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& PARTICLE ACCELERATORS AV

MAX-PLANCK-CESELLSCHAFT

“The 2.4-mile circumference RHIC ring is large enough to be
_seen from space

e/et 0-50GeV in 3km SLC
e/et 0-23GeV in 2km FACET
e 0-14GeV in 1km LCLS

ﬂ Some of the largest and most complex (and most expensive) scientific
instruments ever built!

ﬂAII use rf technology to accelerate particles %
‘Can we make them smaller (and cheaper) and with a higher energy?  #s.a.5:¢
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PARTICLE ACCELERATORS AR

Could plasmas be used to accelerate particles at high-
gradient (>>100MeV/m) and reduce the size and cost
of a future linear e /e* collider

or of an x-ray FEL?

2 Ig"‘—\‘.}ﬁ» 1 el
A ,_‘{\.‘ TN &

;o CERNLHC

~8.6km, 53 mi

-

ﬂ Some of the largest and most complex (and most expensive) scientific
instruments ever built!

ﬂAII use rf technology to accelerate particles %
‘Can we make them smaller (and cheaper) and with a higher energy?  #s.a.5:¢
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PLASMA WAKEFIELDS (€ ATVASKE

MAX-PLANCK-CESELLSCHAFT

e” Witness e” Driver, Energy Source

“quality”

“quantity”

)
Simulation
| Blumenfeld, Nature 445, 2007 | SLAC
Dispersion [mm] Ch ¢ :
| a8 16 1412 108 de:;%)z FACET groneey
Experiment [-e/um’] S
‘ _ Scalloping of the Beam 180 j g
£ 2 o o
£ \ [
| S = 1 120 w
o 60
Hogan, 0 4020 0 20 40
35 40 1 50 60 70 8(190100 NJP 12, 2010 X [em)
Electron Energy [GeV] eae
E, 2E, - .
0 20 40 60 80 100
42 => 84GeV in 85cm! 52GeV/m Spec. Den. [a.u]
© P. Muggli
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@m ) P*-DRIVEN PLASMA WAKEFIELDS ATVAKE
(0*+€
e~ Witness p* Driver

) SLAC, 20GeV bunch with 2x10%- ~60)
ILC, 0.5TeV bunch with 2x101%e- ~1.6kJ

‘SLAC-like driver for staging (FACET= 1 stage, collider 50* stages)

B SPS, 450GeV bunch with 101p* ~7.2k)
LHC, 7TeV bunch with 10'p* ~112kJ

‘A single SPS or LHC bunch could produce an ILC bunch in

a single PWFA stage!
‘Large average gradient! (21GeV/m, 100’s m) ﬁ
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‘) PROTON-DRIVEN PWFA ATVAHEE
Caldwell, Nat. Phys. 5, 363, (2009)

MAX-PLANCK-CESELLSCHAFT

2D Simulations

1.0

10GeV e” 1TeV p*| 2 i
= I >0.5TeV in ~400m!
8 g :( /-—-_

. 2 BT
) 5
3l S
| | | 0 oh 1 Y
-4 -2 0
Z (mm)

1 Use “pancake” p* bunch to drive wakefields (cylinder for e driver)
1 Loaded gradient ~1.5GV/m, efficiency ~ 10% (recycling?)

1 ILC-like e bunch from a single p*-driven PWFA %
1 6,100um do not exist! Ar—

© P. Muggli P. Muggli, 12/17/2012, MPP Project Review



& SELF-MODULATION INSTABILITY (smi) AWVARE

MAX-PLANCK-CESELLSCHAFT

Propagation of a long bunch in a dense plasma: 6,>A

- z=5cm, e-
0.00
80 : 0.00
h o= t * "
i g . i
7 s Saturation E
005 T L1-0.05
el
Tl 1 = o T ~
o . E o
= 40— - Fq010 S = Exponential Growth | X 1010 &
- : 0.5 -
-0.15

-0.20

o
ST

E E
g I
’ 18 \ \ \ \ \ L]
0.0 0.2 0.4 0.6 0.8 1.0 1.2
& [mm]
J. Vieira, P. Muggli et al.,
o Grows along the bunch & along the plasma pukov et al, PRL 107, 145003 (2011)
Phys. Plasmas 19, 063105 (2012). . . -
Convective instability Schroeder et al., PRL 107, 145002 (2011)

1 Initial small transverse wakefields modulate the bunch density
1 Longitudinal wakefields reach large amplitude through resonant excitation

