
Proposal	
  for	
  Single-­‐Bunch	
  Collimator	
  
Wakefield	
  Measurements	
  at	
  SLAC	
  ESTB	
  

Javier	
  Resta	
  Lopez,	
  	
  
IFIC,	
  CSIC-­‐Valencia	
  University,	
  Spain	
  

	
  
on	
  behalf	
  of	
  the	
  ILC/CLIC	
  collimator	
  wakefield	
  study	
  

collaboraMon	
  
	
  
	
  LCWS2012	
  Workshop	
  

Arlington,	
  USA	
  
October	
  25	
  ,	
  2012	
  

	
  



Contents	
  

•  MoMvaMon	
  
	
  
•  IntroducMon	
  
	
  
•  Experimental	
  concept	
  
	
  
•  Experimental	
  equipment	
  
	
  
•  ESTB	
  opMcal	
  layout	
  
	
  
•  Preliminary	
  simulaMons	
  
	
  
•  Plans	
  

2	
  



MoMvaMon	
  	
  
•  Collimator	
  wakefields	
  are	
  expected	
  to	
  be	
  an	
  important	
  source	
  of	
  emiQance	
  growth	
  and	
  

beam	
  jiQer	
  amplificaMon	
  in	
  the	
  BDS	
  of	
  future	
  linear	
  colliders	
  (ILC	
  and	
  CLIC)	
  	
  
	
  
•  It	
  is	
  important	
  to	
  understand	
  and	
  evaluate	
  the	
  collimator	
  wakefield	
  effects	
  for	
  a	
  beQer	
  

esMmate	
  of	
  the	
  machine	
  performance.	
  	
  	
  

•  Benchmarking	
  between	
  theory,	
  simulaMons	
  and	
  measurements	
  of	
  collimator	
  wakefield	
  
kicks	
  necessary.	
  	
  

•  Previous	
  experiments	
  at	
  SLAC	
  ESA	
  (T-­‐480)	
  showed	
  notable	
  discrepancies	
  with	
  
theoreMcal	
  model	
  and	
  simulaMons.	
  Further	
  invesMgaMon	
  needed.	
  

•  New	
  set	
  of	
  measurements	
  would	
  be	
  helpful	
  for	
  a	
  beQer	
  understanding	
  of	
  the	
  
collimator	
  wakefield	
  effects	
  (dependence	
  on	
  bunch	
  length,	
  limit	
  of	
  applicability	
  of	
  
analyMcal	
  esMmates	
  in	
  the	
  different	
  regimes,	
  etc.)	
  

•  ESTB	
  will	
  provide	
  the	
  necessary	
  test	
  beam	
  and	
  an	
  excellent	
  experimental	
  environment	
  
for	
  collimator	
  wakefield	
  studies.	
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IntroducMon	
  
Brief	
  theoreMcal	
  background	
  	
  

•  Geometric	
  wake	
  kick	
  factor	
  for	
  rectangular	
  collimators	
  
Following	
  Stupakov’s	
  prescripMons,	
  assuming	
  “near-­‐centre”	
  approximaMon:	
  

[G. V. Stupakov, “High-frequency impedance of small-angle collimators”, PAC01] 
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•  Geometric	
  wake	
  kick	
  factor	
  for	
  ILC	
  and	
  CLIC	
  betatron	
  spoilers	
  
	
  

σz=44 µm, a=0.1 mm, b=10 mm, h=10 mm 

σz=300 µm, a=0.5 mm, b=10 mm, h=10 mm 

CLIC,	
  α=88 mrad 

ILC,	
  α=20 mrad 

Diffractive regime 

Intermediate regime 

IntroducMon	
  
Brief	
  theoreMcal	
  background	
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•  ResisEve-­‐wall	
  wakefield	
  for	
  rectangular	
  tapered	
  collimators:	
  
	
  
Long	
  range	
  regime	
  	
  

[A. Piwinski,  DESY-HERA-92-04, 1992] 

κ r 
Z0c
4π

π
8a2

Γ 1/ 4( ) 2
σ zσZ0

LF
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where	
  Z0=376.7	
  Ω	
  is	
  the	
  impedance	
  of	
  free	
  space,	
  σ the	
  electrical	
  conducMvity,  
LF the	
  length	
  of	
  the	
  flat	
  part,	
  and Г(1/4)=3.6256 

Short	
  range	
  regime	
  

0.63(2a2 (Z0σ ))
1/3 σ z  2a

2Z0σ

σ z < 0.63(2a
2 (Z0σ ))

1/3

[K. L. F. Bane and M. Sands, SLAC-PUB-95-7074, 1995] 

IntroducMon	
  
Brief	
  theoreMcal	
  background	
  	
  

Expression far more complicated!! See	
  for	
  example:	
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•  ResisEve-­‐wall	
  wakefield	
  for	
  rectangular	
  tapered	
  collimators:	
  
