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A scientific case for timing experiments 
at  MAX IV

The MAX scientific community has been generally satisfied with full 
multibunch timing modes since the MAX II ring was commissioned in 
1997.   The laser pump-probe beam line (D611) operates for studies of 
low picosecond time-resolved x-ray diffraction.

The MAX IV storage ring is designed to achieve the lowest possible 
electron beam emittance.  So far no real effort has been put into 
alternative filling schemes, and the feasibility of these must be 
investigated. 

Implementation of timing modes requires a new perspective on low-
emittance storage ring operation and design.



MAX IV timing today

with passive 
Landau cavities



Summary of user discussions so far

Timing pulses:

• pulse length

• photon intensity

• interval between pulses

• synchronization with laser, chopper

• photon energy  - wide range, interest for 
both MAX IV rings



Overview of timing modes
Users specify the type of experiments, and basic requirements 
for timing modes.   

• Electron time of flight, multicoincidence 

• Ion time of flight, multicoincidence

• Short x-ray pulses for electron ARToF experiments

• Pump-probe experiments with laser synchronization

• Time-resolved experiments implementing gated detectors

• Time-resolved luminescence experiments (life times from 
ns to microsecond scale)



Ion-electron imaging  
time-of-flight studies

• Multicoincidence ion experiments

• 10-20 kHz single-pulse frequency

• 250-500 ps pulse duration

• minimum 105 photons/pulse

• broad range of photon energies  
20 eV-10 keV 

• well focused beam is essential  (<< 100 
micrometer)

Ion TOF on the order of tens of 
microseconds, electron TOF 100 ns

pulsed light 
source

e-

e-

+

+

gas jet

Ion 
spectrometer

Position sensitive detector

Electron 
spectrometer



Short pulses for single-particle 
time-of-flight studies 

User	
  specs

Rep	
  rate Pulse	
  length Photons/pulse Energy	
  
range

Focus	
  size

100	
  kHz-­‐3	
  
MHz

5	
  ps	
  (super),	
  
but	
  50ps	
  works

105 Up	
  to	
  2.5	
  
keV

at	
  least	
  500	
  
ns	
  between	
  
pulses

50x50	
  micron
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Fig. 1. Simulated trajectories through the ARTOF flight tube for 10 eV electrons
and an angular magnification allowing polar angles approximately within the
range ± 15◦ to reach the detector. The separation between the trajectory pencils
is 2◦ , and the source diameter is 0.2 mm. Sketched lens elements and the detector
plane are also included in the figure. Note that these are not accurately depicted, but
only suggested to give an idea of the size of the instrument. Also note the exaggerated
radial scale.

and instead rely on real-time transformations between detector
and source coordinates.

In COLTRIMS (COLd Target Recoil Ion Momentum Spectroscopy)
experiments [10], imaging ion and electron spectrometers are used
in coincidence, to yield energy and momentum resolved data, sim-
ilar to those obtained by the instrument presented here. In the
COLTRIMS setup, electric and magnetic fields are applied in the
ionization region to achieve a high collection efficiency of the
electrons, up to 4! for gas phase targets. However, the energy res-
olution is typically moderate, in the order of a few percent, and the
kinetic energy range is limited [11].

The hemispherical analyzers from the VG Scienta line of instru-
ments can be operated in an angular mode where the electrons are
focussed on the entrance slit of the analyzer in such a way that
each point on the slit corresponds to the angle of emission of the
electrons [5]. Such instruments have found a widespread use in
Angular Resolved Photoelectron Spectroscopy (ARPES), impacting
tremendously on the research field of band-mapping of materials.

In the present instrument the electrons are focussed on a
position-sensitive delay-line detector instead of on an entrance slit.
This allows the detection of all electrons within a cone of up to
30◦ opening angle at the sample, giving a very high luminosity.
From calculations of the path of the electrons through the lens, a
transformation matrix can be obtained, which makes it possible to
determine the emission angles (ϕ, #) and kinetic energy (Ek) of the
electrons from the (x, y) positions on the detector and the flight
time.

This paper is intended to briefly describe the function of the new
instrument and to present the results from the first experiments.
Further details about the electron-optical considerations and the
factors determining the energy and angular resolution are given in
[5]. The paper is organised as follows: first there is a short descrip-
tion of the underlying principles for the instrument, then follows
a presentation of the experiments at the BESSY synchrotron facil-
ity. The final sections show results accompanied by a discussion
part.

