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Par2cle	
  physicists	
  are	
  convinced	
  there	
  are	
  more	
  discoveries	
  to	
  come:	
  
	
  
Many	
  things	
  not	
  explained	
  in	
  the	
  standard	
  model:	
  
• 	
  why	
  three	
  families	
  
• 	
  maYer/an2maYer	
  imbalance	
  
• 	
  neutrinos	
  and	
  neutrino	
  mass	
  
• 	
  hierarchy	
  problem/unifica2on	
  
• 	
  dark	
  maYer	
  
• 	
  dark	
  energy	
  
• 	
  …	
  	
  
	
  

Need	
  to	
  find	
  ways	
  to	
  explore	
  
physics	
  at	
  higher	
  energy	
  scales	
  
in	
  a	
  laboratory	
  environment.	
  
	
  
New	
  accelera2on	
  technology	
  !	
  



Prac2cal	
  limit	
  for	
  accelerators	
  at	
  the	
  energy	
  fron2er:	
  Project	
  size	
  and	
  
cost	
  increasing	
  with	
  the	
  energy	
  !	
  New	
  technology	
  needed…	
  

The	
  Livingston	
  plot	
  shows	
  a	
  satura2on	
  …	
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New	
  Livingston	
  Plot	
  –	
  Plasma	
  Wakefield	
  Accelera2on	
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Plasma	
  Wakefield	
  Accelera/on	
  
	
  
Original	
  proposal	
  (T.	
  Tajima,	
  J.	
  W.	
  Dawson	
  Phys.	
  Rev.	
  LeY.	
  43	
  (1979)	
  267)	
  considered	
  
laser	
  accelera2on	
  (LWFA).	
  Impressive	
  steps	
  taken	
  in	
  recent	
  years	
  as	
  
lasers	
  have	
  become	
  more	
  and	
  more	
  powerful.	
  Gradients	
  ca	
  100	
  GV/m	
  
demonstrated.	
  	
  
	
  
	
  
Series	
  of	
  experiments	
  at	
  SLAC	
  using	
  electron	
  beams	
  (PWFA)	
  
demonstrated	
  that	
  beam	
  driven	
  wakefield	
  accelera2on	
  (P.	
  Chen	
  et	
  al.,	
  	
  Phys.	
  
Rev.	
  LeY.	
  54	
  (1985)	
  693)	
  is	
  also	
  a	
  very	
  aYrac2ve	
  op2on.	
  Gradients	
  50	
  GV/m	
  
demonstrated.	
  
	
  



⇥2
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4�npe2

m
kp =

�p
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kp
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�
1 · 1015 cm�3

np

Ch.	
  Joshi,	
  UCLA	
  

Plasma	
  Wakefield	
  Accelera2on	
  
Original	
  Proposal:	
  T.	
  Tajima	
  and	
  J.	
  W.	
  Dawson,	
  Phys.	
  Rev.	
  Le+.	
  	
  43	
  (1979)	
  267.	
  

Nonlinear	
  regime	
  

Plasma	
  frequency	
  depends	
  only	
  on	
  density:	
  

Produce	
  an	
  accelerator	
  with	
  mm	
  (or	
  less)	
  scale	
  ‘cavi2es’	
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Laser	
  Wakefield	
  Accelera2on	
  

Just	
  as	
  predicted	
  …	
  
	
  
Gradients	
  >50	
  GV/m	
  
achieved	
  !	
  
	
  
3	
  orders	
  of	
  magnitude	
  
higher	
  than	
  RF	
  cavi2es.	
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But	
  –	
  Accelera2on	
  is	
  DEPLETION-­‐LIMITED	
  
i.e.,	
  the	
  lasers	
  today	
  do	
  not	
  have	
  enough	
  energy	
  to	
  accelerate	
  a	
  
bunch	
  of	
  par2cles	
  to	
  very	
  high	
  energies	
  
	
  

1010 electrons · 1012 eV · 1.6 · 10�19 J/eV = kJ

e.g.,	
  

This	
  is	
  orders	
  of	
  magnitude	
  larger	
  than	
  what	
  is	
  available	
  today.	
  	