	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Typical	
  parameters	
  of	
  verMcal	
  betatron	
  spoilers	
  of	
  CLIC	
  (YSP)	
  and	
  ILC	
  (SP2)	
  

Parameter CLIC  ILC  

Half gap a [mm] 0.1 0.5 

Material Ti-Cu coating Ti 

σ [Ω-1m-1] 6 x 107 1.8 x 106 

For	
  CLIC,	
  σz=44 µm:  For	
  ILC,	
  σz=300 µm:  

2a2Z0σ  452 m

0.63 2a2 / (Z0σ )( )
1/3
 0.6 µm

2a2Z0σ  339 m

0.63 2a2 / (Z0σ )( )
1/3
 5.7 µm

Both	
  cases	
  lay	
  in	
  the	
  long	
  range	
  regime	
  

IntroducMon	
  
Brief	
  theoreMcal	
  background	
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IntroducMon	
  	
  
Luminosity	
  degradaMon	
  

•  Luminosity	
  loss	
  due	
  to	
  collimator	
  wakefield	
  effects	
  (PLACET	
  +	
  GUINEAPIG	
  	
  
	
  	
  	
  	
  	
  	
  	
  based	
  simulaMons):	
  	
  

	
  

6

Collimator wakefield effects
ILC luminosity

• Luminosity loss versus initial vertical position offset at the entrance of the BDS
• The join effect of all the BDS collimators is considered

y offset at the entrance of the BDS ≈ 0.2 σy = 0.4 µm ( ~ 10% luminosity loss)
The jitter position of the incoming beam at the entrance of the BDS should be corrected at the 
submicrom level, for example by mean of postlinac orbit steering feedback systems using cavity BPMs
(resolution ~ 100 nm) and stripline kickers

3 ACCELERATOR PHYSICS DESCRIPTION OF THE MAIN BEAM COMPLEX
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Fig. 3.14: Beam pipe aperture radius along the BDS.

 0.6

 0.7

 0.8

 0.9

 1

 1.1

-0.4 -0.2  0  0.2  0.4
L

/L
0

y offset / σy

no coll.
with coll.

Fig. 3.15: Relative CLIC luminosity versus initial beam offsets for the cases with and without collimator wakefield
effects.

considered. For instance, for beam offsets of ±0.4sy, the CLIC luminosity loss was found to amount up
to 20% with collimator wakefields, and up to 10% for the case with no wakefield effects.

3.5.4.5 FFS tuning
The biggest challenge faced by the BDS is the demonstration of the performance assuming realistic
static and dynamic imperfections. The diagnostics and the collimation sections have demonstrated to be
robust against misalignments (prealignment of 10 µm over 500 m as discussed in 3.5.5.4). Standard orbit
correction techniques, as the dispersion free steering, guarantee the beam transport without blow-up in
these regions. However these techniques fail in the FFS. The CLIC FFS is a very non-linear system with
a pushed b ⇤

y down to 0.07 mm. Many different approaches have been investigated to tune the FFS in
presence of realistic misalignments. Currently the two most successful approaches follow:

• Luminosity optimization: Maximizes the luminosity using all the available parameters in the FFS
applying the Simplex algorithm.

• Orthogonal knobs: Maximizes the luminosity by scanning pre-computed arrangements of sex-
tupole displacements (knobs) which target the IP beam correlations in an orthogonal fashion.

106

ILC	
  (nominal)	
  	
   CLIC	
  (nominal)	
  	
  

0.5	
  σy	
  offset:	
  	
  ≈20%	
  luminosity	
  loss	
  with	
  collimators	
  (≈15%	
  w/o	
  collimators)	
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Experimental	
  concept	
  

	
  
–  Move	
  collimators	
  around	
  beam	
  

–  DeflecMon	
  angle	
  is	
  reconstructed	
  using	
  upstream	
  and	
  downstream	
  BPMs	
  
	
  
–  Measure	
  deflecMon	
  from	
  wakefields	
  vs.	
  beam-­‐collimator	
  separaMon	
  
	
  
	
  
	
   9	
  



T480 
“wakefield box” 

ESA beamline 

Experimental	
  equipment	
  
Inheritance	
  of	
  the	
  T-­‐480	
  experiment	
  [P.	
  Tenenbaum,	
  N.	
  Watson,	
  et	
  al.]	
  

Collimator	
  jaws	
  
[provided	
  by	
  	
  STFC,	
  UK]	
  

In the special case of a square, short collimator [13],

 ! ! Z0c
4"b2

1

!
1
2
" 1
"

"
: (9)

The last two equations will be used in comparison with the measurements in this report. The
wake kick in the diffractive regime is expected to constitute an upper bound on the kick for a
collimator with a given minimum half-gap b1.

A collimator which is in the long, flat, diffractive regime is expected to produce a wake kick
which is approximately the same as the kick from a long, round diffractive collimator, Eq. (6),
up to a constant of order unity [13]. There are no collimators in this regime considered in this
set of experiments, but we include this estimate for completeness.