2. Description of the instrument

2.1. General overview

In Fig. 1 we show a sketch of the essential parts of the
instrument. It consists of a five-element electron lens, allowing
retardation of the electrons to prolong the flight time and enhance
the energy resolution, and a position sensitive delay-line detector

[12] where the electrons from the sample are imaged. The spec-
trometer operates with the ideas known from the electron lenses
in the VG Scienta photoelectron spectrometers, but has significant
differences regarding the added requirements of a strong depen-
dence of the electron flight time on the kinetic energy. The lens
can be operated in two modes. The angular resolving mode is nor-
mally used for acquisition, and the spatial imaging mode, where
the sample to some extent is imaged on the detector, can be used
for calibration purposes. Angular modes with acceptance angles of
±7◦ and ±14◦ have been developed to allow a choice of angular
magnification.

The spectrometer is used with pulsed sources of X-rays and
VUV-radiation, e.g. synchrotrons or HHG lasers. An external trigger
starts the measurement of the flight time and the time values are
stored for each detector event. The instrument can register several
electrons for each excitation pulse, but only single event experi-
ments have been performed so far. The detector has an estimated
dead time of 160 ns [12], and the Time to Digital Converter (TDC)
used can record any number of hits per trigger, with a typical dead
time of <5 ns in one channel [13]. The lens and detector are set up to
optimize the performance within a specified energy range (energy
window). The width of this window, expressed as a fraction of its
centre energy, can be varied within wide limits to allow a trade-off
between efficiency and resolution.

The energy and angle information is collected in a cone with up
to 30◦ opening angle, corresponding to a solid angle that is about
3.4% of the total emission in the half plane, i.e. increased by up to
2 orders of magnitude, as compared to a traditional hemispherical
analyzer with a 0.1 mm entrance slit.

Also included in Fig. 1 is a simulation of electron trajectories
through the lens system for a typical situation when the lens is
operated in the angular resolving mode. As this figure illustrates,
the polar angle of emission of the electrons at the sample point
corresponds to a distinct radius on the detector surface. If the emit-
ting sample has a small extension, which is typically achieved with
modern sources of radiation, the cylindrical symmetry of the lens
also allows obtaining information on the azimuthal angle of emis-
sion.

Using simulations it is possible to construct a transformation
matrix between on one hand the flight time and position on the
detector (t, x, y) and the kinetic energy and angle of emission (E, ϕ,
#) on the other hand. An example of such a transformation matrix
is illustrated in Fig. 2. One should note that the conversion between
the flight time and the energy is in principle a three dimensional
function where

EkEk(x, y, t)

ϕ = ϕ(x, y)

# = #(x, y, t)

Due to the cylindrical symmetry the azimuthal angle ϕ is inde-
pendent of t.

In the lens the electrons are moving at different speeds in dif-
ferent regions and the conversion between (x, y, t) and (Ek, ϕ, #)
must be obtained using numerical integration. The primary result of
this integration is the inverse functions of the above, i.e. radius and
time are calculated for known values of E and #. A two-dimensional
boundary element method of high accuracy was used for the field
calculations [14] and a high-order Runge-Kutta method was used
to integrate the trajectories [15] in our simulations. As described
below, the transformation procedure was tested by performing
measurements with an artificial angular pattern.

The flight time depends of both the kinetic energy of the elec-
tron and the trajectory through the lens, i.e. the emission angle. The



Scientific examples for laser-synchrotron 
timing experiments

TIME-RESOLVED WAXS:  X-RAY SCATTERING STUDIES OF LASER 
EXCITED TRANSIENT STRUCTURES IN BIOMOLECULES  

Hemoglobin and solvent heating 
 contribution:  R-like vs T-like species

Cammarata, Nature Meth 5, 881 (2008)

100 ps pulses

optical 
chopper

100 ps pulses

100 ps pulses

laser pulse

CCD 
detector



Towards timing @ 
MAX IV

• Timing workshop for users March, 2014

• Session at MAX User’s meeting in September, 2014

• Report to MAX IV directors October, 2014

• Workshop focused on accelerator solutions, March 2015

• Resonant pulse picking

• Pseudo single bunch

• choppers, etc



Summary
New possibilities at laboratories worldwide drive development of 
methods that require shorter pulses, variable timing pulses, etc

• Is there a scientific case for timing modes at MAX IV?  

• Is there a scientific case for investigating solutions for low-emittance 
rings similar to MAX IV?  

• Which accelerator schemes are feasible to implement at new low-
emittance storage rings?

• Workshop……

• Discussion, summaries

• Friday: brainstorming and roadmap for development?


