
From: Nam, Sae Woo (Fed)
To: Migdall, Alan L. Dr. (Fed); Slattery, Oliver T. (Fed)
Cc: Polyakov, Sergey V. (Fed); Miller, Carl A. (Fed); Battou, Abdella (Fed); Ma, Lijun (Fed); Boisvert, Ronald F. (Fed);

Tang, Xiao (Assoc); Marakkarakath Vadakkepurayil, Jabir (IntlAssoc); Sergey Polyakov
Subject: Re: version for submission to ITL...
Date: Tuesday, August 27, 2019 10:58:35 AM
Attachments: IMS_2021-v2_Ollie_AM_SN.docx

Hi all,
   I just made a couple of small comments.    Also, I think we should pitch this earlier for FY2020
unless there is a reason to wait until FY 2021.
 
Cheers,
SaeWoo
 

From: Alan Migdall <alan.migdall@nist.gov>
Date: Tuesday, August 27, 2019 at 8:02 AM
To: "Slattery, Oliver T. (Fed)" <oliver.slattery@nist.gov>
Cc: Sergey Polyakov <sergey.polyakov@nist.gov>, "Miller, Carl A. (Fed)"
<carl.miller@nist.gov>, Sae Nam <saewoo.nam@nist.gov>, "Battou, Abdella (Fed)"
<abdella.battou@nist.gov>, "Ma, Lijun (Fed)" <lijun.ma@nist.gov>, "Boisvert, Ronald F. (Fed)"
<boisvert@nist.gov>, "Tang, Xiao (Fed)" <xiao.tang@nist.gov>, "Marakkarakath
Vadakkepurayil, Jabir (IntlAssoc)" <jabir.marakkarakathvadakkepurayil@nist.gov>, Sergey
Polyakov <polyakov.sergey@gmail.com>
Subject: Re: version for submission to ITL...
 
I edited the first page, which I think is the latest version.
I included a comment about the challenge of photon counting detection speeds being much lower
than classical comm detectors. I think we should make some mention of that and how it is not a
show stopper.
 
Alan
 
 

From: "Slattery, Oliver T. (Fed)" <oliver.slattery@nist.gov>
Date: Tuesday, August 27, 2019 at 12:48 AM
To: "Slattery, Oliver T. (Fed)" <oliver.slattery@nist.gov>
Cc: "Polyakov, Sergey V. (Fed)" <sergey.polyakov@nist.gov>, "Miller, Carl A. (Fed)"
<carl.miller@nist.gov>, "Nam, Sae Woo (Fed)" <saewoo.nam@nist.gov>, "Battou, Abdella
(Fed)" <abdella.battou@nist.gov>, "Ma, Lijun (Fed)" <lijun.ma@nist.gov>, "Boisvert, Ronald F.
(Fed)" <boisvert@nist.gov>, "Tang, Xiao (Fed)" <xiao.tang@nist.gov>, "Migdall, Alan L. Dr.
(Fed)" <alan.migdall@nist.gov>, "Marakkarakath Vadakkepurayil, Jabir (IntlAssoc)"
<jabir.marakkarakathvadakkepurayil@nist.gov>, Sergey Polyakov
<polyakov.sergey@gmail.com>
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[bookmark: _Hlk1941556]Title: Quantum solution to the looming communication capacity crunch.

Champions: A. Battou (772), S. Polyakov, (684), Sae Woo Nam (686), C. Miller (773), O.  Slattery, L. Ma, X. Tang (771),…..  [PLEASE ADD NAMES FROM YOUR OWN GROUPS AS APPROPRIATE]. 



1.What is the problem?

Hundreds of exabytes of data are sent through the Internet monthly - and this grows exponentially as the number of networked devices reaches tens of billions. With While such an increase in data exchange rates comes requires exponential growth in the power and bandwidth requiredneeded.  Meanwhile, the underlying physical communication systems required such as fibers, detectors and data banks are being maxed out in their ability to transmit, store and detect data bits. Innovations – especially as innovations to increase their capability of the physical layer are becoming less and less effectiveproducing diminishing returns (or have essentially ceased decades ago for single link fiber transmission distances, for example). The consequence will soon be a ‘capacity crunch’ as these systems reach their physical limits. The current approach of simply adding more and more physical systems becomes untenable as the amount of energy, bandwidth and physical resources required to communicate scales with the amount of data and becomes cost prohibitive and environmentally detrimental.  Already, massive data centers have become resource sapping compounds located in cold climates to minimize cooling costswith their design and locations constrained by physical communication limits.  