II. COLLIMATOR WAKEFIELD TEST STAND

Figure 2 shows a schematic representation of the SLAC collimator wakefield test stand. The
apparatus consists of a rectangular stainless steel vacuum chamber approximately 5 feet in
length, 2 feet in width, and 1 foot in height. The top panel of the vacuum chamber can be
completely removed to access the interior, and in normal operation an indium wire between the
top panel and a grooved lip on the main body provides the vacuum seal. The vacuum chamber is
supported by a precision vertical translation stage constructed for the final focus test beam
(FFTB) [14]. This stage is capable of moving the vacuum chamber through#1:4 mm from its
neutral position in 1 #m steps.

The vacuum chamber contains an aluminum insertion approximately 5 feet long, 11 inches
wide, and 3 inches tall. The aluminum insertion is fabricated in two pieces, top and bottom,
which are bolted together and supported on a pair of precision-machined and dry-lubricated
rails by a set of four linear bearings. The insertion is attached to an external stepper motor by a
feedthrough on the side of the vacuum chamber. The aluminum insertion contains 5 machined
channels which run its full length: one channel (‘‘slot zero’’) is 1.5 inches in diameter, circular,
and completely regular. The other four channels are square in cross section, with width and
height of 1.5 inches. A test aperture can be installed in each of the four square channels.

 

FIG. 2. (Color) Schematic end-on view of collimator wakefield test stand. A large vacuum vessel
contains an aluminum insertion which is in turn filled with test apertures. During experiments, the
horizontal translation stage engages an aperture in the beam path, and the precision vertical mover moves
the collimator relative to the beam. Reconstruction of the resulting beam kick allows determination of
the collimator kick factor. As actually constructed, the large circular aperture is on the far right rather
than the far left side, so that in the event of a power failure to the horizontal translation stage the large
aperture will be pushed into place by the pressure differential, rather than one of the small apertures.

DIRECT MEASUREMENT OF THE . . . Phys. Rev. ST Accel. Beams 10, 034401 (2007)

034401-5

•  Different	
  apertures	
  and	
  lengths	
  
•  Tests:	
  opMmal	
  materials	
  and	
  geometry	
  
	
  	
  	
  	
  	
  	
  to	
  minimise	
  wakefields	
  

•  “Wakefield	
  box”	
  allows	
  swapping	
  
	
  	
  	
  	
  	
  	
  	
  of	
  collimators	
  and	
  adjusMng	
  jaw	
  aperture	
  
•  Magnet	
  mover,	
  y	
  range	
  =	
  ±1.4mm,	
  	
  precision	
  =	
  1μm	
  
	
  

10	
  



Collimator	
  sets	
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Experimental	
  equipment	
  
Bunch	
  length	
  measurement	
  

• 	
  Non-­‐intercepMng,	
  single	
  shot	
  measurement	
  of	
  fs-­‐ps	
  pulses	
  beam	
  	
  
	
  

• 	
  Beam	
  passes	
  over	
  graMng	
  emitng	
  coherent	
  Smith-­‐Purcell	
  radiaMon	
  	
  
	
  

• 	
  GraMng	
  disperses	
  radiaMon	
  according	
  to	
  wavelength	
  
	
  

• 	
  Detector	
  array	
  gives	
  spectrum,	
  which	
  allows	
  to	
  reconstruct	
  the	
  Mme	
  	
  profile	
  of	
  the	
  
	
  	
  	
  electron	
  bunch	
  

Smith	
  Purcell	
  RadiaMon	
  (SPR)	
  bunch	
  profile	
  monitor:	
  

12	
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Experimental	
  equipment	
  
Bunch	
  length	
  measurement	
  

Last	
  year	
  SPR	
  monitor	
  installed	
  in	
  FACET:	
  aimed	
  to	
  	
  
measure	
  in	
  the	
  <	
  50	
  micron	
  scale	
  (<	
  0.2	
  ps).	
  	
  
	
  
	
  
2011-­‐2012	
  experimental	
  campaigns	
  very	
  successful:	
  	
  
temporal	
  bunch	
  profiles	
  ~	
  100	
  fs	
  	
  measured.	
  
[R.	
  Bartolini	
  et	
  al.	
  JINST	
  7	
  (2012)	
  P01009]	
  
	
  
	
  
	
  
	
  	
  	
  
(E-­‐203	
  collaboraEon)	
  

Smith	
  Purcell	
  RadiaMon	
  (SPR)	
  bunch	
  profile	
  monitor:	
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45 7.2. Experiment description

Figure 23: Monitor in the FACET beam line

Figure 24: Left: moving structure with six rows to install the filters and
polarizers. Right: carousel with the three gratings and the blank

A data acquisition software ensures the spectra to be recorded, the spectra
corresponding to the intensity coming from di↵erent detectors which corre-
spond to di↵erent wavelengths. Detector reading and other diagnostic data
such charge and position were also collected. During the data acquisition
the energy of the beam was 20.35 GeV, with a normalized emittance of 30
mm mrad. The bunch charge was measured using pyroelectric detectors and
strip lines BPMs were used to record the beam position.

