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4 Light-Shining-Through-a-Wall Experiment

A wave-plate can switch polarizations for Diagnostic mirrors Regeneration Cavity [2]

scalar (E L B) and pseudo-scalar (E || B) runs .
( ) P ( ) (combined transmissivity Tgijag ~ 10—17) (power buildup Brc ~ 7000)

/A N 5
EWM\WN#'M}

C:' P beatnote
Magnetic Field Magnetic Field

fLO + fsig"nal fsignal
BL =53T x 106 m Shutter BL =53T x 106 m

High-Power Laser
(P ~ 40 W)

fLo
“local oscillator”

n: Spatial overlap of High-Power

Laser to Regeneration Cavity ' 4. demodulated signal is a complex number H,

4
1
Re-converted Photon Rate: Fouwt = F; (Egafy'yBL> 1 BrC
Heterodyne detection [1] which is averaged into Z:
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1. regenerated light is interfered with a second field beat-note demodulation Z = N Z Hn], |Z|* < Pyt i
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» Ratio of closed-to-open performed as complex A power spectrum can be obtained for frequencies * high fluctuations in Re{ Zratio!
numbers, removing phase changes: 0 f offset from the beat-note frequency. phase and amplitude . A “moving-average” Z-sum reveals | 000
N N 2 over time compared to incoherent phase and amplitude ~ Z!'0[n] = — Aln)
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 Calibration array C|n] made from open shutter Z-sums. Applying an averaging filter estimates the expected * Open shutter Z-sums are divided by their average; values near 1
power in each frequency bin show they have stable phase and amplitude.
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« Zfollows a complex Gaussian distribution, so |Z| o | « neighboring frequencies used as
follows a degree-2 non-central chi-square: 5 ~ L% proxy for statistics on signal bin
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A : non-centrality parameter, proportional to S s | \\ » 95% probability to have not
expected P_ . (relates g.,) O N missed a 50 detection
s : scaling factor, related to noise expectation o (Pseudoscalar run) \\
I,: modified Bessel function of the 1st kind e 50 100 10 200 250 300 ‘ : : T ; r * For pseudo-scalar couplings:
* W [unitless] PS 1.4 % 10—9 Gev—l

* Monte-Carlo simulations found optimal filter Yaryy

* using spectrum as a proxy for statistics on the signal bin: parameters (e.g. window size) that would not
under-estimate the true mean.

 histogram of normalized spectrum W (J f)

: R « ~20x better than previous light-
follows the non-central chi-square distribution P 5

= assume the filtered spectrum estimates the mean of shining-through-wall experiments

noise in each bin Power in Pearson test | Non-centrality | 5o detection 95% confidence - For scalar couplings:
» normalize the spectrum by the filter (recovers the non- signal bin* statistic parameter™ threshold* exclusion limit* 0 1
: e > 1.8 x 10~ \%
central chi-square distribution) Pseudoscalarrun | 2.9 x 10-° 0.92 0 15 x 10~4 25 % 104 Jaryy < ©
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