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Blackbody Spectrum

(Nathan’s) Water Bottle Conjecture

Can water be used for advanced infrared vision sensing? 
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Biosystems exhibit remarkable (albeit not-fully-understood) solutions 
to the vision sensor challenge

Layered Architecture in State-of-the-Art Vision Sensors
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IR vision enhances normal vision

multi-step interpretation

very fast ~ 50 − 100 ms

Infrared Vision Sensing in the Pit Viper



detection mediated by 
TRPA1 ion channels

Gracheva et al. Nature (2010)
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• sensitive to temperature 
differences of < 0.002°C 

• ion channels must be > 27℃ 

Infrared Vision Sensing in the Pit Viper

Hardware optimization problem:
light detection 

vs. 
image resolution



Proposal: Biologically Informed Infrared Vision

Given such seemingly low-resolution imaging hardware,
and such little computational power consumption,

how does the viper vision system work so efficiently? 

A pit viper can see, decide, and strike at a distance of one foot in 70 ms.

In humans, it takes ~250 ms to respond to visual stimulus,
~170 ms to respond to audio stimulus,

~150 ms to respond to a touch stimulus.



Temperature Image Absolute Blackbodies

How would a biological sensor best absorb infrared light?

Water for Infrared Vision Sensing



Blackbody Spectrum

Water is an ideal IR absorber, except at the peak of the 
blackbody spectrum

Water for Infrared Vision Sensing
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Water for Infrared Vision Sensing



Is water the solution to the biological infrared vision problem?

Hypothesis: the viper IR vision system is utilizing the molecular 
rotation of water!

Water for Infrared Vision Sensing

water vapor 
transparency window

liquid water 
absorption peak



Given such seemingly low-resolution imaging hardware,
and such little computational power consumption,

how does the viper vision system work so efficiently? 

A pit viper can see, decide, and strike at a distance of one foot in 70 ms.

In humans, it takes 250 ms to respond to visual stimulus,
170 ms to respond to audio stimulus,

150 ms to respond to a touch stimulus.

Proposal: Biologically Informed Infrared Vision



multiple emitters → single detector----
----single emitter → multiple detectors

• Transformation matrix 𝑇𝛼
 𝛽

• Reconstruction:

  [image space]𝛽= 𝑅𝛼
 𝛽

[detector space]𝛽

Geometry of the pit organ

Clark et al. J Exp Bio (2022)Clark et al. J Exp Bio (2022)

Optimization problem:
light detection vs image resolution

Sichert et al. PRL (2006)

Lens-less Infrared Imaging 



Geometry of the pit organ
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Optimization problem:
light detection vs image resolution

Lens-less Infrared Imaging 
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At each point in space, we first calculate the heat distribution
on the membrane for a given heat distribution in space.

In only one computational step, we then use stochastic 
reconstruction to estimate the input image

from the measured response on the membrane.

Lens-less Infrared Imaging: Pinhole Camera 
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Lens-less Infrared Imaging 



Lens-less Infrared Imaging: Pinhole Camera 



40 mm aperture diameter 25 mm 10 mmdecreasing

Lens-less Infrared Imaging: Pinhole Camera 

A closed aperture (10 mm) reproduces the point source and rejects stray light, 
as expected from a pinhole camera



With a lens-less commercial IR photocell array, 
our protocol outperforms the imaging quality 

of the packaged device

Lens-less Infrared Imaging: Commercial Sensor 

With advanced sensors, can we do even better?



detection mediated by 
TRPA1 ion channels

Gracheva et al. Nature (2010)

membrane

outer cavity

inner cavity

aperture

• sensitive to temperature 
differences of < 0.002°C 

• ion channels must be > 27℃ 

Infrared Vision Sensing in the Pit Viper

Hardware optimization problem:
light detection 

vs. 
image resolution



Infrared Vision Sensing in the Pit Viper

The pit viper utilizes a fast, nanoscale temperature sensor with
sharp super-linear threshold behavior



FIG. 1. Schemat ic Diagram of the opt ics (A) A conceptual picture of the opt ical setup showing

all the major opt ical components. (B) A cross sect ional diagram of the opt ical setup and opt ical

cryostat detailing the opt ics coupling into the GRIN lens.

I I . SCA N N I N G BEA M OPT I CS

Our opt ics to combine the techniques of scanning beam microscopy and pump probe

measurements.8–10 A conceptual schematic of the opt ical system is shown in Figure 2A.

The light source is a MIRA 900 OPO ult rafast pulsed laser which generates a 150 fs pulse

with wavelength from 1150 nm to 1550 nm. The output of the laser is split on a 50/ 50

beamsplit ter into two paths and a translat ion stage is used to controllably int roduce a path

length di↵erence. The two beams are then combined and the path length di↵erence splits a

pulse from the laser into two pulses separated by a t ime delay, ∆ t.

The recombined beam is then fed into scanning beam opt ics which consists of a rotat ing

mirror and a system of two lenses that focus thebeam onto theback of an object ive lens. The

object ive lens is set at the focal length of the second lens such that as the scanning mirror

rotates thebeam isst ill focused onto thesameposit ion on theback of theobject , but arriving

3

Infrared Nanoscale Optoelectronics in the Gabor Labs



confocal lens
system

laser
cavity

scanning 
mirror

 = 1200 nm (~1 eV)

rep rate = 78 MHz
(optical gate every 13 ns)

pulse width ~ 100 fs

Infrared Nanoscale Optoelectronics Based on Graphene
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Infrared Nanoscale Optoelectronics Based on Graphene



 = 3.35

𝐼𝑃𝐶  ~ 𝑃

sharp super-linear threshold behavior

Infrared Nanoscale Optoelectronics Based on Graphene



 = 1.31 𝑝𝑠

 = 135 𝑓𝑠

(ultra)fast, nanoscale temperature sensor

Infrared Nanoscale Optoelectronics Based on Graphene
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(Nathan’s) Water Bottle Conjecture

Can water be used for advanced infrared vision sensing? 





Vivek AjiNathaniel Gabor

Trevor ArpQMO Lab

Acknowledgements

Zachary Miller



Thrust 1

Q u antu m  vibron ics

in  su pram o lecu lar
system s

Thrust 2

Q uantu m  vibron ics

in  van  d er W aals
moiré m ateria ls

Theory 
Synergy Core

Tu n in g  vibron ic 
co uplin g  across 

critica l length- and  
tim e-sca les

Vibronic 
Quantum Control

of Energy, Matter,
and Emergent 

Properties
Outcome

Q u antum
design  princip les

in  e lectron  qu antu m
m eta-m ateria ls

Outcome

Q u antum
d esign  princip les
in  b iom o lecu lar

system s

Analytical, Computational Theory/Modelling Ultrafast Spectroscopy, Materials/Devices

Model building, novel theory approaches

ab  in itio  electronic structure
Correlated numerical techniques
Field-theoretic calculations,

Quantitative comparison
to experiment

Aji 
Berkelbach
Chan

Time-integrated and pico-second time 

resolved photocurernt spectroscopy
2D electronic, vibrational, and 
optoelectronic spectroscopies

Heterostructures and 
Molecular aggregates

Gabor 
Schlau-Cohen

Zhu

Q uVet

A MURI Cent er  for  

Q uant um Vibr onics 
in Energy and Time

Vivek Aji
(UCR)

PI: Nathaniel Gabor
(UCR)

Xiaoyang Zhu
(Columbia)

Gabriela Schlau-Cohen
(MIT)

Tim Berkelbach
(Columbia)

Garnet Chan
(Caltech)


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13: Geometry of the pit organ
	Slide 14: Geometry of the pit organ
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