  	
  
	
  
If	
  use	
  several	
  lasers	
  –	
  need	
  to	
  have	
  rela2ve	
  2ming	
  in	
  the	
  10’s	
  of	
  fs	
  range	
  
Many	
  stages,	
  effec2ve	
  gradient	
  reduced	
  because	
  of	
  long	
  sec2ons	
  
between	
  accelera2ng	
  elements	
  …	
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driving	
  force:	
   Space	
  charge	
  of	
  drive	
  
beam	
  displaces	
  
plasma	
  electrons.	
  

restoring	
  force:	
   Plasma	
  ions	
  exert	
  
restoring	
  force	
  

Beam	
  driven	
  PWA	
  

Space	
  charge	
  oscilla/ons	
  
	
  	
  	
  (Harmonic	
  oscillator)	
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- - - 
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Ez	
  

Approximately mm-wave length! 

Electric	
  fields	
  can	
  accelerate,	
  decelerate,	
  focus,	
  defocus	
  

Plasma	
  also	
  provides	
  super-­‐strong	
  focusing	
  force	
  !	
  	
  
(many	
  thousand	
  T/m	
  in	
  frame	
  of	
  accelerated	
  par/cles)	
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UCLA!

Located in the FFTB!

e- or e+!

N=2·1010!

!z=0.6 mm!

E=30 GeV!

Ionizing!
Laser Pulse!
(193 nm)!

Li Plasma!
ne"2·1014 cm-3!

L"1.4 m!

Cerenkov!
Radiator!

Streak Camera!
(1ps resolution)!

Bending!
Magnet!

X-Ray!
Diagnostic!

Optical Transition!
Radiators!

Dump!
12 m!

#Cdt!

Experimental Layout (E-157)!

FFTB 
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!"#$%&'()*#&'I.	
  Blumenfeld	
  et	
  al.,	
  Nature	
  445,	
  741	
  (2007)	
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Why	
  not	
  con2nue	
  with	
  electrons	
  ???	
  
There	
  is	
  a	
  limit	
  to	
  the	
  energy	
  gain	
  of	
  a	
  trailing	
  bunch	
  in	
  the	
  plasma:	
  
	
  
	
  
	
  
	
  
	
  
(for	
  longitudinally	
  symmetric	
  bunches).	
  
	
  
	
  
	
  
This	
  means	
  many	
  stages	
  required	
  to	
  produce	
  a	
  1TeV	
  electron	
  beam	
  

from	
  known	
  electron	
  beams	
  (SLAC	
  has	
  45	
  GeV)	
  
	
  
Proton	
  beams	
  of	
  1TeV	
  exist	
  today	
  -­‐	
  so,	
  why	
  not	
  drive	
  plasma	
  with	
  a	
  

proton	
  beam	
  ?	
  

See	
  e.g.	
  SLAC-­‐PUB-­‐3374,	
  R.D.	
  
Ruth	
  et	
  al.	
  

R =
�Twitness

�T drive
� 2 T is the kinetic energy
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Linear	
  regime	
  	
  (nb<n0):	
  

Need	
  very	
  short	
  proton	
  bunches	
  for	
  strong	
  gradients.	
  	
  Today’s	
  proton	
  
beams	
  have	
  

Both	
  laser-­‐driven	
  and	
  electron-­‐bunch	
  driven	
  accelera2on	
  will	
  require	
  
many	
  stages	
  to	
  reach	
  the	
  TeV	
  scale.	
  
	
  
We	
  know	
  how	
  to	
  produce	
  high	
  energy	
  protons	
  (many	
  TeV)	
  in	
  bunches	
  
with	
  popula2on	
  >	
  1011/bunch	
  today,	
  so	
  if	
  we	
  can	
  use	
  protons	
  to	
  drive	
  
an	
  electron	
  bunch	
  we	
  could	
  poten2ally	
  have	
  a	
  simpler	
  arrangement	
  	
  -­‐	
  
single	
  stage	
  accelera2on.	
  
	
  

Proton-­‐Driven	
  Wakefield	
  Accelera2on	
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6/23/09 LPWA09 Workshop, Kardamili 

Greece, June 22-26, 2009 

14 

Magnetic bunch compression (BC) 

!!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. 

-z 
!E/E 

 lower energy trajectory 

higher energy trajectory 

center energy trajectory 

!!  To compress a bunch longitudinally,  trajectory in dispersive region must be 

     shorter for tail of the bunch than it is for the head.   

