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Introduction
> The  Accelerator  on  a  CHip International  Program  (ACHIP)  aims  to  demonstrate  a  working  

prototype  of  a  particle  accelerator  on  a  chip  until  2021
> DESY  will  conduct  related  test  experiments  at  its  SINBAD facility  (ARES  linac)
> Funded  by  the  Gordon  and  Betty  Moore  Foundation

> Two  main  experiments  have  been  internally  proposed  to  be  started  beginning  of  2020  [1]
> Stage  1:  External  injection  of  relativistic  ultra-short  single  bunches  into  a  grating-type  DLA
> Stage  2:  External  injection  of  relativistic  phase-synchronous  optical  scale  microbunch  trains
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6.3 Numerical Start-To-End Simulations and Predicted Measurements
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Figure 6.52: Phase spaces at the interaction point - Stage 2. Data is obtained using
ASTRA including space charge.

Table 6.10: Summary of the beam parameters at the IP for the ARES stage 2 DLA
experiments obtained from ASTRA simulations incl. space charge.

Parameter Value

Q (pC) 1
E (MeV) 52.42
� (at the modulator) 0.74 · 10�4

�cor (at the modulator) 0.2 · 10�4

✏

n,x

(nm) 44.7
✏

n,y

(nm) 44.2
�

x

(um) 1.5
�

y

(um) 18.1
�

t

(fs) 112.3
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6.2 Components

option should be possible with this design. Finally figure 6.15 shows a scan of
the resonant energy (using the 2050 nm ACHIP laser) and the entrance angle vs.
the global gap of the undulator. The resulting global gap for the ACHIP working
point is 10.7 mm. Table 6.6 summarizes the optimized parameters of the ACHIP
undulator.

Figure 6.15: RADIA simulation of the gap dependent resonant energy of and entrance
kick angle of the undulator. Left: Resonant energy for a modulating
laser wavelength of 2050 nm. The dashed line indicates the ARES work-
ing point of 52.42 MeV. Right: Entrance kick angle for an electron with
an energy of 52.42 MeV, corresponding to the ARES working point.

Table 6.6: Optimized parameters of the ACHIP undulator obtained from RADIA sim-
ulations.

Parameter Value

Magnets 13
Full oscillation periods 5
Fixed gap size 10.7 mm
Entrance angle 0.5°
hB

0

i 0.61 T
Undulator parameter 1.27
Resonant energy @ 2050 nm 52.42 MeV
Residual field @ 30 cm horizontal distance 50 µT max

6.2.2.4 Mechanical Design

The mechanical design of the ACHIP undulator is losely based on the original U23
design. In addition to that the holding frame of the device needs to be compatible
with the support structure of the experimental area. Here the goal was to design a
frame, which is very close to the design used for the XFEL phase shifter (see next
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6.2. Components

of achievable values of R

56

can be calculated [149]. For the ACHIP stage 2 working point the
central energy of the electron bunch is 52.42MeV. This yields

R

56,min = 0.0095 mm, R

56,max = 0.778 mm

corresponding to a gap of 100mm and 10mm respectively. Table 6.7 summarizes the technical
specifications of the XFEL phase shifter. Based on findings presented in section 6.3.4, it can be
concluded that the XFEL phase shifter delivers an R

56

range more than suitable for the ACHIP
stage 2 experiments. The achievable R

56,max is ⇠ 3⇥ larger than what is needed to optimize the
microbunching with the expected DLA laser parameters. This leaves enough headroom in case
the laser modulator turns out to be not as efficient, or if a smaller �� is desired. Also potential
higher energy working points could be feasible with this device.

Table 6.7.: Technical specifications of the XFEL phase shifter (data taken from [148]).

Parameter Value

Min. gap (mm) 10 (! B

0

= 1.49 T)
Max. gap (mm) >100 (! B

0

< 10 mT)
Gap control accuracy (mm) ±0.05
Magnet material NdFeB
Yoke material ARMCO, soft iron annealed at 850 �C
Pole material FeCo, annealed at 850 �C
Phase shifter period length, �p (mm) 55

6.2.4. High Resolution Beam Profile Measurement

In order to be able to couple an electron beam into the small accelerating channels of grating
type DLA structures, strong focusing and low emittance is needed. At ARES the focusing is
achieved using a combination of solenoids and an electromagnetic quadrupole triplet (see section
6.1). Since the aspect ratio of the accelerating channel of a typical DLA is asymmetric, the beam
should be focused accordingly5. This comes with the advantage of reduced space charge forces
compared to a symmetrical focus and allows a tight horizontal focus without any impact on the
energy spread or bunch length.