1 Acceleration of an injected witness bunch Op Byt

© P. Muggli P. Muggli, 12/17/2012, MPP Project Review



(8 PROTON-DRIVEN PWFA SIMULATIONS AVVAKE

MAX-PLANCK-CESELLSCHAFT

OSIRIS 2.0

osiris framework

osiris
v2.0 - | Massivelly Parallel, Fully Relativistic

Particle-in-Cell (PIC) Code

Visualization and Data Analysis Infrastructure

Developed by the osiris.consortium
= UCLA +IST

New Features in v2.0
D
- | Bessel Beams
- | Binary Collision Module

Tunnel (ADK) and Impact lonization

Dynamic Load Balancing
PML absorbing BC

=

TR 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

1 VLPL A. Pukhov, J. Plasma Phys. 61, 425 (1999)
"1 LCODE, K. V. Lotov, Phys. Rev. ST Accel. Beams 6, 061301 (2003)

LpDyzit
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WO SELF-MODULATION INSTABILITY (smi) ATVARE—D
- SLAC-like electron bunch, 2D-slab geometry, “cut bunch”
Caption: Red-yellow colors: electron bunch density
Blue: electron plasma density
. Simulations by J. Vieira
Time= 0.00[1/w,]
= 1 T 1 I I ] T I I 1 I I 1 I 1 I -
240 - ~
—= 20.0 a .
3 i il
E I _
X' 16.0 —
L . ] . . 1 . . . I . L
0 30 60 90 120
X, [c/ o]

J. Vieira, P. Muggli et al., Phys. Plasmas 19, 063105 (2012).
1 “cut bunch” for seeding of the instability

1 Particles in the defocusing field regions are defocused and leave the simulation

1 Acceleration of an injected witness bunch %
dr-ﬂ,}ff
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@/ PROTON-DRIVEN PWFA @ CERN

MAX-PLANCK-CESELLSCHAFT

71 SMI of long (~12cm), 450GeV SPS bunch @ Ape=1.2mm

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII . _"'"""I'""""I""""'l""""I""""'I"'"""I'_
0 meters I . I . | . | ] :Gmeters 3ol Large amplitude ]
o Propagation direction ] - i wakefields: ] !ﬁ

i ] i | 0.1-1 GeV/m 1

Long beam: \ 1 il W ] Simulations:

0z~100 A\p i : ] i : 1 J. Vieira
""""" [AARRARRRERARRRRES L) MMM SASSAAAAARRERARARRR Y . 480

6 meters Micro 4
- N bunching |- —_ ~
, ] € £
C by *,'\;\;\A?\‘w .: = ““W‘J‘-*W-“ m ] é é
YWY A b 3 4 .}“‘w’. A ‘; : 17, =
777 %:!ﬁj A | - 3 8
“Hh‘l\,\‘\n‘Lili‘l M]lﬂi I ‘]WV‘ ‘ IR 1 © w
Defocusing o e A : 1 K
.......................... : 10
regio“s \j 1 meters| I I
e [ _ E
€ 2f e S
eed =X
(%] : 1 2
5 I Adddddid g
o | IR i S
o OMMMMMMMHHH.“..‘._H.; 1g° w

0 10.6
Position [cm]

10.6 21.2 31.8
Position [cm]

Inject e

1 Drives large amplitude (0.1-1GV/m) accelerating fields %
1 E, (acceleration) sampled by injecting (~20MeV) e” bunch Op Bzt
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AWVAKE—

AWASE—

Proton-driven
Plasma Wakefield Acceleration
Collaboration %
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MAX-PLANCK-CESELLSCHAFT

=
&/m | WHAT WE (MPP) DO IN AWAKE
Project Structure

AWAKE Collaboration

Spokesperson: Allen Caldwell

—

Deputy: Matthew Wing

Experiment Coordinator

Simulation/Theory Coordinator

Accelerator & Infrastructure Coordinator
Edda Gschwendtner (CERN Project leader)

Edda Gschwendtner

Project Management WP

RP and Safety WP

—»  Helmut Vincke

Experimental Area WP
Edda Gschwendtner

A

SPS Beam WP

v

Interface p/e/laser/plasma WP

Edda Gschwendtner

Layout, Integration
Coordination WP
Ans Pardons

Secondary Beam Diagnostics WP

A

TBD

-« Patric Muggli :> Konstantin Lotov
y
Metal Va Cell WP Simulations WP
0 Konstantin Lotov
Erdem Oz »)
Helicon Plasma Cell WP
Olaf Grulke
Pulsed Rischarge Blasma Cell E’P R. Tarkeshian
— Nelson Lopes _—’ 0. Reimann
Electron Spectrometer WP
> Simon Jolly
| _Optic wp R. Tarkeshian
T —— [ED 1> O. Reimann
N Electron Source WP
" Tim Noakes
© P. Muggli

