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The colonnade structure is the nano-photonics electron acceleration structure, 
without (a) and with Bragg mirror (b) to enhance the fi eld. The simulations show a 
snapshot of the optical fi eld distribution without (c) and with (d) a Bragg mirror.

New members

Two new independent Max Planck Research Groups have been formed in recent months. In October 2018 
Kanwarpal Singh joined the Max Planck Zentrum für Physik und Medizin (MPZPM). He plans to focus on the 
development of high resolution miniaturized endoscopic devices for applications ranging from gastroenterology 
to oncology. Birgit Stiller joined us in April and is planning to work on nonlinear and quantum optics with a focus 
on light-sound interactions and waveguide optomechanics. Two new group leaders have been appointed: Stefan 
Nimmrichter (previously at the Centre for Quantum Technologies, National University of Singapore) has joined 
the Marquardt Division, and Daniel Wehner has joined the Guck Division, having previously been at the Center 
for Regenerative Therapies, Technische Universität Dresden. Axel Schülzgen, Professor of optics & photonics 
at CREOL, University of Central Florida, visited the Russell Division in May and June. His interests are in 
imaging through random fibres. We warmly welcome new appointees to MPL’s administration: Susanne Viezens 
(Public Relations), Anna-Sophia Maranca (Finance), Ruth Knapheide (personal assistant to Jochen Guck), 
Adrian Thoma (construction coordinator for the new MPZPM building), Dennis Beck (IT Department) and 
Matthias Döllinger (Technical Services).

A particle accelerator on a chip is a 
revolutionary concept. It could shrink

the size of the current kilometre-long
accelerators to metre-long ones. With modern
femtosecond lasers capable of generating 
high peak electric fi elds and well-known nano-
fabrication techniques, we are now able to 
develop dielectric laser accelerators (DLAs) 
in our lab. Lithographically fabricated silicon 
dual-pillars are enticing candidates for DLAs 
as their symmetric geometries enable us to 
control the electron beam dynamics well. We 
made such structures two times more effi cient 
by adding Bragg reflectors on the side. This 
approach practically leads to a constructive 
interference between the incident laser pulse 
and the reflected light from the Bragg reflector, 
hence doubling the electric fi eld intensity in 
between the pillars where electrons gain energy. 
The 12 µm long structures accelerate 
electrons with gradients of up to 200 MeV/m 
in theory and 133 MeV/m in practice. DLAs 
could ultimately lead to a compact laser-
driven particle accelerator for a variety of 
applications, from low energy radiation therapy 
devices to high energy particle colliders.
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The sub-diffusive motion of proteins within the cell membrane reveals 
their function. By labelling the protein with a gold nanoparticle, and 
tracking with iSCAT in 3D at high-speed, the information-rich nuances 
of their mobility can be observed.

We control electron trajectories in graphene at petahertz 
clock rates with two laser fi elds oriented perpendicular 
to each other. Depending on how exactly the green colored 
fi eld is timed with respect to the red (bottom panel), the 
current flows in the one or other direction (top panel). 

The cell surface is a dense carpet of proteins and lipids rushing about in a perpetual frenzy. The physical motion 
of these constituents reveal a great deal about their complex, varied and nuanced biological function. However, 

their nanoscopic size, quick erratic motion and enduring mobility render their precise investigation a fi erce challenge 
to even the best available microscopes. We have now demonstrated that through labelling individual membrane 
proteins with a tiny gold nanoparticle, and using exquisitely sensitive interferometric detection of scattering (iSCAT), 
the three-dimensional wandering of individual proteins can be resolved in a live cell to nanometric precision at 
60 thousand frames per second. At this resolution the anomalous diffusion as well as transport of proteins can be 
resolved in unprecedented detail, as can the local topology 
explored by the protein. Our fi rst steps in applying iSCAT to 
live cell investigation have already provided new insight into 
the molecular dynamics behind ubiquitous biological
processes such as endocytosis, thus opening the door to an 
era of greater understanding of their biophysical role in 
processes that govern our health.
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Chasing a protein nano-rover on the cell membrane
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How fast can electrons be controlled in a conductor? In a 
recently published paper we get to the bottom of this 

