ALPS Il cavity control with a surrogate ¢

0; Z = Universitit

field: model and experiment ¢4 Hanovw

o o ca* e b C o a o ~1 Ja d o a o a
Li-Wei Wei“, Hal Hollis’, Aaron Spector, Dennis Schmelzer®, Jan Hendrik Pold°, Ethan James Taylor", Kanioar Karan® and Benno Willke
p a. Albert Einstein Institute Hannover b. University of Florida c. Deutsches Elektronen-Synchrotron d. University of Wyoming * li-wei.wei@aei.mpg.de
Introduction Dichroic Mirror Coating and Cavity
ALPS_1|1| alms_1at ALP-photon coupling sensitivity g, of ¢ Coating temperature dependence optimized ¢ Penetration depth and cavity resonance
2:10""" GeV ' that translates into some 2 photons/day in & Manufacture error (random, systematic, chirp)
the expserlment design. Aggressive optical resonant gain Monte Carlo analysis Reconance condition
(~ 2-10°) is anticipated and a dichroic cavity control - ¢ ( N9, wA)
® ® ° . eg ® T=24.7 pplm/2.34°/o | V —
scheme is proposed to be in line with the transition edge 6000 | P —— 2(Lo + M) s
sensor for photon counting. To ensure stringent cavity Coating reflection phase | - |
resonance required for ALPS I, the mirror coatings are 5000 fyp=  Marmonic vty = L ouAT) Planar Mirror oncave Mirror
= mean . = = :
an indispensable subject of study. We present here _ sacks 2. e
1) dedicated coating design, 2) refined dichroic - 4000 - & Test coating temperature and wavelength dependence
cavity model, and 3) experiment results ViR o el o TR
3000 | (assuming exact harmonics) 1349.25
of a coating test setup. 1064.40 242.0 532.20 '133'2 '
-107. -349.3
Dichroic Cavity Control for 2000 - qu:?fet_rmve g 106430 241’8§532'15 -107.6
. = 532.10 -349.35
ALPS Il TES Detection Scheme stacks = 100420 241.6 5 >0% 107.8
: 1000 | (2*11) ~1064.10 ha1q 53205 108.0 -349.4
Dichroic Cavity Mirrors 1064.00 532.00 - -
IR Photon/ALP ‘ \ Dich ); Spl 241.2 1082 04
Beam Axis ichroic Beam plitters 1063.90 531.95 -108 .4
Surrogate Green e Ph 0 , 310 320 300 310 320 330 300 310 320 330
Laser Beam Sing eP oton Counter [ ]TayO; [ SiO, ‘ T [K] T [K]
Light-Tight Shutter, "Wall" (Transition Edge Sensor) |
Test Dichroic Cavity Setup, Beat Note Frequency Comb and Temperature Dependence Measurements
& Plano-concave linear cavity in low-vacuum I & Numerical simulation on beat note frequency vs. temperature
L [
’ Aluminum spacer With heat fOII and temperature sSensors % TEMOO wn GREEN BEAM (") Ao = (1064.000, 532.000) nm; ¥ = (0.060055, 0.060055) cycle; () Ao = (1064.000, 532.000) nm; ¥ = (0.060055, 0.060055) cycle;
. . . - . . M, = 2901.478 nm; M = 158.205 nm; M, = 2901.478 nm; M = 158.205 nm;
& Pound-Drever-Hall locks in IR and quasi-harmonic green : B TR 1 .. i oo, arg o ¥ 20010, a1 200
€ IR beat note carries info on cavity dichroic properties: - 1397 MHz X 412.5 MHz K(139.7MHz_ M= 1850 pm I AT = 1595 pm/K M= 1850 oI AT = 1595 pm/K
> : . N 1364 ML — 139.688000 T T annn — -136.362000 [T EEmsssss~EEE Ens ay
C N / 2\11’ C 6 ) ) ’ T a0 cecann L L\ ;Slineiamdit?iti- . x + 139. = EEEEHE ;Sineiateit??rti 002516 x + -136.
foy = O VA2V (N + 20) _ Jouerz S et | | [ombry s el 2 gseim || | e e
