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“The 2.4-mile circumference RHIC ring is large enough

S -86km 53mi

=,

e/et 0-50GeV in 3km SLC
e/et 0-20GeV in 2km FACET
e 0-14GeV in 1km LCLS

Could plasmas be used to accelerate particles
at high-gradient (>100MeV/m)

and reduce the size and cost
of a future collider or of a x-ray FEL?
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et s Caldwell, Nat. Phys. 5, 363, (2009)

Blue. PRL 90, 214801 (2003)

- +.
p* Driver € P

proton

bunch Stage Wf=1kJ

E,=10GeV E,=1TeV
0,=100pm
N=1010 N=10!!
Single mm W, =16 W, =16k

n, =6x10%cm3

Parameter Symbol  Value Units
2
Protons in drive bunch Np 10"
Proton energy Ep 1 TeV
= Initial proton momentum spread op/p 01
a Initial proton bunch longitudinal size o, 100 um
» o Initial proton bunch angular spread oy 0.03 mrad
’g\ Initial proton bunch transverse size Oxy 043 mm
& Electrons injected in witness bunch Ne 1.5x10°
Energy of electrons in witness bunch  Ee 10 GeV
) Free electron density n, 6x10™ cm—3
L 1 ! Plasma wavelength Ap 1.35 mm
-4 -2 0 Magnetic field gradient 1,000 Tm™!
Z(mm) Magnet length 0.7 m

<-Existing p* bunches carry 10’s-100’s kdJ (>>e- bunche;) L (m)

Energy (TeV)

AE/E, 1072

ATWAKE

1.0

AE/E~1%

1 1
200 400 600

<-Accelerate an e~ bunch on the wakefields of a p* bunch

<-Single stage, no gradient dilution
<-Gradient ~1 GV/m over 100’'s m

© P. Muggli

<-Operate at lower n, (6x10'4cm3), larger (A,)°, easier life ..., 5500 00000
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= PROTON-DRIVEN PWFA

Caldwell, Nat. Phys. 5, 363, (2009)
Blue. PRL 90, 214801 (2003)

e p*:

E,=10GeV E, =14

rnr:ad ‘CI_D 4k
mm Eo ;
10 ~ I AE/E~1%
6x10" cm3 |
e =om ke
0.7 m B l . 1 ]
<k 0’s-100’s kd (>>e” bunches) L (m)

on the wakefields of a p* bunch
gradient dilution
<-Grat 5V/m over 100’'s m

o Operatgat lower n, (6x10™cm®), larger (A,,)°, easier life ..., =500 0000
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Grows along the bunch & along the plasma Pukhov et al., PRL 107, 145003 (2011)
Schroeder et al., PRL 107, 145002 (2011)

<~Initial small transverse wakefields modulate the bunch density with ~A,,, period

<-Associated longitudinal wakefields reach large amplitude N
through resonant excitation i )
" ﬁ:,:— ;_»_j/

SR “(<umar, PRL 104, 255003 (2010) J. Vieira et al., Phys. Plasmas 19, 063105 (2012) A




z=0, e k,0; =45
80

WMWMMM\}(\M

/\A/\m\/\/\r\m/\/\ :
SV

o :
o
m_

Eaccel [GV/m]

—_
©
¢ T

SELF-MODULATION INSTABILITY (SMI)

20
£
> Saturation
O,
_ | -
2 Exponential Growth
0.10 < 0.5

Distance (z) [cm]

——
Radial!