    Tail  

(advance) 
Head (delay) 

G.	
  Xia	
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6/23/09 LPWA09 Workshop, Kardamili 

Greece, June 22-26, 2009 
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Phase space of beam 

See A. Caldwell, G. Xia et al., Preliminary study of proton driven plasma wakefield acceleration, Proceedings of 

PAC09, May 3-8, 2009, Vancouver, Canada  

Too	
  long	
  –	
  use	
  in	
  
combina/on	
  with	
  
other	
  compression	
  
schemes	
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Simula2on	
  study	
  

Nature	
  Physics	
  5,	
  363	
  -­‐	
  367	
  (2009)	
  
A.	
  Caldwell,	
  K.	
  Lotov,	
  A.	
  Pukhov,	
  F.	
  Simon	
  

Quadrupoles	
  used	
  
to	
  guide	
  head	
  of	
  
driving	
  bunch	
  

Assume	
  proton	
  bunch	
  compression	
  
solved	
  !	
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Plasma	
  Wakefield	
  Accelera/on	
  
	
  

�p � 1 mm

�
1 · 1015cm�3

np

Size	
  of	
  accelerator	
  structure	
  set	
  by	
  plasma	
  density	
  

A.	
  Caldwell,	
  K.	
  Lotov,	
  A.	
  Pukhov,	
  F.	
  Simon,	
  Nature	
  Physics	
  5,	
  363	
  -­‐	
  367	
  (2009)	
  



1	
  TeV	
  

Energy	
  

K.	
  V.	
  Lotov,	
  Phys.	
  Rev.	
  ST	
  Accel.	
  
Beams	
  13,	
  041301	
  (2010).	
  	
  
	
  

September	
  11,	
  2013	
   A.	
  Caldwell	
  -­‐	
  Columbia	
  	
  

protons	
  

electrons	
  



24	
  

Outline	
  
1.  Brief	
  Mo2va2on	
  
2.  Proton-­‐driven	
  plasma	
  wakefield	
  accelera2on	
  
3.  Self-­‐modula2on	
  approach	
  
4.  Outline	
  of	
  AWAKE	
  experiment	
  
5. What	
  we	
  will	
  measure	
  
6.  Proposed	
  loca2on	
  
7.  Required	
  resources	
  from	
  CERN	
  
8.  Responsibili2es	
  &	
  resources	
  of	
  other	
  par2cipa2ng	
  ins2tutes	
  
9.  Timeline	
  &	
  outlook	
  



25	
  

Producing	
  short	
  proton	
  bunches	
  not	
  possible	
  today	
  w/o	
  major	
  
investment.	
  Instead,	
  modulate	
  a	
  long	
  (SPS)	
  bunch	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Microbunches	
  are	
  generated	
  by	
  a	
  transverse	
  modula2on	
  of	
  the	
  bunch	
  
density	
  (transverse	
  two-­‐stream	
  instability).	
  	
  Naturally	
  spaced	
  at	
  the	
  
plasma	
  wavelength,	
  and	
  resonantly	
  drive	
  wakefields	
  to	
  large	
  
amplitudes.	
  (N.	
  Kumar,	
  A.	
  Pukhov,	
  and	
  K.	
  V.	
  Lotov,	
  Phys.	
  Rev.	
  LeY.	
  104,	
  255003	
  (2010)).	
  
	
  
	
  

PWA	
  via	
  Modulated	
  Proton	
  Beam	
  

Distance in beam (z)
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The	
  modula2on	
  process	
  develops	
  over	
  a	
  distance	
  of	
  several	
  
meters.	
  	
  The	
  wake	
  phase	
  velocity	
  and	
  strength	
  of	
  field	
  vary	
  

(c)

r,
m

m

1

0

2
L=4 m

r,
m

m

1

0

2
L=0 m (a)

(b)

(d)

z-ct, cm

r,
m

m

0.0

1.0

L=10 m

r,
m

m

1

0

2

z-ct, cm
0-10-30 -20 10 3020

laser pulse

-13.8 -13.7

proton beam

electrons

(e)

-13.6

r,
m

m

0.0

1.0

z-ct, cm
-13.8 -13.7 -13.6

Using	
  the	
  same	
  laser	
  pulse	
  for	
  the	
  electron	
  photoinjector	
  allows	
  for	
  
precise	
  phasing	
  of	
  the	
  electron	
  bunch	
  and	
  proton	
  microbunches.	
  

