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(F=)» Case 4 — Compact ERL for THz Radiation

* Goal: Design a facility to provide high-rep THz radiation in the range of 1 to 20
THz with either single cycle emission or a bandwidth below 2%
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General layout of the ERL THz facility
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Design consideration for the FEL

* FEL for low bandwidth (2%)

* high gain FEL would require very short bunch length and peak current
* low gain FEL oscillator - compact
 fixed (ERL) beam energy and constrain on wavelength 1 — 20 THz
* Use permanent magnet undulator with variable gap for wavelength tuning
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start with K> 1, B on axis < 1.0T, reasonable dimensions of gap/undulator
gap / vacuum chamber diameter > 30 mm (see next slide)
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Design consideration for the FEL WP
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Tuning range and undulator give beam energy
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Estimate on FEL peak power

Gain per turn:
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B. Qin et al., Design considerations of a planar undulator applied in a tera hertz FEL oscillator, NIM A 727 (2013) 90-96



Compression

e initial bunch length 20 ps (needed for FEL oscillator)
* final bunch length to get reasonable CSR in THz needs 0.5 ps

* this gives a compression factor of 40 which is challenging using a
single compression stage

e other alternatives to get a short radiating pulse: foil, corrugated
structure... not possible with ERL design

=>» use non linear compression schema — use “spike mode”
E(s) = Ey + eVgp cos(ks + @rp) = Ey + eVrp[cos(@rp) — k sin(@gp)s — k? cos(@gp) s% + =]

Rsg .
Sf =5+ E, (—keVip sin(@gr) s; — k*eVgr cos(@gr) S7)



ahsolute energy offset E [MeV] and current [4]
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Sl ngle CVCle CSR Incoherent synchrotron radiation flux
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single cycle CSR
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Summary of determined parameters

* Machine parameters:
e 260 mA average beam current
200 pC @ 1.3 GHz
e 20 ps bunch length (uncompressed down to 500 fs compressed)
* Beam energy 44 MeV

* Undulator parameters:

e gap 30 mm, 10 cm undulator period
*B=0.16..1.0T(K=1.5...9.3)



