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Development of an In-Vacuum Type Undulator
for Producting Brilliant 14.4-keV Mossbauer Photons
and Birilliant Quasimonochromaﬁc X-rays in 5—2y5keVRegion
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A novel undulator for production of brilliant and quasi-monochromatic hard x
_ rays and its associated beamline have been completed and installed in the TRISTAN
‘ Accumulatmn Ring (AR) in KEK National Laboratory for High Energy Physics. The
: aperture of the undulator for the circulating electron can be flexibly changed to
satisfy the operational requirements of the AR, since the undulator magnets are
encased in the vacuum chamber of the undulator. When it is operated at the magnet

L gap of 20mm with 6.5-GeV operatmn of the AR, it is capable of producting intense

 14.4-keV radiation for Maossbauer experiments as the third harmonic of the
, undulator radiation, from which a beam comprising more than 2.4 X 10*Méssbauer

’_photons per second has been achieved at 14.4keV from an enriched @ -*Fe,0, single

_crystal. The spectrum in terms of brilliance in the region from 5 to 25keV agrees well
- with a,calculat‘iqn.’
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Figure 1. Relation between magnetic periodicty (4,)
and brilliance from undulators. UA, UB and UC
correspond to the cases of A,=2.4, 4, and 6cm,
respectively. Calculation is made in the case of 6.5-
GeV low-emittance operation of AR with S50mA : €,
=1.63 X 10"merad and ¢&,=1.63 X 10 °merad. A
number after UA (or UB or UC) denotes the order of
harmonic. Each curve denotes the locus of the peak
position of each harmonic with K value. Spectra of
bending radiation of AR and the 2.5-GeV Photon
Factory Ring are shown for comparison.
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Figure 2. Photographs of U#NE3. (a) an external
view after the installation into the AR, and (b) an
inside view.
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gap=10~54 mm

In-vacuum Type X-Ray Undulator

for
TRISTAN Accumulation Ring
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Figure 3. Drawing showing the structure of U#NE3.
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Figure 4. Vacuum compatibility of Ni-plated sample
magnets after bakeouts at 120 °C for 48hrs. Triangles,
circles and squares denote, respectively, the property
of the empty chamber, that after the 250-°C baking of
the plated magnets, and that without the 250-°C
bakeout.
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Figure 5. Effects of cyclic heat treatments (heating at
120°C and 125°C for 24hrs) on the magnetic field of
the simulated magnetic field (see text). FEach
temperature shows the temperature at which the heat
treatment was carried out. In the second treatment of
magnet A, temperature rose up to 140°C accidentally.
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Figure 6. Evacuation curve of U#NE3. NEG stands
for non - evaporable getter pumps, and BAG does for a
Bayard - Alpert gauge for pressure measurements. The
temperature of the magnets is also shown.
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Figure 7. Electron orbits (a) before and (b) after the 115-°C baking for
ultra-high vacuum : K=1.47. The deterioration of the undulator field which is
expressed as a variation in the orbits is very small. Vertical bar represents 1¢m

of displacement.
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Figure 8. Sketch of the extraction of 14.4 -keV Mébssbauer photons due to the
nuclear scattering process in an a-"Fe,O, single crystal irradiated by
monochromatic X-rays using the third harmonic of U#NE3 operated with

K=1.47.
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Figure 9. Observation of the time-domain spectrum of the 14.4-keV
Méssbauer photons from the a-"Fe .0 ;(777) diffraction.
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Figure 10. Flux of the 14.4-keV Mossbauer photons
as a function of the magnet gap of the U#NE3. The
maximum exceeds 2.4 X 10"photons/s at K=1.47 and
the gap=19.9mm, which correspond to an undulator
field of B, =3950Gauss.
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Figure 11. Measured (open circles) and calculated (solid line) spectra of the

U#NE3 (K=1.47) in terms of the angular flux density. The calculation was

made in case of 6.5-GeV and 30-mA operation with normal emittance optics :

a horizontal emittance of €,=2.9 X 107 m ¢ rad and a vertical emittance of &,

=2.9 X 107°m ° rad (Ref. 20). The right vertical axis represents the flux of the
14.4-keV Mdgssbauer photons produced by monochromatization using the

a-"Fe ,0,(777) diffraction with angular acceptance of 0.25 X 0.005mrad’.

The angular flux density and photon flux of an intense radioactive Mdssbauer
source of the 14.4-keV radiation (300-mCi *Co with natural band with of 107°
eV and a half-life of 270days (Ref. 21)) are also shown: the value of
Méssbauer photon flux of 300-mCi ¥Co is calculated in case of the same
asceptance as the monochromatization by the a-"Fe ,0 ;(777).
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