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Lasers

Pirsa: 18060059 Page 3/42




Leibniz
Unrersitat
Hannover

Pirsa: 18060059 Page 4/42




300W Fiber Amplifier at 1064nm

Fiber Laser
NPRO £ Q "= two stage fiber amplifier with NPRO
t_ [ - seed
" EO-AM PreAMP = good spatial profile

= output power up to 300W
= so far no long-term reliable

operation
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Coherent Beam Combination at AEI/ LZH

proof of principle experiments
with

" two independent SW beams
taken from 70W and 35W laser
= two identically seeded 10W
fiber amplifiers
" next step:two150W lasers
= final goal: 2x250W
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Power Increase (iIn GEO)
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Power Increase (iIn GEO)

e Saturations

irsa: 18060059 Page 8/42




Power Increase (iIn GEO)

e Saturations

« Scattered light to local control shadow
sensors
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Power Increase (iIn GEO)

e Saturations

« Scattered light to local control shadow
sensors

* Power instabilities due to clipping and
radiation pressure
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Power Increase (iIn GEO)

e Saturations

« Scattered light to local control shadow
sensors

* Power instabilities due to clipping and
radiation pressure

 Thermal Lensing (here: beamsplitter)
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Thermal compensation
for the beamsplitter
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Power — up challenges

~3 kW at beamsplitter
(no arm cavities)

. ' ) 600m north arm
ng 1 powe' c.auses (folded in vertical plane)
thermal lens in one arm,

degrading contrast at the
output

800m eas!t arm
(folded in vertical plane)
Consequences for stray o * >
light and control

5 -‘H}
Use compensation plate ? 3

MFe

Michelson output signal +
14 MMz sidebands
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Thermal compensation
with a matrix of thermal radiation pixels
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H. Wittel
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GEOGO0O /

matrix heater Layout

pOower reCycling minros
signal recycling mirros
DCam spinter

far east/north mirror
close east/north milrrof
output mode cleaner
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Mapping the beam with the heater array

Modulate each pixel and
record line hight in
DARM

Overlap of heater with
main beam — used for

alignment

rowi number

Line height in the strain sensitivity signal of GEO 600
when heating individual heaters

x 107 fscyrt(Hz)
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Heater effect on dark port power
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Thermorefractive Noise
dn/dT

Gets more relevant when lowering the arm
Finesse

PHYSIC

AL REVIEW D 80, 062004 (2009)

Thermorefractive and thermochemical noise in the beamsplitter of the GEO600
gravitational-wave interferometer

Bruin Benthem and Yun Levin

~

Universitv, Letden Observatory and Lorentz Institute, Niels Bohmwe ¢ . 23K) RA Lewden, the Netherlands
(Recewved 6 July 2009 published 30 September 2009)

lewden

Braginsky, Gorodetsky, and Vvatchanin have shown that thermorcefractuve fluctuations are an important

source ol noise ininterferometric gravitational-wave detectors. In particular. the thermorefractive noise in

the GEOGOD beamsphitter s expected 1o make a substantial contnbution to the interferometer’s total noise

budget. Here, we present a new computation of the GEOGGX) thermorefractive noise, which takes into

account the beam’s elhipucal profile and. more importantly. the fact that the laser beam induces a standing

clecrromagnenc wave in the beamsphitter. The use of updated parameters results 1n the overall reduction ol

the calculated noise amplitude by a factor ol S in the low-frequency part of the GEOO band, compared

to the previous estimates. We also hind, by contrast with previous calculations, that thermorefractuive

fluctuations result 1in white noise between 600 Hz and 39 MHz, at a level of .5 - 10 - Hz =, Finally.

we descrnibe a new type of thermal nowse, which we call the thermochemacal nowse. This 1s caused by a

random mouton of optically actuve chemical impurniues or structural defects in the directiion along a steep

imtensuty gradient of the standing wave. We discuss the potential relevance of the thermochemacal noise
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Thermorefractive Noise
for GEO parameters

1000 10° 107
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(Input) Squeezing




Input Squeezing at GEO
(since 2010)

Beam
.. splitter
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Squeezing Integration and R&D

Long term performance
Phase control
Alignment control

Loss reduction
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Squeezing phase and angular control
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Fluctuation of squeezed (strain) noise
floor for different phase control signals

— No squeezing
Pick-off
OMC reflected |
— OMC transmitted
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K. Dooley et al.: P1400150, Optics Express (2015),
See also AIC/QNWG session on Tuesday afternoon
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squoczing active squceczing active
70% (1367 d) 889 (1144 d)

internal problems

external problems

7% (146 d)

internal problems
3% (36 d)
external problems
496 (54 d)

squeczer locked
but \}'ll"l'l- l':u:-q‘ci

199 (361 d)

SueCzael ]ln kl'(!
but shutter closed
69 (Tad)

(a) Total time (1949d (b) Science time only (1306 d)
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Long-term performance histograms
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loss mechanisin

cffective loss

(%)

finite OPA escape efficiency

lenses, HRR miirrors, etc.

in-air Faradays (two passes)

injection Faraday (two passes)

reflection off interferometer

pick off (two passes)

OMNIC mismatch (all mode orders combined)
OMNIC loss

finite PD guantum efhciency

total losses
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Increased PD dynamic range by factor 8
with better electronics
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More sensing / control of polarization
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best so far

long-ternin

i aual

J
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lenses, HR mirrors, ete.

