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The finite size of the screen (i.e., 30 mm x 30 mm), the vacuum

chamber geometry (i.e., 63 mm vacuum window clear aperture,

at 70 mm distance from the target, and 60 mm beam pipe radius)

and the optics acceptance introduce a low frequency cut-off

estimated to be 100 GHz
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Linac based THz sources



τB Q ICTR

2.52 ps 470 pC 211 nJ

0.5 ps 260 pC 4402 nJ

(a) Longitudinal bunch profile measured with the RFD in

case of a 260 fs RMS bunch duration with 260 pC charge.

(b) Corresponding measured CTR pulse energy density in

μJ/THz as function of frequency (red squares). Dashed

blue and solid olive curves correspond to the CTR pulse

energy density calculated from the ideal GF formula and

the generalized one, respectively, taking into account the

measured form factor.

CTR autocorrelation function as measured through a Martin-Puplett interferometer. 3

Suppression due to prewave zone effect
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Diamond window

Since the price of CVD diamonds windows increases very rapidly with

size, it was decided to use a small window with a radius rw = 10 mm

and place it at the CTR distribution is closed to TEM10 mode

Distance between target and detector D = 4 m

γ = 100; λ = 0.3 mm; a = 30 mm

D = 200 mmGF formula
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Intensity of coherent transition radiation (CTR) from a bunch with population Ne:

- Spectral-angular distribution of TR from a single electron

Ginzburg-Frank formula for ultrarelativistic charge is valid for far-field zone:

- projection angles

For ultrarelativistic case (neglecting by transverse formfactor):
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Finite target sizes effect: a<γλ

TR field distribution on the detector surface

ST – target surface

Pre-wave zone effect
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Spectrum of the coherent transition radiation

Far-field zone:
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CTR radiation losses

For Q=0.5 nC, 

ቊ
𝜎𝑧 = 500 𝜇𝑚, ∆𝑊𝐶𝑇𝑅 ~ 1200 𝑛𝐽, 𝜈 < 0.05 𝑇𝐻𝑍
𝜎𝑧 = 100 𝜇𝑚, ∆𝑊𝐶𝑇𝑅 ~ 6000 𝑛𝐽, 𝜈 < 0.4 𝑇𝐻𝑍



FWHM 4.1 mmy 
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DR in the far-field zone 

Diffraction radiation is concentrated along beam axes.
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FWHM 2D for far - field zone:

h – impact parameter

Far-field zone:

DR

At the distance D=200 mm

γ = 300; λ = 500 um 

x y
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DR in the pre-wave zone [A. Potylitsyn, NATO Science Series, V.199, 2009]

∆ST- target area,

XT ,YT- coordinate on the target surface,

XD ,YD- coordinate on the exit window surface,
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DR distribution on the windows surface



DR from a flat target (pre-wave zone):

DR distribution in the pre-wave zone is much broader in comparison with far-field zone

γ = 300, a = 30 mm, λ = 0.3 mm, D= 200 mm
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The pre-wave zone effect (broadening of the DR cone) can be eliminated using a parabolic focusing DR target
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Calculations are performed using the same formula 

with the target surface element

Where f is the target focal distance, f=2D

2 2 24 2T T T Td S d x d y x y f f  

Focusing of the DR



14

DR from a focusing target

DR angular distribution on the exit window is closed to the TEM00 mode distribution and can be 

focused by the optical system to a spot with a waist comparable with radiation wavelength

, mmx

, mmy

, mmx

, mmy

Solid curve – far-field distribution

Points – focused distribution

500um  300um 



15

The rf gun is surrounded by three solenoidal lenses (L1,

L2, and L3) that control the beam’s transverse size and

divergence. The beam is then accelerated in a 1.3-GHz

superconducting rf cavity (the booster cavity) to ~14 MeV.

Downstream of the booster cavity, the 500-pC bunch is

intercepted by a multislit mask consisting of 48-μm wide

slits with 1-mm spacing thereby producing a transversely

segmented beam with total charge of ~15 pC. The beam is

transported, with a set of quadrupole magnets, to the phase

space exchange (PEX) beamline which consists of a

liquid-nitrogen-cooled deflecting cavity operating on the

TM110-like π-mode at 3.9 GHz.
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Superradiant CTR and CDR from a train of bunches
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0is the length of a microbunch, is the distance between microbunch, is the number of bunch in a trainz bN 

The charge e*Ne *Nb is the charge of segmented initial bunch passed trough a slit mask

The fundamental frequency in the SCTR spectrum is determined by the last factor: ν0=λ0 /c

Monochromaticity is defined by the number of bunches Nb : ∆ν/ν=1/Nb
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A mask with spacing 300 um and the slit width 75 um can provide transparency ~ 20% (for instance Nb=6, Ne ~ 20 pC )
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Superradiant CTR spectra from a train of bunches
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Superradiant CDR spectrum from a train of bunches

Focused CDR spectrum 
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Summary

• Focused CDR provides transverse distribution similar to TEM00 mode

• TR/ DR generated by a train of short electron bunches becomes monochromatic with 

the fundamental frequency defined by the distance between bunches

• Monochromaticity of the radiation is defined by the number of bunches in a train 

(∆ν/ν0=1/Nb) 

• Intensity of the radiation is proportional squared number of bunches and squared 

charge of each microbunch (superradiant radiation)

• For Nb=6 and Qb≈20 pC SCDR monochromatic pulse energy density can achieve the 

∆W/∆ν~0.04 μJ/THz at ν~1 THz (for the broadband SPARC source ∆W/∆ν~0.1 μJ/THz)
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