Neutral	
  gas	
  Plasma	
  



Phase velocity of the wake 
To	
  trap	
  &	
  accelerate	
  electrons	
  in	
  
the	
  wake	
  of	
  the	
  protons,	
  it	
  is	
  
important	
  that	
  the	
  wake	
  phase	
  
velocity	
  matches	
  the	
  electron	
  
velocity.	
  	
  Ini2ally,	
  the	
  
gamma-­‐factor	
  is	
  
	
  
γmin~	
  40	
  
	
  
This	
  is	
  order	
  of	
  magnitude	
  below	
  
that	
  of	
  the	
  beam.	
  
	
  
Requires	
  that	
  we	
  inject	
  electrons	
  
arer	
  the	
  phase	
  velocity	
  has	
  
stabilized.	
  

(b)	
  

Z,	
  m	
  

(vph	
  –	
  c	
  )/	
  c,	
  	
  x10-­‐4	
  	
  	
  

ξ/2π	
  
0	
  

5	
  
10	
  

0	
  

-­‐1	
  

-­‐2	
  

-­‐3	
  

-­‐4	
  

200	
  
100	
  

0	
  

Pukhov	
  et	
  al.,	
  Phys	
  Rev	
  LeY	
  (2011)	
  

September	
  11,	
  2013	
   A.	
  Caldwell	
  -­‐	
  Columbia	
  	
  
Distance	
  behind	
  
head	
  of	
  bunch,	
  in	
  λ	
  



Solu2on:	
  Delayed	
  Electron	
  Injec2on	
  

Electron	
  bunch	
  

Electron	
  bunch	
  injected	
  off-­‐axis	
  at	
  an	
  angle,	
  so	
  that	
  it	
  merges	
  with	
  the	
  
proton	
  bunch	
  once	
  the	
  modula2on	
  is	
  developed	
  and	
  the	
  phase	
  velocity	
  
is	
  high.	
  	
  	
  
	
  

September	
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Electron	
  injec2on	
  needs	
  to	
  occur	
  arer	
  modula2on	
  has	
  completed.	
  	
  For	
  
single	
  plasma	
  cell	
  experiment,	
  we	
  achieve	
  this	
  using	
  side-­‐injec2on.	
  

Simula2ons	
  indicate	
  can	
  
capture	
  up	
  to	
  40%	
  of	
  electron	
  
bunch	
  this	
  way.	
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Table 1: Baseline parameters of the AWAKE experiment.

Parameter & notation Value
Plasma density, ne 7⇥ 1014 cm�3

Plasma ion-to-electron mass ratio (rubidium), Mi 157 000
Proton bunch population, Nb 3⇥ 1011

Proton bunch length, �z 12 cm
Proton bunch radius, �r 0.02 cm
Proton energy, Wb 400 GeV
Proton bunch relative energy spread, �Wb/Wb 0.35%
Proton bunch normalized emittance, ✏bn 3.5 mm mrad
Electron bunch population, Ne 1.25⇥ 109

Electron bunch length, �ze 0.25 cm
Electron bunch radius at injection point, �re 0.02 cm
Electron energy, We 16 MeV
Electron bunch normalized emittance, ✏en 2 mm mrad
Injection angle for electron beam, � 9 mrad
Injection delay relative to the laser pulse, ⇠0 13.6 cm
Intersection of beam trajectories, z0 3.9 m

Fig. 7: Energy spectrum of electrons side-injected near z ⇠ 4 m with 16 MeV energy and accelerated
until z = 10 m. The spectrum is narrow (⇠ 3% width) and centered around 2 GeV.

gradients.
Once trapped by the plasma wave, the electron bunch is very sensitive to the wakefield phase in

which it resides. The wakefield phase is determined by the plasma density that must be constant with
an accuracy / �pe/4�z or ⇠ 0.2% for our baseline parameters [24]. To provide this accuracy, instant
ionization of a thermal equilibrium gas was chosen as the baseline design of the plasma cell.

The final electron bunch parameters are not very sensitive to the injection parameters (see the
Technical Note [23] for more details). Injection at angles or energies which are ±30% of the optimum
values results in roughly twofold reduction of the bunch charge. The good “window” in the other two
parameters is ⇠ ±0.25 m for the injection point along the plasma and ⇠ ±1 cm for the injection delay
with respect to the ionizing laser pulse.

