Crystal optics for 0.3 eV energy resolution

AT Macrander®, V.I Kushnir®, B.C. Blasdell®, ED. Isaacs™®, and E. Fonfes™*
"Advanced Photon Source, Argonne National Laboratory, Argonne IL

"ATET Bell Laboratories, Murray Hill NJ
"CHESS, Cornell University, Ithaca NY

A channel-cut silicon monochro-
mator and bent germanium backscat-
tering anal yzer were tested using
first harmonic radiation at 7.59 keV
from the CHESS-ANL undulator.' A
value of 0.30H.07 &V was obtained
for the FWHM of the elastic peak in
the spectrum of radiation scattered
from C crystals in powder form.

The optical arrangement of the
experiment is shown schematically
below. A Si{111) double-arystal
monochromator with crystals cooled
with liquid gallivm was used to
mwmochromate the white beam toa
bandwidth of 1 eV. A channel-cut
Si{620) monachromator was then in-
serted into the beam path to reduce
the bandwidth. In order to obtain
high efficency, the aceeptance angle
of the channel-cut was matched to
the vertical divergence from the un-
dulator by cutting the crystal to have
a 13" angle of incidence. We calculat-

ed the bandwidth tobe 0.15 eV,

The analyzer was constructed by
waxing a (L.25-mm-thick (111 ) orient-
ed germanium waler to a sphenically
concave glass form having a radius
of 1 meter. A focal spot size of 5 mm
diameter for x-rays was measured for
the central 5)-mm diameter area of
this optic. The bandwidth of the ana-
lyzer was calculated by applying x-
ray dynamical diffraction theory to a
spherically bent crystal,* and we ob-
tained a value of 0.14 eV.

We vsed a silicon avalanche pho-
todicde (APD) as a detector. This de-
vie had a9 mm square active area
and a time response suffidently fast
to permit discrimination of back-
ground counts based on a ime-of-
flight {TOF) analysis. That is, using
the pulsed nature of the photons pro-
duced by CESR, we arranged to
count only those photons with a TOF
corresponding to the travel tme

from the sample to the detector via

the analyzer (=6 ns).

The measured value for the reso-
Tution, 0304107 eV, is to be com-
pared with the quadrature addition
of the calaulated resolutions of the
Si{620) monochromator and the
Gel444) analyzer, 0.20 V.
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