
Main	
  Linac	
  Experimental	
  Tests	
  

A.	
  La4na	
  (CERN)	
  

	
  
CLIC	
  Collabora4on	
  mee4ng	
  -­‐	
  May	
  9-­‐11,	
  2012	
  -­‐	
  CERN	
  



Mo4va4on:	
  	
  
Main	
  linac	
  Beam-­‐Based	
  Alignment	
  

• 	
  Straight	
  reference	
  line	
  defined	
  by	
  overlapping	
  
wires	
  

• 	
  Girders	
  are	
  aligned	
  to	
  these	
  wires	
  
	
  
• 	
  Detailed	
  work	
  ongoing	
  on	
  module	
  integra4on,	
  
mechanical	
  alignment	
  in	
  module,	
  wire	
  system	
  test,	
  
sensor	
  cost	
  reduc4on,	
  use	
  of	
  laser	
  system	
  

• 	
  Pre-­‐alignment	
  O(10um)	
  
• 	
  with	
  wire	
  system	
  
• 	
  detailed	
  model	
  in	
  simula4ons	
  

• 	
  Dispersion	
  free	
  steering	
  
• 	
  aligns	
  BPMs	
  and	
  quadrupoles	
  

• 	
  Move	
  girders	
  onto	
  the	
  beam	
  
• 	
  use	
  wakemonitors	
  
• 	
  removes	
  wakefield	
  effects	
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CLIC	
  Beam-­‐based	
  alignment	
  strategy	
  

•  1:1	
  correc4on	
  
–  Makes	
  beam	
  pass	
  the	
  main	
  linac	
  

•  Dispersion	
  free	
  steering	
  
–  Removes	
  dispersion,	
  align	
  BPMs	
  and	
  quadrupoles	
  
–  Will	
  use	
  the	
  the	
  BC	
  and	
  reduced	
  gradient	
  in	
  the	
  linac	
  to	
  create	
  the	
  

energy	
  difference	
  

•  RF-­‐Alignment	
  
–  Removes	
  residual	
  wakefield	
  and	
  dispersive	
  effects	
  
–  Relies	
  on	
  wake	
  field	
  monitors	
  in	
  the	
  accelera4ng	
  structures	
  and	
  girder	
  

movers	
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Main	
  Linac	
  Considera4ons	
  

Main	
  design	
  issues	
  
• 	
  Wakefields	
  
• 	
  BPM	
  alignment	
  
• 	
  wake	
  monitors	
  
• 	
  structure	
  4lt	
  
• 	
  BPM	
  resolu4on	
  
• 	
  quadrupole	
  roll	
  
• 	
  quadrupole	
  stability	
  
• 	
  vacuum	
  

EmiYance	
  growth	
  at	
  500GeV	
  	
  a\er	
  DFS	
  

• 	
  Design	
  is	
  OK	
  
• 	
  Imperfec4on	
  mi4ga4on	
  
achieves	
  target	
  
	
  

• 	
  DFS	
  has	
  not	
  been	
  tested	
  
• 	
  many	
  effects	
  were	
  
discovered	
  during	
  the	
  
studies,	
  so	
  maybe	
  we	
  miss	
  
one	
  
• 	
  emi^ances	
  are	
  
unprecedented	
  in	
  linacs	
  
(10nm	
  vs.	
  >1μm)	
   4	
  



Dispersion-­‐free	
  steering	
  Dispersion Free Correction

• Basic idea: use different beam energies

• NLC: switch on/off different accelerating
structures

• CLIC (ILC): accelerate beams with differ-
ent gradient and initial energy

- try to do this in a single pulse (time res-
olution) -40
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• Last term is omitted

• Idea is to mimic energy differences that exist in the bunch with different beams
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•  Basic	
  idea:	
  use	
  different	
  beam	
  energies	
  to	
  
measure	
  the	
  dispersion	
  and	
  correct	
  it	
  

	
  
•  CLIC:	
  

