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1012 = Tera 1 THz  ~ 1 ps ~ 300 µm ~ 33 cm-1 ~ 4.1 meV ~ 47.6 K 

THz 
Gap 

? 



Hz 

1 THz  
= 4.1 meV  
= 33 cm-1 

= 300 mm 

“Much brighter terahertz beams are required for scientific  
and technological applications ... Large average and peak powers could 
be used to manipulate and alter materials, chemical reactions and 
biological processes.” 

 -Mark Sherwin, Nature News & Views 520, 131 (2002). 



Biomolecules fold using large amplitude motions into the 
correct shape to function in biological systems. 

This sensitivity can be used to monitor such motions, or to 
identify complex (biological) molecules. 

Chemical & Biological Warfare Agent Detection 







Terahertz transmits (at least partially) through many 
non-metal materials. 

•  Detection of bombs, BW & CW through envelopes, clothes, 
suitcases, soil … 
•  Stand-off imaging & threat detection 
•  Security & military applications beginning to be deployed. 



Security screening demonstrations 

Knife 

THz image through 
briefcase captures 
all depths at once. 

Plastic 



 from Dan Mittleman 



Skin cancer (basal cell carcinoma) image  
just under the skin (from TeraView) 

Transmission of a human tooth.  Pink 
shows location of buried decay. 









•   Based on time domain spectroscopy (TDS)  

•   Uses recent advances in fs-laser technology. 

•   Measures intensity and phase of E-field vs time 
of a single cycle THz pulse 

•   Typically 0.2 – 2.5 THz, depending on fs laser 

Time-domain and Scanning Techniques 
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Electro-optic detection:  EO crystal rotates polarization when E-field (THz) is applied. 



A typical research time-domain THz spectroscopy setup 



A commercialized time-domain THz spectroscopy setup 



Typical THz FTIR systems 



Microwave transmitter / receiver / mixer / network analyzers 
at high microwave frequencies approaching THz 

Sample 
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Light is emitted
 coherently when
 bunch length is
 shorter than the

 wavelength. 
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INCOHERENT COHERENT 



JLab FEL & THz facility 

Operated by the Southeastern Universities Research Association for the U.S. Department of  Energy	



 Thomas Jefferson National Accelerator Facility 

Energy Recovering Linac 
135 pC at 75 MHz 

THz Beamline constructed and offers 
possibility of user facility 

All sources are simultaneously  
produced for pump-probe studies 



U.S. DEPARTMENT OF ENERGY 

OFFICE OF BASIC ENERGY SCIENCES 

Up to 80 mJ (!)  
-> consistent
 with calculation 

Intensity to 2 THz
 (high with
 shorter bunches) 

H. Loos, B. Sheehy, G.L. Carr 
NSLS - Brookhaven Lab 

Intense Coherent THz Pulses from the NSLS SDL Linac 
photocathode 
electron gun 

dipole chicane 
compressor ~ 300 fs, 700pC electron bunches 

(can be shorter w/ less charge) 

Coherent THz  
transition 
radiation 

Note: <10 Hz rep. rate Coherent THz  
dipole radiation 



We are only beginning to explore the effects of high power THz 
fields on matter. 

Only recently have THz pulses with E-field strengths rivaling 
bonding fields in materials (~ V/atom) possible. 

With such strong transient electric and magnetic fields, ask: 
•  Can one switch, or modulate, the collective magnetic state 
of a complex oxide at THz frequencies?  
•  Can one photo-induce a quantum coherent state and, 
indeed, superconductivity?  
•  Can one control magnetic systems (and frustration) on the 
ultrafast timescale? 
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