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

e/e+ 0-50GeV in 3km SLC
e-/e* 0-20GeV 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 radio frequency (RF) technology to accelerate particles

ﬂCan we make them smaller (and cheaper) and with a higher energy &m j
using plasmas? A PLANCR GESELLSCHAFT

© P. Muggli
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“The 2.4-mile circumference RHIC ring is large enough
_to be seen from space”

Light particles (e’/e™)
accelerator

Limited by synchrotron
radiation

G 1t

P

synchr =

6me,c’ R°m*

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

omplex (and most expensive) scientific

hnology to accelerate particles —
{7
ﬂCan we make them smaller (and cheaper) and with a higher energy &,ﬁ, /
0. Using plasmas? A PLARCE CERELISCHAT
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<>Relativistic Electron, Electrostatic Plasma Wave (E,//k, B=0):

~ ) 1/2
?]?A/\\//\\/ C%- E = ﬁ o = "€ |Plasma k — wpe E = n.
> Z £, pe g,m, Frequency] P¢ 2 c z £,
m,c .
SUORIRE £ =| | n”=100./n,(cm™)=1GV/m
= £
) N n=10'*cm=

LARGE Cold Plasma “Wavebreaking” Field

Collective response! Ey, =mycw,, /e

<-Plasmas can sustain very large (collective) E,-field, acceleration
<Wave, wake phase velocity = driver velocity (~c when relativistic)
<-Plasma is already (partially) ionized, difficult to “break-down”, no fabrication

<-Plasmas wave or wake can be driven by:

»>Intense laser pulse (8
»Dense particle bunch T

© P. Muggli
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« Plasma Wakefield Accelerator (PWFA) M/
A high energy particle bunch (e, e*, ...) o=, /4
P. Chen et al., Phys. Rev. Lett. 54, 693 (1985)

- Laser Wakefield Accelerator (LWFA)®

A short laser pulse (photons, ponderomotive)

- Plasma Beat Wave Accelerator (PBWA)®

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

Raman forward scattering instability in a long pulse (LWFA of 20" century)

evolves into

\I&": /

CK-CESELLSCHAFT

"Pioneered by J.M. Dawson, Phys. Rev. Lett. 43, 267 (1979)

© P. Muggli
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e” Witness

Blumenfeld, Nature 445, 741 (2007)

AWAKE

PLASMA WAKEFIELD ACCELERATOR (€")

e- Driver

e~ bunch
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e -Witness p*-Driver

relativistic

profon
bunch

¢ | LC’ 0 . 5TeV b u n C h Wit h 2X 10 10e_ ~ 1 . 6 kJ J. Rosenzweig et al /Nucl. Instr. and Meth. in Phys. Res. A 410 (1998) 532-543

Wake-field modules Gamma converter and Detector

+ +
II +4 7+
+ l
3 ++ I

<>SLAC, 20GeV bunch with 2x10%%" ~60J S
<>SLAC-like driver for staging (FACET= 1 stage, collider 10* stages) mw? e
<>SPS, 400GeV bunch with 10p* ~6.4k]

LHC, 7TeV bunch with 10p* ~112k]J

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

a Sin |e PWFA Stage! ““““““““““““““““““ Caldwell, Nat. Phys. 5, 363, (2009)
<>Large average gradient! (>21GeV/m, 100’s m) fl?’jf\
oo Wakefields driven by e* bunch: Blue, PRL 90, 214801 (2003)
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it Caldwell, Nat. Phys. 5, 363, (2009)

