An infrared thermometer for x-ray windows
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Due to the high energy of the
electrons and positrons in CESR
{(=5GeV), the CHESS 24-pole wig-
glers produce an enormaous amount
of total synchrotron hight power. At
100 mA, nearly 7 kiloWatts is inci-
dent upon the x-ray windows that
separate the A and F beamlines from
the storage Ang vacuum.

Measuring that temperature of
the window requires a remote sens-
ing Infrared {IR) detector. Since in
most instances we need to monitor
only the hottest spot on the window
{where the beam intersects), a simple
point-focussed IR detector is suitable
for the task. The advantages of a
point detector {versus an [R camera )
are simplicity in construction and
use, robustness in harsh radiation en-
vironments, virtually noneed for
maintenance, and low cost,

For the past two years we have
used a "Modline Plus” Infrared Ther-
mometer from Ircon, Inc. (Miles, [i-
nois). The figure below shows the
geometry of a typical measurement.
IR and visible light pass through a
sapphire (or quartz) vacuoum cham-

ber viewport, located 30 degrees off

axis from the ina-
dent x-ray beam
and looking at the
downstream side
of the X-ray win-
dow. This detec
tor senses radia-
tion in the 2-2.6
TIICTON Wave-
length range, cho-
sen to coincde
with the range of
transmission of
the sapphire win-
dow, which is
=¥ transparent
from 1-6.5 mi-
cronE,. Since
CESR produces a
great quantity of
IR radiation, it is
also important to
choose a wave-
length for which
the X-ray window
is opaque. Note
that the choice of wavelength and the
Toom temperature operation of the
detector limit the measurement range

from 120°C to 400°C,
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The figure at left also
shows the placement of
twao front=silvered mirrors
that deflect the image of
the X-ray window away
from the beamline and be-

Hrays ) .
‘. i low the synchrotron orbit.

o g viertical A coaxial view through the

Ardne alrror body of the IR detector

provides access for a video
camera view of the X-ray
window. The IR detector
has a reticle that indicates
the 1 mm diameter active
sensing area. Since the ori-
entations of the two mir-
rors are controlled by a
computer-DC stepping
maotor link, we can scan the
entire X-ray window sur-
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Lef) IR camara s ystem momionng
the femperatume of & window ilum-
natad by the x-ray whits baam.

Tharmal images of the undulaior (top) and
wiggiar (botom) x-ray beams on 8 graphits fi-
tar (.07 inch) on A-line. Temparatures in 'C.
The curved outer contours are due fo He re-
flaction of fight from the innar walls of the vac-
vt chambar,

face, in effect printing the [R camera
at will. Linear scans in the vertical
direction show the beam height and
width, and two-dimensional mesh
scans produce temperature profile
images (see abowve).

Currently this detector serves
twi needs. First, the measured ther-
mal profiles are compared to finite
element analysis calculations {AN-
5Y¥'5) as an aide in designing new
heat-load-capable windows. Second,
since CESR has undertaken an ag-
gressive program to increase the
stored particle beam currents, we
amtinually monitor window temper-
atures so as to avoid unexpected fail-
ures. This monitoring is a small part
of a labwide program to design, fab-
ricate and test new mmponents that
are able to withstand the enormous
white-light power produced by high
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