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A Renaissance in Specialized Computing 
1. Quantum Computing

2. AI: perception, generative, agentic

3. Physical AI 

Nvidia GTC, 2025
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Photonics at the forefront 

Nvidia GTC, 2025



Scalable qubit systems (103-106)
.. in solids 

.. or vacuum (with CUA: Vuletic, 
Greiner, Lukin)

Sn

M Bhaskar et al, Nature 2020; 
N. Wan et al, Nature 2021; PRL 
2022, PRX 2022
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MIT research themes 

Semiconductor devices

L Li et al (with Prof Ruonan 
Han)

AI / machine learning 

Z. Chen,  Nature 
Photonics 
(2023)

C Panuski, Nature 
Photonics 2022

M Dong et al, Nature 
Photonics 2021

Full systems: quantum networks, 
AI, quantum sensors 

A. Sludds et al, Science 
(2023)

w. D Braje, MIT 
LL, M Trusheim 
MIT RLE & ARL

with Manya Ghobadi (CSAIL), MIT LL Grp 67, and Karl 
Berggren (EECS)

Theory & algorithms: physics, control 
theory, CS
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16 programmable beams, 10 GHz bandwidth 

Mod rate > 5 GHz,

Pulse area error σ< 1%

Low voltage (<3V)

Scalable >>16 channels

> 30 dB contrast

MIT QP + 
16-CH APIC lithium niobate on insulator3

3I. Christen et al, Nature Comm (2025)
H. Larocque, D. Vitullo, et al, 

10 B cavity modulators 
per wafer

4 C. Panuski et al, Nature Photonics (2022)
[CP awarded the 2022 Carl E. Anderson Division of Laser 
Science Dissertation Award]

2D Spatial Light Modulator in Si 
demonstrator (νmod~1GHz) 4

ns 
frames

48-ch ΕΟMs (νmod>30 GHz): 
A. Sludds et al, Science 378 (2022).

→ Lightium, Inc

PIC technology 
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M Saha, Y. Henry Wen, et al, arXiv https://arxiv.org/abs/2406.17662 (2025)

See also 
M Dong et. al, Nature Photonics (2021)
A Menssen  et. al. Optica (2023)  

- MIT-Sandia National Laboratory - MITRE - Harvard 
Separately: QuEra - SNL
- Process pioneered by Matt Eichenfield et al at Sandia NL 
Spin-off company in the works on PIC displays & sensors - Interested ? 

https://www.science.org/doi/10.1126/science.abq8271


MITRE team, 

PoC: Dr Henry Wen, MITRE 

Henry Wen <hwen@mitre.org>

M Saha, Y. H. Wen, A. Greenspon, M. Zimmerman, et al, 
https://arxiv.org/pdf/2406.17662



The challenge:

A bright, efficient, dime-sized, high-res display for 
each eye, in the frame of light-weight glasses

3000 
nits

12hr 
batt 4K ~8 MP

~1 cc
~1 gram



Most advanced research prototype

Result of >$10B R&D

Not mass producible

>$10,000 per unit cost

Large Field-of-View (70°)👍
Low resolution (13 PPD→0.39 MPix)👎  

Low Brightness (400 nits→indoor only)👎
Short battery (2-3hrs)👎
Requires: →8 MP for immersive

→3000 nits for outdoor

1414Case study: Meta Orion



Bright + efficient requires lasers



17State of art

Avegant 
(LED-LCoS)

VitreaLabs
(Laser-LCoS)

JDB 
Hummingbird

PlayNitride

PoroTech 

TriLite
Trixel 3 

MicroVision 
Hololens 2

Oqmented 
UltraLite

10hrs @ 
3000 nits

How many pixels for a given volume
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18Nanoelectromechanical PIC display
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Low voltage (<5V) requirement enables CMOS 
compatibility

Scan frequency > 4 KHz

<1 um pixel pitch

6.8M pixels per second per scanner

Scan
front-to-back

+

+

In-Phase

M Saha, Y. H. Wen, A. Greenspon, M. Zimmerman, et al, https://arxiv.org/pdf/2406.17662



20

Low voltage (<5V) requirement enables CMOS 
compatibility

Scan frequency > 8 KHz

<1 um pixel pitch

6.8M pixels per second per scanner

Scan side-to-side

+

–

Out-of-Phase

M Saha, Y. H. Wen, A. Greenspon, M. Zimmerman, et al, https://arxiv.org/pdf/2406.17662
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1 FRONT-BACK

Front-to-back movement

2 SIDE-TO-SIDE

Side-to-side movement

3 COMBINED

Arbitrary control

TECH DEMONSTRATION

M Saha, Y. H. Wen, A. Greenspon, M. Zimmerman, et al, https://arxiv.org/pdf/2406.17662



23FULL COLOR IMAGES

M Saha, Y. H. Wen, A. Greenspon, M. Zimmerman, et al, https://arxiv.org/pdf/2406.17662