1.0
: e p*:
- W p*-Driver <
€ -Witness E=10GeV E=1TeV g |
T o0.=100um = | ~0.5TeV
“L.m= z p‘ >
++F 3 0sle
+ + + + N=1010 N=1011 5 S
4 4+ A+ ivisti : c
o relafivistic  Single mW,=16) W =16k} |§ |
. =T proton W.=1kJ ~300m
el bunch Stage = -
e_ p + (0] | |
Parameter Symbol Value Units
2 Protons in drive bunch Np 10" 61
Proton energy Ep 1 TeV 1
3 Initial proton momentum spread op/p 01 ~ 5F
3 Initial proton bunch longitudinal size o, 100 pum 'o
® @ Initial proton bunch angular spread e} 0.03 mrad — 4
’ra? Initial proton bunch transverse size Oxy 0.43 mm o
K] Electrons injected in witness bunch Ne 1.5 x10' = 3
Energy of electrons in witness bunch  Ee 10 GeV L|<J - A E/ E ~ 1 (yo
o Free electron density ny 6x10™ cm—3 2r
1 1 | Plasma wavelength Ap 1.35 mm
-4 -2 0 Magnetic field gradient 1,000 Tm™! Tr&€—
Z(mm) Magnet length 0.7 m I \
0 200 400 600

<-Accelerate an e bunch on the wakefields of a p* bunch L (m)
<-Single stage, no gradient dilution

<-Gradient ~1 GV/m over 100’'s m

<-Operate at lower n, (6x10"cm), larger (A,.)°, easier life ...

MAX-PLANCK-CESELLSCHAFT
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: e p*:
- W *-Driver
e -Witness P E0=1OGeV E0= c
FEES '
+ + + + — N=1010
+_'_ ah_-|-+-|'-+++=l- relativistic Single W,

proton
—— bunch Stage

| 1VAICE—

~300m

4 -
1.5 x101° 3
10 GeV
2
6x10" cm™3
L 135 mm
-4 1

B AE/E~1%

1,000 Tm™' <
0.7 m I

0

the wakefields of a p* bunch
dlent dilution
over 100’'s m

<>Ope

dwer n, (6x10'4cm), larger (M,,)°, easier life ...

| 1 | I
200 400 600

L (m)

MAX-PLANCK-CESELLSCHAFT

P. Muggli, Wigner Inst. 04/08/2016
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z=0, e kag_45

e 7 Eaccel 4AEWB

) MMWW\/W\(\UW

o ‘I“‘ g B :
O I-o.15
lbisussins | | B .0 20

Kumar et al., PRL 104, 255003 (2010).

SELF- MODULAT|ON INSTABlLlTY (SMI)
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SELF-MODULATION lNSTABI-LI-TY (SMI)

Kumar et al., PRL 104, 255003 (2010). '
Z_O e- k o. =45 20
80 ‘ io.oo £
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Radial!

NOT longitudinal!

Time = 208800([1/w,]

2130

2160
xlc/e)

Time = 20358001 /w,]

xlc/e])

Vieira et al., Phys. Plasmas 19, 063105 (2012).
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radius (r)

COMPARISON +/- DRIVEN PWFA

<-Comparison positively/negatively charged bunches

— 0.0

O
~

O
o'

pplasma [neo ]

r [um]

IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIII
-
o

0.65 1.30
Distance [mm)]

0.0

<-Phase difference, as expected from simple physics

© P. Muggli

Vieira, Phys. Plasmas 19, 063105 (2012)
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Simulations:
J. Vieira

MAX-PLANCK-CESELLSCHAFT
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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

11
f PML absorbing BC

LsTToTo Ricardo Fonseca: ricardo.fonseca@ist.utl.pt - | Optimized higher order splines
Frank Tsung: tsung@physics.ucla.edu - | Parallel I/O (HDF5)

TECNICO
CI-A http://cfp.ist.utl.pt/golp/epp/ - | Boosted frame in 1/2/3D
u http://exodus.physics.ucla.edu/

Benchmarking with (for AWAKE only!):
< OSIRIS: R. A. Fonseca et al., Lect. Notes Comput. Sci. 2331, 342 (2002)

