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The THz Gap

Many important dynamical processes occur in the THz region (5 meV).  
Superconducting band-gaps, protein conformational modes, phonons….

With high coherent power the key niche areas are non-linear dynamics and 
imaging.
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THz – Brief History

After Nichols left Berlin, Rubens continued the work, and in 1900 he isolated 
wavelengths of 6THz (50 microns) and made careful measurements which he gave to 
Max Planck who derived the Radiation Law.  Planck wrote in 1922 “Without the 
intervention of Rubens the formulation of the radiation law, and consequently the 
formulation of quantum theory would have taken place in a totally different 
manner, and perhaps even not at all in Germany”.
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The Paper That Started it all.

1981
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1 micron
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Backing up….Auston Switch for producing THz light

Auston, D.H., Cheung, K.P., Valdmanis, J.A. and Kleinman, D.A., 
Phys. Rev.Letters 53 1555-1558 (1984).
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Radiation from Accelerated Electron

electron

acceleration

But units of power are:

2 2 3

c

MLT L ML TT

Force Distan e
TimePower

− −× =

×

=

=field

Electric field goes linearly in the electric charge and the acceleration
- so intensity (power) goes like e2a2

2 2
2

e MLT
L

−=

Now for an electric charge, force is
e2/L2, so we can derive units for e thus:

So e2a2 has units of :ML3 T-2×L2T-4 = ML5T-6

And if we divide by c3, or L3T-3, we get ML2T-3.
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Larmor’s Formula
2 2

3
2
3
e a
c

Power=

Also we note that radiation is emitted in only 2 out of 3 
directions, so we have a 2/3 factor, yielding:

Noting that the units of power are ML2T-3, and noting that
M goes like gamma, L goes like 1/gamma and T goes like
gamma in the moving frame, in the rest frame the 
relativistic version is :

42 2
3

2
3
e a
c

Power γ=

Radiation from Accelerated Electron

N.B.  Radiated energy and elapsed time transform in the same 
manner under Lorentz transforms
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4 780 80 10 !!!!andγ = =

a=acceleration
c=vel. of light
γ=mass/rest mass
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Synchrotron Radiation Generation

W.D. Duncan and G.P. Williams,”Infra-red Synchrotron Radiation From Electron Storage 
Rings”, Applied Optics 22, 29l4 (1983).

THz
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Statistics of an electron bunch in a storage ring

Synchrotron Radiation Generation - actual situation

Hirschmugl, Sagurton and Williams, Physical Review A44, 1316, (1991).

Time Scale 2

Time Scale 1
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S.L. Hulbert and G.P. Williams, Handbook of Optics:  Classical, Vision, and X-Ray Optics, 
2nd ed., vol. III.  Bass, Michael, Enoch, Jay M., Van Stryland, Eric W. and Wolfe William L. 
(eds.).  New York:  McGraw-Hill, 32.1-32.20 (2001).
S. Nodvick and D.S. Saxon, Suppression of coherent radiation by electrons in a synchrotron. 
Physical Review 96, 180-184 (1954).
Carol J. Hirschmugl, Michael Sagurton and Gwyn P. Williams, Multiparticle Coherence 
Calculations for Synchrotron Radiation Emission, Physical Review A44, 1316, (1991).

Coherent Synchrotron Radiation Generation  - theory

f(ω) is the form factor – the Fourier transform of the normalized longitudinal 
particle distribution within the bunch, S(z)

REFERENCES
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Synchrotron Radiation - so what’s new here?

radio-freq.
cavity



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

Thomas Jefferson National Accelerator Facility

Showstopper…….
3 GeV at 100 mA is 300 Megawatts!!!!!

radio-freq.
cavity

Solution……..
Energy Recovery

Synchrotron Radiation - so what’s new here?
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FTIR 
System

e-

FTIR 
System

We measured the bend-magnet 
synchrotron radiation right before 
the FEL, when the beam is 
maximally compressed.

