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The 1dea of undulator was first proposed by V.L. Ginzburgin
1947. First realized y Mots.

The 1n further, mainly magnetic undulators were developed.

Puc. 1. TlpuHuMnuanbHasi cxema MarHMTHOro
OHIYAATOPA

Magnetic undulator . Figure from Alferov el al, Physics Uspechi 157.3 (1989):
389-430.
But more recently pyroelectric sources of strong electric field appeared.



Experiments with Pyroelectric Generator, Kharkov, 2005
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Scheme of the experimental setup with pyroelectric crystal
LiNbO3 (3), Si(Li) X-ray detector (10), 1.0 mm lead collimator

(5), 20 mkm Cu foil (8), 20 mkm Be foil (6). L=8mm.
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Experiments with Pyroelectric Generator, Kharkov, 2005
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X-ray spectra at heating and cooling -20 — +110 degree. Crystal
LiNbO3, height H=8 mm pressure P=2.5 mTorr
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Application of pyroelectric electric field for deflection of non-
relativistic electric beam of 30 keV
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Proof-of-principle experiment in Belgorod:
A.N. Oleinik, A.S. Kubankin, R.M. Nazhmudinov, K.A. Vokhmyanina, A.V. Shchagin and
P.V. Karataev Pyroelectric deflector of charged particle beam JINST 11 (2016) PO8007.



Recently submitted for publication in JINST, 2018

Pyroelectric deflector of relativistic electron beam
O. Ivashchuk, A. Shchagin, A. Kubankin, A. Oleinik, I. Kishchin

Deflection of 7 MeV electron beam
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Two schemes of pyroelectric
undulators

[+ =

Hi




What is the pyroelectric parameter parameter ay?

Deflection angle in a single pyroelectric deflector

Let us estimate the deflection angle « of the particle moving through a single pyroelectric
at conditions «<<1, the path / of the particle in the transverse electric field is much
less then the curvature radius / << R and neglecting the edge effects. This situation is simila

to the motion of the charged particle parallel to the plates inside of a capacitor. The deflection

angle cam be found from (1)
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Obtain the deflection angle in units y'
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In the ultra-relativistic case 4> —1 and we obtain
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Note that the deflection angle in units y' is independent of the energy of
ultrarelativistic particle. For example, the deflection angle a=0.2y™" at path 1 cm in the

. V
transverse electric field £E=10"—.
cm

As a result, we obtain undulator parameter (XY = 0.2
for undulator with period 4 cm. This is clear dipole radiation.

For instance, 7 MeV electron beam should provide radiation of
frequency 3.3 GHz.



Polarization structure of dipole (undulator ) radiation
Calculated by
M.V. Bondarenko, Rhys. Rev. A82, 042723 (2010)




Main feature of pyroelectric undulator

Small weight (< 1 kg)

Small attractive force ( a few N only)

Absence of any outer high voltage source

The power supply is due just to cooling and heating of
the pyroelectric undulator

Possibility for further miniaturization up to sub-millimeter
period size.

Thanks for discussions of pyroelectric undulator to
N. Bondarenko, S. Trofimentko, A. Kubankin, O. lvashchuk.

Thanks for attention!



MarsuTHble OHAYIATOPHI UMEIOT 3HAYUTEIBHYIO MAacCy U OOJIBIIYIO CHITY MPUTSKCHHS MEXKITY
MarHUTHBIMU TapaMH. DJIEKTPUYCCKUN OHAYISATOP JIMIICH TaKUX HEIO0CTAaTKOB, HO TpeOyeT
MUTAaHUS OT BHEUIHHWX HMCTOYHMKOB BBICOKOTO HAMPSKEHUS W BBICOKOBOJIBTHBIX BaKyyMHBIX
BBOJOB. MpbI mpemjiaraeM MNHUPOIIEKTPUUECKUN OHAYIATOP, B KOTOPOM IMOMEPEYHOE
NEePUOAUIECKOE DIEKTPUUYECKOE I0J€ CO3JaeTCs TPU HArpeBe WU OXJaXJICHUH
MAPORJICKTPUUECKUX TMap, YCTAHOBICHHBIX B BakyyMme. [Ipu 3TOM BHelTHEe BBICOKOBOJIBTHOE
nuTaHne He TpeOyercs. HemaBHO HSKCHIEPUMEHTHI 1O OTKJIOHEHHUIO TydYKa C ITOMOIIBIO
MUAPOIJEKTPUUECKOTO JAe(]IeKTopa, COCTOSUIET0 W3 OJHOW Mapbl MUPOITEKTPUUECKUX
KPUCTAJJIOB, OBLIM BBHITIOJIHEHBI HA IMYyYKE HEPEIATUBUCTCKUX AIIEKTPOHOB ¢ sHepruer 30
k9B /1/ 1 Ha My4YKe penITUBUCTCKUX IEKTPOHOB C 3Heprueut 7 MaB /2/. Jlerkuii, KOMIaKTHBIN
MUPODJIEKTPUUECKUN OHAYIAATOP MOXKET OBITh coOpaH U3 TakKux JAe(PIEKTOPOB.
HarmpsokeHHOCTh MOMEepEeYHOro 3JEKTPUUECKOTO TMOJS B TAKOM OHIYJISATOPE MOXKET OBITh
nopsiaka 100 kB/cm, a mepwon mopsiaka 1 cM u meHee. IluTtanme Takoro OHAYISATOpA
OCYILECTBIISIETCS ITyTEM U3MEHEHHS TeMIIEpaTypbl MUPOIIEKTPUKOB, KOTOPHIC YCTAHOBJICHBI B
Bakyyme. OOCyXmaroTcsi CBOWCTBA, JOCTOMHCTBA M HEAOCTATKH MHUPOIIEKTPUIECKOTO
OHAYJSTOPA.
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