24FULL COLOR VIDEO



30,000 
pixels

30,000 
Pixels

2 pixels

30,000 pixels
in the area of

M Saha, Y. H. Wen, A. Greenspon, M. Zimmerman, et al, https://arxiv.org/pdf/2406.17662



30,000 
pixels

30,000 
Pixels

2 pixels

30,000 pixels
in the area of

M Saha, Y. H. Wen, A. Greenspon, M. Zimmerman, et al, https://arxiv.org/pdf/2406.17662
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~250 Scanners 
→ 8 MP @ 2 𝜇m
    → 30 MP @ 1 𝜇m
        → >100 MP @ 0.5 𝜇m 

5 mm

5 mm

>1200 
chips/wafer

→ 
<$100/chip

SWARM: Scanning waveguide AR 
microdisplay 

M Saha, Y. H. Wen, A. Greenspon, M. Zimmerman, et al, https://arxiv.org/pdf/2406.17662



WHAT’S NEXT:
LAB TO DEVICE

FABRICATION UNIFORMITY

MICROLENS ARRAY DESIGN FOR 
ABERRATION COMPENSATION 

COUPLING OPTICS INTEGRATION

ELECTROMECHANICAL INTEGRATION 
INTO SMALL FORM FACTOR

CONTROL & SOFTWARE INTERFACE



Deep-Dive #2: 

Verifiable Measurements 

29https://arxiv.org/pdf/2510.13110
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Squeezed light generation and detection

image: M.J. Yu et al / Berkeley 

Interface Efficiencies:

● η1(2ω): Input coupling efficiency at pump wavelength (2ω ≈ 775 nm)
● η2(ω): Output coupling efficiency at signal wavelength (ω ≈ 1550 nm)

Cavity Parameters:

● κc(i): Coupling decay rate for ring i (Hz)
● κi(i): Intrinsic loss rate for ring i (Hz)
● μ(2ω): Inter-ring coupling rate at 2ω (Hz)
● ω0: Cavity resonance frequency (rad/s)

Material Properties:

● nω = 2.18: Refractive index at 1550 nm
● n2ω = 2.14: Refractive index at 775 nm
● deff = 19.5 pm/V: Effective nonlinear coefficient

A1: Single-Mode Operation

● All fields propagate in the fundamental TE mode.
● Scattering to higher-order modes is negligible.
● Justification: Mode overlap calculations indicate greater than 99% 

fundamental mode content.

A2: Lorentzian Resonance

● The cavity transmission exhibits a Lorentzian lineshape, valid for Q > 10^4 
(typical for TFLN rings).

● Mathematical Representation: T(ω) = κc^2 / ((ω - ω0)^2 + (κtot/2)^2)

A3: Time-Invariant Device (not currently the case → experiment upgrades + model 
upgrades). We want, but can’t have: Device parameters (κ, μ, ω0) remain constant 
during measurements; 



Digital twin: fitting the data with ambiguity 

● Refined fitting routine give is expressive enough -- but it’s not unique. 
●

S. Y. Ma / MIT
Berkeley team 
(measurements)

35



Digital twin: fitting the data with ambiguity 

● Different parameters can lead to the same fitting curve: ambiguity

Lorentzian fit: default symmetric fitting.
Fit 1: backscattering c = 0.0173, minor model |Ebg|<0.001.
Fit 2: backscattering c = 0.001, minor model |Ebg|~0.008, altered κ ~ 2%. 

Dispersive coupler

Cannot uncover ground truth in one measurement → Need to lift collinearity with 

fitting includes laser model + 
detector model + linear optics 

36
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Bidirectional nonlinear optical tomography (BNOT)

→ Conv. approach, (i), uses linear 

process to “degenerately” estimate 

interface efficiencies.

→ Particularly important for strongly 

squeezed light experiments (i.e., 

>16 dB).

→ A general calibration framework 

for nonlinear integrated optics. 

→ BNOT approach, (ii) and (iii), uses 

nonlinear process to 

“non-degenerately” estimate 

interface efficiencies.

arXiv:2510.13110

https://arxiv.org/abs/2510.13110
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Closed-Loop Architecture

M.J. Yu group, 
Berkeley

H. Wu et al, arXiv:2510.13110

https://arxiv.org/abs/2510.13110


Deep Learning on Wireless Networks:
Matching the Accuracy of Von Neumann Machines below 
Their Thermodynamic Limits
Sri Krishna Vadlamani, Kfir Sulimany, Zhihui Gao, Tingjun Chen, and Dirk 
Englund - arXiv:2504.1775

54

Disaggregated Deep Learning via In-Physics 
Computing at Radio Frequency
Zhihui Gao, Sri Krishna Vadlamani, Kfir Sulimany, Dirk Englund, 
and Tingjun Chen - arXiv:2505.09267



Dr. Zhizhen Zhong

Startup hiring (https://netpreme.com/)