2.What is the outcome of the proposed research?
A more fundamental and long-term approach to communication is needed that exploits the ‘quantum advantage’. We propose to develop a quantum receiver for the quantum-enabled measurement of classical information that will significantly optimize data exchange and through greatly improved resource efficiency. We will achieve measurement sensitivities beyond classical limits and enable total communication link (from encoding/transmission to detection/decoding) efficiencies orders of magnitude better than current state-of-the-art classical links. The outcome will be the emergence of “green” optical telecommunications that will meet the needs of the beyond-5G multi-billion device internet of the future. 	Comment by Nam, Sae Woo (Fed): I think we need to elaborate what we mean by “resource” and “energy”.   I think we should be clear that we easily are more efficient thatn conventional techniques when we only count “photons” used in the link.   And, we believe that we are more efficient when we include the entire power/energy budget used to create, encode, transmit, detect, and decode.


3.What new competence will be developed that supports NIST mission?
The essence of this project is to study and exploit the physicality of communications and its relation to physical measurement – to understand remember that communication is a measurement science problem. We will expand NIST’s extensive experience in quantum information science, quantum measurement science and single single-photon detector expertise to achieve fast quantum detection comparable with state-of-the-art classical receivers. We Key to this will developing novel quantum encoding and decoding schemes that are optimized for the quantum receiver. In addition, we will develop new competence in the link between communication and physical resource use. We will enable NIST to become a pioneer and leader in resource efficient and environmentally friendly ‘green’ telecommunications. This project will compliment ITL’s quantum algorithmic, quantum communication and quantum networking efforts.

4.Explain how this is a high risk, high reward research.

Our background research shows that by exploiting the quantum advantage for measurement of faint classical light signals, we can improve the total communication link efficiency by orders of magnitude. However, there remains very significant technological challenges and risks. Specifically, we have derived a conceptually new quantum receiver to yield error-reduction below longstanding classical limits with further significant optimizations theoretically attainable. However, at present there is no known encoding or decoding scheme to achieve that. (Is that so soft so as to be not-correct?). Getting that recipe right can break current classical barriers for communication efficiency.  	Comment by Migdall, Alan L. Dr. (Fed): Should there be a mention of the challenge of developing very fast photon counting detectors to make this a real competitor with classical systems? My concern is that classical systems use 40 to 100 GHz rates, while photon counting detectors max out at 0.2 Gcps. This should be acknowledged somehow.	Comment by Nam, Sae Woo (Fed): Yes, a single pixel would max at 0.2 Gcps, but perhaps, we can co-add  100’s to get to the high count rate.



5.How will other NIST researchers, NIST customers, the scientific community and society benefit substantially from the achievements of this project? 
The successful completion of this proposal will lead to significant – up to three orders – energy savings compared to today’s state of the art commercially available optical networks used by billions of people, thus making quantum technology available to the masses! The resulting receiver technology can be used in a NIST quantum network testbed (as envisioned by the National Quantum Initiative (NQI)) to accelerate NIST quantum network and quantum device field testing.  






Title: Quantum -solves the looming [classical?] communication  capacity crunch.

enabled resource-efficient telecommunications

Champions: A. Battou (772), S. Polyakov (684), Sae Woo Nam (686), C. Miller (773), O.  Slattery(77?),  L. Ma(77?)

1.What is the problem?

Hundreds of exabytes of data are sent through the Internet monthly and the demand grows exponentially. Meanwhile, the number of devices connected to the Internet will be well over three times the global population by 2022. With such an increase in data exchange rates comes massive growth in power and bandwidth usage, creating the need to optimize data exchange through quantum measurements of classical (and quantum) signals. However, current classical networks use noisy amplification which makes quantum measurements impossible/impractical. We propose quantum measurement enabled (classical/quantum) networks that do not require amplification by leveraging quantum receiver technology and we propose to build a network in which classical and quantum channels can coexist, be characterized (using quantum metrics) and be optimized. 

The amount of data communicated in the world is relentlessly increasing exponentially. At the same time, the transmission capacity of physical channels (e.g. fibers, wireless etc.) are not limitless. The effectiveness of innovative new technologies to increase the data capacity of physical channels has essentially plateaued (is that true?). Once the and are approaching a ‘capacity crunch’ – in which they will physically be unable to carry more data. This is exasperated by the fact that innovative new technologies to increase physical capacities have essentially been exhausted. Communications beyond the ‘capacity crunch’ is  , the resource (energy and bandwidth) efficiency per communicated bit becomes of paramount importance. Each bit of data requires a certain amount of real energy and real bandwidth to be communicated.  Current classical technology is approaching its channel limits and is set to become a bottleneck for further innovation in what is called the classical ‘capacity crunch’.

