
7.2. 3D-Printed Passive Longitudinal Phase Space Synthesizer

In further studies the LPSS needs to be included in a full start-to-end simulation of, for
example, a possible experiments at ARES EA1. In addition to that, position and pointing jitter
has to be studied, as potentially triggered dipole modes might lead to deflection. It was shown
that Super-Gaussian current profiles lead to better results, but also the Gaussian case resulted
in a very linear final LPS. The structures themselves can be made from metallized 3D-printed
plastic, or even 3D-printed quartz [205]. The concept is planned to be tested at the ARES linac
as soon as EA1 is ready. A 3D-printing setup has already been procured.
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Figure 7.7.: LPSS optimization result for a Gaussian input current profile. The optimization goal was
to achieve R = �1. �t = 500 fs, E0 = 150MeV, Q = 250 pC. The bottom plot show the
geometry of the final segmented DLW, with the red line corresponding to the inner radius
and the blue line to the outer radius.
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Introduction
> Precise  control  over  the  longitudinal  phase  space  (LPS)  of  electron  bunches  in  accelerators  

can  be  of  interest  for  example  for  bunch-­compression
à Ideal  case:  Completely  linear  LPS  for  maximum  compression

> Here:  A  concept  for  a  completely  passive  way  to  alter  the  LPS  of  a  given  e-­bunch
à Arbitrary,  pre-­defined  shapes  can  be  achieved  
à Longitudinal  Phase  Space  Synthesizer  (LPSS)

> The  concept  is  based  on  3D-­printed  dielectric-­lined  waveguides
à Cheap  +  rapid  prototyping  and  production

Other  Concepts  So  Far

Frank  Mayet1,  Francois  Lemery

> Eric  Hemsing and  Doa Xiang,  
Cascaded  modulator-­chicane  modules  for  optical  
manipulation  of  relativistic  electron  beams,  
PRSTAB,  16,  010706,  2013

> Active  triple  laser  modulator  +  chicane  +  
interleaved  quadrupoles  layout

> Works  very  well  in  simulation,  but  hard  to  
implement  (large  scale,  needs  laser,  etc.)

> Wakefields in  a  DLW  are  given  by  the  convolution  of  the  bunch  current  
profile  I(t)  with  the  geometry  dependent  single  particle  wake  potential  Wz(𝜏)

à Overall  wake  potential:

> Wakefields can  act  back  in  the  bunch  itself,  or  a  subsequently  injected  
witness  bunch

> Shape  of  the  single  particle  wake  potential  depends  on  the  mode  
structure  supported  by  the  given  DLW  geometry

3.2. Analytical Description of the In-Channel Fields of Dielectric Lined Waveguides (DLW)

Figure 3.5.: Contour plot of E

z

of the fundamental (HEM11) mode in a DLW (top), as well as its
dispersion curve (bottom), obtained from numerical calculations. The DLW parameters
are (a = 0.3mm, b = 0.398mm, ✏

r

= 4.41). The exemplary structure is matched to a
phase velocity of 0.995 c at 300GHz, like the one described in [97].

Lorentz factor given by � = (1 � (v/c)

2

)

�1/2. This means that when v ! c, the radial electric
field of the point charge does not act on any given trailing test particle. If the point charge now
moves close to a metallic surface with finite resitivity ⇢, the mirror charges in the surface will
slightly lag behind, which creates a so-called wake potential W

z

(⌧) [V/C], where ⌧ denotes the
time difference between the point charge and a trailing witness charge. Considering the electron
bunch with current density I(t) from above, the overall wake potential caused by the whole
bunch can be calculated as the convolution of the single particle wake potential and its current
density. Therefore

V (t) = �
Z

t

�1
I(⌧)W

z

(t � ⌧)d⌧. (3.34)

Note that W

z

(⌧) is hence a characteristic Green’s function defined by the boundary conditions of
- in our case - the geometry of the DLW. The single particle wake potential in a DLW is ultimately
dependent on the mode structure supported by the specific geometry [102] (see above). If the
charge is injected on axis, the monopole (m = 0) mode is excited (see figure 3.6). Any deviation
from the central axis of the DLW will cause the excitation of mainly dipole (m = 1) modes
(see for example HEM

11

as described above). Note that in the case of a charge distribution
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G.  Voss  and  T.  Weiland,  DESY  M82-­10  (1982)  
and  DESY  82-­074  (1982).
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> Both  wavelength  and  amplitude  vary  a  lot  depending  on  the  
inner  radius

> Very  high  field  strengths  can  be  achieved  in  small  structures

> Number  of  supported  modes  àWall  thickness

> Main  message:  Many  degrees  of  freedom  to  play  with!

Passive  DLW-­Based  LPS  Synthesizer  Concept

> Pick  desired  frequencies  for  a  given  waveform  using  the  plot  above
à Scale  segment  length  according  to  the  amplitude  of  the  mode

> Example  ASTRA  simulation:

> Problem:  This  procedure  is  only  possible  for  a  flat  input  LPS  and  current  profile
à More  sophisticated  method  needed

Simple  Approach

> Main  idea:  3D-­printed  segmented  DLW
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> Use  an  optimization  algorithm  to  scale  the  individual  segments  according  to  
the  given  input  distribution  and  desired  output  LPS

> Optimization  problem:  3N  independent  variables  
(segment  radius,  length  and  wall  thickness  times  N)
à Possible  algorithm:  Particle  Swarm  Optimization
à ...based  on  ASTRA  simulation  or  a  fast  semi-­analytical   approach

Sophisticated  Approach

Desired  Output

Optimization  Routine 3D  Printer  +  
Metallization Nice  LPS

Working  Point

> Traditionally:  Tune  for  example  a  harmonic  cavity’s  phase  and  
amplitude  to  achieve  LPS  linearization  for  the  current  working  point

> Here:  Tune  the  working  point  a  bit  for  the  LPSS,  or  swap  in  a  
suitable  LPSS  device  à Overcome  the  fixed  geometry  limitation  by  
inserting  multiple  structures  into  the  beamline  (if  3D-­printed  à cheap)

Example:  Complete  Linearization  (Goal:  R  =  -­1)

Challenges
> Needs  high  charge  (100s  of  pC),  or  long  structures
> Small  apertures  might  be  problematic
> Position  and  pointing  jitter  might  trigger  dipole  modes  à Deflection
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Input:  Gaussian  beam  with:  σt =  500  fs,  E0 =  150  MeV,  Q  =  250  pC

(colors:  wall  thickness)

Only  even  harmonics Only  odd  harmonics Degree  of  linearity  [-­1,1]

Resulting  structure  (red:  inner  wall,  blue  outer  wall