General Services WP
TBD

A

TBD

Beam-Line WP
Chiara Bracco

Proton Beam-Line WP
Chiara Bracco

Electron Beam-Line WP |, 4
Chiara Bracco

LpDyzit
P. Muggli, 12/17/2012, MPP EtZPject Review



A) AWAKE: PROTON BEAMS @ CERN Pl

VWA J
s/

MAX-PLANCK-CESELLSCHAFT

CERN Industrial Beam Complex

CMS

U — Parameter PS SPS Opt
L E, (GeV) 24 450 450
ALICE B LHCbO N, (10%) 13 105 30
B AE/E, (%) 0.05 | 0.03  0.03
ATLAS
\J e \Gz (cm) 20 12 12
. TT60 3ran Sasso
1.:2/'1/ JSN (mm-mrad) 2.4 3.6 3.6
L g estes | % (um) 400 | 200 200
AN |
\ / o
-t B* (m) 16 | 5 5
~
L. ~5-10m
4 ton conversion b neutrino: » electror p
n,~7x10*cm3 (k 0,21)
CNGS experimental area hpe™1.3mm<<o,
1 Choose SPS beam f ~240GHz

1 Higher energy, lower ¢ *, longer B*
1 Initial goal: ~GeV gain by externally injected e, in 5-10m of plasma /.
. . Dy z it
© P. Muggli In SEIf_mOdUIated p+ dr|Ven PWFA P. Muggli, 12/17/2012, MPP Project Review



BASE-LINE EXPERIMENTAL SETUP W)

rf gun
10-20MeV e-

MAX-PLANCK-CESELLSCHAFT

e spectrometer

lonizing EOS 0.1-2GeV
Final Laser T Diagnostic
Pulse

Focus

p* dump

<< >€ > Laser dump  OTR/CTR
+ . Diagnostics D i
p* from SPS SMI  Acceleration lagnostics

laser
Vapor
1 Laser ionization of a metal vapor (Li, Rb, etc.),

7-10m plasma, n_=10%*-10%cm-3 p*

1 Injection of 10-20MeV test e- at the 3m point (SMI saturated, Vo=V,,)
"1 SMl-acceleration separated
71 0.1-2GeV electron spectrometer

71 OTR + streak camera, electro-optic sampling for p*-bunch modulation diag.

1 Goal: study SMI physics and accelerate a witness e-bunch to multi-GeVs
in a self-modulated p*-driven PWFA o Byt

© P. Muggli P. Muggli, 12/17/2012, MPP Project Review



] ATVWVAKE—
Awake in CNGS

* Entire facility

RFGun Shieldin: Imthick

RFgun
+

spaceforhanding

Dump

&
Laser Primarypump 3 3 /
laser \

Fxisting (ONGS) CABLETRAY

Laser

diagnostic Junctionlaser
£ P Power supplylaser Systemand proton
rom SPS T7 A. Pardons - Update on Exp. Area Studies 12/16/12 Op Dy it
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WHAT DO WE DO? ATVAKE

1 Lead the experimental program

"1 Coordinate the experiment

"1 Develop the laser-ionized, metal vapor (Rb) plasma source (E. Oz, P. Muggli)
"1 Develop beam and plasma diagnostics (R. Tarkeshian, S. Mandry, O. Reimann)

(1 Strongly interact with the “simulationists” (J. Vieira, K. Lotov, A. Pukhov)

BROAD TIMELINE

(1 Early 2012, letter of intent was favorably review by CERN SPSC and resources
committee, CERN project leader was chosen: Edda Gschwendtner

"1 Conceptual design report due in March 2013

1 Experiments start in 2015 in CNGS area

© P. Muggli P. Muggli, 12/17/2012, MPP Project Review



METAL VAPOR PLASMA SOURCE DEVELOPMENT 1111/

E.Oz, P. Muggli

P. Muggli et al., IEEE Trans. on Plasma Sci. 27, 791 (1999).

MAX-PLANCK-CESELLSCHAFT

» Lithium vapor in a heat-pipe oven* Pg",sma Light
Heater Wick lagpostic
e: — -
ad
Be
- X 7
Window) aser Cooling Jackets
Pulse Boundary Layers
[gv:g..:gsv] _ r\ — —— n~0.5-3.5x10"7 cm

