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THANKS FOR THE INVITATION!

• Thanks to my long-time colleague Craig Woody of BNL and the entire organizing
committee for the invitation to participate.

• Great to see so many colleagues here these two days. I am looking forward to
meeting in person in the Spring of 2022!
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THz lies between electronics and photonics – no existing strong sources

Illustration from Tonouchi Nature Photonics 1, 97 (2007) 

Photonics
- light
sources

Electronics 
- radios

* Triseka THz based on G.L. Carr, M.C. Martin, W.R. McKinney, K. Jordan, G.R. Neil
and G.P. Williams “High Power Terahertz Radiation from Relativistic Electrons”, Nature 420 153-156 (2002)

Triseka THz*



WHAT IS UNIQUE ABOUT THZ?

• THz light passes through many materials, such as packaging material, 
clothing, carpet, walls.

• THz light is non-ionizing

• THz light can “recognize” and distinguish materials that x-rays cannot, 
such as plastics & proteins.

• THz light allows high speed & safe communications - Tera is 1000 times 
faster than Giga…

• THz does not pass through metal and water, and will always be 
complimentary to x-rays.
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MANY APPLICATIONS
• Medical screening (skin cancer)
• Security
• Pharmaceuticals (drug verification and testing)
• Non-destructive evaluation (including rebar in concrete)
• Environmental monitoring
• High speed communication
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CONFESSIONS OF AN ACCELERATOR PHYSICIST
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Got into THz because of security and defense

• Post 9/11, needed electronic noses for borders and in the field with ever-increasing powers



SEVERAL WAYS TO MAKE THZ – SADLY - EVEN WITHOUT ACCELERATORS J
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accelconf.web.cern.ch/f04/papers/FRBIS02/FRBIS02.PDF

Rather than reviewing every genre of mm-wave to THz source today, please seek out several 
overview papers and books, for example.



ONE FAVORITE WAYS TO MAKE THZ – LASERS!
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Today’s commercial  systems (e.g. TeraView Ltd) typically use 
photoconductive devices. 

A photoconductive emitter consists of a small piece
of semiconductor crystal, on which two planar metal electrodes, 
whose geometric design is that of an antenna, support a large 
electric field across its surface. Ultrafast (∼100 fs) pulses of 
light are then focused onto the gap between the electrodes at 
infrared wavelengths (commonly from a Ti : Sapphire laser with 
a central wavelength of 800 nm); the photon energy of the 800 
nm light is above the band gap of the semiconductor. 

The photogenerated electron–hole pairs excited near the 
crystal surface rapidly change the conductance (effectively 
closing the optical switch). Application of a bias accelerates the 
electron-hole pairs and leads to a rapid change in the current 
density. The changing dipole produces a THz transient in the 
antenna that is radiated into free space. The shape of the pulse 
and hence the frequency distribution depend on the design of 
the antenna and the carrier dynamics.

My laser-based THz system is on loan to Stuart (JLAB) 
for diagnosing e-beams with THz.
I think he’s hoping I will leave it with him J



ANOTHER  FAVORITE WAYS TO MAKE THZ – ELECTRON BEAMS
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One can calculate the incoherent
synchrotron radiation spectrum for a
relativistic electron in circular motion.
Here gamma = 5 and rho = 1 cm.

But what happens when you bunch that beam to the 
order of the wavelength at which you want to radiate?



ANOTHER  FAVORITE WAYS TO MAKE THZ – ELECTRON BEAMS
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TERAHERTZ THROUGH THE AGES
REPORTS AND WORKSHOPS THAT ARE STILL RELEVANT!



ONE EXAMPLE FROM THE DOE-NSF-NIH WORKSHOP
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IMAGING EXAMPLE
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TERAHERTZ 
THROUGH THE 
AGES
REPORTS AND 
WORKSHOPS THAT 
ARE STILL 
RELEVANT!

• DOE NIH NSF meeting ->  
https://digital.library.unt.edu/ark:/67531/met
adc889765/

• Argonne 2012 -> 
https://www.aps.anl.gov/Accelerator-Systems-
Division/Meetings-Workshops/THz-Workshop

• SLAC workshop 2012 -> 
https://portal.slac.stanford.edu/sites/conf_publi
c/THz_2012_09/Pages/default.aspx
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Skin cancer screening

Basal cell carcinoma shows malignancy in red.  Teraview Ltd.*
- contrast mechanism likely water, but molecular resonances also

exist in the THz region.
Eliminates biopsy and Mohs – sees margins directly
1 mW source images 1 cm2 in 1 minute
100 W source would image whole body (50 x 200cm)  in few seconds

Optical Image THz Image

* R.M. Woodward, V.P. Wallace, D.D. Arnone, E.H. Linfield and M. Pepper, “Terahertz Pulsed 
Imaging of Skin Cancer in the Time and Frequency Domain”, J. Biol. Phys. 29 257 (2003).



THZ TO DISRUPT
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They considered the possibility that it was caused by a rise in temperature but found that the small rise, 
of around 1.4 degrees Celsius, was not sufficient to explain the change, and concluded that it was most 
likely caused by a shockwave.
To further test the hypothesis, they performed experiments in living cells and found that in the cells as in 
the solution, the formation of actin filaments was disrupted. However, there was no sign that the 
radiation caused cells to die.
According to Shota Yamazaki, the first author of the study, published in Scientific Reports, "It was quite 
interesting for us to see that terahertz radiation can have an effect on proteins inside cells without killing 
the cells themselves. We will be interested in looking for potential applications in cancer and other 
diseases."



LOTS OF WORK AT LONGER WAVELENGTHS FOR BIOEFFECTS 

• See, for example, Journal of Directed Energy, MMW/Bio-effects issue of the 
Journal, Volume 6, Number 4
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THOUGHTS FOR THE FUTURE – FROM A STILL-RELEVANT REPORT
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RECENT EVENTS HIGHLIGHTING SOURCES AND  
INTELLIGENT TECHNIQUES INCLUDING IN CONTROL 
THESE WILL CERTAINLY LEAD TO OPPORTUNITIES IN THZ AS WELL

Four town halls are being conducted to collect input on the needs and visions of the 
community. Several of my team members and I attended the meetings at Argonne and 
LBL and tried provided view points of the controls and scientific facilities communities.

Several of the accelerator facility community were part of the 
controls, computing mad design cross-cut panel. 

Invite-only summit lunched the AI 
office in DOE with members of 
industry, government, labs, and 

academia
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e.g. Colleagues in Derek 
Abbott’s group in 
Adelaide used Support 
Vector Machines for THz 
imaging analysis as
early as 2006!



LET’S EXPLORE THZ MORE

24

Thanks to colleagues for many collaborations 
in THz - Stephen Milton, John Lewellen, Mark 
Neice, Gian Piero Gallerano, Andrea Doria, 
Emilio Giovenale, Giovanni Messina, and Ivan
Panov Spassovsky, John Noonan, Matt Virgo, 
John Schneider, Laura Skubal, N. Gopalsami, 
Yuelin Li, Peter M.J. van der Slot, and Triseka -
Katy van Pelt, Gywnn Williams, George Neil, 
Mary Anne Powles

Funding Acknowledgements – Argonne LDRD, 
USDA, DHS, ONR, Italian government, EU, and 
Dutch Government and ?????


