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LIGO noise budget (LLO, Aug. 2017)

10-16 _ _ o _ _ _ I
—DARM 25W —MICH —Wenzel AM + PM
—Seismic —SRCL Residual Gas
Laser Noise —Angular controls —SRM holder TN
—Suspension thermal PUM actuator Stray fields
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Coating, Excess gas, Control noise,
Stray electric fields, ...
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= Quantum Vacuum

- Coating Brownian

- = Excess Gas

- Control Forces

—Stray Electric Fields

Sum of Expected Noises

- Total Measured (100 Mpc)
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- Technical, Robust

Quantum noise: Power +squeezing

Thermal noise: Coating / Materials _ o
Parametric Instability:

Design, Control

Cryogenics ik _
Lock acquisition: Design

Seismic: Isolation (design)
Squeeze film damping: design
Control noise: design (Isolation)

Scattered light: Baffling, better optics



'LIGO: from 02 to O3
L]

-Higher laser power and squeezmg |mplementat|on
to reduce shot noise
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LIGO: from O2 to O3 -
-Higher Iaser power and squeezmg |mplementa.t|on
- to reduce shot noise

-Improved reaction masses
to lower squeeze film damping



Squeeze Film Damplng .
Excess nmsefrom trapped gas molecules




Squeeze Film Damplng .
Excess noise from ‘trapped gas molecules
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LIGO: from O2 to O3 -
-Higher Iaser power and squeezmg |mplementa.t|on
- to reduce shot noise
-ImproVed reaction masses

to lower squeeze: film damplng

—Scattered light reduction with more and |mproved
baffles - i .




Not easy to budget: Scattered Light

Mitigation strategies:
1) Reduce amplitude of light in spurious path
2) Reduce motion of scattering objects

2) Scatters off of less
well isolated objects

(baffles)
y
1) L.igl)t scatters out of 3) Light re-enters
el mterferomet.er interferometer creating
bear.n (An_t' reﬂectlc.)n spurious interferometer
.coatln.gs, imperfections Or acting via rad.
in optics) pressure

Credit: S. Dwyer



...and how to fight scattered light
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'LIGO: from 02 to O3 -

-Higher Iaser power and squeezmg |mplementa.t|on
- to reduce shot noise
-ImproVed reaction masses
to lower squeeze: film damplng
-Stray Ilght reduction with more and |mproved
baffles & |
-Improved coatings for Iess stray IlgWand
to make lock acquisition more robust
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- Replaced test masses: -
Improved wtings for less stray light




LIGO: from 02 t0 03

-Higher Iaser power and squeezmg |mplementa.t|on
- to reduce shot noise
-ImproVed reaction masses
to lower squeeze: film damplng
-Stray Ilght reduction Wlth more arid |mproved
baffles - = '
-Improved coatings for Iess stray IlgWand
to make lock acquisition more robust
-Test mass dampers to reduce
parametric instabitlity problems 5

" i



- Of course there is more:.
e.g. Pirametrlc Instablllty

MECHANICAL -
EIGENMODE

SCATTERED

MIRROR FIELD
A RESPONSE

RADIATION
PRESSURE

‘Can prevent laser power increase

;‘ - . .



. : S.Gras, S. Bis¢ans



LIGO: from 02 to O3

-Higher Iaser power and squeezmg |mplementat|on
- to reduce shot noise
-Improved reaction masses
to lower squeeze film damping
-Stray light reduction with more and |mproved
baffles & -
-Improved coatings for Iess stray Ilghi“and
to make lock acquisition more robust
-Test mass dampers to reduce
parametric instabitlity problems
-andore...

goal IS to have at Ieast 120 Mpc on both LIGO’s

\ : \



Post-O3 plans: '
" The A+ progkam (2019-2022): | ‘ 2
. : g
~ -filter cavities to squeeze rad. Pressure neise (amplitude quadrature)
-better €oatings / new testmasses

~-Larger beam splitter, improved control
-should yield factor 4 to 7 increase in volume range



LIGO Beyond A+

x

LIGO Voyager:

-new materials and cryogenics:

Silicon (120K)
-higher power lasers
(SMW in IFO arms)

LIGO HF?:

~ -Detector optimised for 1-4kHz
Range: NS physics |
-higher power lasers -

(3MW.in IFO arms) -
ey

Cosmic Explorer:,
f - \
‘..

, f
"~ -new facilities=lenger arms

-heavier test masses, larger beams,
longer suspensions
-new materials and cryogenics:

Silicon (120K ?), .

-higher power



' Cryogenics a la Voyager

+——3 Relative displacement sensors
+—» Actuators

i) dE

springs (blade High power heat
or otherwise) path (LN2 pipe or
et | Ginid Gnd otherwise)

3 MW
Interferometer laser ‘(
1 | g . Flexible
N N N #_' o Cu rope
4 km beam

g tube -€——— Sapphire lens

. Si lens
80 K non-suspended 1 || 80 K non-suspended
baffled beam tube shield outer shield

124 K Si mirror
83 K suspended baffled 44 cm diameter

beam tube shield 150 kg to 200 kg
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Cryogenics under-way at KAGRA

Vacuum Chamber

Seismic Attenuation System
(SAS)

/

Cryocooler

Platform | Link

4

\

Main Laser

Duct Shield (80 K) Inner Shield (8 K)

/ Outer Shield (80 K)

Two Cryocooler Units

Cryocooler

O

Second

Cryocooler

Sta<

\

-

_—— First Stage
— Copper Wires
(TN: 99.99999% purity)

Vibration Reduction Stage

Wide-angle Baffle
Cryostat

Aluminum Heat Conductor
(SNB: 99.9998% purity)

- -

& Two Cryocooler Units

luminum Heat Conductor
(1000 senes)

Challenging: seismic attenuation and mirror heat load

Using Sapphire mirrors
;‘ -




Longer arms.

Cosmic Explorer (expected R&D improvements)
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LISA




Das Gravitationswellen-Spektrum

Spinning NS
BH and N S Ey .

Supermassive BH  binaries
binaries. B _

Binary .

Primordial Wgoalescencé.,

Cosmic strings
GWs ' 7

AT 0
e e G e

Inflation Pulsar timing Interferometers Ground-based
probe In space interferometers



Thermal noise -
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Which rhatepial for mirrors and suspension?
Silicon and Sapphire being researched
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