Technology transitionBasic research 

https://lightmatte
r.co/

Machine Learning / AI 
acceleration
Founded 2017 

Industry, gov’t partnerships
Startups

physical 
objects

Authenticated, 
secure digital 

record

https://dustidentity.com/

.. with CUA team 
members Lukin, 
Greiner, Vuletic

2025

Quantum Network Technologies, Inc 

Quantum communications, 
interconnects, memories 
qunett.com

https://lightmatter.co/
https://lightmatter.co/products/envise/
https://lightmatter.co/products/envise/
https://dustidentity.com/
https://aws.amazon.com/blogs/quantum-computing/realizing-quantum-spin-liquid-phase-on-an-analog-hamiltonian-rydberg-simulator/
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answer a 

fKG(.)

 requirement / question q

minΘ C 

q = “I need photonic 
control system”

q =“Develop 
reconfigurable photonic 
link for AI acceleration”

Design system sΘ → 
target s(x) :

minΘ C= ||sΘ(x) - s(x)||

→ optimum a

Benchmarking 

sΘ =silicon 
photonic AI 
system PICsΘ = high-speed 

beam array projector 

From question to solution question to… 



What “generative design” may look like
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AI Agents
π (action | obs.) 
learned policies

Tools
Computational, 

Language, 
Simulation, ..

Experiments:
Learn from 
interaction 

with physical 
world

LLM 
Interpreter

(q ↔ x)

Knowledge: 
Representation & 

understanding

Problem q, constraints, 
practical knowledge

67

A possible solution is .. → 

we want 
interpretability & 
verifiability 



Example 1: math-grounded reasoning 

69



The Verification 
Gap

70

AI Agents
π (action | obs.) 
learned policies

Tools

Experim
ents

Inter-
action 

Knowledge

Leading LLM error rates of 
10-2 are much too high for 
science, math, engineering

OpenAI’s GPT5
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GPT5: “Nothing wrong in the derivation” ❌ 

Ax Prover: Verification failed  

>cs>arXiv:2510.12787v2 (2025)



AXIOMATIC FULL EQUATION CHECK
1. Ingest Patent
2. Extract All Mathematical Formulations → Symbolic Verification  
4. Symbolic Automatic Verification
5. Error Detection & Report 
UPSHOT:
Avoid legal challenge to patent 
Detected in 5 minutes by doing parallel and 
orchestrated calculations 

PATENT: 28,457 tokens

Concrete scenario: 
VVUQ of patent (100+ equations)



 
AX-Prover: A DEEP REASONING AGENTIC FRAMEWORK
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AI Agents
π (action | obs.) 
learned policies

Tools

Experim
ents

Inter-
action 

Knowledge

Axioamtic_AI + MIT team, arXiv:2510.12787  (2025)

 (2025)

Example of “basic” math (abstract algebra)

Example cryptography proof

Axiomatic_AI - MIT - ICFO



The Knowledge (Ingress) Gap
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understand, model

control, refine

DT

AI Agents
π (action | obs.) 
learned policies

Tools

Experim
ents

Interac
tion 

Knowledge

http://www.youtube.com/watch?v=O_h6y_sx44M


Cadence Virtuoso ADE Suite
MIT postdoc : “ I didn’t know about digital twin modeling before 
joining this project, i wish they’d teach that in grad school”

Quantum - extension to EDA 
 MIT postdoc: “Ansys is state of art but building models 
containing quantum physics was impossible.. [..] I ended up 
instead using python, then pytorch, .. and maybe eventually 
connect with to Ansys, Synopsis tools

78

>10 months

Reality



Example 1: Reading comprehension
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https://docs.google.com/file/d/1FnkimO_f9XGpxa_anF8GwH2ZI2Sy7gpE/preview


Photonic integrated circuit design, automated
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Opensource: https://github.com/JPPhotonics/PhIDO-Release
A Sharma, V Ansari, Y Fu, R Iyer, J Matres, T Tamas, O Akdeniz, D E , J Poon, OFC 2024; to be published;   

U. Toronto - Axiomatic_AI - 
GDSFactory -  MIT

https://docs.google.com/file/d/1s07A1L6EgsJ0YOrwmZ7jYBjhWjinlVhf/preview
https://github.com/JPPhotonics/PhIDO-Release


4. Experiments

89

AI Agents
π (action | obs.) 
learned policies

Tools

Experim
ents

Intera
ction 

Knowledge
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Owning the physical AI space

https://docs.google.com/file/d/173pgtRKpAesYW45gaODS9VzyDIPXcN6S/preview


Digital twins to make the physical world intelligible

 
● Infinite space for compiling computing into 

physics and control.

● Math-grounded AI can help us explore this space 
of deep computational design

95
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“To reach true AI, we need to build machines that learn 
models of the world in a self-supervised manner.”

Y. LeCun, “A Path Towards Autonomous Machine Intelligence” (2022)

The Verification Principle:
An AI system can create and maintain knowledge only to the extent that 
it can verify that knowledge itself.

Rich Sutton, “Verification: The Key to AI” (2002)