Patric Muggli | May 23rd 2012 | IPAC - New Orleans Louisiana, USA

>

<-VLPL A: Pukhov, J. Plasma Phys. 61, 425 (1999) GO
<LCODE: K. V. Lotov, Phys. Rev. ST Accel. Beams 6, 061301 (2003) ‘“«~/

MAX-PLANCK-CESELLSCHAFT

© P. Muggli
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__C_;MS_ Parameter PS
LHC North A E, (GeV) 24 400 400
2008 (27 km)
LHCh N, (10°) 13 10.5 30
SPS AE/E, (%) 0.05 | 0.03  0.03
T Ti8 \
HiRadMat — ATLAS AE o, (cm) 20 12 12
= TT60
AD ey (MM-mrad) 2.4 3.6 3.6
™
o o* (um) 400 | 200 200
|
T N A ——
\ B* (m) 16 | 5 5
L‘,wm LINAC 2 {ei
N “ LINAC 3 LEIR
lons
n,~7x10"cm- for k,o,=1
_ A e~1.3mm<<o,
ATVAE—> experimental area f ~240GHz
L,~10m~2p*

<SPS beam: high energy, small ¢,*, long p* .
<-Initial goal: ~GeV gain by externally injected e-, in 5-10m of plasmaw )

in self-modulated p*-driven PWFA nr_

MAX-PLANCK-CESELLSCHAFT

© P. Muggli
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First experiments: 2016

EOS
Diagnostic

lonizing
Laser

Plasma

*dum
10m. 10"*-10'5 cm'3 praump
L e 2 3 >»  Laserdump OTR/CTR
N Diagnostics i i
p* from SPS S|V|| Acceleratlon g Diagnostics
;ometers Propagatlondlrectlon f SO L L
[ ] r No-seed  Seed 1
- 1 7 002f -
Long S \: 1 J . H\ \H H‘ i ‘ M\ N
oz~100 Ap - : ] E 0.00 - : “UH il ’ U ‘ ‘\“ ‘ U“ ‘\‘\‘U“\‘\W ]
L ] W .02} J
_0'04:_.|...|...|...|...|...\|j..\./.llel.r.a._i

11400 11600 11800 12000 12200 12400 12600 1280
Position [c/ m,]

<>No seed no SMI (over 10m)

“Sharp” (<<\,,) start of the beam/plasma

interaction for SMI seeding =2\
AWAKE: will seed with ionization front! ‘\LM” /\

MAX-PLANCK-CESELLSCHAFT

*Kumar, Phys. Rev. Lett. 104, 255003 (2010)

© P. Muggli
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First experiments: 2016

EOS
Diagnostic

lonizing
Laser

Plasma

10m, 107107 om? " dump
€—>€ >  Laserdump OTR/CTR
p* from SPS SMI  Acceleration Diagnostics  Diagnostics
oo T laser
s Propagation direction ; Vapor

—— andE R
oz~100 Ap \;

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

$-0,~12cm >> A ~1.2mm (n,~7x10"*cm™) => Self-modulation Instability (SMI)*
0, aser~30UM<<A,, => good seed

.

. MAX-PLANCK-CESELLSCHAFT
© P, Muggi Kumar, Phys. Rev. Lett. 104, 255003 (2010)
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First experiments: 2016

EOS
Diagnostic

lonizing
Laser
Pulse

Final

Plasma

10m, 10-1075 cm™ p" dump
€—>€ >  Laserdump OTR/CTR
p* from SPS SMI  Acceleration Diagnostics  Diagnostics
oo T laser
g Propagation direction ] Vapor

Long beam: ‘ +
02~100 Ap \;

13 (a) <> The wakefields grow ...