NOT longitudinall

Time= 000[1/w,]

ATVASE

i
Z_5Cm e J. Vieira, IST

mmmﬂﬂﬂﬂwm\w
HlLALARRE §

xlc/e]l

60 90




ﬂﬁ-ﬂy?}‘f‘

Max-Planck-Institut fiir Physik

(Werner-Heisenberg-Institut)

SELF-MODULATION INSTABILITY (SMI)

AWAKE—

Vieira et al., Phys. Plasmas 19, 063105 (2012).
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CERN's Accelerator Complex

CMS Parameter PS SPS Opt
B E, (GeV) 24 400 400
N, (107) 13 10.5 30
AE/E, (%) 0.05 | 0.03 0.03
o, (cm) 20 12 12

gy (MM-mrad) 2.4 3.6 3.6

.* (Um) 400 | 200 200

B* (m) 16 | 5 5

Plasma: n,~7x10"*cm™ for k o~

: tal A e~1.3mm<<g,
AWVAKE— experimental area f .~240GHz

L,~10m~2p*

<-SPS beam: high energy, small ¢ *, long p*

AWAKE Collaboration, Plasma Phys. Control. Fusion 56 084013 (2014)

MAX-PLANCK-CESELLSCHAFT
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| aser First experiments: 2016

EOS
Diagnostic
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Laser
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Final
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. i lagnostics i '
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laser

0 meters . X .
Propagation direction

Vapor

Long beam:
oz~100 }\.p

<-Short laser pulse creates the plasma and seeds the SMI

$0,~12cm >> A ~1.2mm (n,~7x10%cm) => Self-modulation Instability (SMI)*

0y jaser~30MM(100fs)<<A,, => good seed

% MAX-PLANCK-CESELLSCHAFT
or e Kumar, Phys. Rev. Lett. 104, 255003 (2010)
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First experiments: 2016

lonizing . EOS |
Final Laser Diagnostic
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<-Short laser pulse creates the plasma and seeds the SMI

$0,~12cm >> A ~1.2mm (n,~7x10%cm) => Self-modulation Instability (SMI)*

0y jaser~30MM(100fs)<<A,, => good seed

J. T. Moody
WEPWAOQ047 _

% MAX-PLANCK-CESELLSCHAFT
or e Kumar, Phys. Rev. Lett. 104, 255003 (2010)
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| aser First experiments: 2016
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SMI DIAGNOSTICS ATV
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o AWAKE EXPERIMENT @ CERN AR
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SIG Injection experiments: 2017
gun Oge.>hpe e spectrometer
lonizing 10-20MeV e EOS 0.1->2GeV
Final Laser Diagnostic
Pulse Plasma I

p* dump
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O. Mete ‘erlments 2017
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e
gun e spectrometer

10-20MeV e EOS 0.1->2GeV
Diagnostic

e AWAKE EXPERIMENT @ CERN AR
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Pulse

Final
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p* dump
<€ >€ »  lLaserdump OTR/CTR
. i Diagnostics i '
p* from SPS SMI Acceleration g Diagnostics

Laser power
supplies

Items in dark blue: ventilation ducts
Items in light blue: AWAKE electronic racks
Items in : existing CNGS equipment (cable trays, pipes,...)

Access gallery

Proton beam line

<- CERN team already junsion
translated dreams into CAD

a n d m O re Plasma cell
(10m long)
¢ SM I experi ments Q4 201 6 L ’ Electron spectrometer .;‘ '
Experimental

Diagnostics

MAX-PLANCK-CESELLSCHAFT
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<p* bunches interesting because they carry large amounts of energy (10-100s kJ)

2
| ek
§ 0
Q
=
i

AWAKE

<-Explore applications for a p*-driven PWFA

MAX-PLANCK-CESELLSCHAFT
© P. Muggli
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<p* bunches interesting because they carry large amounts of energy (10-100’s kJ)

<-2016: study the physics of p* bunch SMI (radial modulation, seeding, ...)
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<p* bunches interesting because they carry large amounts of energy (10-100s kJ)

<-2016: study the physics of p* bunch SMI (radial modulation, seeding, ...)

<-2017: probe the accelerating wakefields with externally injected e

E,=15MeV
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i Cin~1.50,,~18cm [
ser e gun ~ ~ N
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e 1/
MAX-PLANCK-CESELLSCHAFT
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SUMMARY

ATWAKE

<p* bunches interesting because they carry large amounts of energy (10-100’s kJ)

<-2016: study the physics of p* bunch SMI (radial modulation, seeding, ..