-­‐  Accelerate	
  the	
  beam	
  with	
  different	
  gradients	
  
-­‐  Create	
  ini4al	
  energy	
  difference	
  using	
  Bunch	
  

Compressor	
  
-­‐  (Alterna4ve,	
  in	
  theory:	
  scale	
  the	
  magnet	
  

focusing)	
  

•  Op4mize	
  trajectory	
  and	
  dispersion	
  at	
  the	
  
same	
  4me:	
  

	
  

Dispersion Free Correction

• Basic idea: use different beam energies

• NLC: switch on/off different accelerating
structures

• CLIC (ILC): accelerate beams with differ-
ent gradient and initial energy

- try to do this in a single pulse (time res-
olution) -40

-30

-20

-10

 0

 10

 20

 30

 40

 100  120  140  160  180  200

y 
[µ

m
]

BPM number

before
after

• Optimise trajectories for different energies together:

S =
n

∑

i=1





wi(xi,1)
2 +

m
∑

j=2

wi,j(xi,1 − xi,j)
2





 +
l

∑

k=1

w′
k(ck)

2

• Last term is omitted

• Idea is to mimic energy differences that exist in the bunch with different beams
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Bunch	
  compressor	
  for	
  DFS	
  
•  Use	
  BC2	
  to	
  create	
  the	
  ini4al	
  energy	
  difference	
  needed	
  by	
  DFS	
  
	
  
•  Introduce	
  an	
  offset	
  in	
  the	
  RF-­‐phase	
  of	
  the	
  accelera4ng	
  structures	
  of	
  the	
  

BC	
  

nominal beam
beam E>E0 (BC)
beam E<E0 (Gradient)

1500

E [GeV]

s

9 off-­‐phase	
  beams	
  (1)	
  

Normal	
  opera4on	
  

Energy	
  difference	
  

off-­‐phase	
  beams	
  (2)	
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Beam-­‐Based	
  RF-­‐Alignment	
  Beam-Based Structure Alignment (CLIC)

• Each structure is equipped with a wake-
field monitor (RMS position error 5 µm)

• Up to eight structures on one movable
girders

⇒ Align structures to the beam

• Assume identical wake fields
- the mean structure to wakefield moni-
tor offset is most important

- in upper figure monitors are perfect,
mean offset structure to beam is zero
after alignment

- scatter around mean does not matter a
lot

• With scattered monitors
- final mean offset is σwm/

√
n

• In the current simulation each structure is
moved independently

• A study has been performed to move the
articulation points

• For our tolerance σwm = 5 µm we find
∆εy ≈ 0.5 nm

- some dependence on alignment
method

• Girder step size ≤ 1 µm

•  RF-­‐Alignment	
  moves	
  the	
  girder	
  to	
  zero	
  the	
  
average	
  offset	
  of	
  the	
  beam	
  

•  Each	
  structure	
  is	
  equipped	
  with	
  a	
  wakefield	
  
monitor,	
  posi4oned	
  with	
  RMS	
  error	
  5	
  μm	
  

•  Up	
  to	
  eight	
  structures	
  are	
  on	
  a	
  movable	
  girder	
  
	
  
•  The	
  final	
  mean	
  offset	
  is	
  σwm	
  /	
  √n	
  

•  Simula4ons	
  align	
  each	
  cavity	
  individually	
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•  Simula4on	
  for	
  a	
  CLIC	
  3	
  TeV	
  Linac,	
  100	
  random	
  	
  seeds	
  

•  Emi^ance	
  preserva4on	
  goal	
  is	
  achieved	
  
8	
  

Growth	
  along	
  the	
  ML	
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Growth	
  along	
  the	
  ML	
  Growth Along Main Linac (CLIC)

