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Introduction ergy of one-half photon at the Te K edge at 31814 eV with

- . . the elastic energy stored in the quantization volume yields
The Casimir effect [1] is an attractive force between Lrelative lattice parameter anomaly of ¢85,

pair of closely spaced conductors or dielectrics due to
a separation-dependent reduction of the electromagnetic ]
vacuum energy density. The same concept also appMéthods and Materials

to critical fluctuatipng, in spatially restrained condenseﬁ]e experiments addressed in this report were conducted
matter [2]. A Cq5|m|r force has been measured by S&¥4 a sample of TeQ(space group B2, 2, measured unit
eral groups at micrometer scales (see for example [3]) JJf; parametersy — b — 4.8086 A, ¢ — 7.611 A). It was
:NOUI(:] be f(]jlgL]ly m:)er(_estmg_ to get data at shortt:rhwavlgﬁosen because several x-ray reflections in it match the
engths and thus obtain a Ire(;:t m‘?asu“szjrg oft ehe fi&ckscattering condition at the Te K absorption edge with
tromagnetlc vacuum energy density and a aress t eé‘rhy moderate temperature tuning, due to the relatively
traviolet problem' Of. quantum_ eIeCtrOQynamms. For %hort wavelength of the Te K edge. So far, three beam
rays, no normal-incidence mirrors exist, and one hastﬁ%es have been devoted to the x-ray diffractive Casimir

use crystal back reflection instead. _effect (Nov. 01 at 7-ID, Dec. 01 at 1-BM, and Feb. 02 at 7-

The physics is therefore a little different from the Caswnﬂ). In the first of these, the sample was about 11x20x40
effect at micrometer scales and can be described in ter in size with the (1 1 0) axis along the normal vector
of dynamk:cal X-recliy dgfractlr?n: T?%d|ﬁer§nclecj|r;fabsprp6f the small surface. Because the sample had arrived only
tion on thea and 3 branches of dynamical diffraction; i hetore the beam time, it was not possible to construct

leads to a modification of the electromagnetic density 9. . faa sample mount with good thermal control. In-

stat_es. Because the aﬁegted modes and their photonsqgéd' the crystal was glued to a thermoelectric cooler and
Ergies depend on the Iattlc_e pargme_ter, there should &mally insulated with polyurethane foam. The lattice
resulting force (i.e., a spatial derivative of an energy) [ - i of the (8 8 2) reflection was then measured by
analogy to the Casimir force. In most cases, it would Rick-reflecting® — 89.95°) x-rays of 14.795 keV from

indistinguishable from elastic forces in the crystal due tg (10 8 2) onto a polished (1 1 0) surface, and thence with

the chemicz_:ll bondingexcept the Wavelength (_)f an X- g — 82.57° to an Oxford Cyberstar scintillation detector.
ray absorption edge of an elemental species in the crys-

tal matches the backscattering condition for some set of

i i 1082 -
lattice planes. As one tunes the lattice parameter wi#h(1082) . Si(111)
temperature, mechanical stress, etc., the number of mod‘es

=~ monochr.
for the absorption edge wavelength available on the low- ?@

absorptiory branch rises to a peak at exact backscattering TeO,(882)

and drops sharply when the lattice becomes too closely

spaced. The same is of course also true for the high- det. _
absorptions branch, but since it is the geometric mean 1/ 18.605keV L say

of the corresponding absorption lengths that equals the ! w

average absorption length, while the electromagnetic delf2(1280)

sity of states depends on the arithmetic mean, a jump re- _ )

sults at the backscattering condition. One would expectfgure 1:Double- and single-backscattering geometry.
slight anomaly of the lattice parameter due to this jump.

A rough order-of-magnitude estimate, comparing the en-



In the other two beam times, a slice from the above sam- 300
ple, 1mm thick in the (1 1 0) direction and polished on | 298
both faces, was epoxy glued in an upright position on its
(17 0) side to a thermoelectric cooler/heater and placed [ 296
in a rough vacuum for thermal insulation. The x-rays hit 294
the other end, ca. 15 mm away from the glue under con- 292
ditions of near backscattering@t= 88° for the (12 8 0)
reflection at 18.605 keV. These x-rays are ONLY a tool to 290
measure lattice parameters and are unrelated to the x-ray 288
vacuum fluctuations underlying the Casimir effect. 286

Results -0.30.25-0.2-0.150.1-0.05 0 0.050.10.150.2

Figure 2 shows the (8 8 2) peak position over the samjtigure 3: Contour plot of the (12 8 0) reflection over an-

temperature at a cooling rate of 8 K in 3 hours. There @e (in degrees) and temperature (in Kelvin). The arrows
a kink in the curve at 292.3 K, which could indicate afdicate interruptions in secondary reflections (see text).

anomaly in thel therm'al expansion due to the Casimir %fVer, due to the way the sample was mounted, the qual-
fect (but see discussion). In the data from 1-BM (takqﬂ, of the raw data is insufficient to draw a definite con-

clusion. The data shown are from a single pass of the

-8.33 ‘ ‘ ‘ ‘ ‘ ‘ ‘ temperature from 299 K to 291 K. After reaching 291 K,
834 | +. 1 the sample was heated at a fivefold more rapid rate, and
835 | " | the data from that temperature pass (with correspondingly
T, fewer data points) do not show a kink.
-8.36 | . 1 In the data from a thin slice of TeQmounted with less
-8.37 ¢ 3 1 strain and better thermal insulation, no such kink is seen,
-8.38 ¢ ' . 1 but instead, the trriplet phases of a secondary reflection
-8.39 | o, 1 seems to change transiently with the temperature. This
84l . | could be due to the Casimir effect coupling to static dis-
- tortions within the unit cell (i.e., soft optical phonons),
-8.41 + ¥ . .
and thus changing the structure factors relevant for multi-

-8.42 RSO TTU ical diffracti i i
291 292 293 294 295 296 297 298 299 beam dyparnl_cal diffraction. Detailed modeling of that
hypothesis is in progress.

Figure 2:(8 8 2) peak position in degrges with arbltraryACknOW|edgmentS
offset over sample temperature in Kelvin.

Operation of the MHATT-CAT sector 7 beamlines at the
without back reflection from Si), no such kink appear#dvanced Photon Source was supported by DOE grant
Instead, that data could contain evidence of another kindb. DE-FG02-99ER45743. Use of the Advanced Photon
Figure 3 shows a contour plot of the (12 8 0) reflecticdBource was supported by the U.S. Department of Energy,
vs. angle and temperature. The streaks are due to otbffice of Science, Office of Basic Energy Sciences, under
reflections, going into non backscattering directions. Tv@ontract No. W-31-109-ENG-38. Thanks to P. Lee of
of them are interrupted in places indicated by arrows. TI8RI-CAT for support at 1-BM and to the crystal lab at the
effect is even more pronounced in the data of Feb. 8PS for cutting and polishing the sample. Thanks also
(to be shown in the next annual report). It could be dge Crystal Technology, Inc., Palo Alto, for donating the
to a change in the triplet phase of dynamical multibeaTeO, and other (not yet used) samples.
diffraction, caused by a Casimir-induced change in the

structure factors (see discussion). References
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The kink in fig. 2 could be due to the Casimir effect witl
the back reflection condition met within 1K by both th
(1320 10) and the (14 10 28) reflections [and all symme{at G. Bressi, G. Carugno, R. Onofrio, and G. Ruoso,
equivalent ones such as (20 13 10), 3 20 10)]. How- Phys. Rev. Lett88, 041804 (2002).
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