13
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Plasma	
  Requirements	
  

5 Plasma Sources
For the baseline design, the plasma for the AWAKE experiment must have a number of characteristics:

– length L ⇡ 10 m.
– radius Rp larger than approximately three proton bunch rms radii or ⇡ 1 mm.
– density ne within the 1014 � 1015 cm�3 range.
– density uniformity �ne/ne on the order of 0.2% or better.
– reproducible density.
– gas/vapor easy to ionize.
– allow for seeding of the SMI.
– high-Z gases to avoid background plasma ion motion [25].

We are currently exploring three options for the plasma. The source for the first experiments will be a ru-
bidium vapor source ionized by a short and intense laser pulse. The general laser and plasma parameters
for the source are listed in Table 2. Because of the laser ionization process this source does not scale well
to much longer lengths. Therefore we are investigating discharge plasma sources and a helicon source
for plasma lengths longer than ten meters.

5.1 Metal Vapor Plasma Source
Pure rubidium (Rb) vapor with neutral density n0 in the 1014 � 1015 cm�3 range can be produced at
temperatures between 150 and 200 �C (see Fig. 8a) and the Technical Note [26] for more details).The
vapor density uniformity is achieved by controlling the temperature of the tube containing the vapor
to ±0.5 �C (or about 0.2% around 450 K). This is achieved by circulating around the tube containing
the Rb vapor synthetic oil from a heater that can stabilize the oil temperature to ±0.01 �C [27]. The
system can be operated with a single oil temperature. The thermal insulation consists of a vacuum tube
surrounding the tube containing the oil. Vacuum suppresses convection, the main cause of heat loss at
these temperatures. If necessary, the temperature uniformity will be increased by including an external
heated tube (Theat) around the vacuum tube (not shown in Fig. 8). These heating insulation techniques
are common in temperature calibration devices where uniformities at the 0.001 �C level are achieved,
although in smaller-size devices [28].

The Rb vapor will be produced by a commercially available source [29]. The vapor will be con-
tained in a ⇠ 2 cm radius tube closed at both ends by fast opening/closing valves (a few tens of ms
opening/closing time). These valves are being developed in collaboration with industry. In the pressure
range considered here (4 ⇥ 10�3 � 4 ⇥ 10�2 mbar at room temperature) and with the 2 cm radius of
the source tube, the Rb is in the molecular to transitional flow regime (see the Technical Note [30] for
more details). Calculations show that when the valves open the Rb density simply decreases from the
location of the valves towards the tube middle length as a rarefaction wave with a rather slow velocity
(⇠ 10 m/s). In this regime the atoms inside the tube do not know that the valves open until the rarefaction
wave reaches them. This means that within a few tens of milliseconds the Rb density uniformity remains
at the required level over most of the 10 m length of the tube, except for a few tens of centimeters at each
end. In these end regions the vapor density is very low and does not affect the ionization, acceleration or
injection processes.

The very uniform neutral density is turned into a correspondingly uniform plasma density by using
a threshold ionization process for the first Rb electron, over the barrier ionization (OBI). Since Rb has a
low ionization potential (�Rb = 4.177 eV), the intensity threshold for OBI (Iioniz / �4) is relatively low,
Iioniz

⇠= 1.7⇥1012 W cm�2 (when compared e.g. to⇠ 2⇥1015 W cm�2 for the first helium electron). A
short (30 � 100 fs) Ti:Sapphire laser pulse (�0 = 800 nm) with 20 � 40 mJ is sufficient to provide both
the energy necessary to ionize the atoms in the plasma volume (Eioniz ⇠ n0�Rb⇡R2

pL) and the intensity
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Fig. 1: A high-power (PRF ⇡ 10 kW) shot in the helicon cell prototype. Gas is inserted into the volume from
the right end and pumped away at the left end of the tube; the three ports along the axis are intended as diagnostic
access ports to the plasma. The external antenna is partly visible at the right end of the tube next to the rightmost
port behind the field coils.

1.2 Helicon Wave Operation Regime
In the simplest case, experimental parameters and wave parameters of the helicon wave are coupled by
the dispersion relation

kkk
!