THz Setup on JLab IR-DEMO FEL 
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Crystal quartz 
window

Collimating optic

Nicolet Nexus 670 
FTIR bench

LHe cooled Si 
bolometer detector

THz Setup on JLab IR-DEMO FEL 
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October 2002
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THz Expt and Calculation

Diffraction losses ~ 20 Watts integrated

Carr, Martin, McKinney, 
Neil, Jordan & Williams
Nature 420, 153 (2002)
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Polarization of Coherent THz
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ratio for 60
mrad port at 
30 cm-1 is 6:1.

We observed 
5:1.  Good 
agreement.
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Why do this?  Terahertz Imaging

Clery, Science 297 763 (2002)
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IR Spectroscopy & Dynamics is based on Vibrations

Simple molecule

More complicated
molecule - protein

Slide courtesy Paul Dumas, LURE, Orsay, France
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Protein Structure / Folding Dynamics

Amide I Secondary Structure Assignments:

1620 - 1640 β-sheet
1644 extended coil (D2O)
1648 - 1657 α-helix
1665 310 helix
1670 - 1695 anti-parallel β-sheet, 

β-turn
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Protein Folding Dynamics - Silk Fiber Formation

SCAN 
PARAMETERS:

• %T: silk fibroin on BaF2 disk
• 32 scans at 200 KHz (2.3 sec)
• 4 cm-1 resolution
• MCT detector

Lisa Miller, Mark Chance et al.
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THz Spectroscopy

Anthrax proxy DNA

Globus et al. University of Virginia   J. App. Phys.  91 6105 (2002)
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THz Imaging

A tooth cavity shows up clearly in red.  Teraview Ltd.
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The Promise of THz – novel imaging
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The Promise of THz – novel imaging
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THz Imaging

Basal cell carcinoma shows malignancy in red.  Teraview Ltd.
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Terahertz computerized tomography 

Turkey Bone Test Object 

3cm

Ferguson et. al.  Phys. Med. Biol. 47 3735 (2002)



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

Thomas Jefferson National Accelerator Facility

So – where are we going at JLab
with THz?
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FEL upgrade, phase 1

Jefferson Lab’s new ERL/FEL/THz source
Turned-on June 2003!!

THz light port
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0o

10.2o = 173 milliradians

JFEL THz Port Description Final Rev. 1 Dated 8-13-2003
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“View from the back of M1 looking at beam”
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SRW SRW Calculation of Calculation of light  on light  on screenscreen 3.0 m 3.0 m from from source source by by Paul DumasPaul Dumas

Flux after 1-st Aperture:  2.0479e+13 Photons/s/.1%bw
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What is Edge Radiation?

Dipole Radiation

Edge Radiation

Edge Radiation is light emitted as the electrons enter the fringe field of a dipole
magnet.  For long wavelengths the fringe field maybe treated as an impulse
acceleration. Thus edge radiation has characteristics similar to transition radiation.
In the far field approximation for a single edge the angular spectral flux is “white”
up to a cutoff determined by the details of the fringe and is given by, 

Reference: R.A. Bosch, Nuclear Instr. & Methods A431 320 (1999).
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What does edge Radiation look like?

Daresbury Lab
Ann Rep 1984/5
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Two Edges Interfere

Screen

Interference of Two Edges in Far Field
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•Spectrum is no longer white

•Opening angle depends on λ

Near Field Calculation of Two Edges 
using SRW (Chubar& Elleaume, ESRF)
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JLab’s new THz Beamline
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JLab’s new THz Beamline
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JLab’s new THz Beamline
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JLab THz

Synchrotrons

Globar

JLab FEL

Table-top sub-ps 
lasers

FEL proof of principle:
Neil et al. Phys. 
Rev.Letts 84, 662 
(2000)

THz proof of principle:
Carr, Martin, McKinney, Neil, Jordan & Williams
Nature 420, 153 (2002)

Brightness of IR Sources
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