First the one grating was moved inward until intercepted the beam, recog-
nized by an increase of signal in the noise monitor. Each grating was moved

 

   3 

RadiaBeam Technologies, LLC.  •  DOE FY 2013 Phase I SBIR Proposal 
Topic 6(b):  Coherent Smith-Purcell Real Time Spectrometer for Bunch Length Measurements 

optimized to minimize crosstalk between neighboring channels as well as to remove radiation 
from higher orders of diffraction. The filter array is moved up and down to select the correct 
filters for a given grating. 

 

!
Fig. 2:  Prior version of CSPR bunch length diagnostic system developed at JAI.  Top row shows 
schematics of the device, with the photographs of the complete assembly and filter array at the 
bottom (adapted from [5] and [7]). 

At the moment, the measurements described in Ref. [5,6] require multiplexing between 
different grating and blank samples to cover the relevant wavelength range with a sufficient 
density of data points. For each grating the measurements are averaged over typically 100 
bunches. Hence, the present configuration is not single shot. The primary goal for the next 
generation of the device [7] is to use multiple sets of gratings and detectors simultaneously to 
enable single-shot operation.  RadiaBeam and the E203 collaboration will carry out this project. 
RadiaBeam’s role in the collaboration will be to provide engineering and fabrication support at 
the prototype development stage, and lead the development of the cost optimized commercial 
version once prototype testing is successful. The timescale and summary of tasks for the 
development of a CSPR non-invasive single shot bunch length monitor is displayed in Table 1.  
This project leverages a decade of CSPR research conducted at JAI and other collaborating 
institutions. 

SPR	
  monitor	
  in	
  FACET	
  



Experimental	
  equipment	
  	
  
Bunch	
  length	
  measurement	
  

Synergy	
  between	
  the	
  E-­‐203	
  collaboraMon	
  and	
  the	
  collimator	
  wakefield	
  
collaboraMon:	
  
	
  
•  Recently	
  the	
  IFIC-­‐Valencia	
  has	
  joined	
  the	
  E-­‐203	
  collaboraMon	
  
	
  
•  Aim:	
  	
  

–  Build	
  up	
  a	
  second	
  SPR	
  monitor	
  to	
  measure	
  bunch	
  length	
  at	
  ESTB	
  supporMng	
  collimator	
  wakefield	
  
studies	
  

–  Build	
  2nd	
  generaMon	
  device	
  aimed	
  at	
  single	
  shot	
  capability	
  	
  

•  Plan:	
  
–  Fix	
  design	
  by	
  January	
  2013	
  based	
  on	
  improved	
  1st	
  generaMon	
  SPR	
  device	
  
–  Build	
  up	
  a	
  second	
  SPR	
  monitor	
  ready	
  for	
  use	
  end	
  2013	
  at	
  ESTB	
  
–  Including	
  all	
  the	
  accumulated	
  learning	
  from	
  the	
  FACET	
  device	
  that	
  enables	
  single	
  shot	
  capability	
  	
  
–  Get	
  as	
  close	
  as	
  possible	
  to	
  a	
  single	
  shot	
  device	
  in	
  the	
  design	
  stage	
  
–  Evolving	
  in	
  stages	
  from	
  averaging	
  to	
  single	
  shot	
  operaMon	
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What	
  is	
  ESTB	
  ?	
  
	
  

ESTB : A proposal to Provide Test Beam to SLAC’s End Station A 
 

6 July 31, 2009  

1.1 The Proposed ESTB Facility 

The SLAC accelerator complex at the end of the 2-mile linear accelerator is shown in Figure 1.1.1.  
Beam can be delivered straight ahead for LCLS, while pulsed (or dc) magnets in the Beam Switch 
Yard can divert beam to ESA.  

 

 
Figure 1.1.1. SLAC accelerator complex at the end of the 2-mile Linac.  The location of pulsed magnets in the BSY is 
shown.  The straight-ahead beam from the Linac goes directly to the LCLS. Also shown is the area near the end of A-line 
where the hadron target will be located for Stage II. 
 

The region of the BSY where the A-Line splits from the linac includes two existing dc magnets that 
can bend the primary beam 0.5 degrees north into the A-line. The addition of new pulsed magnets 
will allow a small fraction of LCLS beam pulses to be diverted to the A-Line. See Section 3 below 
for details. 

The properties of the ESTB primary electron beam and experimental area are summarized in Table 
1.1.1. The energy and maximum intensity are those available from LCLS, and the repetition rate is 
determined by how often the kicker magnets are energized. The maximum possible rate is 120 Hz. 
The other beam properties reflect the excellent emittance and minimal energy spread of the LCLS 
beam. 

