ALPS Il cavity control with a surrogate
field: model and experiment

Li-Wei Wei*, Hal Hollis, Aaron Spector, Dennis Schmelzer, Jan Hendrik Pold,
Ethan James Taylor, Kanioar Karan and Benno Willke

(*) li-wei.wei@aei.mpg.de

[
i ©; Z ] Universitat

g ~ Max-Planck-Institut
tog:4 | Hannover

fiir Gravitationsphysik
{ Albert-Einstein-Institut)

ALPS Collaboration Partners

) CARDIFF
JG|U UNIVERSITY 15TH PATRAS WORKSHOP ON
UNIVERSITY of sonannes GUTENBERG AXIONS' WIMPS AND WISPS
AT MAINZ AE DY .
FLORIDA UNIVERSITAT (ARDYE ALBERT-LUDWIGS-UNIVERSITAT

EJT was visiting from University of Wyoming via UF’s IREU program FREIBURG, GERMANY, 3-7 JUNE 2019

Max-Planck-Institut fiir Gravitationsphysik (Albert-Einstein-Institut) Leibniz Universitat Hannover



mailto:li-wei.wei@aei.mpg.de

Any Light Particle Search Il

%

* Light-shining-through-a-wall? ! ’W‘E g
B

= Sensitivity goal: 2:10-"" GeV’ o o

= Straightened HERA dipole magnet strings (468 T-m)

= Aggressive optical gain (~ 2-108) TES

Dichroic

| \_,"' beam splitter

for photon counting ~ il
Dichroic
~~ ‘ ’ cavity mirror

= Transition edge sensor (TES)

Dichroic
Light-tight beam splitter
shutter 7\

Dichroic
IR photon/ALP
beam axis

cavity mirror .
Y How to prepare a resonant cavity

S””°9|ate X for the yet-to-arrive IR photons?
green laser beam

Max-Planck-Institut fiir Gravitationsphysik (Albert-Einstein-Institut) Leibniz Universitat Hannover



Dichroic cavity control

= Exact harmonic fields generally do not resonate simultaneously with a given cavity
= Material property: mirror coating reflection phase / penetration depth
" Gaussian (laser) beam property: Gouy phase shift
= Afrequency offset f is anticipated for ALPS Il resulting in quasi-harmonic fields
= Harmonic relation via nonlinear optics (second-harmonic generation)
= QOffset via tunable circuits (PLL) based on stable oscillators (e.g. TCXO)
= ALPS Il requires better than 1 Hz cavity resonance
=  Whatever fis, it should not change by more than 1 Hz during data run

= On top of which we have to produce f accurately and precisely
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Fidelity of the surrogate: constraining f

"= Dedicated coating design and fabrication

= Optimized temperature-dependence with
Monte-Carlo simulations on tolerances

= Dichroic cavity experiment to test the coating

= Equally (or even more) prominent effects

= Coating wavelength dependence
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® Numerical simulation
= Pictures the highly entangled system

= Matches analytic analysis
(with approximates and linearization)

Max-Planck-Institut fiir Gravitationsphysik (Albert-Einstein-Institut)

»

CAVITY RESONANCE

h

TEMPERATURE [C]

-134.30
-134.32
-134.34
-134.36
-134.38
-134.40
-134.42
-134.44

L

5

3 -00027x- 13447
e R?=0.6892

20 25 30 35 40 45 50 55
TEMPERATURE [C]

‘5\ 2%(f*-f7)

N
% 551.90 y=-0.0135x+552.55
R?=0.9965 "N

20 25 30 35 40 45 50 55
TEMPERATURE [C]

s (R BEAM

TEMOO GREEN BEAM
552.2 MHz
TEMOO £+
139.7 MHz X 412.5 MHz 139.7MHz_»
415.8 MHz X 136.4 MHz
Order-2 f Order-1
4 276.1 MHz p:
IR FREQUENCY

Leibniz Universitidt Hannover




ALPS Il cavity control with a surrogate /o

(©; 2 Universitit

field: model and experiment s % o

Li-Wei Wei’ Hal Hollis®, Aaron Spector’, Dennis Schmelzer’, Jan Hendrik Pold’, Ethan }ames Taylor" Kanloar Karan' and Benno Willke*
a Alben Einstein lnsmute Hannover b. University of Florida ¢. Deutsches f Wyoming *

ALPS Il aims at ALP-photon coupling sensnlvlty g,W
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with linear analysis

@ Aluminum spacer Experiment is motivated by ALPS Il requirements to mea:
sure the temperature dependence of a custom specialty
coating. Wavelength dependence and penetration depth
difference however also play significant roles that may
have to be considered in future coating designs.

Beat note frequency for a doubly-resonant dichroic cavity
is modelled and explains well the experiment observations.
Numerical simulations are set up to aid further experiment
designs including ALPS Il and JURA (Joint Undertaking in
Research on Axion-Like-Particles).

Although preliminary, coating manufacture tolerance is

estimated from the experiment results and complies with
7 vendor specifications.
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