T=700-1050°C :
He ) L , He [-10-120 cm Hole in the wall

P.~1-40 T for laser beam

Pressure

0 . ; from 038
* C. Vidal, J. Appl. Phys. (1960) I_i 4,‘
L -

039 Lab

Cooling jackets

71 Plasma produced by laser ionization of the rubidium vapor (o

© P. Muggli P. Muggli, 12/17/2012, MPP Project Review



&7)  DISCHARGE PLASMA SOURCE DEVELOPMENT  i11ziki

MAX-PLANCK-CESELLSCHAFT

N. Lopes IST Portugal, O. Reimann, R. Tarkeshian

3 meter long plasma source tes

® plasma source demo
at IST

* 3 mlong

® | mbar Argon

® 20 KV discharge
. * 500 Amp

' * jonization Ar+ > 90%

HV DC L Argon
Power supp.

vacuum
3m plasma

GND eL=1Im

* Argon no~5x10'* cm?
*V~10-20 kV

1 “Low tech” source

1 “Can be meters-long

1 Challenges: reproducibility, plasma density uniformity ﬁ
LpDyzit
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DISCHARGE PLASMA SOURCE DEVELOPMENT W)

MAX-PLANCK-CESELLSCHAFT

P

Capacitors 5

_/-

R

ApByzit
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DISCHARGE PLASMA SOURCE DEVELOPMENT @

MAX-PLANCK-CESELLSCHAFT

Capacitors

/

] 10

1§ ™S Diagnostics

2T f’\

ApByzit
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ATWAIKE

When plasmas go Wrong!

Discharge sensitive to “dielectric” environment

039 Lab Argon plasma
~5x10" cm3

plasma

When plasmas go right! /)4

© P. Muggli P. Muggli, 12/17/2012, MPP Project Review







BEAM &-PLASME DIAGNOTICS AR

MAX-PLANCK-CESELLSCHAFT O. Reimann, R. Tarkeshian, S. Mandry

VAVA

EM-waves .
fO Incident

. EM wave
B ]

Transmitted
frequency Reflected K EM wave
Signal A Current EM wave £ ~§ S
Source  Plasma  Detector  meter Waveguide Plasma waveguide
w,..=(n.e?/e;m 4 N RV WA LS YA TS0 SRV W
pe™(Ne€%/EoMe) n, (1/cm3) f e (GHz) A VAR VARV A
L@ VW 7e14 237.5 Plasma density :
E= _ﬁ"'l_ﬁ % ENRSRINTS W N I — Nc,----=---1()--1-4/c-c ...... T
W +V 0w +v 3e13 50
0 if w<<w,(n,) Sl 26 ;:35: | Air|Glass|Plasma IGélasslAir
S/ 1e11 2.8 [
T(w) Cut off w=w, | 1G:2mm
\ o we3mm [T
1 If (D>>(Dpe(n e) % 50 100 Freque1ni?, o 200 250 300
1 Develop THz radiation diagnostics for plasma density and p* bunch modulation%
LpDyzit
© P. Muggli

P. Muggli, 12/17/2012, MPP Project Review



ATWAKE

.= Experimental setup

: l T Spectrum analyzer
\i = <26.5 GHz

RF Generator

<22 GHz
> J"’f(f’ |
1 Frequency Difference generation with two laser pulses to generate f,:
FDG(193THz+fy;193THz) -> 5GHz<f,<1THz
1 Plasma optical diagnostics, time and frequency resolved Byt

© P. Muggli P. Muggli, 12/17/2012, MPP Project Review



SUMMARY ATWVAKE

"1 We have an exciting experimental program

71 We have a well qualified and fun team
71 We are pushing to get 4 1VAKE approved at CERN

1 CDR due in March 2013
"1 Hope for experiments in 2015 at the CNGS experimental area

71 Goal of these experiments: - Study the SMI of long p* bunches in dense plasmas
- Accelerate a witness e-bunch to GeVs in a plasma

71 Goal of the program: build a complete research program in high-gradient,
plasma-based accelerators as well as in beam-plasma interaction at CERN

71 Approved experiment to study the SMI of e and e* bunches at SLAC FACET, 2013

"1 New ideas? New people? Call us: 0800-be-AWAKE %
OpDyz it
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