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Introduction
The purpose of this document is to describe the noise coupling from the Hartmann sensor to displacement noise in aLIGO and to define the noise requirements for the Hartmann sensor.
Radiation pressure
The Hartmann sensor probe beam is injected into the interferometer and is reflected off the ITM HR surface. Radiation pressure from the Hartmann sensor probe beam will couple to displacement noise in the test mass. 
The displacement noise induced a beam that is reflected by a test mass (twice that for the same amount absorbed by a test mass) is:

, 
where RIN is the relative intensity noise of the incident beam, P is the DC power reflecting off the optic, m is the mass of the optic (40kg), and c is the speed of light. This equation was adapted from eqn 2.33: [P060043 - Stephan Ballmer PhD Thesis].
 For aLIGO, the power that is incident on the test mass will be the rated power of the source, Pr, multiplied by the attenuation on the HWS injection table, a1, and the attenuation by the core optics between the HWS table and the ITM, a2.
For aLIGO: 
· The maximum value of Pr is ~ 20mW, run at 70% rated output = 14mW.
· The transmission through the HWS table will be 50% through a polarizer and 50% through a beam splitter = 25%
· Transmission through the core optics to the ITM is ~7%
Therefore, approximately 0.25mW will be reflected off the ITM.
As shown in the top plot in Figure 1, we set the technical noise limit injected by the HWS to be 10x lower than the displacement noise sensitivity for aLIGO. Rearranging the above equation, we solve for the maximum allowed RIN for the HWS. This is plotted in the lower plot in Figure 1.
The most stringent RIN limit for the HWS is 1.5  10-3 Hz-1/2 @ 20 Hz.
The RIN from a Superlum SLD-381-MP super-luminescent diode and the RIN from a QPhotonics QFLD-950-3S + LDTC 0520 driver are also shown in Figure 1. The sources are significantly quieter than the intensity noise requirement. The noisiest source has a measured RIN of 6  10-5 Hz-1/2 at 15 Hz decreasing as 1/f.

[bookmark: _Ref180241872]Figure 1: (top) aLIGO displacement noise (zero detuning, high power) and the technical noise limit for all other noise sources, (bottom) the RIN noise limit for the HWS source and the RIN from various sources.
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aLIGO displacement noise − zero detuning, high power
Technical displacement noise limit
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HWS source Relative Intensity Noise (RIN) − 250 µW reflected from ITM


 


 


/Users/aidanbrooks/Documents/LIGO/documents/Advanced_LIGO/TCS/Hartmann sensor/requirements/T1100518 − intensity noise requirements/HWS_intensity_noise_coupling.m


HWS source RIN limit − radiation pressure
Superlum SLD−381−MP SLED: RIN
QPhotonics QFLD−950−3S + LDTC 0520 driver: RIN
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