question. We generate a laser waveform-controlled current in 
the atomically flat semi-metal graphene by focusing few-
femtosecond laser pulses on it. At these timescales, electrons 
behave like quantum mechanical wave packets, coherently 
driven by the laser fi eld through the material. We have previously 
demonstrated that the electron wave can follow different quantum 
paths in the material and interfere with itself, governing 
generation of electric current. In the current work we take electron 
control to a new level. When a second laser pulse is focused 
on to the electron wave, quantum paths can be manipulated 
in two dimensions. We control the quantum path interference 
on the attosecond timescale by delaying the pulses, and thus 
steer the direction of the electrons. What is remarkable is that 
the coherence of the electrons is preserved in this process, i.e., 
the electrons retain all their wave characteristics during light-
matter interaction, even at room temperature. Such control may 
pave the way to coherent electronics at petahertz clock rates.
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Coherent electron control in graphene 
on attosecond timescales

RESEARCH ARTICLE  Hommelhoff Max Planck Fellow GroupPH



MPL NEWS #14 . 07/201912

Weak measurements in nano-optics

SHORT REVIEW Leuchs Emeritus Group GL

From a historical perspective, the concept of weak measurements fi rst arose in the fi eld of quantum physics 
more than 30 years ago. In general, it combines pre- and post-selection of the state vector for measuring a 

largely amplifi ed "value" for the otherwise much smaller eigenvalue of an operator. However, weak measurements 
can also be utilized in classical optics, for instance, to increase the visibility of beam shift phenomena. In this 
context, the preparation and fi ltering of the polarization state of a light beam is analogous to pre- and post-selection 
in the original quantum-physics-related approach. A prominent application is the measurement of the spin Hall 
effect of light, which describes the spatial separation of right- and left-handed circular polarization upon refraction 
of an incoming linearly polarized beam at a dielectric interface. The weak measurement approach allows direct 
observation of this surprising effect, even though the spatial dimensions of the circular polarization splitting is 
smaller than the wavelength of the light. In recent years, optical weak measurements have also found their way into 
nano-optics. For example, weak measurements have been applied to realise a plasmonic version of the spin-Hall 
effect of light, which occurs when propagating surface plasmon polaritons are excited by elliptically polarized light 
impinging on a sub-wavelength metal slit. Beyond such fundamental studies, the weak measurement scheme 
is particularly benefi cial for applications in optical nanometrology, for example in measurements of the ellipticity 
of highly eccentric dipole emitters by enhancing the far-fi eld circular polarization splitting [1], an effect sometimes 

referred to as the giant spin-Hall effect of light. Weak measurements 
also allow one to improve the sensitivity, by an order of magnitude, 
of displacement sensing based on directional scattering of 
individual optical nano-antennas (see Fig.) [2]. Both these examples 
emphasize the relevance of weak measurements in nano-optics as 
a new approach for high-precision measurements.
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Sub-wavelength shift of a gold nanoparticle (radius 80 nm) within a tightly 
focused beam results in a strong change of its polarization-fi ltered directional 
emission pattern. The scheme is inspired by quantum weak measurements [2].
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Congratulations

Congratulations to MPL group leader Maria Chekhova, who has been recognized as an Outstanding Referee by 
the American Physical Society. This highly selective program annually recognizes about 150 of the roughly 71,000 
currently active referees and, like an APS fellowship, is a lifetime award. Congratulations to Carlos Navarrete-
Benlloch, former group leader in MPL’s Marquardt Division, who has been appointed Associate Professor in the 
Wilczek Quantum Centre at Shanghai Jiao Tong University. Led by Chief Scientist Prof. Frank Wilczek, this new 
centre focuses on theoretical quantum physics in the broadest sense. Carlos will set up a group working on open 
and nonequilibrium quantum optics, and plans to continue collaborating with MPL in the future.
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