0.8
0,61
0.4

0.2 1
] Simulation by K. Lotov -
00 L L I L LR | .
O 2 4 6 8 10 MAX-PLANCK-CESELLSCHAFT
© P. Muggli Z,Im P. Muggli, Wigner Inst. 04/08/2016
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First experiments: 2016

lonizing EOS
Laser Diagnostic
Pulse I

Final

Plasma

*dum
10m, 107107 cm 3 P aump
€E—>€ »  lLaserdump OTR/CTR
N Diagnostics i '
p* from SPS Sl\/” Acceleratlon g Diagnostics
Cometre AARAARARN LA A A laser
s Propagation dlrectlon ; Vapor
Long beam: \_ — +
02~100 Ap ,-; ] p*
_—
_—
— < The long (0,~12cm ) p* bunch self-
1 . .
Defocusing it modulates with period A ,~1.2mm
regions | T g (ng~7x10%cm3)
ES:E - ] - <>~100}\'pe per o,
E 2 10 % -
% FE ¢ J—;
‘"nnuu ||..\,F5
0()...‘....‘n., 1(.)\614\\ UH“IM .‘.‘.x.u‘;‘ 10'5 % -
Position [cm] MAX-PLANCK-CESELLSCHAFT
© P. Muggli

P. Muggli, Wigner Inst. 04/08/2016
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SMI DIAGNOSTICS AWAIE—

'Ometersl I ‘ '1'1Hmetogrvs“ T " e TR b I
i Propagation direction i i ‘ 1
Laser | Pag TIEFEAALA
a ’ ] i !
lonizing 7} Di EOS . FAAARAALE
Final Laser lagnostic . . TR

Pulse Plasma

10m, 104-10"5 cm3

€—>€ >»  Laserdump OTR/CTR
+ . Diagnostics ' i
p* from SPS SMI Acceleration g Diagnostics

51 F0™  Not modulated Simulation by K. Lotov” I TT | CTR Schottky Diode

Laser Pulse in the Middle

) ly Jate » ini "“ A # p Streak Came: X,y
21, Fullyself-modulated, v,=v,, => injection o [ J -L | t
0 i

1
CTR %
Microwaves 1 tonizing Lase

) ;

} Schottky Dioae (>100GHz)

OTR screen -
> beam Streak Camera Heterodyne T L/fe
_> H
Windon Measurement
p*Bunch | RF Mixer ( /‘n —F
CR@ f,, | fre=? % fie=1feefiol lz V \/ S’ ll’/l%;é ;"\]
Intensifier-CCD LO|f o Oscilloscope \'2\\:‘5‘;
Mirror RF Source MAX-PLANCK-CBSELLSCHAFT
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e SMI DIAGNOSTICS @

Propagation direction

15t goal of AWAKE (2016-17)
demonstrate and study

the self-modulation instability (SMlI)
of a long p* bunch in a dense plasma

oo l I ’ 405
_ fULEAN RS
E ||’ \‘lg.i Y ;\|pt';.; : '410‘?
1 ;lni g M
X | ol a 04 ah JHI}A"' — B 520
Zwen) ‘
: | mrouTee l MAX-PLANCK-CESELLSCHAFT
I I =84/08/2016
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First experiments: 2016

lonizing EOS
Laser Diagnostic
Pulse I

Final

Plasma

*dum
10m, 10"4-1075 cm? P cump
€D <€ »  Laserdump OTR/CTR
N Diagnostics ' '
p* from SPS Sl\/” Acceleratlon g Diagnostics
Cometre AARAARARN LA A A laser
_ Propagation dlrectlon : Vapor
Long beam: \_ — +
oz~100 A\p g : ] p"
—
_—
— < The long (0,~12cm ) p* bunch self-
I L] .
Defocusing bunching g modulates with period A ,~1.2mm
regions | TR (Ne~7x10%cem3)
T 3: 5 | ] B
R _
AL {7
00...‘....‘“., 135“MM““ AR ‘ 16° &@__"_
Position [cm] MAX-PLANCK-CESELLSCHAFT
© P. Muggli
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EOS
Diagnostic

lonizing
Laser
Pulse

Final

Plasma
10m, 10'4-1015 cm=3

T

€D € »  Laserdump OTR/CTR

N Diagnostics ' i
p* from SPS SMI Acceleratlon g Diagnostics
""""""""" e laser

ro meters

g Propagation direction

— |

Vapor

Long beam:

