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Neurophotonics Center
Build and sustain a community of 
developers, early adopters, and users
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Neurophotonics Center
Build and sustain a community of 
developers, early adopters, and users

Early Adopter Facilities

Advanced User Facilities

Graduating to 
Core Facilities

NSF Training Grant
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Neurophotonics: 
Illuminating How the Brain Works

Jeff Gavornik, Meryem Yucel, Steve Ramirez



Neurophotonics: Illuminating How the Brain Works

• Seeing More with Microscopy | Mertz
• In vivo Imaging of the Diseased Nervous System | Cruz-Martín
• Dissecting Long-Range Cortical Networks During Behavior | Chen
• Novel Laser Sources for Nerve Stimulation | Sander
• Neural Circuits for Social Behavior | Davison
• Conversing with the Nervous System: Tools and Findings | White
• Worms Under Duress: Imaging Small Neuronal Circuits in C. elegans | Gabel
• Multi-dimensional Neuroretinal Optical Imaging for Humans & Small Animals | Yi
• Artificially Activating Memories to Prevent the Return of Fear | Ramirez
• Investigating the Neural Basis of Learned Temporal Relationships | Gavornik
• Birefringence Imaging of Neuronal Activity and Myelin Degeneration | Bigio
• fNIRS at BU | Yücel
• Optics & Photonics for BRAIN Science: BRAIN Initiative Funding Priorities | Tally
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Seeing More with 
Microscopy

Jerome Mertz
Professor

Biomedical Engineering, ENG

Research on Tap: Illuminating How the Brain Works 
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Seeing more with microscopy:  be adaptive!
Two-photon microscopy

Volume imaging at 30Hz!
1.3mm 1.3mm

» 200µm

Research on Tap: Illuminating How the Brain Works 

Extended depth of field 
targeted illumination
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In vivo Imaging of the 
Diseased Nervous System

Alberto Cruz-Martín
Assistant Professor
Biology, CAS; and

Pharmacology & Experimental Therapeutics, MED

Research on Tap: Illuminating how the brain works 
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Cruz-Martín	Lab:	In	Vivo Imaging of	the	Diseased	Nervous	System

1.	Understand	how	the	brain	wires	itself	during	
cortical	development

2.	Why	do	we	do	this?
Complex	behavior	in	primates

Mental	Illness

Artificial	Intelligence

3.	Selective	manipulation	of	neural	circuits

Expression	of	schizophrenia-associated	genes	in	
specific	neural	networks

3D	Molecular	Designs	
CRISPR/CAS9Multiplex	In-situ	hybridization

In	vitro	electrophysiology
Microendoscopy

Mouse	behavior

Analysis	neural	activity
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Machine	learning

4.	Interrogating	neural	networks	in	freely	moving	
behaving	mice

Klausberger,	2008
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Dissecting Long-Range 
Cortical Networks During 

Behavior

Jerry Chen
Assistant Professor

Biology, CAS

Research on Tap: Illuminating How the Brain Works 
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Understanding the Circuits and Computations of the Neocortex:
Towards a Complete Functional, Anatomical, and Molecular Readout

Gene Expression
BIG DATA!

ConnectivityNeuronal Activity

Behavior
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Novel Laser Sources for 
Nerve Stimulation

Michelle Sander
Assistant Professor

Electrical & Computer Engineering and
Materials Science & Engineering Division, ENG

Research on Tap: Illuminating How the Brain Works 
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315 fs

Compact, All-Fiber Femtosecond Lasers
Thulium Lasers 

Infrared Nerve Stimulation

• High spatial selectivity
• No electrical stimulation artefacts 

Biological Windows

modified from
http://www.kurzweilai.net/images/absorbance-for-four-windows.jpg
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Neural Circuits for Social 
Behavior

Ian Davison
Assistant Professor

Biology, CAS

Research on Tap: Illuminating How the Brain Works 
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Optical approaches for probing social learning and behavioral flexibility
1. Natural learning paradigms

2. Cellular plasticity mechanisms in vitro

3. Neural codes for social partners in behaving animals

4. Dedicated pathways for sex-specific behaviors
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Conversing with the Nervous 
System: Tools and Findings