 

 

SLAC	
  accelerator	
  complex	
  at	
  the	
  end	
  of	
  the	
  2-­‐mile	
  linear	
  accelerator:	
  	
  

End	
  StaMon	
  A	
  Test	
  Beam	
  (ESTB)	
  is	
  a	
  beam	
  line	
  at	
  SLAC	
  using	
  a	
  fracMon	
  of	
  the	
  bunches	
  of	
  the	
  15	
  GeV	
  
electron	
  beam	
  from	
  the	
  Linac	
  Coherent	
  Light	
  Source	
  (LCLS),	
  restoring	
  test	
  beam	
  capabiliMes	
  in	
  the	
  
End	
  StaMon	
  A	
  (ESA)	
  experimental	
  hall	
  

Parameter	
   ESTB	
   ILC	
  BDS	
   CLIC	
  BDS	
  

Beam	
  energy	
  [GeV]	
   15	
   250	
   1500	
  

RepeMMon	
  rate	
  
[Hz]	
  

1-­‐5	
  nominal,	
  	
  
burts	
  up	
  120	
  	
  

5	
   50	
  

Energy	
  spread	
  [%]	
   0.02	
   0.1	
   0.3	
  

Bunch	
  charge	
  [nC]	
   0.35	
  
(maximum)	
  

3.2	
   0.6	
  

Bunch	
  length	
  [μm]	
   100	
   300	
   44	
  

Normalised	
  
emiQance	
  
(γεx,	
  γεy)	
  [μm-­‐rad]	
  

	
  
(4,	
  1)	
  

	
  
(10,	
  0.04)	
  

	
  
(0.66,	
  0.02)	
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ESTB	
  layout	
  
ESTB : A proposal to Provide Test Beam to SLAC’s End Station A 

27 July 31, 2009  
 

 

 
Figure 3.3.1.   Beamline components from the D-10 tune-up dump in the BSY, through the A-line to a new beam dump at 
the east end of ESA.  B11-B16 and B21-B26 are each 2-degree dipoles.  The quadrupoles are Q10, Q11, Q19, Q20, Q27, 
Q28, Q30 and Q38.  Several horizontal and vertical corrector magnets are not shown.  Beam diagnostics include RF 
cavity beam position monitors (BPMs); insertable profile monitors PR10, PR18, PR20, PR28, PR33, 3PR1 and 3PR2; and 
a synchrotron light monitor for an energy spread diagnostic; not shown are 2 wire scanners in ESA.  C-24 and C-37 are 
adjustable collimators.  SL-19 and SL-10 are adjustable momentum slits at the high dispersion location. 

 

 
Figure 3.3.2. Beta and dispersion functions from the end of the Linac, through the BSY and A-line to the east end of ESA. 

Possible	
  posiEon	
  
for	
  the	
  SPR	
  monitor	
  

COLL.	
  WAKEFIELD	
  
TEST	
  BOX	
  

A-­‐line	
  	
  

WALL	
  

18	
  m	
  

BPMs	
   BPMs	
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ESTB	
  opMcs	
  

From	
  MK29:	
  
	
  
βx0=32.03 m 
αx0=0.8 
βy0=67.5 m 
αy0=-1.5 
 

Q27	
  

0.0 50. 100. 150. 200. 250. 300. 350. 400.
s (m)

bE/ p0c = 0 .000 000 E+ 00
Table name = TWISS

Existing A-line (from MK29 to ESAE) with LCLS Twiss.
Unix version 8.51/13 19/08/12  14.48.17
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300.

`1/
2
(m
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Dx
(m
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`x1 / 2 `y1 / 2 Dx

Q28	
  

Q30	
  

Q38	
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Q11	
  

Q19	
  Q20	
  

A-­‐line	
  
to	
  new	
  beam	
  	
  
dump	
  

ESA	
  BSY	
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ESTB	
  opMcs	
  for	
  collimator	
  wakefield	
  experiment	
  

From	
  Q27:	
  
	
  
βx0=110.2	
  m	
  
αx0=-­‐4.9	
  
βy0=258.8	
  m	
  
αy0=-­‐6.0	
  
	
  

0.0 40. 80. 120. 160.
S

Table name = ENVELOPE

LI30 to Aline Apr 2006
Unix version 8.51/13 23/07/12  17.18.20

0.0
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20

SI
G

   
[*

10
**

( -
3)
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Quads.	
  Q27,	
  Q28,	
  Q30	
  and	
  Q38	
  matched	
  to	
  obtain	
  a	
  verMcal	
  beam	
  waist	
  of	
  σy=10	
  μm	
  	
  
at	
  the	
  collimator	
  posiMon	
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Beam	
  tracking	
  simulaMons	
  

•  Example	
  of	
  beam	
  trajectories	
  for	
  collimator	
  offsets	
  -­‐1390	
  μm	
  and	
  1390	
  μm	
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CLIC Collimation Wakefield Studies at SLAC          
End Station A (ESA) 

• Collimation wakefield “box  installed  
P. Tenenbaum, S. Molloy et al. 