2L/ 2 2L . : z < 130684000\ S 136 366000 A EEER
IR FREQUENCY §139682000 A NS wa S| S SN SEEL S . % A UEEE IEE tEEE
’ Beat note frequency comb = SEEI NEE| [EEE (mEA VRN S E— & -136.368000
_____ S 139.680000 | 3 HEE INEE TEEE 1EEE RSN VEEN. VREE 1NN 1NEN 1NN
: <a{ H H 2 e N | YN WHEA W SN VNS YNEE YN S -136.370000 HEL EEEL EEEL NSl EEEL BEE. B EEEL BEEL NN
@e@;“m"”” ] Low-pass # Frequency reference transfer application? =, -, ' 11 | | | | | |} 2 \ EEL1EEL 1ESA VHSH VRS EEE EL FEGLE
\ Filter InGaAs PD M NN T N N S SN YN Ea'136'372000_'"."'.'-.".'"."'."'."'."'."'."'_
% 15 VIV E)5:01|\r/|n|—r|'; Test Dichroic Cavity 0.5 -04 -03 02 -01 0 01 02 03 04 05 0.5 -04 03 -02-01 0 0.1 02 03 04 05
§ . O o s Cavity L ~ 0.2715 M A A
= 12 MHz Color Color & Gross temperature dependence
8? : NPRO 1 Mixer T Filter IR Laser || Dichroic Pl.anar 2m. RoC Beam Filter
: B1ear\r/1V Mirror | Mirror  Mirror | Splitter H Si QPD 141.75 e+ -134.30 e 552.30 a >+ (F* - £7)
NPRO Crystal M _ _ I
[ Tempergjr: ] o\ﬁ h AN N , I l h T = ‘!\ = -134.32 e N 55220 ’\‘\
Beam = 141.70 L O S -134.34 P T A
PM Fiber Splitter — RN — ® i E S
| Color > ° s > _134.36 7 ~ 552.10 -
: S 141.65 S S i % S
I Filter Z ~ Z -134.38 ” Ll S
Spectrum = \\\ 5 : 7 - 552.00 s
W Frequency Counter  Analyzer Oscilloscope I O 141.60 S O -134.40 "" L N
8 | (350 MHz; 10 kHz) 150 MHz 100 MHz CCD o ' y = -0.0040x + 141.8094 . y=0.0027x - 134.47 5 551.90  y=-0.0135x +552.55
> InGaAs PD loco I H- R2 = 0.8094 ¢ w -13442 e © R2=0.6892 R2 =0.9965 ™R
3 [ ] [ ] [ e D=1mm 8883 | 141.55 -134.44 551.80 ?
> =Ll £3% =| 20 25 30 35 40 45 50 55 20 25 30 35 40 45 50 55 20 25 30 35 40 45 50 55
s | [cH1] [cH2] TEMPERATURE [C] TEMPERATURE [C] TEMPERATURE [C]
5 G [ <« [\ — "\ 72 B oS e : L . :
- 350 MHz  Beam gy | Mirror = 1K ; N & Fine temperature dependence with linear regression analysis
InGaAs PD  Spilitter 28
I Line 141,680 to = 2019-03-18 07:17:25.155 UTC (1552893445.1546) 134.360 ty = 2019 03—18 07: 17 25. 155 UTC (1552893445 1546)
IFlIter LO ~ . Fbel?t Data [MHz| ) . —-—Isziat Datg [MH4] |
\pro NPRO?2 3.5 MHz / reTor s, 1343700
NPRO Crystal | P47 A _— | 10 MHZ@ 141.660 f —é’f.?ft-’iiﬁ'i?ﬁzﬁféf’]i%ﬁﬁ‘i}] -134380 ;’;;{f*jg;g‘gj’;l‘g?;f 03 ki) -
e O M ——— = cou-/] nsso| R i L isaspo| TR e el s
; oM Fiber Dichroic T Miror | 1 | e VetrlIR: [-3.6171, -1.4728] N }r’c.trER:lg[-;sﬁgng g;;eom?] IRPOH contrel sgns)
© Mirror 141640 [T T 1950, 20480 1.0 134,400 [T 1700, 2057 ' 1.0
ElectricCable | | T £ b A
Q«@( 141.630 - 1344107 |
. ~ 72 mV /400 mV PDH s b los | ; 1o s
.......................... <a(7 LO ~ O(20 kHz) .  Mixer 141610 X, T R e 0.0 -134.430 | M oo
141.600 — ' ' ' ' -134.440
()
g Low-Pass [ ] 10 I | —— Residual [kHZl]a rms error = 1.400 kHz | | 10+ |  ——Residual [kHz], rms error = 0.940 kHz | )
% [ ADC Filter 8 WWMNW_ (5) WWM:
O (High-Order) FFT Analyzer 51 | ST |
~ SR785 (102 kHz) 10— | | | | : e
8 Digital Lock-in Amplifier (Zurich Instruments HF2LI, 50 MHz) 172 172.5 173 173.5 174 176 176.1 1762 1763 1764 1765 176.6 176.7 1768 176.9 177
= TIME [h] TIME [h]