, a new approach to communication is needed that exploits the ‘quantum advantage’. We propose to develop a quantum-enabled measurement of classical information that will significantly advance resource efficiency. We will achieve quantum-enabled measurement sensitivities beyond classical limits and enable total communication link efficiencies three orders of magnitude better than current state-of-the-art classical links - “green” optical telecommunications that will meet the needs of the multi-billion device IoT.





2.What is the outcome of the proposed research?

We propose to demonstrate a quantum-enabled link technology that will have a major impact on resource efficiency and accelerate “green” telecommunications. Resource efficiency per communicated bit will have the paramount significance for proliferation of the Internet, energy efficiency of databanks and improved deep space communications. If partially successful, our effort will enable classical communication with extremely faint energy requirement at the receiver (in the order of 10^19 J/bit). This means that the problem of heavy attenuation of long-distance fiber links can be solved without the need for amplification by using conventional transmitters and quantum receivers. In addition, the bandwidth occupied by such a link will be greater than 2 times narrower than that of a conventional frequency keying of frequency-multiplexed arrangement. If our endeavor is fully successful, the quantum measurement of a highly depleted classical signal will break the heterodyne Shannon Channel Capacity limit, a nearly century-old law that governs all communications to this day.

Solution = Encoding /and measurement in the quantum domain

Impact/outcome = energy efficiency / green ,  in tune to future quantum computation, solving the capacity crunch to accommodate the billion device  and 5G,  graphs Internet growth / energy consumption, 

Information needs physical embodiement ; communication requires a physical measurement  communication is a measurement science problem

Quantum properties 

3.What new competence will be developed that supports NIST mission?

We will combine NIST’s extensive experience in quantum information science, quantum measurement science and  single photon detector technology development (e.g. NIST’s SNSPD technology) to enable fast quantum detection comparable with state of the art classical receivers. In addition, we will formulate the technical requirements for the co-existence of classical and quantum information in a reconfigurable all-purpose classical/quantum network for optimization measurements. We will integrate this technology into the NIST’s existing Platform for Network Innovation (PNI) to provide a quantum testbed for field-testing novel protocols, network configurations and devices (including quantum-only devices) as well as performing quantum/classical data coexistence research, and further innovations.

Bringing quantum measurement capabilities into the classical communication field, for the masses,

Adding to/complementing   the quantum algorithmic effort in ITL

PQNI

Competence: NIST becoming ‘experts’ on the physicality (i.e. real consequence/impact) of a data measurement and data/communication generally (“communications = measurement”).  



4.Explain how this is a high risk, high reward research.

Our current research results show that legacy classical keyings are not optimal for quantum receivers and we derive a keying family that uses channel resources more optimally. We came up with a conceptually new quantum receiver technology that should yield error-reduction below the classical means.  Theoretically, further significant optimizations in quantum measurement are attainable, although at present there is no technological recipe to achieve that. Additional research is also needed with SNSPD technology to reach data rates comparable with state-of-the art classical links. 



5.How will other NIST researchers, NIST customers, the scientific community and society benefit substantially from the achievements of this project? 

The successful completion of this proposal may lead to significant – up to three orders –energy savings compared to today’s state of the art commercially available optical networks used by billions of people, thus making quantum technology truly successful! To compare, the invention of blue laser diodes (a noble prize of 2014) will lead to a factor of 5 in energy savings for lighting around the globe. Allowing quantum/classical coexistence on NIST’s current PNI will accelerate NIST quantum network and quantum device field testing.  



Subject: RE: version for submission to ITL...
 
Hi:
 
So I had a go at this as attached. The cleaned up 1-page effort is on top and the partially edited older
version (with notes from last week’s meeting) is in the pages that follow. I tried to incorporate these
ideas into the 1-pager text. We should add champions as appropriate (each group should do their
own I guess).
 
Thanks
Ollie S.  
 
From: Sergey Polyakov <polyakov.sergey@gmail.com> 
Sent: Tuesday, August 20, 2019 9:28 PM
To: Migdall, Alan L. Dr. (Fed) <alan.migdall@nist.gov>
Cc: Slattery, Oliver T. (Fed) <oliver.slattery@nist.gov>; Polyakov, Sergey V. (Fed)
<sergey.polyakov@nist.gov>; Miller, Carl A. (Fed) <carl.miller@nist.gov>; Nam, Sae Woo (Fed)
<saewoo.nam@nist.gov>; Battou, Abdella (Fed) <abdella.battou@nist.gov>; Ma, Lijun (Fed)
<lijun.ma@nist.gov>; Boisvert, Ronald F. (Fed) <boisvert@nist.gov>
Subject: Re: version for submission to ITL...
 