• Different jaw apertures & lengths 
• Tests: optimal materials and 

geometry to minimize wakefields 

• “Wakefield  box”  allows  swapping  of  
collimators and adjusting jaw aperture 

• measured wakefield kick to the beam 
by downstream BPMs 

“Wakefield  box” 

Mauro Pivi, CERN/SLAC 

h=38	
  mm	
  

38
	
  m

m
	
  

Side	
  view	
   Beam	
  view	
  
α=324	
  mrad	
  
a=	
  1/2	
  gap	
  =	
  1.4	
  mm	
  

α	
  
SimulaMons	
  using	
  the	
  code	
  PLACET,	
  
•  Assuming	
  σz=	
  100	
  μm	
  	
  
•  Assuming	
  only	
  the	
  linear	
  regime	
  
	
  	
  	
  	
  	
  	
  	
  (up	
  to	
  quadrupolar	
  component	
  
	
  	
  	
  	
  	
  	
  	
  of	
  the	
  wakefield)	
  

Trajectory	
  reconstrucMon	
  using	
  4	
  BPMs	
  upstream	
  of	
  the	
  collimator	
  and	
  6	
  BPMs	
  
	
  downstream	
  of	
  the	
  collimator	
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Beam	
  tracking	
  simulaMons	
  
•  DeflecMon	
  angle	
  of	
  the	
  bunch	
  centroid	
  due	
  to	
  collimator	
  wakefield	
  effects	
  for	
  

different	
  collimator	
  half	
  gaps.	
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  collimator	
  half	
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DiffracMve	
  regime	
  

•  To	
  reconstruct	
  the	
  kick	
  the	
  slope	
  from	
  the	
  linear	
  fit	
  to	
  the	
  upstream	
  data	
  is	
  subtracted	
  
from	
  the	
  slope	
  of	
  a	
  linear	
  fit	
  from	
  the	
  BPM	
  downstream	
  data	
  

	
  

CLIC Collimation Wakefield Studies at SLAC          
End Station A (ESA) 

• Collimation wakefield “box  installed  
P. Tenenbaum, S. Molloy et al. 

• Different jaw apertures & lengths 
• Tests: optimal materials and 

geometry to minimize wakefields 

• “Wakefield  box”  allows  swapping  of  
collimators and adjusting jaw aperture 

• measured wakefield kick to the beam 
by downstream BPMs 

“Wakefield  box” 

Mauro Pivi, CERN/SLAC 

h=38	
  mm	
  

38
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m
	
  Side	
  view	
   Beam	
  view	
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a=	
  1/2	
  gap	
  =	
  1.4	
  mm	
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Beam	
  tracking	
  simulaMons	
  
•  EmiQance	
  growth	
  due	
  to	
  collimator	
  wakefield	
  effects	
  for	
  different	
  collimator	
  half	
  

gaps	
  as	
  a	
  funcMon	
  of	
  beam	
  offset.	
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EmiQance	
  diluMon	
  (analyMcal	
  esMmate):	
  

RMS	
  centroid´s	
  kick:	
  

The	
  spread	
  of	
  the	
  kick	
  for	
  a	
  Gaussian	
  bunch:	
   where	
  	
  	
  	
  	
  	
  is	
  the	
  kick	
  factor	
  in	
  m-­‐2	
  units	
  	
  κ⊥
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  Very	
  small	
  emiQance	
  diluMon	
  expected!	
  
	
  ~0.1%	
  in	
  the	
  worst	
  cases	
  



Beam	
  tracking	
  simulaMons	
  
BPM	
  resoluMon	
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Simulation
•  If	
  	
  at	
  least	
  0.01	
  μrad	
  per	
  pulse	
  

resoluMon	
  is	
  required	
  on	
  the	
  
reconstructed	
  wakefield	
  
angle,	
  then	
  single-­‐pulse	
  BPM	
  
resoluMon	
  <	
  0.6	
  μm	
  	
  

	
  
•  For	
  example,	
  	
  Cavity	
  BPM	
  with	
  	
  

~100	
  nm	
  resoluMon	
  could	
  be	
  
used	
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Plans:	
  

1)	
  Coll.	
  wakefield	
  measurements	
  with	
  bunch	
  length	
  in	
  the	
  range	
  
[100-­‐300]	
  μm	
  
–  For	
  a	
  precise	
  benchmarking	
  between	
  experimental	
  results,	
  theory	
  and	
  

simulaMons	
  
–  InvesMgate	
  coll.	
  wakefields	
  with	
  ILC-­‐like	
  bunches	
  
–  We	
  can	
  use	
  the	
  instruments	
  which	
  are	
  already	
  installed	
  in	
  the	
  ESTB	
  

beamline:	
  wakefield	
  box,	
  BPMs	
  
–  2nd	
  generaMon	
  SPR	
  monitor	
  at	
  ESTB	
  (aimed	
  at	
  single	
  shot	
  capability)	
  
	
  