The start-to-end simulation of the current working point for microbunching yields the following
transverse beam sizes at the focus: �

x

= 1.5 µm, �

y

= 18.1 µm, which corresponds to an aspect
ratio of 11.6. See section 6.3 for more details on the start-to-end simulation and the resulting
working points. Assuming a DLA channel width of 3 µm, this horizontal beam size would result
in ⇠ 66% charge transmission. With a beam size of 1 µm this would increase to ⇠ 82%. It
can be seen that even though the beam sizes in this range seem very small in the world of
conventional accelerators, in the DLA context micron sized beams are crucial. This is especially
true if electron beams from conventional accelerators are supposed to be externally injected into
these structures, just as it is planned at ARES. Unfortunately the standard transverse beam
diagnostics at ARES are designed to reach a resolution of only approximately 10 µm [151], which

5A real flat beam transform, which also leads to asymmetric transverse emittances [150] is planned, but cannot
be implemented in the first iteration of the ACHIP experiment at ARES, due to a lack of a individually
controllable bucking coil.
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Figure 6.6.: CAD renderings of the different types of sample and diagnostics holders for the ACHIP
experiment. The designs are based on designs by Benedikt Hermann (PSI, Switzerland)
and adapted to the DESY requirements by the author. Units: mm. a: YAG(Ce) screen
and mirror holder, b: Camera calibration unit, c: DLA sample holder, d: OTR foil
holder, e: OTR foil holder and orthogonal laser mirror for temporal alignment.

Table 6.4.: Technical specifications of the DLA laser system to be used at ARES.

Parameter Value

Type Ho:YLF
� 2050 nm
��/� 0.24%
Epulse (max) 2.2mJ
Epulse (compressed,max) 1.9mJ
Epulse (Kagome,max) 0.7mJ
frep 1 and 5 kHz
tpulse 3 ps
tpulse (transform limited) 1.25 ps
tpulse (Kagome) 0.4 ps

DLA laser pulse is achieved using a long delay line in the cathode laser laboratory. For stage 2
the beam is split near the laser modulator mirror chamber. Using polarizing beam splitters and
motorized �/2 elements, the power distribution between the two arms can be adjusted. Piezo-
based precision motorized mirrors enable automated alignment to both the modulator and the
DLA sample.
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Unit Value

Sensor Size mm ⇥ mm 10.02 ⇥ 10.02

Strip Material n

Bulk Material p

Number of Strips 103

Strip Pitch µm 74.5

Sensor Thickness µm 310

Undulator and  Chicane  (Microbunching Setup)

> Fixed  gap  design  based  on  
PETRA  U23  ✓

>  Built  by  UHH  workshop  ✓
>  Magnets  and  poles  (VAC)  
already  at  DESY  ✓

>  Custom  Ti adjustment  screws  
ordered

>  Supports  being  designed  by  
DESY  engineers

> Last  Prototype  of  an  XFEL  Phase  Shifter
> Acts  like  a  4  dipole  chicane;;  
> Sufficient  R56 for  ARES  working  point  
(up  to  0.7mm  @  50MeV)  ✓

> Permanent  loan  to  DESY/SINBAD  ✓
>  Supports  being  designed  by  DESY  engineers

Experimental  Chamber

> Built  internally  at  DESY  (incl.  supports)  ✓
> Measured  by  alignment  group  ✓
> Permanent  loan  to  DESY/SINBAD  ✓
>  Currently  being  prepared  by  DESY  vacuum  group

> SmarPod 6D  positioning  system  bought  ✓
> Target  platform  built  internally  at  DESY  ✓
> Sample  holders  (design  by  PSI  colleagues)  received  ✓
> Custom  screen  holders  to  be  produced  at  DESY
> Lens  holder  in  final  design  phase  (UHV-compat.)
> Components  for  the  CTR  bought  and  cleaned  for  UHV      
(fiber,  coupler,  feedthrough)  ✓

> High-sensitivity  optical  spectrometer  for  MB  diag.  ✓

> Installation  of  internal  components  soon

DLA  Laser > Installed  at  ARES  cathode  laser  lab  ✓
>  Laser  beam  line  received  from  VAB  ✓
> Vacuum  transport  beam  line  installation      
during  the  week  of  this  conference

High-Sensitivity  Detector  (STRIDENAS)

> To  be  installed  at  the  high-energy        
spectrometer,  to  be  able  to  detect  spectral  
features  with  sub-fC charges

> Designed  as  part  of  a  M.Sc.  thesis  ✓
> First  tests  at  DESY  test  beam  ✓
> Design  currently  being  altered  for  UHV

ARES  Linac  – Timeline  
> Gun  conditioning  on-going,  first  beam  expected  in  week  39/2019
(was  delayed  by  waveguide  problems,  which  are  now  solved  ✓)

> Linac  conditioning  (TWS)  on-going  and  on  track
> Matching  section,  incl.  supports  for  the  spectrometer  installed  ✓
> High-energy  spectrometer  dipole  already  in  the  tunnel  
à to  be  installed  during  the  week  of  this  conference

> Installation  of  EA1  until  end  of  2019
> Installation  of  the  EA1  microbunching  setup  mid  2020

See  talk/paper  by  S.  Jaster-Merz
(ID  148,  Thursday)

Orange  arrows:  
Equipment  for  stage  1  experiments  
à Expected  to  be  installed  end  of  2019  
à First  experiments  beginning  of  2020

Red  arrows:  
Additional  equipment  for  stage  2  
à Expected  to  be  installed  mid  2020

Sample  holder  base  design  by  Benedikt Hermann  
(PSI,  Switzerland)  
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