• Emittance growth along
the main linac due to the
different imperfections

• Growth is mainly constant
per cell

- follows from first princi-
ples applied during lat-
tice design

• Exception is structure tilt
- due to uncorrelated en-

ergy spread

- flexible weight to be in-
vestigated

• Some difference for BPMs
- due to secondary emit-

tance growth
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•  Emi^ance	
  growth	
  along	
  the	
  main	
  linac	
  
due	
  to	
  the	
  different	
  imperfec4ons	
  

•  The	
  growth	
  is	
  mainly	
  constant	
  per	
  cell	
  
•  This	
  follows	
  from	
  first	
  principles	
  applied	
  

during	
  laYce	
  design	
  
•  Except	
  for	
  structure	
  4lt,	
  due	
  to	
  

uncorrelated	
  energy	
  spread	
  (flexible	
  
weights	
  to	
  be	
  inves4gated)	
  

•  Some	
  difference	
  for	
  BPMs	
  
•  Due	
  to	
  secondary	
  emi^ance	
  growth	
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Experimental	
  Valida4on	
  
•  Experimental	
  valida4on	
  with	
  a	
  real	
  machine	
  is	
  
important	
  

•  DFS	
  has	
  never	
  been	
  successfully	
  tested	
  
– Previous	
  a^empts	
  of	
  DFS	
  valida4on	
  haven’t	
  given	
  
conclusive	
  results	
  (the	
  reasons	
  have	
  been	
  
understood,	
  the	
  principle	
  holds)	
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Double	
  Challenge:	
  BBA,	
  and	
  SYSID	
  
•  System	
  Iden4fica4on	
  

– Measures	
  the	
  model	
  /	
  response	
  matrix	
  
–  Good	
  system	
  iden4fica4on	
  is	
  crucial	
  for	
  BBA	
  
–  Requires	
  a	
  stable	
  machine	
  during	
  measurement	
  
–  Benefits	
  from	
  high	
  BPM	
  resolu4on	
  
–  Time	
  of	
  convergence	
  propor4onal	
  to	
  the	
  number	
  of	
  
correctors	
  

	
  
•  Beam-­‐Based	
  Alignment	
  

–  Needs	
  to	
  be	
  validated	
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Review	
  of	
  possible	
  linac	
  test	
  facili4es	
  

Present	
  4me:	
  
•  SLC-­‐FACET	
  
•  DESY’s	
  FLASH	
  (small	
  energy	
  1.6	
  GeV)	
  
•  SPring-­‐8	
  (small	
  energy,	
  large	
  emi^ance)	
  

Future:	
  
•  Swiss	
  FEL	
  (be^er,	
  has	
  small	
  emi^ance	
  <0.6	
  um)	
  
•  DESY’s	
  XFEL	
  (large	
  emi^ance,	
  1.4	
  um)	
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SLAC	
  Linac	
  
h^ps://slacspace.slac.stanford.edu/sites/ard/facet/sarec11/Documents/	
  

FACET-­‐S20-­‐beam-­‐parameters.pdf	
  

Start	
   End	
   Remark	
  

Energy	
  [GeV]	
   1.19	
   23	
  

En.	
  Spread	
  RMS	
  [%]	
   1.5	
   1.0	
  

Charge	
  [nC]	
   3.2	
   3.2	
  

(εN,x,	
  εN,y)	
  [μm×rad]	
   (30,	
  3)	
  	
   (30,	
  3)	
   normalized	
  emi^ance	
  

(σx,	
  σY)	
  [μm]	
   (250,	
  70)	
   (75,	
  25)	
  

σz	
  	
  [μm]	
   1500	
   100	
  

Rep.	
  Rate	
  [Hz]	
   -­‐	
   1-­‐30	
  

Length	
  [km]	
   -­‐	
   2	
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Tests	
  at	
  SLC-­‐FACET	
  
•  SLC	
  is	
  the	
  only	
  linac	
  currently	
  available	
  with	
  suitable	
  

parameters:	
  
–  S4ll,	
  large	
  emi^ances:	
  (30,	
  2.5)	
  um	
  rad,	
  and	
  large	
  BPM	
  
resolu4on:	
  50	
  um	
  (one-­‐shot)	
  