=
neeµ0

B
, (1)

where k = (k2? + k2k)
1/2 denotes the wave number, ! the helicon wave frequency, n the plasma density,

and B the ambient homogeneous magnetic field. The wave parameters are externally controlled by the
excitation frequency, ! = !RF, and the discharge geometry which determines parallel and perpendicular
wave vectors kk and k?. The resulting monotonic scaling of the plasma density with the magnetic
field strength is, however, only valid for wave excitation frequencies below the lower hybrid resonance
frequency !LH [3]. In frequency ranges close to the lower hybrid frequency, ion dynamics modify the
propagation behaviour of the wave, and in consequence the above dispersion relation and density scaling
laws with respect to the ambient magnetic field is altered. There is little literature about helicon waves
excited above the lower hybrid frequency and the resulting plasma densities; therefore, the actual impact
of the excitation frequency on the overall performance remains to be studied in detail.

Although it is commonly assumed that, in the simplest case, the wave vectors are determined by the
eigenmode structure in response to the geometrical constraints (i.e., experimental boundary conditions),
this is only true within certain limits. Calculations of helicon wave mode structures and the resulting
density scaling in a non-conducting cylinder – which is the case for our set-up due to the quartz glass
tube – show that the wavevector can continuously vary and the dispersion relation easily adjusts to the
operational parameter space [4]. In this case, the values for k are not any more determined by the
experimental constraints, but adjust themselves within certain limits to those values where the wave is
excited and damped most efficiently. This freedom in the wave vectors of course also affects the possible
plasma density: following the calculations, the nominal density of 7⇥ 1020 m�3 can be achieved for an
ambient magnetic field strength of Bz ⇡ 250 mT.

Operating a helicon discharge with more than one antenna, as it is required in our case to reach
the envisioned power densities of 80 MW/m3, the neutral gas dynamics become important. It has been
suggested that neutral gas pumping effects transports neutral gas from the discharge center towards the
tube ends, thus limiting the plasma density in the tube center [5]. This pumping effect is due to the fact
that ions created in the discharge move towards the axial ends of the tube on time scales below 1 ms,
while the remaining neutral gas background is too inert to balance the emerging gas depletion. There
is only little experimental material about this neutral pumping effect in linear multi-antenna helicon
discharges and thus requires investigations in more detail, particularly with respect to advanced neutral
gas injection schemes.

The optimization process for a high power, high density helicon discharge therefore is more com-
plex than the simple dispersion relation suggests. R&D efforts include detailed investigations on the
helicon wave existence regimes and identification of control parameters for the optimization of power
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Table 3: Design parameters for the electron bunch to be injected in the plasma wakefields.

Parameter Nominal value
Beam Energy 10� 20 MeV
Energy Spread (rms) < 1%
Bunch Length 0.3� 10 ps
Laser / RF Synchronization 0.1 ps
Synchronization to Experiment 0.1 ps
Free Repetition Rate 10 Hz
Synchronized Repetition Rate 0.03 Hz
Focused Transverse Size < 250 µm
Angular Divergence < 3 mrad
Normalized Emittance 0.5 mm mrad
Bunch Charge 1� 1000 pC

infrastructures for the facility as well as radiation protection and general safety aspects.
As a result of these design studies, the cost, manpower and schedule details of the two alternative

sites have been worked out and are summarized in Table 4 (see the Technical Note [56] for more details).
Unlike CNGS, the West Area is a surface facility, posing strong radiation constraints and consequently
the need for civil engineering and heavy shielding. This imposes strict geometric limits on the design of
the primary proton beam line and limits the maximum energy to 300 GeV. In addition, in the West Area
the proton beam line as well as general service systems such as ventilation, cooling, electrical network
systems need to be fully refurbished. Important changes in the logic of the beam interlock system, also
used for the LHC operation, would need to be applied.

Table 4: Cost and manpower needs and earliest beam start for the AWAKE experiment in the CNGS
facility and in the West Area. The cost includes material, industrial services and fellow/project associates.

AWAKE installed Cost PY (person years) Earliest start of experiment
at CNGS 8.5 MCHF 34.2 end 2015
at West Area 37.7 MCHF 87.1 end 2017

In summary housing the AWAKE experiment in the CNGS facility is nearly a factor five less costly
than in the West Area and first beam to the experiment could be sent end 2015. Consequently the CNGS
facility is the best suited location for the AWAKE experiment.