Cool, thanks! 
 
Maybe we could take some of the wording from these publications and enhance our one-pager. 
 
On Tue, Aug 20, 2019, 3:31 PM Migdall, Alan L. Dr. (Fed) <alan.migdall@nist.gov> wrote:

Maybe useful graphics/data
 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4733922/

 

mailto:alan.migdall@nist.gov
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Farticles%2FPMC4733922%2F&data=02%7C01%7Coliver.slattery%40nist.gov%7C8cc85892e8264521a91308d725d6d6ed%7C2ab5d82fd8fa4797a93e054655c61dec%7C1%7C0%7C637019476974860302&sdata=jg4f2QY2ApHLNBzVPHxxONNDfl8uMrdVWBPPKXsQ5wI%3D&reserved=0


optical comm roadmap
Has graph (Fig 1) rolling over showing classical mode capacities are saturating
https://iopscience.iop.org/article/10.1088/2040-8978/18/6/063002/pdf

 
Growth of IOT
https://www.ericsson.com/en/mobility-report/internet-of-things-forecast

 

From: "Slattery, Oliver T. (Fed)" <oliver.slattery@nist.gov>
Date: Tuesday, August 20, 2019 at 2:03 PM
To: Sergey Polyakov <polyakov.sergey@gmail.com>
Cc: "Polyakov, Sergey V. (Fed)" <sergey.polyakov@nist.gov>, "Miller, Carl A. (Fed)"
<carl.miller@nist.gov>, "Nam, Sae Woo (Fed)" <saewoo.nam@nist.gov>, "Battou, Abdella
(Fed)" <abdella.battou@nist.gov>, "Migdall, Alan L. Dr. (Fed)" <alan.migdall@nist.gov>,
"Ma, Lijun (Fed)" <lijun.ma@nist.gov>, "Boisvert, Ronald F. (Fed)" <boisvert@nist.gov>
Subject: RE: version for submission to ITL...
 
OK, no problem.
 
Thanks

https://iopscience.iop.org/article/10.1088/2040-8978/18/6/063002/pdf
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ericsson.com%2Fen%2Fmobility-report%2Finternet-of-things-forecast&data=02%7C01%7Coliver.slattery%40nist.gov%7C8cc85892e8264521a91308d725d6d6ed%7C2ab5d82fd8fa4797a93e054655c61dec%7C1%7C0%7C637019476974870292&sdata=N9C2P7SpPOOtAsIgaSgqcPlCbDBhnOyVJubzyqgC8qA%3D&reserved=0
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Ollie S
 
From: Sergey Polyakov <polyakov.sergey@gmail.com> 
Sent: Tuesday, August 20, 2019 1:59 PM
To: Slattery, Oliver T. (Fed) <oliver.slattery@nist.gov>
Cc: Polyakov, Sergey V. (Fed) <sergey.polyakov@nist.gov>; Miller, Carl A. (Fed)
<carl.miller@nist.gov>; Nam, Sae Woo (Fed) <saewoo.nam@nist.gov>; Battou, Abdella (Fed)
<abdella.battou@nist.gov>; Migdall, Alan L. Dr. (Fed) <alan.migdall@nist.gov>; Ma, Lijun (Fed)
<lijun.ma@nist.gov>; Boisvert, Ronald F. (Fed) <boisvert@nist.gov>
Subject: Re: version for submission to ITL...
 
Im running a bit late with the previous meeting. See you soon. I'll be there at 2:10 or earlier.
 
On Fri, Mar 22, 2019, 5:35 PM Slattery, Oliver T. (Fed) <oliver.slattery@nist.gov> wrote:

Hi Guys,
 
attached is the submitting version. I suggest it is 98.01% ready – so exceeding our target.
 
Abdella, please go ahead and submit.
 
Thanks
Ollie S.  
 

From: Polyakov, Sergey V. (Fed) <spoly@nist.gov> 
Sent: Friday, March 22, 2019 4:42 PM
To: Slattery, Oliver T. (Fed) <oliver.slattery@nist.gov>; Miller, Carl A. (Fed)
<carl.miller@nist.gov>; Polyakov, Sergey V. (Fed) <sergey.polyakov@nist.gov>; Nam, Sae Woo
(Fed) <saewoo.nam@nist.gov>; Battou, Abdella (Fed) <abdella.battou@nist.gov>; Migdall, Alan
L. Dr. (Fed) <alan.migdall@nist.gov>; Polyakov, Sergey V. <polyakov.sergey@gmail.com>; Ma,
Lijun (Fed) <lijun.ma@nist.gov>; Boisvert, Ronald F. (Fed) <boisvert@nist.gov>
Subject: Re: Latest updates
 

Oliver:

A reference for classical decoding with a known error estimate is any reference to "turbo
code".

https://en.wikipedia.org/wiki/Turbo_code

If you need a more prestigious reference, it would be nearly any textbook on
communication, Abdella could probably give you a textbook reference without thinking
too long. For me, I would need to dig up a bit.