John A. White
Professor and Chair

Biomedical Engineering, ENG;
Graduate Program in Neuroscience; 

Pharmacology & Experimental Therapeutics, MED

Research on Tap: Illuminating How the Brain Works 
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Conversing with the Nervous System: Tools and Findings

Biophysics of
Coherent Activity

Neuronal Gain
Control

Biophysical
Informatics

Astrocytic
Pathophysiology

State-Dependent
Network Topology

Real-Time Behavioral
Neurophysiology



Boston University Slideshow Title Goes Here

Boston University Office of the Vice President and Associate Provost for Research

Boston University Slideshow Title Goes Here

Boston University Office of the Vice President and Associate Provost for Research

Worms Under Duress: 
Imaging Small Neuronal 

Circuits in C. elegans

Christopher V. Gabel
Associate Professor

Physiology & Biophysics and
Pharmacology & Experimental Therapeutics, MED; 

Photonics Center

Research on Tap: Illuminating How the Brain Works 
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Worms under duress: imaging small neuronal circuits in C. elegans
C. elegans 

Time (sec) Time (sec)

Time (sec)

Time (sec)

Controls: awake, young adult (1 day old) 

Anesthesia: Moderate (4% Isoflurane) 

Middle aged (4 days old) Aged (11 days old)

Neuronal Damage: 
Spontaneous Behavior
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Neuronal Degeneration: aging 

• Simple nervous system, 302 
identifiable neurons

• Well characterized behavior circuits
• In vivo pan-neuronal or cell-specific 

imaging using GCaMP

Cell pair correlations

Interneurons
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Multi-dimensional Neuroretinal
Optical Imaging for Humans 

and Small Animals

Ji Yi
Assistant Professor

Medicine, MED;
Biomedical Engineering, ENG

Research on Tap: Illuminating How the Brain Works 
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Time (Optical coherence tomography angiography)

Spectrum
(visible light OCT)

3D
imaging
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(Oblique scanning laser ophthalmoscopy )

In collaboration with Boas group
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Artificially Activating Memories 
to Prevent the Return of Fear

Steve Ramirez

Research on Tap: Illuminating How the Brain Works 

Assistant Professor
Psychological & Brain Sciences, CAS
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Extinction session

*     *      **        *

Light Epoch
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Investigating the Neural 
Basis of Learned Temporal 

Relationships

Jeff Gavornik
Assistant Professor

Biology, CAS

Research on Tap: Illuminating How the Brain Works 
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Birefringence Imaging of 
Neuronal Activity and Myelin 

Degeneration

Irving J. Bigio

Research on Tap: Illuminating How the Brain Works 

Professor
Biomedical Engineering and Electrical & 

Computer Engineering, ENG; 
Physics, CAS; and Medicine, MED
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Anisotropic structures are birefringent – can be imaged with polarized microscopy
Myelin is highly birefringent: uniaxial in radial direction



Boston University Slideshow Title Goes Here

Boston University Office of the Vice President and Associate Provost for Research

Boston University Slideshow Title Goes Here

Boston University Office of the Vice President and Associate Provost for Research

fNIRS at BU

Meryem Ayşe Yücel
Research Assistant Professor

Neurophotonics Center and Biomedical Engineering, ENG

Research on Tap: Illuminating How the Brain Works 
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fNIRS at BU

Helen Tager-Flusberg
Mirror neuron system 
in infants with Autism?

Swathi Kiran
Post-stroke language recovery
Can we monitor the 
brain changes of 
Stroke patients 
during recovery 
rehabilitation?

Barbara Shinn-Cunningham
How the strength of attentional modulation 
affects performance?

Auditory-Biased
Visual-Biased
Michalka et al. 
Neuron, 2015

“Cocktail party problem”

Robert Stern
Can we use fNIRS as a pre-
screening tool for Alzheimer’s 
disease?
fNIRS with a battery of 

cognitive tasks:
• Memory encoding and 

recall
• Attention
• Executive functioning

Jahani et al., SReports, 2017

functional Near-Infrared Spectroscopy
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