2)	
  Push	
  to	
  smaller	
  bunch	
  length	
  (<	
  50	
  μm)	
  
–  InvesMgate	
  coll.	
  wakefields	
  with	
  CLIC-­‐like	
  bunches	
  
–  SPR	
  monitor	
  at	
  ESTB:	
  precise	
  measurement	
  of	
  bunch	
  length	
  for	
  CLIC	
  

studies	
  (~	
  100	
  fs	
  scale)	
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Bunch	
  length	
  measurement	
  
DiagnosMc	
  methods	
  

	
  
•  RF	
  deflector:	
  using	
  a	
  deflecMng	
  RF	
  cavity	
  (e.g.	
  LOLA	
  at	
  SLAC)	
  
	
  

–  Pros:	
  mature	
  technique;	
  single	
  shot	
  measurement;	
  resoluMon	
  <	
  50	
  fs	
  
–  Cons:	
  expensive,	
  destrucMve	
  technique	
  

	
  
•  Smith-­‐Purcell	
  RadiaEon	
  monitor	
  (G.	
  Doucas	
  et	
  al.):	
  	
  
	
  

–  Pros:	
  relaMvely	
  cheap	
  device;	
  resoluMon	
  <	
  50	
  fs;	
  non-­‐destrucMve	
  technique	
  
–  Cons:	
  not	
  yet	
  mature	
  technique;	
  not	
  yet	
  single	
  shot	
  experiment;	
  more	
  work	
  sMll	
  needed	
  

in	
  the	
  radiaMon	
  protecMon	
  aspect	
  
–  System	
  to	
  be	
  upgraded	
  during	
  2012	
  (in	
  FACET)	
  

	
  
•  	
  Electro-­‐opEcal	
  method	
  (S.	
  Jamison	
  et	
  al.):	
  currently	
  being	
  developed	
  as	
  
	
  	
  	
  	
  	
  	
  	
  part	
  of	
  the	
  CLIC-­‐UK	
  collaboraMon	
  
	
  

–  Pros:	
  useful	
  for	
  very	
  short	
  bunch	
  length	
  measurements	
  (e.g.	
  CLIC-­‐like	
  bunches	
  and	
  FEL	
  
bunches);	
  <~20	
  	
  fs	
  resoluMon	
  goal	
  (program	
  2011-­‐2014);	
  non-­‐destrucMve	
  technique	
  

–  Cons:	
  relaMvely	
  complex	
  system;	
  for	
  <~20	
  fs	
  resoluMon	
  it	
  requires	
  	
  high	
  power	
  laser;	
  
preQy	
  costly	
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Development:	
  Short bunch length 

•  Interest	
  to	
  short	
  bunches	
  ~44µm	
  (CLIC,	
  accel.	
  R&D..)	
  

•  LCLS	
  beam: 10 µm and smaller 
•  In the A-line, bunch length increases to 100 µm	
  due to 

24°	
  bend,	
  large	
  dispersion	
  and	
  large	
  R56	
  
•  SoluMon:	
  installaMon	
  of	
  4	
  available	
  QUADs	
  in	
  A-­‐line	
  

	
  -­‐ 	
  to	
  reduce	
  R56	
   	
       (T. Fieguth) 
 -  with LCLS	
  beam	
  σE~0.02% 	
  	
  	
  	
  (Z.	
  Huang) 
	
  -­‐	
  bl	
  =	
  50	
  µm	
  or	
  shorter	
  in	
  ESA	
  

 

R56<0.1	
  

4	
  Quadrupoles	
  later	
  

R56~0.46	
  

ExisMng	
  opMcs	
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Historical	
  review	
  

Tests	
  in	
  the	
  SLAC	
  linac	
  Sector	
  2:	
  
	
  
•  P.	
  Tenenbaum	
  et	
  al.,	
  “Transverse	
  wakefields	
  from	
  tapered	
  collimators:	
  

measurements	
  and	
  analysis”,	
  SLAC-­‐PUB-­‐8937,	
  2001:	
  	
  	
  
–  1.19	
  GeV	
  	
  	
  
–  Test	
  designed	
  to	
  test	
  the	
  geometric	
  wakefield	
  of	
  a	
  tapered	
  aperture	
  
–  Measurements	
  with	
  both	
  electron	
  and	
  positron	
  beams	
  
–  3	
  rectangular	
  collimators	
  	
  

•  subset	
  1:	
  RMS	
  σz=650	
  μm;	
  2	
  x	
  1010	
  parMcles	
  per	
  pulse	
  
•  subset	
  2:	
  RMS	
  σz=1.2	
  	
  mm;	
  1	
  x	
  1010	
  parMcles	
  per	
  pulse	
  

–  The	
  measure	
  wakefields	
  typically	
  agree	
  well	
  with	
  simulaMon	
  results	
  (using	
  MAFIA),	
  and	
  
show	
  agreement	
  at	
  the	
  level	
  of	
  a	
  factor	
  2	
  with	
  improved	
  analyMc	
  models	
  

•  D.	
  Onoprienko,	
  M.	
  Seidel,	
  P.	
  Tenenbaum,	
  “Measurement	
  of	
  resisMve	
  dominated	
  
collimator	
  wakefield	
  kicks	
  at	
  the	
  SLC”,	
  Proc.	
  of	
  EPAC	
  2002.	
  