A reference for quantum memory for state discrimination could be

https://arxiv.org/abs/quant-ph/0608014
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Best,

Sergey.

On 3/22/2019 2:45 PM, Slattery, Oliver T. (Fed) wrote:

Room b345 – next door to where we were yesterday.
 
Thanks
Ollie S.
 

From: Slattery, Oliver T. (Fed) 
Sent: Friday, March 22, 2019 2:03 PM
To: Miller, Carl A. (Fed) <carl.miller@nist.gov>; Polyakov, Sergey V. (Fed)
<sergey.polyakov@nist.gov>; Nam, Sae Woo (Fed) <saewoo.nam@nist.gov>;
Polyakov, Sergey V. (Fed) <sergey.polyakov@nist.gov>; Battou, Abdella (Fed)
<abdella.battou@nist.gov>; Migdall, Alan L. Dr. (Fed) <alan.migdall@nist.gov>;
Polyakov, Sergey V. <polyakov.sergey@gmail.com>; Ma, Lijun (Fed)
<lijun.ma@nist.gov>; Boisvert, Ronald F. (Fed) <boisvert@nist.gov>
Subject: Latest updates
 
So, the main changes in this version is answering SaeWoos comments; wording for
the footnote, and reworking some other text pieces.
 
To do:
Budget,
Add final two refs
Consider Go/No Go ‘measurables’.
 
Thanks
Ollie S.
 

From: Miller, Carl A. (Fed) 
Sent: Friday, March 22, 2019 1:33 PM
To: Polyakov, Sergey V. (Fed) <sergey.polyakov@nist.gov>; Nam, Sae Woo (Fed)
<saewoo.nam@nist.gov>; Slattery, Oliver T. (Fed) <oliver.slattery@nist.gov>;
Polyakov, Sergey V. (Fed) <sergey.polyakov@nist.gov>; Battou, Abdella (Fed)
<abdella.battou@nist.gov>; Migdall, Alan L. Dr. (Fed) <alan.migdall@nist.gov>;
Polyakov, Sergey V. <polyakov.sergey@gmail.com>; Ma, Lijun (Fed)
<lijun.ma@nist.gov>; Boisvert, Ronald F. (Fed) <boisvert@nist.gov>
Subject: Re: Budget
 
Hi all –
 
For the budget: It would be great if we can include money for me to support a
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grad student at QuICS (who could do some related theory work).  I’ve had good
success with this before – my student Honghao Fu worked on theory related to
the NIST randomness beacon (a former IMS project) and he co-authored two
important papers.  The cost to support him was about $75k a year, I think.  (I don’t
know if this kind of thing is already covered under “NIST associates.”)
 
I unfortunately can’t make the meeting because I’m at QuICS, but I can answer
questions over e-mail.  Thanks for all your work!
 
  -Carl
 
—————
Carl A. Miller
Mathematician, Computer Security Division
National Institute of Standards and Technology
Gaithersburg, MD
 
 
 

From: "Polyakov, Sergey V. (Fed)" <spoly@nist.gov>
Date: Thursday, March 21, 2019 at 5:21 PM
To: Sae Woo Nam <saewoo.nam@nist.gov>, "Slattery, Oliver T. (Fed)"
<oliver.slattery@nist.gov>, "Polyakov, Sergey V. (Fed)"
<sergey.polyakov@nist.gov>, "Battou, Abdella (Fed)"
<abdella.battou@nist.gov>, "Migdall, Alan L. Dr. (Fed)"
<alan.migdall@nist.gov>, "Polyakov, Sergey V."
<polyakov.sergey@gmail.com>, "Ma, Lijun (Fed)" <lijun.ma@nist.gov>,
"Miller, Carl A. (Fed)" <carl.miller@nist.gov>, "Boisvert, Ronald F. (Fed)"
<boisvert@nist.gov>
Subject: Budget
 

All:

Please find my first stub at budget. I tried to keep it under $1M for STRS,
and, hopefully, it is realistic.

I saw that some other successful IMS proposals aim for even more money
($1.2M in strs PLUS IE), for instance CTL's quantum networking. So we
might want some guidance on this from the ITL management.

