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General relativity (1)
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General relativity (2)
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General relativity (3)
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Conceptual picture of gravitational wave’s
propagation
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Gravitational Wave detection

Dark p\ort (GW signal)



Gravitational Wave detection
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Gravitational Wave detection

Dark p\ort (GW signal)



Gravitational Wave detection
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Gravitational Wave detection
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GW signal detected
as relative phase change




Schematic illustration of relative phase
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Need to increase L!

Form cavities




Make it quiet at GW signal frequency
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Limited by:
Seismic noise (low v), Thermal Noise (middle v), Shot Noise (high v)



Schematic view of LIGO | interferometer

Suspension tower

Sensing and control



Suspended optics on optical tables

vacuum chamber beam tube




LIGO Hanford WA




Horizontally accessible module (HAM)




Large optics suspension
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Technical 1ssues
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Local Damping Control

Technical 1ssues overview
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Local Damping Control
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Suspended optic
and
Local damping control



Suspended optics
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Suspended optics local damping servo
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Suspended optics sensor signals
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Locking cavity
by
Length sensing control



Cavity response to length change
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How to detect rejected light?
- Pound-Drever-Hall Method -
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Pound-Drever-Hall Method

Higher the Q gives higher gain <
Cavity Q ) Control
=" I\ —
O Iy
@) Error signal oc beat Digital filter
Demodulation (mixing) at €2
PDg 0 ¢ P ¢ E Ee"?"  :PDg,, =0 only when E =0
Apply control till PDg;, ., = 0! : High cavity Q = high gain
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Cavity response to length change

Design filter to cancel amplitude/
Phase frequency dependence.
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Cavity length change readout
and
GW signal detection



How to detect cavity length change?

force

1. Lock the cavity.

2. Detect and correct AL
by Pound-Drever-Hall
scheme.

3. Analyze feedback
(error) signal.

“Use templates of
known GW signals.”

Error signal
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LIGO | coupled cavity & 4 degrees of freedom
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LIGO | cavities LSC
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LIGO | cavities LSC
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Dark port signal
P\ soc1+c082(¢gt g, TsinQt) Intensity at Dark Port
=1+cos(2¢41+29,,,)cos(2 I'sinQt)-sin(2¢,+2¢,,, )sin(2I'sint)
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Other control systems



Wave front sensing

TEMO01 TEMO00

Angular misalignment
generates higher order modes
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Thermal compensation

YAG laser beam

Input test mass

Better mode matching



S

SOUTHEASTERN

LOUITSIANRA UNIVERSITY




LIGO detector (Michelson Interferometer)
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Design filter for length control
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Small optics suspension
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