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https://entrepreneurship.engineering.columbia.edu/discover/for-undergraduate-students/fast-pitch/

—   PART 3



How to Craft your “Fast Pitch”…
• Summarize the challenge/problem/issue in one sentence. Explain why it matters. 

• Describe two or three most interesting parts of the concept/business. Explain why it 
is innovative/cool/attractive. 

• Name two of three biggest impacts of the business plan. Explain why your 
customers will care.
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“Top Tier” Projects

• "Smaller Floats for Inexpensive and Accurate Ocean Floor Mapping” 

• "Drones with Water and Snow Depth Sensors for Accurate Water Management” 

• Both of these ideas combine remote sensing technology, automation, and wide-area 
sensor dispersal to inform land and water resource management. One idea uses 
remote sensing on floats. The other flies. Both are excellent ideas. We need to go 
deeper in developing the technical concept and assessing the potential markets.
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Long-distance entanglement distribution is essential for both foundational tests of
quantum physics and scalable quantum networks. Owing to channel loss, however, the
previously achieved distance was limited to ~100 kilometers. Here we demonstrate
satellite-based distribution of entangled photon pairs to two locations separated by
1203 kilometers on Earth, through two satellite-to-ground downlinks with a summed
length varying from 1600 to 2400 kilometers. We observed a survival of two-photon
entanglement and a violation of Bell inequality by 2.37 ± 0.09 under strict Einstein
locality conditions. The obtained effective link efficiency is orders of magnitude higher
than that of the direct bidirectional transmission of the two photons through
telecommunication fibers.

Q
uantum entanglement, first recognized
by Einstein, Podolsky, and Roson (1) and
Schrödinger (2), is a physical phenomenon
in which the quantum states of a many-
particle system cannot be factorized into

a product of single-particle wave functions, even
when the particles are separated by large distances.
Entangled states have been produced in labora-
tories (3–5) and exploited to test the contradiction
between classical local hidden variable theory and
quantummechanics by using Bell’s inequality (6).
It is of fundamental interest to distribute entan-
gled particles over increasingly large distances
and study the behavior of entanglement under
extreme conditions. Practically, large-scale dissem-
ination of entanglement—eventually at a global
scale—is useful as the essential physical resource

for quantum information protocols such as quan-
tum cryptography (7), quantum teleportation (8),
and quantum networks (9).

Limitations on
entanglement distribution

So far, entanglement distribution has only been
achieved at a physical separation up to ~100 km
(10) and is mainly limited by the photon loss in
the channel (optical fibers or terrestrial free space),

which normally scales exponentially with the
channel length. For example, through bidirectional
distribution of an entangled source of photon
pairs with a 10-MHz count rate directly through
two 600-km telecommunication fibers with a
loss of 0.16 dB/km, eventually one would only
obtain 10−12 two-photon coincidence events per
second. When the transmitted photons are atten-
uated to a level comparable to the dark counts
of the single-photon detectors, the entanglement
cannot be established because of the low signal-
to-noise ratio. To improve the signal-to-noise
ratio, the entangled photons in the channel can-
not simply be amplified because of the quan-
tum noncloning theorem (11), but radically new
methods to reduce the link attenuation must be
developed.
One solution to improve the distribution is the

protocol of quantum repeaters (12) that divide
thewhole transmission line into smaller segments
and combine the functionalities of entanglement
swapping (13), entanglement purification (14), and
quantumstorage (15). Therehasbeen considerable
progress in the demonstrations of these building
blocks (16–18) and proof-of-principle quantum re-
peater nodes (19, 20). However, the practical use-
fulness of the quantum repeaters is still hindered
by the challenges of simultaneously realizing and
integrating all the key capabilities, including,most
importantly, long storage time and high retrieval
efficiency (21).