One issue I see already. First, It seems that PML gets the lion share of IE
money. This may be looked down upon by the ITL folks. If there is a way to
rewrite this on a later stage, maybe we should pit this IE under 771  or 772
for now?
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For the more experienced folks: this is my first carefully thought of IMS
budget. If something seems unfair in the budget, chances are that I
miscalculated something, and it was not intentional. Feel free to correct.

Thanks,

Sergey.

 

On 3/21/2019 3:05 PM, Nam, Sae Woo (Fed) wrote:

I can’t be there…
 
Regarding:
fundamental bounds are known already for most of these
combinations. Perhaps, we wanted to work on understanding
"practical" bounds..
 
My thoughts:
Yes, fundamentals are known… I think they need explaining clearly to
naïve audience.
 
SaeWoo
 

From: "Slattery, Oliver T. (Fed)" <oliver.slattery@nist.gov>
Date: Thursday, March 21, 2019 at 9:29 AM
To: Sergey Polyakov <sergey.polyakov@nist.gov>, "Battou,
Abdella (Fed)" <abdella.battou@nist.gov>, Sergey Polyakov
<sergey.polyakov@nist.gov>, Sae Nam <saewoo.nam@nist.gov>,
Alan Migdall <alan.migdall@nist.gov>, "Polyakov, Sergey V."
<polyakov.sergey@gmail.com>, "Ma, Lijun (Fed)"
<lijun.ma@nist.gov>, "Miller, Carl A. (Fed)"
<carl.miller@nist.gov>, "Boisvert, Ronald F. (Fed)"
<boisvert@nist.gov>
Subject: RE: Rough draft of a 4-pager
 
Room 222/B341 from 2:30-3:30 this afternoon.
 
Whoever is available, please let us know so that we do not wait to
get started. I assume there is a phone there but I will check.
 
Thanks
Ollie S.
 

From: Polyakov, Sergey V. (Fed) <spoly@nist.gov> 
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Sent: Thursday, March 21, 2019 11:14 AM
To: Battou, Abdella (Fed) <abdella.battou@nist.gov>; Polyakov,
Sergey V. (Fed) <sergey.polyakov@nist.gov>; Nam, Sae Woo (Fed)
<saewoo.nam@nist.gov>; Slattery, Oliver T. (Fed)
<oliver.slattery@nist.gov>; Migdall, Alan L. Dr. (Fed)
<alan.migdall@nist.gov>; Polyakov, Sergey V.
<polyakov.sergey@gmail.com>; Ma, Lijun (Fed) <lijun.ma@nist.gov>;
Miller, Carl A. (Fed) <carl.miller@nist.gov>; Boisvert, Ronald F. (Fed)
<boisvert@nist.gov>
Subject: Re: Rough draft of a 4-pager
 

Abdella: Sae Woo's formula is a correct statement of Shannon
capacity. At issue is where N comes from. In our case with a
noiseless channel, N is noise due to classical measurement - aka
shot noise.

 

On 3/21/2019 11:09 AM, Battou, Abdella (Fed) wrote:

I believe he is referring to the Nyquist capacity  :
C = 2B*log2M  M number of symbols.
 
 

From: Polyakov, Sergey V. (Fed) <spoly@nist.gov> 
Sent: Thursday, March 21, 2019 11:07 AM
To: Nam, Sae Woo (Fed) <saewoo.nam@nist.gov>;
Slattery, Oliver T. (Fed) <oliver.slattery@nist.gov>;
Polyakov, Sergey V. (Fed) <sergey.polyakov@nist.gov>;
Migdall, Alan L. Dr. (Fed) <alan.migdall@nist.gov>;
Polyakov, Sergey V. <polyakov.sergey@gmail.com>;
Battou, Abdella (Fed) <abdella.battou@nist.gov>; Ma,
Lijun (Fed) <lijun.ma@nist.gov>; Miller, Carl A. (Fed)
<carl.miller@nist.gov>; Boisvert, Ronald F. (Fed)
<boisvert@nist.gov>
Subject: Re: Rough draft of a 4-pager
 

Sae Woo, than you for your comments!

 

I don’t understand how there is a bound
to the Shannon channel capacity in a
“noiseless” channel.   I am not sure what
was trying to be stated.
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I agree, we need to say that all the noise comes from
the otherwise ideal classical measurement (i.e. shot
noise).

 
<2ns recovery time for the
superconducting detectors may not be
possible.   But, I am fine with going for
this.

I thought that if the short nanowire is placed onto a
waveguide, this could result in very short deadtimes,
but maybe it is too naive.

 
It is too late now, but if we go further, I
think we should consider restructuring the
explanation by looking at the different
scenarios for transmitter, channel, and
receiver.  Each of those could be quantum
or classical, so there are 8 combinations.
  Understanding the fundamental limit for
each scenario would be useful (the
purpose of this IMS).