–  Good	
  for	
  tes4ng	
  SYSTEM	
  IDENTIFICATION	
  
–  Good	
  for	
  tes4ng	
  DFS	
  

•  Tests	
  are	
  on-­‐going	
  

•  We	
  need	
  more	
  beam-­‐4me	
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Simula4on	
  of	
  System	
  Iden4fica4on	
  at	
  
FACET	
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Simula4on	
  of	
  BBA	
  at	
  FACET	
  
•  SLC	
  beam	
  parameters:	
  

•  Emi^ances	
  are	
  :	
  (30,	
  2.5)	
  um	
  
•  Bunch	
  length	
  is	
  1.5	
  mm,	
  Simulated	
  bpm	
  resolu4on	
  is	
  5	
  um	
  
•  Energy	
  goes	
  from	
  1.19	
  to	
  23	
  GeV	
  

•  DFS	
  possible	
  using	
  RF-­‐phase	
  offsets	
  in	
  some	
  linac	
  sectors	
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Figure 3: Emittance growth after dispersion-free steering
with imperfect model, compared to the case with perfect
mode. The results are the average of 1000 random seeds.

length, which corresponds to a few 100 meters of linac
length. 50% overlap between the bins is foreseen. The
dispersion-free steering depends strongly on the BPM ef-
fective resolution. By averaging over 100 orbits per ma-
chine set-point we find an effective BPM resolution of 3
µm. At 10 Hz machine operating rate, identifying one full
bin of the machine takes in the order of 1 hour.

A flight-simulator tool for FACET was developed using
PLACET. PLACET interfaces with the SLAC hardware us-
ing a Matlab script that dumps the complete machine state,
including real-time energy profiles and real-time magnet
settings, at a given point in time. We generate automat-
ically a machine model from the machine state, with no
dependence on static model information. Longitudinal and
transverse wakes are included in the model using the Karl
Bane approximation [4]. This tool has proved very use-
ful for optimizing parameters for the alignment algorithms
using a realistic machine.

The experimental procedure is: 1) identify the nominal
optics, 2) apply global orbit correction, 3) identify the dis-
persive optics (after changing the klystron settings) and 4)
apply the dispersion-free steering. Since the alignment is
done in bins, it is important that the effect of new corrector
settings on a bin upstream is compensated for downstream.
If not losses may be induced downstream, especially close
to the FACET experimental area, leading to MPS issues.
A feed-forward was implemented to compensate the effect
of the correctors as follows; the response on two bpms in
sector 17-18 to the bin correctors was calculated, and four
corrector in sector 17 were used to compensate this effect.
The advantage with this approach with respect to using ex-
isting orbit feed-backs is that the compensation is applied
at the same time as the bin correction.

FACET test-beam time in April 2012 was assigned to
this work, however, due to unforeseen circumstances (a
major power cut occurring the week the test-beam time
was scheduled) only a fraction of the allocated beam time
had been given at the time of writing of this paper, and

the experiments could not be completed as planned. The
beam time allocated allowed for identification of the nom-
inal optics and attempts at global orbit correction of a 300
meter bin. Significant coupling was observed in the nomi-
nal response matrices. For the correction, we applied also
the coupling response matrices, R

xy

and R
yx

. In principle
the correction should then not be affected by the coupling.
Unfortunately the implemented feed-forward did not work
perfectly, possibly due to klystron problems when identi-
fying the optics, which slowed down the correction work,
and no clear conclusion of the goodness of the correction
algorithms can be extracted before completing the experi-
ments.

CONCLUSIONS AND OUTLOOK
Simulations show that the SLC linac can be signifi-

cantly improved by applying the proposed alignment algo-
rithms. We plan to complete the experimental verification
at FACET, building on the experience from the initial beam
time this spring. A number of improvements will be done
for the next beam time :

• Improvement of the feed-forward in order to ensure a
constant state of the machine downstream when ap-
plying correction to a bin.

• The SLC linac has correctors for both electrons and
positron; future corrections will only use the electron
correctors. This will reduce the identification time of
the machine by a factor 2.

