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Device Coupling, Nonlinear
Conversion, and Coherent
Hyperspectral Extension
Ryan Doan

Department of Electrical and Computer Engineering, University of California, Los Angeles

The applications of structured photonics show a lot of promise, with uses [6] in radiation
technologies in medicine and scientific instrumentation, ultrafast water superheating
and cooling, THz-based photo-chemistry and biology, photonics-based negative emis-
sion technologies, and much more. However this relatively new field of science is
bottlenecked by current technology. These bottlenecks lead to the inability to fully
exploit all degrees of freedom, a problem in the pursuit for the generation of light with
adaptable structure [1]. The reshaping of light, also known as structured light [2], can
happen in the following degrees: time and frequency, or polarization, amplitude, phase,
and momentum. To achieve this on the broader scale, we want to develop integrated
structured light photonic devices with programmable, spatiotemporal electromagnetic
field and phase precision to produce light by design. On a smaller scale, we will
specifically focus on characterizing an integrated system at operational powers for
photoinjectors, light-coupled nanostructures, and electron conditioning and diagnostics
that include control feedback systems as well as smart feedback systems with machine
learning based feedback and control.

1. INTRODUCTION
Device coupling, assuming proper controls are set up, will allow us to connect these
channels into different test bundled configurations. These connections and configura-
tions will serve various targeted purposes, including spatio-temporally tailored electron
generation and modulation, and integrated and terahertz (THz) streaking and control
[3]. Controlling the spatio-temporally properties of coupled light, which will modulate
its electron wave function at specific transition frequencies, allows the control and
monitoring of individual quantum systems within coupled arrays of identical systems.
Integrated and terahertz streaking and control serves as the standard for diagnostics,
where the production of integrated long-wavelength THz radiation [4] can verify the
time structure of the attosecond-scale bunch by streaking the electron beam.

Fig. S1. Overview of the fully integrated system. Device coupling and the subse-
quent sections are connected to the objects labeled with "Task 2" in the diagram.
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A. Photoemitters
The bundled configurations mentioned earlier may consist of multicore fibers (MCF).
MCF fanouts will be designed to minimize insertion loss and crosstalk. These MCF
fanouts will be spliced to a 20 channel coherent attosecond frequency-comb array,
enabling integration with lens-based coupling photoemitters, nonlinear stages, and
nanostructures. Later, in order to adaptively generate and tailor electron wavepackets,
electrons need to be generated by combining this 7-channel MCF with a nanotip field
emission source [7,8] which can be operated as a DC emitter. Alternatively, it can be
pulsed with a laser trigger and integrated with photonic nanostructures.

B. Up-conversion
Once infrared radiation (IR) photoemitters have been demonstrated, coupling a non-
linear crystal between the MCF and photoemitter will allow frequency up-conversion,
offering a higher control for photoemission in the ultraviolet (UV) range. Up-conversion
techniques at high repetition rates serves as a baseline to expand longitudinal-shaping
and wavelength tunability/extension capabilities.

C. Nanostructures
Utilizing MCFs and one-dimensional Pitch Reducing Optical Fiber Arrays (1D-PROFA)
will launch programmable electron-modulating fields onto a single nanostructure. These
PROFAs are ideal for interfacing channels with chip-based waveguides for nanostruc-
tures, due to nanostructure requirements where mode field size and channel-to-channel
spacing may be tailored. Photonic nanostructures create applications at the smaller-
scale, such as in radiation sources where technologies could be developed in integrated
on-chip accelerators and endoscopic packaging.

D. Ultrafast Switchers and Diagnostics
When coupling 7-channel MCFs to a lithium niobite (LN) crystal, it promotes ideal
THz generation via optical rectification [5]. These THz fields are used to diagnose
electron modulation via streaking, a method that is not technologically mature yet.
THz fields are also used to demonstrate ultrafast electron switchyards for quantum
electrodynamics (QED) and quantum information sciences (QIS).

2. CURRENT DESIGNWORK

A. MCF Fanouts
MCF fanouts, important in nearly all of our applications, is commercially available at
Chiral Photonics. These MCF fanouts come with 7 fibers with the option of request-
ing more, but 7 should be adequate for our project. We will use this once we begin
experimenting in the lab.

Fig. S2. Schematic of 7-channel MCF Fanout taken from Chiral Photonics

B. 1D-PROFAs
1D-PROFAs are important for photonic nanostructures but can also serve as an alter-
native for the MCF fanouts when certain bundled geometries for the fanouts are not
available, especially for linear arrays. 1D-PROFAs are commercially available at Chiral
Photonics. We will need to specifically buy the 1D-PROFA with a 6-channel array.
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Fig. S3. Schematic of 6-Channel Array 1D-PROFA taken from Chiral Photonics
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