02~100 Ap \5; : p*
[
— <-The SM p* bunch resonantly drives wakefields
- T 1 1 e : 480
Mlcr.o 11 meters | Large amplitude g
Defocusing bunching 1 e[ T (:vlaliegel\‘;/s b =
regions ] 10 E | - -1 GeV/m S
3 mm |2?f | 10° =
T I ~| mm |8 | ; ;
So 10°E T lasasasasniss k B
=2 [ (=8 L
he) t L
o 1_: 0 -480
jjli iiii 0 106 21.2 31.8
| AL UHMl I | E. | N 55 Position lem
°o 106 21.2 atg  ° N
Position [cm] MAX-PLANCK-CESELLSCHAFT
© P. Muggli
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EOS
Diagnostic

lonizing
Laser
Pulse

Final

Plasma
10m, 10'4-1015 cm=3

T

€<—>€ >  Laserdump OTR/CTR
+ . Diagnostics ' '
p* from SPS SM Acceleration g Diagnostics
Omews T laser
s Propagation direction : Vapor
Long beam: \_ — +
0z~100 p _-; ]
— <$-~GV/m accelerating field
On-axis E, field 1 e N TR
'g' 980 5 ' ' ' ' 3L YY) wakefields: i ] —
€ meters = f | 0.1-1 GeV/m S
> £ L = [)
S mm 3% i | e =
- 8 I “ || §
% ) P b 1 bk | ] .
Ll e 092 P i il
980, 106 212 ars % 08 enom® T
Inject e- Position |cm] —

© P. Muggli P. Muggli, Wigner Inst. 04/08/2016
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Injection experiments: 2017

Oze_>7\.pe e- spectrometer
10-20MeV e- EOS 0.1->2GeV
Diagnostic

lonizing
Laser
Pulse

Final

Plasma

p* dump
€—>€ >  Laserdump OTR/CTR
p* from SPS Acceleratjon SMI  Acceleration Diagnostics  Diagnostics
1E timizex
E,=15MeV
o ey=2mm-mrad ljfrO‘ZOO“m
"1g,~1.50,,~18cm /
Z 001F | \
P V,~Vp~C 0.04 Ze~3mT~1 '5>\‘pe rul
0 | | | Dilstancé,metel:rs | | | 10 ntrap~40/o J‘ r0_3OOIJm
0.031 ~
e injection sy | e 1'3662/
laser - AE/E  .»~12%
Vapor ‘ -
0.011
4
p U—qﬂ—v-—-r—r—-—-—h—-v—ﬁ—v—ﬂ—ﬂ-ﬁ" ..................... //f: ‘;
. 200 400 BOO 800 1000 1200 1400 1600 1800 [ »~ A4
< Accelerate e~ to multi-GeV MeV % |
energies with ~GeV/m gradient i

© P. Muggli P. Muggli, W|gner Inst 04/08/2016
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WAKEFIELDS SAMPLING / ACCELERATION W)

Injection experiments: 2017

Oze_>7\.pe e- spectrometer
lonizing 0-20MeV e- EOS 0.1->2GeV

2"d goal of AWAKE (2017-18):
Externally inject (~15MeV) electrons

into the wakefields
and
reach ~GeV energy gain

0041 Oze~3Mm-~1 .5?\pe

i ey ~40%
istance, meters o 003- E ~1 .3Gev
e in'ection %Ml mean

J 0.024 AB/Emean~12%

Vapor | sy '

0.011

p+
.