• As the estabilshed “golden” orbit of the SLC linac is
deviating significantly from the zero orbit, we will not
try to do global orbit correction to a zero orbit, as this
may significantly detoriate the state of the machine.
Instead, we will try to directly apply dispersion-free
steering to the machine, eventually with weighting
against the golden orbit (instead of the zero orbit).
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BBA	
  with	
  imperfect	
  model	
  (SYSID)	
  

16	
  Final	
  emi^ance	
  growth	
  a\er	
  DFS	
  is	
  ~1.4	
  um	
  (~60%)	
  



Simula4on	
  of	
  RF-­‐Alignment	
  at	
  SLC	
  
We	
  simulated	
  RF-­‐Alignment	
  at	
  SLC	
  (where	
  actually	
  it	
  cannot	
  be	
  applied).	
  The	
  simula4ons	
  are	
  the	
  
average	
  of	
  100	
  random	
  seeds.	
  

Emi^ance	
  is	
  recovered	
  completely	
  	
  

 2

 3

 4

 5

 6

 7

 8

 9

 10

 0  200  400  600  800  1000  1200  1400  1600  1800  2000

¡ y
 
[
µ
m
]

s [m]

1:1
DFS

RF-Alignment

17	
  



First	
  Tests:	
  	
  
Reconstructed	
  R12’s	
  for	
  COR:LI15:402	
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Reconstructed	
  Response	
  matrix	
  for	
  400	
  m	
  of	
  linac	
  

Two	
  BPMS	
  are	
  not	
  working.	
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First	
  Tests:	
  	
  
System	
  Iden4fica4on	
  



Couplings	
  (?)	
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FACET:	
  Status	
  and	
  Plan	
  

•  Some	
  tests	
  of	
  control	
  and	
  System	
  Iden4fica4on	
  
have	
  been	
  successful	
  	
  

•  We	
  need	
  more	
  beam-­‐4me	
  to	
  complete	
  the	
  
experiment	
  

•  Simula4ons	
  show	
  that	
  is	
  not	
  straight-­‐forward:	
  
–  Strong	
  wakefields,	
  larger	
  BPM	
  resolu4on	
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CLIC	
  and	
  SLC-­‐FACET	
  
CLIC:	
  
•  has	
  different	
  beam	
  parameters:	
  smaller	
  emi^ances	
  
•  more	
  advanced	
  diagnos4cs:	
  <1	
  um	
  bpm	
  resolu4on,	
  
WF-­‐monitors	
  

•  more	
  effec4ve	
  BBA:	
  emi^ance	
  growth	
  ra4o	
  DFS/1:1	
  is	
  
~15	
  (due	
  to	
  different	
  op4cs,	
  BNS	
  damping,	
  bunch	
  
compressor	
  support)	
  

	
  
SLC:	
  	
  we	
  have	
  limited	
  beam-­‐4me	
  and	
  depend	
  on	
  machine	
  
performance	
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Daniel’s	
  Idea	
  for	
  a	
  Test	
  Facility	
  
Damping	
  Ring	
  +	
  Bunch	
  Compressor	
  +	
  Linac	
  +	
  Final	
  Focus	
  /	
  
(alterna4vely:	
  Light	
  Source	
  +	
  XFEL)	
  
	
  

23	
  

Example	
  parameters:	
  	
  
•  2GeV	
  ini4al	
  energy,	
  	
  
•  250μm	
  bunch	
  length,	
  	
  
•  0.8*3.7e9	
  par4cles	
  
	
  



Op4ons	
  for	
  the	
  BC	
  
•  CLIC,	
  BC1-­‐like,	
  0.59	
  nC:	
  

–  Bunch	
  length:	
  1.5	
  mm	
  -­‐>	
  280	
  um	
  
–  Energy:	
  2.86	
  GeV	
  
–  RF:	
  2	
  GHz	
  

•  ILC-­‐like,	
  3.2	
  nC:	
  
–  BC1:	
  6-­‐9	
  mm	
  -­‐>	
  ~1	
  mm;	
  BC2:	
  ~1	
  mm	
  -­‐>	
  300	
  um	
  