Cavity Thermodynamic Property Conclusions
& Aluminum spacer Differential Penetration Depth | Differential Temper- | Differential  Wave- Experiment is motivated by ALPS Il requirements to mea-
ature Dependence | length Dependence sure the temperature dependence of a custom specialty
271.5 mm o (v Ny AN g | _AM; C ANl OTE coating. Wavelength dependence and penetration depth
( 5}%% 2L, ( T TET %) Lo, AR T, OM- (=CTE) difference however also play significant roles that may
. . ‘ have to be considered in future coating designs.
Remark Lo(T) and M (T) are described | Coating  reflection | f(L(M(AL(T))))).
separately and therefore do not | phase is temperature Beat note frequency for a doubly-resonant dichroic cavity
necessarily scale proportionally | dependent —and ~ af- is modelled and explains well the experiment observations.
with temperature; f(L(T)). fects f; f(L(M(T))). ical simulati id furth .
| . Numerical simulations are set up to aid further experiment
Analytical | —2.79kHz/K for f* —208 Hz/K +19.43kHz/K designs including ALPS Il and JURA (Joint Undertaking in
estimate +2.73kHz/K for f . . .
Research on Axion-Like-Particles).
: Numerical | —2.78 kHz/K for f* —208 Hz/K +18.26 kHz /K
& Thermal time constant~5.6 h _ o simulation | +2.74kHz/K for f~ Although preliminary, coating manufacture tolerance is
Phase lag ~ 65°®@0.5 mHz, 70°@1mHz - MAKN | .§,| ‘l Al .5 Notable parameters: Lo — 0.2715m, CTE — +20ppm/K, ANy ~+0.1pm/K, and AN, ~ estimated fl:om t.he experiment results and complies with
(amplitude transfer ~ 10 %) = i 1L = —0.440 pm/pm. Note that there are two mirrors per cavity. The ALPS-II requirement of vendor speaﬁcatlons.
= | 208 ' ' i . : :
e g \ 1 ‘F \ 2 < 1.775pm/K on |AM7| translates to some 1.8 kHz/K in the experiment setup. For ALPS Il our experiment suggests coating de5|gn and
E“O + Dt spoer tharnlior | 2 i c e Iterative numerical calculations match well with analysis cavity length stabilization be considered as a whole.
""" ' e e = 8 49 50 5l
...... 44.4 — 12.4 - exp(—0.18 1) 1 1
= 35 | = o e & Experiment dominated by wavelength dependence Bibliography
= 30 = 1 = 4 Discrepancy between experiment and model hypothesized # R.Bihreetal. 2013, J. Inst. 8, T09001
< 2 9 )
= . S 1552 to temperature gradient (10x) and manufacture error (5x) ® A.D. Spector et al. 2016, Opt. Express 24, 23237
= G2 3 ] . L L ¢ ). H. Pold and A. D. Spector 2018, arXiv:1710.06634
g 20 ||| [ T re— fi ‘6‘ B 5;, 4 Re-evaluate coatmg des'Qn °pt|m|zat|°n ObJeCt“’es & A. Lindner 2019, "Axion-like particles in the lab,"
0 20 40 60 8 = 2s5= 4 ALPS ll requires <1 Hz beat note frequency stability https://indico.cern.ch/event/808335/
TIME [h] 10 12 . .
Any Light Particle Search - https://alps.desy.de/

15TH PATRAS WORKSHOP ALPS Co"aboration Partners ALBERT EINSTEIN INSTITUTE HANNOVER
ON AXIONS, WIMPS AND WISPS Max Planck Institute for Gravitational Physics and

PRIFYSGOL o o o o, oo
Albert-Ludwigs-Universitit Freiburg, Germany, 3-7 JUNE 2019 “ﬁf&“ﬁfﬁg SR AL SONE CAERDYED Leibniz Universitit Hannover

| « g verson three
SO 1o