<> Accelerate e- to multi-GeV
energies with ~GeV/m gradient

© P. Muggli
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% PLASMA SOURCE DENSITY UNIFORMITY

ATVWAIEE
Micro | On aX|s E, field
Defocusing bunching 'g‘ 80 p—mMmmmmmmm ™ 11
regions | [fireers EAT i m = o motrs 500MV/m
i = -
%2;' E fﬂ“ Mﬂ i il llllnl’iﬂﬂﬂlimli,
LR | Weenbk ./ ~ — lo,pm
JEETEREY Ll il 9805 10.6 212 318
OO 106 Position [cm] ‘ InJeCt e- POSItlon lcm]

<SMI grows over ~o,,, or ~N, ,,~100A,, (@n.~7x10"cm3)
<-Drive the wakefields resonantly
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<>Requirement for acceleration over 10*m /
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PLASMA SOURCE ENDS

Max- Planck Insutul fiir Physik
(Werner-Heisenberg-Institut)

rubidium vapor
lectron bunck laser pulse ¥ modulated proton bunch\ y T /imact part of the proton bunch
electron bunch : — e

l ' l(,r plasma '1)’,

.ol -....ﬁ. aiscasaiasasaiaca.ia) - 4.
proton bunch Z S
L—*‘& trapped electrons” \ Iasu pll]st
e
K. V. Lotov et al., Phys. Plasmas 21, 123116 (2014)
==() Z2=Lmax

Imposing temperature uniformity < imposing density uniformity (no flow)

e- injection experiments

Very uniform n, rubidium vapor (anyng<0.2%)

14

v e
& electrons

10

: Fast Opening valves (~10ms)

"“‘ i
" positrons
A o A
T _‘/‘\—* gt

| / u A ’ e
L 04 . - s

0 5 10 15
Ly, cm /fo/ 2

|| i &
OPENED t=10ms FIG. 9. Accelerated fraction of electron and positron b s; versus the
length of the transition region Ly. MAX PLANCK. CESELLSCHAFT

P. Muggli, Wigner Inst. 04/08/2016

Accelerated fraction, %
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% PLASMA SOURCE CONCEPT

ATWAICE
| < T,, AT J/T,<0.2% (1k@500K) q
M,y r1 =0.896mg/s 7 Moy, =0.997mg/s
e injection ) MPC =0.0178mg/s
apor G < - %
|| T S -
F G. Plyushch
Rr.oerrsevazUS e / /
M, =0.878mg/s M, =1.015mg/s
u Ts1>Tv T32>Tv u
Laser Pulse 4
TW, ~100fs
—»! | le—few cm Uniform, with gradient few cm—i —
Field-ionization
(100% 1st &) >
<-Temperature <> vapor density < plasma density uniformity
<-Expansion in vacuum < sharp end ramps BN
<-Two Rb reservoirs <> possibility of density gradient (o /'

© P. Muggli

<-Laser field ionization <& seeding SMI < short lived plasma

MAX-PLANCK-CESELLSCHAFT




Rb VAPOR SOURCE (heat exchanger)

Max-Planck-Institut fiir Physik

(Werner-Heisenberg-Institut)

Plasma requirements:

Rb Vapor Pressure Curve

<>Lp~10m, rp>1mm

<-Easy to produce, to (laser) ionize
<-Allow for SMI seeding
<-8ny/ny<0.2% (e injection)

<-=> Rubidium

*U,=4.177eV
$1y=1.7x10"2W/cm2~U *

< T<230°C

Rb vapor density (cm3)

laser
Plasma Vapor

xlO15
2 ——

<The longest compact accele

© P. Muggli
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1 M i =i S 0
0 140 160 180 200 220

= qom S

Straight! W

v

atr in the world!