–  Energy:	
  5	
  -­‐>	
  15	
  GeV	
  
–  RF:	
  1.3	
  GHz	
  

•  ILC-­‐SB2009:	
  Single-­‐Stage	
  BC,	
  3.2	
  nC:	
  
–  Bunch	
  length:	
  6	
  mm	
  -­‐>	
  300	
  um	
  
–  Energy:	
  5	
  GeV	
  
–  RF:	
  1.3	
  GHz	
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Summary	
  and	
  Conclusions	
  
•  CLIC	
  emi^ance	
  preserva4on	
  relies	
  on	
  beam-­‐based	
  alignment	
  techniques	
  

and	
  system	
  iden4fica4on:	
  experimental	
  valida4on	
  is	
  important	
  

•  An	
  experimental	
  program	
  is	
  foreseen	
  for	
  the	
  next	
  years,	
  but	
  limited	
  by	
  
availability	
  and	
  performances	
  of	
  facili4es	
  

	
  
•  Currently,	
  on-­‐going	
  tests	
  at	
  FACET:	
  

–  Great	
  chance	
  to	
  prove	
  SYSID	
  and	
  DFS	
  
–  But	
  it	
  doesn’t	
  cover	
  many	
  CLIC	
  specifici4es	
  (nm	
  emi^ances,	
  RF-­‐

alignment,	
  BC	
  and	
  ML	
  chain	
  for	
  DFS)	
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CLIC	
  main	
  beam	
  parameters	
  
Parameter Symbol CLIC

centre of mass energy E
cm

3000 GeV
luminosity L 5.9 · 1034 cm�2s�1

luminosity in peak L0.01 2 · 1034 cm�2s�1

gradient G 100 MV/m
charge per bunch N 3.72 · 109

bunch length �
z

44 µm
hotizontal emittance "

x

600 nm
vertical emittance "

y

100 nm
bunches per pulse n

b

312
distance between bunches d

b

0.5 ns
repetition frequency f

r

50 Hz

1
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Final	
  emi^ance	
  growth	
  in	
  the	
  ML	
  Final Emittance Growth (CLIC)

imperfection with respect to symbol value emitt. growth
BPM offset wire reference σBPM 14 µm 0.367 nm

BPM resolution σres 0.1 µm 0.04 nm
accelerating structure offset girder axis σ4 10 µm 0.03 nm

accelerating structure tilt girder axis σt 200 µradian 0.38 nm
articulation point offset wire reference σ5 12 µm 0.1 nm

girder end point articulation point σ6 5 µm 0.02 nm
wake monitor structure centre σ7 5 µm 0.54 nm

quadrupole roll longitudinal axis σr 100 µradian ≈ 0.12 nm

• Selected a good DFS im-
plementation

- trade-offs are possible

• Multi-bunch wakefield mis-
alignments of 10 µm lead to
∆εy ≈ 0.13 nm

• Performance of local pre-
alignment is acceptable  0

 20

 40

 60

 80

 100

 10  12  14  16  18  20

p(
ε y

>ε
y,

0)
 [%

]

εy,0 [nm]

no bumps
1 bump

3 bumps
5 bumps
7 bumps

Emi^ance	
  preserva4on	
  goal	
  is	
  achieved	
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Poten4al	
  main	
  linac	
  test	
  facili4es	
  



Swiss	
  FEL	
  
h^p://www.psi.ch/swissfel/swissfel-­‐accelerator	
  

	
  