We have stated that there are "several" combinations
where transmitter/channel/receiver can be
independently classical or quantum, giving several
scenarios to go with. We also implied that we will
chose the quantum/classical layout that works best
for our link. Given that there was this thought
behind writing, It will be easy to emphasize that
understanding of limits would be useful. I am not
sure what do you mean by "fundamental". I thought
that theoretical fundamental bounds are known
already for most of these combinations. Perhaps, we
wanted to work on understanding "practical"
bounds?

Please comment.



Sergey.

 

 

 
SaeWoo
 

From: "Slattery, Oliver T. (Fed)"
<oliver.slattery@nist.gov>
Date: Wednesday, March 20, 2019 at
9:58 PM
To: Sergey Polyakov
<sergey.polyakov@nist.gov>, Alan
Migdall <alan.migdall@nist.gov>,
"Polyakov, Sergey V."
<polyakov.sergey@gmail.com>,
"Battou, Abdella (Fed)"
<abdella.battou@nist.gov>, "Ma, Lijun
(Fed)" <lijun.ma@nist.gov>, "Miller,
Carl A. (Fed)" <carl.miller@nist.gov>,
Sae Nam <saewoo.nam@nist.gov>,
"Boisvert, Ronald F. (Fed)"
<boisvert@nist.gov>
Subject: RE: Rough draft of a 4-pager
 
Hi All,
Attached is the latest version of the 4-
page proposal. The editing was getting
very unwieldy so I cleaned it up – but if
you need to compare with the previous
version, those edits/notes are included at
the end of the document.
 
To do:

Any further editing (we have about
3 lines available over the total first
three pages and nothing on the last
page). If we add any more content, I
suggest we use it to further
emphasize the high risk.
Update the last few references – I
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can do that tomorrow.
Finalize the footnote as per our
discussion today – it is tricky
wording to keep it concise and clear
and I am not able to think about it
now. I can discuss with Sergey in
the morning.
Money and resources – it is a hard
task, but we can build on the
beginning we had this morning.  

 
Thanks
Ollie S.
 
 

From: Polyakov, Sergey V. (Fed)
<spoly@nist.gov> 
Sent: Wednesday, March 20, 2019 6:00
PM
To: Slattery, Oliver T. (Fed)
<oliver.slattery@nist.gov>; Migdall, Alan L.
Dr. (Fed) <alan.migdall@nist.gov>;
Polyakov, Sergey V.
<polyakov.sergey@gmail.com>; Battou,
Abdella (Fed) <abdella.battou@nist.gov>;
Ma, Lijun (Fed) <lijun.ma@nist.gov>;
Miller, Carl A. (Fed)
<carl.miller@nist.gov>; Nam, Sae Woo
(Fed) <saewoo.nam@nist.gov>
Subject: Re: Rough draft of a 4-pager
 

All:

Here is a new picture, and a go/no go,
high risk tables. I am not sure if we
should use the high risk table though.

Sergey.

On 3/20/2019 12:45 PM, Polyakov, Sergey
V. (Fed) wrote:

Sae Woo,

We wonder if you are OK
with the text about detector
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improvement in the
technical plan. For
reference, I copied it to the
bottom of this email. Also,
how much money would
you need to work on your
part?

Oliver is currently going
through the text to make it
read better after we spent
2.5 hours on sentence-to-
sentence sharpening the
proposal. We hope to come
up with a fresh, nearly final
4-page proposal by
tomorrow. If you have time
to go through the raw 4-
pager, and want to
change/influence the
general direction of the
document, please let it be
known now. Otherwise,
feel free to comment until
the deadline (Friday COB).

Thanks,

Sergey.

 

Development of fast
superconducting
detectors. The
superconducting nanowire
detector technology
developed by NIST is
mature enough to support
most proof-of-principle
experiments. To aid
deployment of this
quantum technology
beyond proof of principle,
high photon detection rates
and fast processing times
are required. We will
develop low-latency
(<1ns), low jitter (<10ps),
low dead-time (<2ns)
detectors with near-unity



detection efficiency. We
will also investigate
integrated receivers with
manipulation and detection
of the optical signal on a
single chip. This effort will
increase data rates of
quantum-enabled links
towards the state-of-the-art
classical links
[MALD(1]         and aid in
adopting quantum
technology in practical
communications.

On 3/20/2019 9:42 AM,
Slattery, Oliver T. (Fed)
wrote:

222/ A216 at 10
am.
 
Thanks
Ollie S.
 