8.1.2 Overview of the CNGS Facility
The CNGS facility [57] is a deep-underground area and is designed for running an experiment with high
proton beam energy, such as AWAKE, without any significant radiation issue. The facility is fully opera-
tional, with a 750 m long proton beam line designed for a fast extracted beam at 400 GeV as also needed
by AWAKE. Installing the AWAKE experiment upstream of the CNGS target (see Fig. 15) is possible
with only minor modifications to the end of the proton beam line; these include changes to the final fo-
cusing system and the integration of the laser and electron beam with the proton beam. General services
such as cooling, ventilation, electricity, radiation monitoring and access system exist, are operational and
need only some modifications to be adapted to the AWAKE experimental setup. Some civil engineering
modifications are necessary to be able to combine the electron beam and the laser pulse with the protons
in the plasma cell. The AWAKE facility will be separated from the radioactive area located downstream
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meetings has been increasing steadily, with 50 participants taking part in the most recent collaboration
meeting at CERN.

Table 8: The management and task group structure of the AWAKE Collaboration, as of March 2013. The
definition of the acronyms for the different institutes is given in the text.

Management Positions Person Institute
Spokesperson Allen Caldwell MPP
Deputy spokesperson Matthew Wing UCL
Beam lines, experimental areas and infrastructure Edda Gschwendtner CERN
Experimental aspects Patric Muggli MPP
Theory & simulations Konstantin Lotov BINP
Task Groups Person Institute

1 Metal vapor plasma cell Erdem Öz MPP
2 Helicon plasma cell Olaf Grulke IPP
3 Pulsed discharge plasma cell Nelson Lopes IC/IST
4 Proton and electron beam lines Chiara Bracco CERN
5 Experimental area Edda Gschwendtner CERN
6 Radiation protection Helmut Vincke CERN
7 Electron source Tim Noakes ASTeC/CI
8 Electron spectrometer Simon Jolly UCL
9 Optical sampling diagnostics Patric Muggli MPP
10 Simulations Konstantin Lotov BINP

9.2 Collaborating Institutes
We divide below the institutes into those who have shown long-term interest and are committed to the
project and those that are interested in participating but still need to fully commit to the AWAKE project.
The participation of some of the institutes will depend on the success of funding applications. The
collaboration will however be strong enough to carry out the basic program independently of pending
funding approvals.

9.2.1 Institutes Committed to AWAKE
ASTeC, STFC Daresbury Laboratory, Warrington, UK
Budker Institute of Nuclear Physics (BINP), Novosibirk, Russia
CERN, Geneva, Switzerland
Cockroft Institute (CI), Daresbury, UK
Heinrich Heine University, Düsseldorf (D), Germany
Instituto Superior Técnico, Lisboa (IST), Portugal
Imperial College (IC), London, UK
Ludwig Maximilian University (LMU), Munich, Germany
Max Planck Institute for Physics (MPP), Munich, Germany
Max Planck Institute for Plasma Physics (IPP), Greifswald, Germany
Rutherford Appleton Laboratory (RAL), Chilton, UK
University College London (UCL), London, UK
University of Strathclyde (S), Glasgow, Scotland, UK

36

Par/cipa/ng	
  Ins/tutes:	
  
ASTeC,	
  STFC	
  Daresbury	
  Laboratory	
  
Budker	
  Ins2tute	
  of	
  Nuclear	
  Physics	
  
CERN	
  
Cockror	
  Ins2tute	
  
Heinrich	
  Heine	
  University,	
  Düsseldorf	
  
Ins2tuto	
  Superior	
  Tecnico	
  
Imperial	
  College	
  
Ludwig	
  Maximilian	
  University	
  
Max	
  Planck	
  Ins2tute	
  for	
  Physics	
  
Max	
  Planck	
  Ins2tute	
  for	
  Plasma	
  Physics	
  
Rutherford	
  Appleton	
  Laboratory	
  
University	
  College	
  London	
  
University	
  of	
  Strathclyde	
  
DESY	
  
	
  
Interested	
  Ins/tutes:	
  
John	
  Adams	
  Ins2tute	
  for	
  Accelerator	
  
Science	
  
Wigner	
  Research	
  Center	
  for	
  Physics	
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•  June	
  2012:	
  Official	
  CERN	
  Study	
  Project	
  
–  Mandate	
  	
  to	
  iden2fy	
  best	
  site	
  for	
  the	
  AWAKE	
  facility	
  and	
  write	
  a	
  design	
  report.	
  	