Beam	
  Parameters	
   Start	
   End	
   Remark	
  

Energy	
  [GeV]	
   2.1	
   5.8	
  

En.	
  Spread	
  RMS	
  [%]	
   0.016	
   0.006	
   350	
  keV	
  

Charge	
  [nC]	
   0.2	
   0.2	
  

Peak	
  Current	
  [kA]	
   2.7	
   2.7	
  

(εN,x,	
  εN,y)	
  [μm×rad]	
   (~0.6,	
  ~0.6)	
   (~0.6,	
  ~0.6)	
   normalized	
  
emi^ance	
  

σz	
  	
  [μm]	
   7500	
   7.5	
  

RF	
  [GHz]	
   -­‐	
   6	
   NC	
  

Length	
  [km]	
   -­‐	
   0.8	
  

Electron	
  accelerator	
  consis9ng	
  of	
  a	
  high-­‐brightness	
  electron	
  gun,	
  a	
  booster,	
  three	
  
sec9ons	
  of	
  linear	
  accelerator	
  (linac)	
  and	
  two	
  bunch	
  compressors	
  (BC).	
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DESY’s	
  FLASH	
  
h^p://www.xfel.eu/sites/site_xfel-­‐gmbh/content/e63594/e65073/e126274/

e134426/13Feldhaus_StatusandExtensionofFLASH_eng.pdf	
  

	
  

Josef Feldhaus |  European XFEL / HASYLAB Users’ Meeting, DESY  |  January 27, 2011  |  Page 27

Possible long-term scenario for FLASH

FLASH1 FLASH2 FLASH3
Energy (GeV) 0.7-1.6 0.7-1.6 0.7-1.6
Peak current (kA) 2.5 2.5 2.5
Charge (nC) 0.5 0.5 0.5
Normal. emittance (mm mrad) 1.0* 1.3 2.0
Energy spread (MeV) 0.2 0.5 1.0
Wavelength range @ 1.6 GeV 1.5 – 2 2.5-6.5 8-12
Undulator period (mm) 23 31.4 36
Minimum gap 10 9 9
Saturation length <36 <30 <20
Total wavelength range** 1.5 – 10 2.5 – 40 8 – 80

*  new gun klystron needed to get 60 MV/m gradient Æ 1 mm mrad emittance
** 0.7 – 1.6 GeV

by Bart Faatz

Possible	
  long-­‐term	
  scenario	
  for	
  FLASH	
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DESY’s	
  XFEL	
  Linac	
  
h^p://xfel.desy.de/technical_informa4on/electron_beam_parameter/	
  

	
  
Beam	
  Parameters	
   Start	
   End	
   Remark	
  

Energy	
  [GeV]	
   2.5	
   20	
  

En.	
  Spread	
  RMS	
  [%]	
   0.1	
   0.01	
   2.5	
  MeV	
  

Charge	
  [nC]	
   1	
   1	
  

Peak	
  Current	
  [kA]	
   -­‐	
   5×10-­‐6	
  

(εN,x,	
  εN,y)	
  [μm×rad]	
   (1.4,	
  1.4)	
   (1.4,	
  1.4)	
  
	
  

normalized	
  
emi^ance	
  

σz	
  	
  [μm]	
   2×103	
   24	
  

Acc.	
  Gradient	
  [MV/m]	
   -­‐	
   23.6	
   ILC/TESLA	
  like	
  
cavi4es	
  

Length	
  [km]	
   -­‐	
   3.4	
  

Rep.	
  Rate	
  [Hz]	
   -­‐	
   10	
  

Main	
  Linac	
  Sec9on	
  2/2	
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SPring-­‐8	
  
h^p://epaper.kek.jp/l96/PAPERS/TUP44.PDF	
  

	
  
Beam	
  Parameters	
   Start	
   End	
   Remark	
  

Energy	
  [GeV]	
   ?	
   1.15	
  

En.	
  Spread	
  RMS	
  [%]	
   1	
   0.45	
  

Charge	
  [nC]	
   3	
   3	
  

(εN,x,	
  εN,y)	
  [μm×rad]	
   (100,100)	
   (100,100)	
  
	
  

normalized	
  
emi^ance	
  

σz	
  	
  [μm]	
   2×103	
   24	
  

Energy	
  stability	
  RMS	
  [%]	
   -­‐	
   0.02	
  

Length	
  [km]	
   0.140	
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Grenoble	
  -­‐	
  ESRF	
  
Storage	
  Ring:	
  h^p://www.esrf.eu/Accelerators/Performance/Parameters	
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