 
 

From: Slattery,
Oliver T. (Fed) 
Sent:
Wednesday,
March 20, 2019
12:35 AM
To: Migdall,
Alan L. Dr. (Fed)
<alan.migdall@nist.gov>;
Polyakov,
Sergey V. (Fed)
<sergey.polyakov@nist.gov>;
Battou, Abdella
(Fed)
<abdella.battou@nist.gov>;
Ma, Lijun (Fed)
<lijun.ma@nist.gov>;
Miller, Carl A.
(Fed)
<carl.miller@nist.gov>;
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Nam, Sae Woo
(Fed)
<saewoo.nam@nist.gov>;
Slattery, Oliver
T. (Fed)
<oliver.slattery@nist.gov>
Subject: Re:
Rough draft of a
4-pager
 
I am attaching
my first round
of edits and
comments. I
started with
Alan's edited
version.
Looking
forward to the
meeting
tomorrow. I
will try to
arrange a
room for an
hour or an
hour and a half
in the
morning.
 
thanks
Ollie S.
 

From: Migdall,
Alan L. Dr. (Fed)
Sent: Tuesday,
March 19, 2019
6:45 PM
To: Polyakov,
Sergey V. (Fed);
Battou, Abdella
(Fed); Slattery,
Oliver T. (Fed);
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Ma, Lijun (Fed);
Miller, Carl A.
(Fed); Nam, Sae
Woo (Fed)
Subject: Re:
Rough draft of a
4-pager
 
My edits and
comments are
attached.

Alan

On 3/19/19,
10:49 AM,
"Polyakov,
Sergey V. (Fed)"
<spoly@nist.gov>
wrote:

    Dear all,
    
    
    attached is a
first (very
rough) draft of
the 4-pager. It
would be great 
    if you provide
detailed
comments. Last
time, Oliver was
very effective 
    in translating
my text to a
more readable,
more high-level
text. If 
    Oliver or
someone else
wants to take
upon this task, I
am available all 
    day today to

mailto:spoly@nist.gov


meet/help. In
the meantime, I
will make a
better graphics 
    for Fig 1,
showing
graphically our
go/no go and
desired "green" 
   
communications
region.
    
    We probably
should have a
meeting
tomorrow
morning (10AM
EST) to discuss 
    all proposed
edits and
finalize the
draft.
    
    
    Sergey.
    
    
    -- 
    Dr. Sergey
Polyakov,
    
    Physicist,
    Quantum
Measurement
Division, Physics
Measurement
Laboratory,
    National
Institute of
Standards and
Technology
    and
    Adjunct
Associate



Professor,
    Department
of Physics,
    University of
Maryland,
College Park
    
    Ph.: 301-975-
8473
    Fax: 301-990-
1350
    
 

-- 
Dr. Sergey Polyakov,
 
Physicist,
Quantum Measurement Division, Physics 
Measurement Laboratory,
National Institute of Standards and 
Technology
and
Adjunct Associate Professor,
Department of Physics,
University of Maryland, College Park
 
Ph.: 301-975-8473
Fax: 301-990-1350
 
Program Chair: Conference on Lasers and 
Electro-Optics (CLEO 2019) 
San Jose, CA, USA May 5 – 10. 
www.cleoconference.org

-- 
Dr. Sergey Polyakov,
 
Physicist,
Quantum Measurement Division, Physics Measurement 
Laboratory,
National Institute of Standards and Technology
and
Adjunct Associate Professor,
Department of Physics,
University of Maryland, College Park
 
Ph.: 301-975-8473
Fax: 301-990-1350
 
Program Chair: Conference on Lasers and Electro-
Optics (CLEO 2019) 
San Jose, CA, USA May 5 – 10. 
www.cleoconference.org

-- 
Dr. Sergey Polyakov,
 
Physicist,
Quantum Measurement Division, Physics Measurement Laboratory,
National Institute of Standards and Technology
and
Adjunct Associate Professor,
Department of Physics,
University of Maryland, College Park
 
Ph.: 301-975-8473
Fax: 301-990-1350
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Program Chair: Conference on Lasers and Electro-Optics (CLEO 
2019) 
San Jose, CA, USA May 5 – 10. 
www.cleoconference.org

-- 
Dr. Sergey Polyakov,
 
Physicist,
Quantum Measurement Division, Physics Measurement Laboratory,
National Institute of Standards and Technology
and
Adjunct Associate Professor,
Department of Physics,
University of Maryland, College Park
 
Ph.: 301-975-8473
Fax: 301-990-1350
 
Program Chair: Conference on Lasers and Electro-Optics (CLEO 2019) 
San Jose, CA, USA May 5 – 10. 
www.cleoconference.org
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