in-air Faradays

imjection Faraday

reHection off interferometer

pick off

OMNIC mismatch (all mode orders combined)
ONIC loss

finite PD guantumn efheiency

L« i\‘,1| [(:-n-«'-

other eI "’-f/ tions
RMS phase noise 20 mrad 15 mrad
:E.l:L IR I‘.t('l L Hnnsqz -h()' M1 )=as) (0.03 .03

backscattering (rel. to unsqgz. shot-noise) 0.01 0.005

resulting observed squeezing 1.4 dB 6G.2d8B

1O mrad
.03
0.003

10.1 dB8
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Co-located Interferometers
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PRL 110, 213601 (2013) PHYSICAL REVIEW LETTERS

wock endang
24 MAY 2013

Quantum Light in Coupled Interferometers for Quantum Gravity Tests

1 . 1 o » . 1
I. Ruo Berchera,” L. P Degiovanmi,” S. Ohivares.” and M. Genovese

"INRIM. Srrada delle Cacce 91, 1-10135 Torino, fraly

:fjj‘f'r.ll(flll('lr!t.l dr Fisica, Umiversira degli Studs de Mianeo, and CNISM UdR Milano Sratale, Via Celoria 16, 1-201332 Miano, Trals
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(Received 22 January 2013 published 21 May 2013)

In recent years quantum correlanions have received a lot of attenuion as a key ingredient in advanced
quantum metrology protocols. In this Letter we show that they provide even larger advantages when
considenng muluple-interferometer sctups. In parucular. we demonstrate that the use of guantum
correlated hight beams in coupled interferometers leads to substantial advantages with respect to classical
hight, up o a noise-free scenano for the wWeal lossless case. On the one hand, our results prompt the
possibility of testing guantum gravity in expenmental configurations affordable in current gquantum optics
laboratories and strongly improve the precision in “larger size expenments” such as the Fermilab
holometer. on the other hand. they pave the way for future applications to high precision measurements

and quantum metrology

DO 10.1103/PhysRevietn 11 21 PACS numbers: 42 SO.S, 0365 Ud. (04 640
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Axion interferometry

William DeRocco® and Anson Hook!

Stanford [Institute for Theorviical Physics

Stanford Unieversify, Stanford, CA 94 75, SA
Maryland Center for Fundamental Physics, [Department of Physiwcs
['nrversity of AMaryland (ollevpe ars MDD " T4
We proposce uasing interferometry of circularly polarized light as o mochanisin by which to text for

wxion dark matter. These imterforometers diffor from standard interferometers only by the addition

of a fow gquarter waveplates to preserve the polarization of hight apon reflection. We show that uasang
current technology, interferometers can probe new regions of axion parameoter space up to a couple

orders of magnitude beyvond current constraints

WAVES AND AXITON DM

One of the leading candidates for dark matter (DAL) 1=

e
_— I. INTRODUCTION II. MAPPING BETWEEN CRAVITATIONAL
:/

a light pseundo-scalar derivatively coupled to the Standard If the light in the interferometer s circularly polarized,
AMaodel SAM The most well-known -'\;1:1.511|' of =such = there is an exact mapping between the effects of axions
candidate i1x the QCD axion [1)4 l'he axion can have a mivd gravitational waves IN'herefore all of the literatare
—. multitude of different conplings to the SA. The coupling on gravitational wave interferometry can be imported di-

roctly into axion interferometry
'Ar) majp» between gravitational waves ‘Illll AX1OnS WY

that produces the effect of interest in this article is

— n o . "

- L I'—‘I I 1) COIMPAare an axion interferometer with left and '.:lj'_]':' ro»
larized hght respectively in each of the two arms with a

~— '.L!;i,("' s the ;;xi«n I(l'.“JI;"" Ty ')lpatn‘-'—t \\ l;l1l' i“ t‘u 1 - 1

S S S - ke = o “ . gravitational wave immterferometer with arms .||n-||'_'_ flu' I

¥ .
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Probing axions with neutron star inspirals and other

stellar processes

Anson Hook"” and Junwu Huang”

Stan ford Institute for Theoretvoal Physics "\-'.'.'uvllfllf" Unitversity
ford, €A 924305, .5 A
ryland Center for Fundamental Physics, University of Maryland
College Purk, MD 20742, [.S. A
“Perimmeler [nstitule for Theorvlical Physies,

Waterloo, Ontario N2L 2Y5. Canada

E-muil: hook@stanford. edu jhuang@perimeterinstitute. c:
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Collision Stop !

Having a new force between nountrons stars 1s exciting because Advanced LIGO has the
potential to detect nentron star mergers and can probe new forces between neatron stars

“,"'ll scale means that

an associated len at distances ~ 1/my,.,

I he fact that the new force has

therefore the frequency of the emtted gravitational waves will

!hu' !l| QuUOIICY ol 1|:]'l‘,| .ll;ri
* When the frequency of rotation
wte ol change of

the main obscervable consoqgquence

Ii:.ll:'r"t' becomes l.ult'_t'l than g, then scalar Larmons
racliation can occur and thercefore the the frequency of the gravitational
al

waves will change These two physical effects will b

Advanced LIGO. A more drastic eflect occurs when the axio
! s le 1O WO sl

¥ f ¥ . 'y
1 q X
i1 101X iak

and is In this case, the noutron stal
om each other. The waveforn f the gravit:

t Irom a merg ‘florm

Ill"_Alljl/OWI ns lli];ll\‘."-\_ Soection 2 -lo-]“«:ltﬂfl,!Y- ~ |]|‘1‘ r]«‘l;-—.e' ||-'|]¢( IS Ccan

his Paper s 1
source axions, and discusses the analvtie calculation of the force between two neutron stars
Socti1on 4 !n‘;\ 1:1:'- -!l.‘ll']uslu'- estimates 131 he-\\,' i Inew hjl'rn l|-f‘.‘.¢'c'!|

lT‘-n'lI nt .\tl‘.'.lllll ‘l I[( (). Sax ‘limu

in various limits
I supplies some constraints

neutron stars would manifest
on these models coming from ot her Processes Finallyv, we conclude in section 5
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