Rb vapor pressure (pa)

AWAKE—

Nuclear Instruments and Methods in Physics Research A 740 (2014) 197-202

Contents lists available at ScienceDirect L
Nuclear Instruments and Methods in ==
) ] Physics Research A e
ELSEVIER journal www.elsevier.. —
A novel Rb vapor plasma source for plasma wakefield accelerators @c,ossm,k
E. Oz*, P. Muggli
Ma(a):k Institute for Physics, Munich, Germany (b)

—

Fig. 2. (a) Sketch of the plasma source. Two independently heated sections consist
of a 10 m long Rb vapor section with fast valves for proton, electron and laser beam
access and valved Rb liquid reservoirs. (b) Photo of the valved Rb liquid reservoir by
MBE Komponenten incorporated.
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P. Muggli, Wigner Inst. 04/08/2016
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Rb VAPOR SOURCE (heat exchanger)

Hot Oil IN

Multiple internal

17.6
m ube sus)rt spokes

AWAKE—

ouT
2 x 3/4” male Hot Oil IN
Port
1” male Port Insulation 7.6mm

\* \ o |‘; (7,&:140

N
DN ===

p— | ]

I ,

7 stainless steel
probe pockets

Temperature profile along plasma cell with set temperature at 220°C

Values plotted show mean temperature at each measurement position over a 90 minute period

Error bars show 30

2 stainless steel /
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<>Meet the specifications ... <1K ...

ugged drain ports

Plasma cell temperature profile for 90 minute test period at steady state temperature of 220C
Testing completed in EHN1 on 5th August 2015 with Duratherm G fluid

2070 A

T=220°C
P 0.30°C, o
% | '™ 1 ) | U ¢ iyl | y g ~———Probe 4 [centre)

m ~Probe 7 (beam out)

MAX-PLANCK-CESELLSCHAFT

P. Muggli, Wigner Inst. 04/08/2016
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Downstream

o

= @ In AWAKE Experiment

Rb VAPOR SOURCE TODAY ANVHEE=

Vapor source with continuous flow (R. Kersevan)

What if these two sources
are not perfectly symmetrical?

Expansion Volumes

' s

3D DSMC simulation Single Orifice
with Source: density profile

Dg_nsitv profile in the ‘center of'plasma cgll (inside‘r=4mm) ‘

TR TR —7’7* T H i

Upstream |

Afewcm |

| ramp |

| [

Rb Reservoirs .

<-Satisfy short ramp condition
<-Has a gradient by default

<-Laser being installed at CERN

P. Muggli, Wigner Inst. 04/08/2016




% AWAKE EXPERIMENT @ CERN Al

-
Ed— Today
gun e spectrometer

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

lonizing
Laser
Pulse

Final

Plasma
p* dump

Laser dump

€—>€ > OTR/CTR
+ . Diagnostics ' i
p* from SPS SMI Acceleration g Diagnostics

Laser power
supplies

Items in dark blue: ventilation ducts

wmnimonesncaenene - GERN team already translated our
dreams into CAD drawings

Access gallery

| ‘
‘\

<> Next step: make it real!
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- \ a | 3
= "

L %

v \J
Wb
4
4 .

Laser & proton beam
junction
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Experimental

Diagnostics
CNGS target area
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% PRESENT - FUTURE

Max—l’lanvl\—l;lslilul fiir Physik

(Werner- -Hei

© P. Muggli

isenberg-Institut)

<-Rb-based vapor source currently built/developed

<>lonization laser (Er-fiber):
A=780+5nm ~ Agypo~780nm, ~ Agp~794nm <& anomalous dispersion (Josh)
<-Laser propagation (Jerome)
<Need full ionization over 10m and r~c/w,,~1mm (Anna-Maria)
<-Spent laser pulse can damage diagnostics (Mathias)

<-Laser pulse propagation ionization calculations
<>lonization fraction (100% 1st e")

-
<-Evolution (r,z) QII,IIEHE" &/ DE GENEVE

<-Propagation velocity %
<-Plasma density diagnostics ATWAKE (-

Max-Planck-Institut fiir Physik
(Werner-Heisenberg-Institut)

ﬁe’f@ UNIVERSITE

< Important (AWAKE) and interesting problems A\
<-Many good topics for experiment/simulation/theory collaboration ...




Thank you to my collaborators!
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Thank you!
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