Satellite-based
entanglement distribution

Another approach to global-scale quantum net-
works is making use of satellite- and space-based
technologies. A satellite can conveniently cover
two distant locations on Earth separated by thou-
sands of kilometers. The key advantage of this
approach is that the photon loss and turbulence
predominantly occur in the lower ~10 km of the
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Fig. 1. Schematic of the spaceborne entangled-photon source and its in-orbit performance.
(A) The thickness of the KTiOPO4 (PPKTP) crystal is 15 mm. A pair of off-axis concave mirrors focus
the pump laser (PL) in the center of the PPKTP crystal. At the output of the Sagnac interferometer,
two dichromatic mirrors (DMs) and long-pass filters are used to separate the signal photons from
the pump laser. Two additional electrically driven piezo steering mirrors (PIs), remotely controllable
on the ground, are used for fine adjustment of the beam-pointing for an optimal collection efficiency
into the single-mode fibers. QWP, quarter-wave plate; HWP, half-wave plate; PBS, polarizing beam
splitter. (B) The two-photon correlation curves measured on-satellite by sampling 1% of each path of
the entangled photons. The count rate measured from the overall 0.01% sampling is about 590 Hz,
from which we can estimate the source brightness of 5.9 MHz.
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“Second Place” Project
• "Quantum Entanglement for Fast Secure Trading” 

• Last year’s AP undergrad seminar lecture on quantum entanglement: http://
www.apam.columbia.edu/courses/apph4903x-2018/AP_Seminar-Entanglement.pdf
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Fig. S1  

The pictures of payloads in the satellite. (A) The payload layout. (B) The SPES in 
mechanics test. (C) The transmitter 1 with a diameter of 300 mm. (D) The transmitter 2 
with a diameter of 180 mm. 
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Fig. S2  

Schematic diagram of the SEPS. The optical elements are mounted and glued on the both 
side of a titanium alloy base board. (A) The upper side generates entangled photon pairs. 
(B) The bottom side offers reference lasers for polarization control process and freespace 
channel testing. Two lasers with wavelength around 810 nm are polarized at 0 and 45-
degree, respectively. Both laser beams are split on a beam splitter (BS) and combined 
with the entangled-photon beams by two pairs of prism. HWP, half-wave plate; QWP, 
quarter-wave plate; BS, beam splitter;  PBS, polarizing beam splitter; DM, dichroic 
mirror; PI, piezo steering mirror; PPKTP, periodically poled KTiOPO4. 
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Fig. 1. Schematic of the spaceborne entangled-photon source and its in-orbit performance.
(A) The thickness of the KTiOPO4 (PPKTP) crystal is 15 mm. A pair of off-axis concave mirrors focus
the pump laser (PL) in the center of the PPKTP crystal. At the output of the Sagnac interferometer,
two dichromatic mirrors (DMs) and long-pass filters are used to separate the signal photons from
the pump laser. Two additional electrically driven piezo steering mirrors (PIs), remotely controllable
on the ground, are used for fine adjustment of the beam-pointing for an optimal collection efficiency
into the single-mode fibers. QWP, quarter-wave plate; HWP, half-wave plate; PBS, polarizing beam
splitter. (B) The two-photon correlation curves measured on-satellite by sampling 1% of each path of
the entangled photons. The count rate measured from the overall 0.01% sampling is about 590 Hz,
from which we can estimate the source brightness of 5.9 MHz.
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“Third Place” Projects
• "Portable, Lightweight Computer with Augmented Reality Glasses” 

• "Safe All-Scenario Shooting Range System using Virtual Reality” 

• These two start-up ideas combine the latest advancements in virtual display 
technology to simplify the portable computer or to provide law enforcement, security, 
and military officials safe training opportunities with augmented reality. Because 
companies already exist in these areas, we need to differentiate the proposed 
products from others and determine how our product meets market needs. 
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Another Round of “Selection”

• Cost and Market: What is the cost window for the expected market? 

• Technical Implementation: How should it work? What needs to be developed, 
tested, and shown to customers? 

• Due Diligence: What is the state of the art? Who are competitors? 
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Working Together — Combining Markets — Developing  
Common Platform for Multiple Users

?
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Working Together — Combining Markets — Developing  
Common Platform for Multiple Users
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Working Together — Combining Markets — Developing  
Common Platform for Multiple Users

https://www.monnit.com
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