  

•  25	
  March	
  2013:	
  Submit	
  AWAKE	
  Design	
  Report	
  to	
  CERN	
  management	
  and	
  SPS	
  CommiYee	
  
–  Use	
  the	
  CNGS	
  facility	
  for	
  AWAKE	
  (not	
  West	
  Area).	
  

•  9-­‐10	
  April	
  2013:	
  SPSC	
  Mee2ng	
  
–  Very	
  posi2ve	
  feedback;	
  List	
  of	
  ques2ons	
  –	
  Answers	
  sent	
  back	
  to	
  referees	
  

•  Mid	
  May	
  2013:	
  several	
  discussion	
  with	
  CERN	
  management	
  and	
  finance	
  group	
  
–  Needed	
  resources	
  for	
  AWAKE@CERN	
  are	
  fully	
  included	
  in	
  the	
  CERN	
  Medium-­‐Term	
  Plan	
  
–  AWAKE	
  program	
  has	
  been	
  stretched	
  from	
  3	
  years	
  to	
  5	
  years.	
  	
  

•  17-­‐21	
  June	
  2013:	
  Council	
  week	
  
–  MTP	
  with	
  AWAKE	
  fully	
  funded	
  inside	
  is	
  approved.	
  

•  25-­‐26	
  June	
  2013:	
  SPSC	
  mee2ng	
  
–  SPSC	
  recommends	
  AWAKE	
  proposal	
  for	
  approval.	
  

•  31	
  July	
  2013:	
  IEFC	
  mee2ng	
  
–  Present	
  detailed	
  planning	
  and	
  manpower	
  needs	
  as	
  agreed	
  with	
  	
  various	
  groups	
  	
  

•  28	
  August	
  2013:	
  Research	
  Board	
  
–  Approval	
  of	
  the	
  AWAKE	
  experiment.	
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Science	
  Program	
  (first	
  three	
  years	
  a\er	
  start	
  of	
  data	
  taking):	
  
1.  Benchmark	
  experiments	
  –	
  first	
  ever	
  proton-­‐driven	
  plasma	
  wakefields	
  
2.  Detailed	
  comparison	
  of	
  experimental	
  measurements	
  with	
  simula2ons	
  
3.  Demonstra2on	
  of	
  high-­‐gradient	
  accelera2on	
  of	
  electrons	
  
4.  Develop	
  long,	
  scalable	
  &	
  uniform	
  plasma	
  cells;	
  test	
  in	
  AWAKE	
  experiment	
  
5.  Develop	
  scheme	
  for	
  produc2on	
  and	
  accelera2on	
  of	
  short	
  proton	
  bunches	
  
	
  
Goal:	
  Design	
  high	
  quality	
  &	
  high	
  energy	
  electron	
  accelerator	
  based	
  on	
  acquired	
  
knowledge.	
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  beam-­‐
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   Fabrica2on	
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m
issioning	
  

data	
  taking	
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m
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ning	
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Time-­‐scale	
  for	
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  as	
  in	
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  MTP	
  

Modifica2on,	
  Civil	
  Engineering	
  and	
  installa2on	
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Procurement,	
  Component	
  prepara2on	
  

Study,	
  Design,	
  	
  
Procurement,	
  Component	
  prepara2on	
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Summary	
  
•  	
  Beam-­‐	
  and	
  laser-­‐driven	
  	
  wakefield	
  experiments	
  have	
  shown	
  the	
  
poten2al	
  of	
  plasmas	
  for	
  producing	
  high	
  gradients	
  

	
  
•  Protons	
  are	
  ideal	
  drivers	
  because	
  of	
  the	
  large	
  energy	
  carried	
  in	
  a	
  
bunch	
  

•  Exploi2ng	
  the	
  self-­‐modula2on	
  instability	
  allows	
  for	
  immediate	
  
experimenta2on	
  

•  CERN	
  SPS	
  beam	
  ideal	
  tool	
  to	
  perform	
  this	
  accelerator	
  R&D	
  

•  The	
  AWAKE	
  collabora2on	
  has	
  the	
  required	
  exper2se	
  in	
  both	
  
experimenta2on&simula2on	
  

•  AWAKE	
  will	
  allow	
  us	
  to	
  learn	
  what	
  is	
  required	
  to	
  make	
  a	
  real	
  
accelerator	
  based	
  on	
  proton-­‐driven	
  wakefield	
  accelera2on	
  

	
  


