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In this proceeding we report the first results of a microwave cavity search for hidden sector
photons. Using a pair of isolated resonant cavities we look for ‘light shining through a wall’
from photon - hidden sector photon oscillations. Our prototype experiment consists of two
cylindrical, copper cavities stacked axially inside a single vacuum chamber. At a hidden
sector photon mass of 39.58 eV we place an upper limit on the kinetic mixing parameter
X at 7.8 x 107%. Whilst this result is inside already established limits our experiment has
great scope for improvement.

1 Introduction

Many theories beyond the standard model predict an extra ‘hidden sector’ of particles which
only very weakly interact with standard model matter [1,2]. The hidden photon is thought
to be massive, although very light in the sub-eV range, and able to kinetically mix with the
standard photon thereby allowing oscillations between the photon and hidden sector photon [3].
Experimental searches for the hidden sector photon typically employ the ‘light shining through
a wall’ (LSW) technique of indirect observation. As its name suggests this approach attempts to
detect light passing through an impenetrable wall via a photon - hidden sector photon - photon
oscillation. Until now this has only been carried out with lasers [4-13] but here we report the
first LSW experiment using microwaves based on the proposal by Jaeckel and Ringwald [14].

2 Theory

To carry out microwave LSW we require two isolated cavities, an emitter cavity and detector
cavity, at matched resonance frequencies. The emitter cavity is excited by a signal generator
at its resonance frequency and a detection system attached to the detector cavity looks for a
signal. The probability of transmission is given by [14]
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where G is a dimensionless function encoding the geometric setup of the cavities,
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and Pget and Pemit are the power in and out of the respective cavities, x is the kinetic mixing
parameter, @ is the quality factor, m., is the hidden sector photon mass, w., is the angular (and
resonance) frequency of the photons, k, is the photon wavenumber, k., is the hidden sector
photon wavenumber and A is the normalized spatial part of the resonant electromagnetic
gauge field inside the cavities. Calculations of this six dimensional integral had to be carried
out numerically. As might be expected G scales roughly to the reciprocal of separation distance
between the two cavities. In our investigation of the probability of transmission and G for axially
stacked cylinders we found that increasingly higher order axial and radial modes were in most
cases better but increasingly higher order azimuthal (whispering gallery) modes were worse.
To maximize G in the accessible X-band (8 — 12 G Hz) frequency range for our experiment we
chose to use the TEg11 (fundamental transverse electric) cavity mode.

3 Experiment

Our experiment uses two cylindrical, copper cavi-

ties with an internal radius of approximately 2 cm

P and internal length of approximately 4 cm. A sin-

gle loop probe was inserted in the middle of the

side wall of each cavity and aligned and adjusted

_— to maximize coupling to the TEy;; resonance

Control mode. Operating in the TE 11 mode the cavities

; have quality factors of 9060 and 8370, resonance

Vacuum Chamber ‘ frequencies of 9.58806 G Hz and 9.58794 G Hz,

and resonance bandwidths of 1.01 MHz and

Figure 1: Schematic of the experimental 1.17 M Hz. The difference in resonance frequen-

setup. cies between the two cavities is 0.12 M Hz, well

within their resonance bandwidth of ~ 1 M Hz.

The cavities were stacked axially on top of each other inside a vacuum chamber and tempera-

ture controlled to maintain the resonance frequency match. They were clamped down to provide

good thermal contact. Isolation between the cavities was provided only by their individual cav-

ity walls with no extra shielding being employed. As expected microwave leakage was a major

problem in this simple setup. A diagram of the cavities in the vacuum chamber is shown in
Figure 1.

To excite the emitter cavity a signal generator is used at its resonance frequency. To measure
the resulting signal in the detector cavity the microwave circuit shown in Figure 2 is used. The
output of the detector cavity passes through a low noise amplifier and is then mixed against
a second signal generator set a few MHz off the cavity resonance frequency. This provides a
signal at the offset frequency which is put through a low pass filter and preamplifier before
being measured by a spectrum analyzer. A diagram of the full system is shown in Figure 2.

Operating the experiment, the detector cavity power output was measured to be 120.35 +
1.50 dB below the power input of the emitter cavity. This relatively huge signal is most likely
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Figure 2: Diagram of the microwave circuit used in our cavity experiment.

due to microwave leakage inside the common vacuum chamber, probably predominately through
the necessary pinhole in each cavity for vacuum pumping. Nevertheless by equation (1) we are
able to place an upper limit on the kinetic mixing parameter y from this experiment which is

depicted in Figure 3.
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Figure 3: Hidden sector photon parameter space (m.,, x) with the blue/gray shaded region
excluded by this experiment. The peak occurs at 3.958 x 1075 eV with y = 7.8 x 1075.
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4 Future work

Our results from this prototype experiment are not a betterment on previous hidden sector
photon bounds [2,15,16], but do show promise for the future of microwave cavity LSW. Great
improvements on this experiment can be made and a reduction in the y limit by multiple
orders of magnitude is possible. The two main areas for improvement are microwave leakage
suppression and higher @) cavities. By separating our cavities into individual vacuum chambers
we can greatly reduce the amount of leakage and hence be able to place a tighter limit on the
mixing parameter. This extra separation comes at the cost of reducing G but this should be
outdone by a greater reduction in leakage. We can also use higher QQ emitter and detector
cavities to improve our sensitivity to y. However if a moderate QQ detector cavity is maintained
whilst using a high @Q emitter cavity we can avoid the challenge of frequency matching two
narrow bandwidth resonant cavities.
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