–  1.19	
  GeV	
  	
  
–  Study	
  of	
  resisMve	
  wakefields	
  for	
  graphite	
  collimators	
  
–  While	
  the	
  geometric	
  kick	
  tends	
  to	
  be	
  overesMmated	
  by	
  the	
  simple	
  diffracMon	
  theory,	
  

beQer	
  agreement	
  is	
  found	
  for	
  the	
  resisMve	
  part	
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Historical	
  review	
  
	
  
•  P.	
  Tenenbaum,	
  D.	
  Onoprienko,	
  “Direct	
  measurement	
  of	
  the	
  resisMve	
  wakefield	
  in	
  

tapered	
  collimators”,	
  SLAC-­‐PUB-­‐10578,	
  2004;	
  Proc.	
  of	
  EPAC	
  2004.	
  
–  RMS	
  σz=0.5	
  mm;	
  2	
  x	
  1010	
  parMcles	
  per	
  pulse	
  
–  For	
  high	
  resisMvity	
  Ti	
  collimators:	
  results	
  in	
  good	
  agreement	
  with	
  theoreMcal	
  predicMon	
  	
  
–  For	
  low-­‐resisMvity	
  Cu	
  collimators:	
  resisMve	
  deflecMons	
  appears	
  to	
  be	
  larger	
  than	
  predicted	
  

by	
  a	
  factor	
  3	
  
–  In	
  both	
  cases	
  the	
  resisMve	
  wake	
  kick	
  scaled	
  as	
  expected	
  with	
  the	
  bunch	
  length	
  

	
  
•  P.	
  Tenenbaum	
  et	
  al.,	
  “Direct	
  measurement	
  of	
  the	
  transverse	
  wakefields	
  of	
  tapered	
  

collimators”,	
  Phys.	
  Rev.	
  ST-­‐AB,	
  10	
  (2007),	
  034401	
  	
  
–  1.19	
  GeV	
  	
  
–  Test	
  designed	
  to	
  test	
  the	
  geometric	
  wakefield	
  of	
  a	
  tapered	
  aperture	
  
–  Test	
  of	
  4	
  different	
  tapered	
  collimator	
  configuraMons	
  	
  
–  SimulaMons	
  using	
  MAFIA,	
  ECHO3D	
  
–  In	
  the	
  case	
  of	
  flat	
  collimators,	
  qualitaMve	
  agreement	
  between	
  theory	
  and	
  measurement	
  

observed,	
  but	
  in	
  many	
  cases	
  there	
  was	
  discrepancy	
  as	
  large	
  as	
  factor	
  2	
  
–  Numerical	
  electromagneMc	
  simulaMons	
  were	
  able	
  to	
  predict	
  the	
  measured	
  wakefield	
  kick	
  

with	
  typical	
  agreement	
  at	
  the	
  level	
  of	
  20%	
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Historical	
  review	
  
	
  
	
  
Tests	
  at	
  ESA:	
  
	
  
•  S.	
  Molloy	
  et	
  al.,	
  “Measurements	
  of	
  the	
  transverse	
  wakefields	
  due	
  to	
  varying	
  

collimator	
  characterisMcs”,	
  Proc.	
  of	
  PAC	
  2007	
  
•  J.	
  L.	
  Fernandez-­‐Hernando	
  et	
  al.,	
  “Measurements	
  of	
  collimator	
  wakefields	
  at	
  End	
  

StaMon	
  A”,	
  Proc.	
  of	
  EPAC	
  2008	
  
–  28.5	
  GeV	
  electron	
  beam	
  
–  	
  	
  
–  16	
  different	
  collimator	
  configuraMons	
  
–  SimulaMons	
  with	
  3D	
  modeling	
  (GdfidL)	
  
–  While	
  good	
  qualitaMve	
  agreement	
  could	
  be	
  found	
  between	
  simulaMon,	
  measurement	
  and	
  

theory,	
  the	
  bunch	
  length	
  was	
  not	
  well	
  known,	
  and	
  given	
  the	
  funcMonal	
  dependence	
  on	
  
bunch	
  length	
  of	
  the	
  wakefield	
  kicks,	
  that	
  directly	
  meant	
  that	
  there	
  was	
  somewhat	
  large	
  
uncertainty	
  introduced	
  in	
  the	
  consequent	
  kick	
  factors	
  

σ z ∈ 0.5,1.5[ ]  mm
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Summary,	
  T-­‐480	
  wakefield	
  measurements	
  
Analysis	
  2007-­‐2008	
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[N. Watson et al.] 
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