<-2017: probe the accelerating wakefields with externally injected e

<-20177*: study accelerator physics

lonizing
Laser
Pulse

p* from SPS

Laser . . .
Diagnostics Acceleration

Muggli, IPAC 2014

e spectrometer
10'GeV

,,mmlilim

B ]

Diagnostic

> OTR/CTR

Diagnostics

OTR/CTR €

Discharge/Helicon

V. K. Berglyd Olsen
WEPWAOQ026

© P. Muggli
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<p* bunches interesting because they carry large amounts of energy (10-100s kJ)
<-2016: study the physics of p* bunch SMI (radial modulation, seeding, ...)
<-2017: probe the accelerating wakefields with externally injected e

<-2017*: study accelerator physics

<-Set-up a comprehensive and long term p*-driven plasma-based accelerator
program at CERN

<-Develop long, scalable and uniform plasma cells

&
o‘)

o\,\ uise (\

‘ %0
r" g'— | () I;:::trons % | n . 8" protons
.»,.\ 07 i/l e - ——— .
" (= o g,

7" : l D - eIect&s

laser

O. Grulke helicon antenna

Max-Planck-Institt /@ ter-COOIe
fir Plasmaphysik

—

‘L LSCHAFT
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<p* bunches interesting because they carry large amounts of energy (10-100s kJ)
<-2016: study the physics of p* bunch SMI (radial modulation, seeding, ...)
<-2017: probe the accelerating wakefields with externally injected e

<-2017*: study accelerator physics

<-Set-up a comprehensive and long term p*-driven plasma-based accelerator
program at CERN

<-Develop long, scalable and uniform plasma cells

<>Develop schemes for the production of short p* bunches
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<p* bunches interesting because they carry large amounts of energy (10-100s kJ)
<-2016: study the physics of p* bunch SMI (radial modulation, seeding, ...)
<-2017: probe the accelerating wakefields with externally injected e

<-2017*: study accelerator physics

<-Set-up a comprehensive and long term p*-driven plasma-based accelerator
program at CERN

<-Develop long, scalable and uniform plasma cells
<>Develop schemes for the production of short p* bunches

<-Explore applications for a p*-driven PWFA
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OSIRIS 2.0
" ; Osiris frvamev\/orv|< l: T T T T ' T T [\“ T l T T T T I T T T T I T T
osiris - o e =
v2.0 - | Massivelly Parallel, Fully Relativistic :
Particle-in-Cell (PIC) Code ==

Visualization and Data Analysis Infrastructure

Developed by the osiris.consortium ’ y AN I
= UCLA +IST L ( 1,9\

1 /I 1 3 1 l 1 1 1 1 l 1 1 L 1 J 1
New Features in v2.0 ‘
- | Bessel Beams @)

Binary Collision Module

Tunnel (ADK) and Impact lonization
Dynamic Load Balancing
PML absorbing BC

i

IR Ricardo Fonseca: ricardo.fonseca@ist.utl.pt - | Optimized higher order splines
Teenico Frank Tsung: tsung@physics.ucla.edu - | Parallel /O (HDF5)
UCLA http://cfp.ist.utl.pt/golp/epp/ - | Boosted frame in 1/2/3D

http://exodus.physics.ucla.edu/ Patric Muggli | May 23rd 2012 | IPAC - New Orleans Louisiana, USA

Benchmarking with:
<-OSIRIS: R. A. Fonseca et al., Lect. Notes Comput. Sci. 2331, 342 (2002)7\

<VLPL A: Pukhov, J. Plasma Phys. 61, 425 (1999) (N
<LCODE: K. V. Lotov, Phys. Rev. ST Accel. Beams 6, 061301 (2003) g/
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