Staging & coupling modules

Yase,
=
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: - 1Q ey

= Requires high rep-rate (10’s kHz) 1 Sey

= Requires development of high S ) il

average power lasers (100's kW) ' ' . 2aaiee



BUCHOBKMU

OBMeXeHHs cTaHO4apTHUX METOoAIB MPUCKOPEHHSA 3apaaKEHNX YaCTUHOK
OcHoBWU KifibBaTEPHOro METOAY f1a3epHOro NPUCKOPEHHS

BukopuncTaHHS NOTYXXHMX fla3epiB Ta NyyKiB 3apsgKeHUX YaCcTUHOK
(eNeKTPOoHIB, NPOTOHIB) AN OpMyBaHHS «ByrbbaLLKOBUX» 30H Y

nfasmi.

OcTaHHI OoCArHEHHs1 B obnacTi Nf1ia3MoBOro NPUCKOPEHHS | HAaNBINbLLI
NPOEKTN OOCNIAKEHHA METOAIB | IHCTPYMEHTIB ANS KiNbBaTEpPHOro

NPUCKOPEHHSA B NMnasmi
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